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August 14, 2008

Patricia W. Silvey, MSHA

US Department of Labor

Office of Standards, Regulations and Variances
1100 Wilson Boulevard, Room 2350

Arlington Va. 22209-3939

RE. RIN 1219-AB58

Dear Ms Silvey:

Attached please find comments and referenced attachments on behalf of the West
Virginia Coal Association and the Coalition of Eastern Coal States to MSHA’s proposed
rule on “Refuge Chambers”.

Additionally, we suggest that the daily examination of refuge chambers be
changed from a “pre-shift” examination to an “on-shift” exam which would allow for
some latitude in making the exam but ensuring that it is done on a daily basis.

We hope that you find our comments construction. If you have any questions,
please give me a cal at 304/342-4153.

Sincerely,
Chris Hamilton

AB58- ComM- 33
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Draft Comments and Submittal of Chris Hamilton, Senior Vice President,
West Virginia Coal Association, in Response to MSHA’s Proposed Refuge
Chamber Rule. Public Hearing -- July 31, 2008, Charleston West Virginia

Good morning. My name is Chris Hamilton, Senior Vice President, West Virginia
Coal Association. The West Virginia Coal Association is a trade association
comprised of coal producing companies that collectively account for nearly eighty
percent (80%) of the states coal production.

Our membership also includes equipment manufacturers, a variety of mine
vendors and supply companies, land companies, mine reclamation and explosive
companies, mine maintenance and general service companies.

I'm also appearing today on behalf of the Eastern Coal States which is comprised
of eastern mining states that collectively account for approximately 42% or 500
million tons of the nation’s coal production, 80% or 62,000 of the nations miners
and approximately 90% of the nations 600 underground mines.

We appreciate the opportunity to comment on MSHA’s proposed refuge chamber
rule.

We initially note for today’s record that no other state is impacted quite the same
as the state of West Virginia as it relates to the proposed rule on Refuge
Chambers. First, WV is the leading underground coal producing state in the
nation, averaging over 100 million tons of annual production throughout the past
couple decades from approximately a third of the nation’s underground mines.
Secondly, and perhaps more pertinent to this rule making, West Virginia has
mandated refuge chambers over two years ago and today are nearing full
implementation with over 90% of the state’s 280 underground mines
expecting to be equipped with shelters by the end of the year with 100%
compliance expected in early 2009.

The preceding statement underscores our heightened interest in MSHA'’s
proposed rule and serves as the underlying basis for most if not all of our
comments today. In fact it should also be noted that it was the state of West
Virginia through the passage of SB 247, inmediately following Sago, that
provided the template for many provisions, including the one calling for “refuge
chambers” subsequently found in the Miner Act which passed in the spring of
2006.



Furthermore, it was this same rationale basis combined with all the positive
progress made in his home state that prompted Senator Robert C. Byrd to
advance the appropriations language to expedite the deployment of shelters in all
underground mines throughout the country. The Congressional record is clear
and replete with Senator Byrd’s quest to extend the same level of miner
protection that exists in West Virginia to other states.

Let the record show that we fully embrace the work of the West Virginia Mine
Safety Technology Task force in this important area and compliment them
publicly today for their dedication to the task at hand, their overall competence
and safety leadership. MSHA, and consequently the nation, would be better
served if the agency would accept West Virginia’s repeated offers to work with
them in the critical area of miner safety.

With that in mind, we also support the comments and supportive data presented
at this hearing by James Dean, co-chairman of the WV Mine Safety and
Technology Task Force. We understand, as part of Jim’s testimony, he will
articulate the process and science behind the work of the Task Force. This
important background bolsters our position and comments as well.

We are pleased to see that the proposed rule purports to grandfather state
approved units. It is imperative that the final rule clearly, and unconditionally
accepts current state approved units, as meeting all requirements of
MSHA's rule on refuge alternatives, especially the square footage and
volume requirements found in the proposed rule and that such
grandfathering extends for the life of the units.

That is our primary concern and comment...That MSHA's final rule -- “clearly and
unconditionally” accept current state approved units as meeting all requirements
of MSHA's rules on refuge alternatives including the square/cubic footage and
volume requirements.

The proposed rule is not as clear on this point as it needs to be and
consequently, widespread confusion reigns within the industry as to the agencies
intent.

The question is simple: Will the units underground today that have been
designed, manufactured, purchased and installed according to West Virginia’s
law be accepted in their current form including the capacity rating they were
assigned as part of the state approval process and determined to be in
compliance with MSHA's final rule?

Based on the foregoing, we believe the record supports an unequivocal and
unconditional acceptance of state approved units. Otherwise, the results would
be extraordinarily punitive for states like West Virginia that exemplify safety
leadership by moving forward in a professional manner with new safety



technologies. It will also cause major disruption to our state program, fly in the
face of the Congressional record and be violative of Federalism principles.
Furthermore, it would effectively curb future innovation and technological
advancement in miner safety on behalf of individual states. And, we are seeing a
lot of innovation within the industry today.

Over the past two years, there has been considerable discussion and debate
over refuge chambers...Are they good idea? Will they enhance survivability in
the event of a mine fire or explosion? Do they make good sense? Do you run
into the closet when the house is on fire? The debate ensues today and will
continue among mining professionals into the future. But here in West Virginia,
we realize that there is a time to debate, a time to argue and a time to move
forward. As an industry we have elected to move forward. It has taken endless
days and countless hours to educate and recondition the thinking of
everyone at the mine level that refuge shelters may enhance ones
survivability if all else fails, including every imaginable means of escape.
Consequently, the level of miner confidence with refuge shelters is
beginning to improve which may very well be negated if MSHA doesn’t
unconditionally acknowledge state approved units.

Square footage and Capacity:

Now to elaborate on a few keys points, namely the square footage and volume
requirements found in the proposed rule and why similar provisions were rejected
during deliberations of West Virginia’s rule in favor of a more scientific based
approach.

These provisions are found in §7.505(a)1 on page 34168 and discussed further
on page 34157 of the preamble. We note that the WV Mine Safety Task Force
considered applying minimum area per person requirements and decided to
allow other factors (mainly temperature) to drive the size and implied volume.

The proposed requirement of 15 square feet and a minimum of 60 cubic
feet of usable volume per person is based more on comfort rather than
providing the life sustaining atmosphere for trapped miners and if
implemented as currently written will unnecessarily de-rate the occupancy
and in some cases preclude the use of these devices, especially in thinner

' seams.

As it relates to the 48 hr vs. 96 hr capacity --

From 1940 to 1980 US Bureau of Mines reported that 127 miners survived
behind barricades while 40 died. Each accident was unique and the reporting
was not consistent making it difficult to draw statistical conclusions. However, of
those that discussed duration, the maximum was 54 hours at the Belva No. 1
mine in 1954 and the least was 4 hours at the Pocahontas 31 mine in 1957. The



majority were in the 20-30 hour range. Based on these findings, the Task Force
found a minimum duration of 48 hours to be adequate and justifiable. WV law
provides for a duration of 48 hrs.

The value of 48 hr in West Virginia’s rule appears to be a reasonable value
based on Table 4 on pg 22 of the 2007 Foster Miller Phase Il Chapter 3 study
(Attachment 6), which was commissioned by NIOSH under the MINER ACT, in
which they examined a total of twelve past mining disasters where refuge
stations would have had a positive impact, i.e. saved lives. Table 4 indicates that
in all but one of the twelve cases that rescuers would have made contact with
trapped miners within 48 hours or less. We point this out only to indicate that
there is a substantial safety factor, perhaps excessive, in the present 96 hours
and that as time increases, so does the complexity of sustaining trapped miners.

In addition to refuge chambers, there have been many other enhancements
to mine emergency programs and rescue capabilities over the past two
years. There have been a substantial increase in the number of mine rescue
teams since 2006, and the response time has been cut in half. There has been a
substantial increase in the number of SCSRs and distribution along escapeways.
Additional lifelines, wireless communications and individual miner tracking
devices installed. There has been substantial improvement in training so that
miners better understand their escape options and many other improvements,
which collectively will substantially reduce the miners need to barricade as well
as reduce mine rescue response time.

We believe it is also important to note that prior to 2006 only a few basic tools,
boards and brattice cloth for constructing barricades were required as illustrated
in 30 C.F.R. §75.1100-2 (i)(1), Quantity and location of firefighting equipment -
Emergency materials, require mine operators to have emergency materials
readily available not exceeding 2 miles from each working section. These
emergency materials include boards, brattice cloth, nails, tools, efc. for mine
emergency situations. In an emergency, these materials would be used for
providing emergency barricades and for controlling/restoring ventilation controls.
This was the standard since the passage of the 1969 Mine Act (approximately 39
years).

We point out that refuge chambers represent one component, albeit an important
one, of a comprehensive mine emergency plan. The state of West Virginia was
and has been focused on providing a breathable atmosphere for trapped miners
and believes that we should all not lose sight of that goal. We have made
significant progress.

As indicated in the preamble of the proposed rules MSHA references the NIOSH
report recommended values of 15 square feet of floor space unaffected by any



other factors, e.g. stored items and 85 cubic feet of volume per miner. We
believe that MSHA is relying too strongly on the values cited in the NIOSH
report. The WWMSTTF reviewed the NIOSH Report on Refuge Alternatives and
communicated their concerns to Mr. Kohler from NIOSH in writing (Attachment 7)
and also at a meeting on May22, 2008 in Fairmont, WV. During this meeting Mr.
Kohler indicated that NIOSH researchers had developed the recommendations of
15 square feet and 85 cubic feet per person from Naval and Civil Defense
publications.

In follow-up with NIOSH, it appears that NIOSH reviewed a report entitled Coal
Mine Rescue and Survival System, Volume |, Final Report dated September
1971 prepared by Westinghouse Electric Corporation (Attachment 8). Page 34
of the report states that:

In US Navy conducted tests of a 100 man shelter over a 14 day period, 12
square feet per man was found adequate. Civil Defense authorities state that “at
least 12.5 square feet and 80 cubic feet per person are adequate for fallout
shelters.

We do not believe it is not appropriate to apply this naval standard for a
shelter with a capacity of 100 people for a 14 day (336 hour) period to
varying numbers of occupants over 96 hours. This is using this
information out of context and we are sure that it was simply an oversight
on the part of NIOSH researchers.

We also believe that the Civil Defense reference was taken out of context. For
example, The Civil Defense Technical Bulletin cited in the 1971 Westinghouse
Report states under standards for radioactive fallout shelters “The shelter should
provide for each occupant at least 12.5 square feet of floor area and 80 cubic
feet of volume. “ It also states prior to that statement that the shelter is being
planned for two week occupancy for four to six individuals (336 hrs — 3.5 times
96 hours, which is 240 hrs longer than the proposed 96 hours). This civil
defense Technical Bulletin TB 5-3 was published in May of 1958 and is entitled
Family Shelters for Protection against Radioactive Fallout and is Attachment 9.
This document was located at the health physics MUSEUM LIBRARY
.(http://www.orau.org/ptp/Library/cdv/Tb-5-

3%20%20F amily%20Shelters%20for%20Protection%20Against%20Rad%20Fall

out.pdf)

Other references to minimum square footage appear to be merely for sleeping
purposes or comfort. One example would apply to sleeping on submarines.
Again, in our opinion, these are taken out of context due to in this case this may
apply for a time period of months in a confined space. The 1983 Foster Miller
Report on the Development of Guidelines for Rescue Chambers, Volume I
(Attachment 10) pg 38, under Section 3.1.1.2 entitted REQUIREMENTS for
COMPFORT also states “The space requirements for persons in the shelter are



estimated on the basis of 15 square feet per person. For 15 persons, this would
necessitate at least 225 square feet or 12.5 ft length of crosscut 18 feet wide”,
which in our opinion clearly shows that this is 1) for comfort and 2) is
contemplated for built in place shelters rather than portable ones where space is
at a premium due to ensuring that the unit remains easily transportable.

In additional support of our position, we would enter the following additional
information into the record. In NIOSH’s report on Refuge Alternatives comments
were not included that offered explanation as to why some of the key values
being evaluated exceeded levels being evaluated. This Table and the
accompanying comments are submitted as Attachment 11. This information is
currently present on NIOSH’s webpage under Refuge Alternative Research
Docket Number 125 and entitled Summary data table for survivability evaluations
of refuge chambers conducted by NIOSH, Dec. 19, 2007. In our opinion, the
comments accompanying the spreadsheet show that in some cases, the reasons
for levels being exceeded was more a result of testing difficulty rather than
product failure. Additional information in this area may be obtained by contacting
the Office of Miners Health Safety and Training.

The Association recently located a standard listed for South African mines
conducted by Bluhm Burton Engineering entitled REVIEW OF BEST
PRACTICES REGARDING THE USE OF REFUGE CHAMBERS IN SOUTH
AFRICA Attachment (12) dated SEPTEMBER 2007 which in Appendix E
contains a Directive from the South African Department of Mineral and Energy
Affairs with an effective date of February 14, 1994. In this Directive on page 29
of the report under 3.2 it states:

Refuge Bays must be designed for the maximum number of persons in the
section that it will serve, with a minimum floor area of 0.6 square meters per
person.

This is an equivalent area of 6.46 square feet. On page 13 of the report it
states that “The rescue chambers can be permanent or intermediate [fixed or
portable] in nature. The

major difference between the two types, as reflected in the CoPs, is that
permanent refuge chambers are connect to surface via a 160 mm to 200 mm
borehole with a fan to force air into the refuge chamber and allow for life
sustaining and rescue assistance to be entered from surface ‘indefinitely’. The
intermediate refuge bays however have a limited supply of fresh air and life
sustaining assistance is available. The majority of intermediate refuge bays are
designed to supply life sustaining assistance for 24 hours, but in some cases 8
hours has been specified. The majority of intermediate refuge bays are designed
to supply life sustaining assistance for 24 hours. It is important to note that all of
the CoP (Codes of Practice) examined were for built in place shelters.



Given this information, we believe this is a more appropriate figure if MSHA
believes it has to specify a specific minimum square footage — it would
appear that it has worked for the South African mines since 1994 to the
best of our knowledge. A less satisfactory approach might be to assume a
linear relationship between this point of 6.46 square feet for 24 hours and 15
square feet for 336 hours as specified in the Civil Defense and predict the square
footage value for 96 hours, which would yield 8.4 square feet which is shown
graphically in Attachment 13.

We believe that all references to stored items in the proposed rule in regards to
minimum square footage per person should be removed. Several emergency
shelter designs have stored items located under the seats and as we understand
this provision would greatly affect the current WV shelters that would as earlier
stated probably be implemented by the time this proposed rule is finalized, for
what we believe would serve little purpose.

We are checking with the approved shelter manufacturers in West Virginia and if
followed through as proposed, the rule would require an increase, in some cases
a doubling of size to accommodate the same number of miners. In other cases,
some manufacturers have indicated that they would not be capable of producing
thinner boxes (24 to 32 inch) inflatable shelters due to the excessive length of the
tent material that would be required.

One example from Strata Products is shown in Attachment 14. This spreadsheet
shows the estimated effect of applying the proposed values of 15 square feet and
60 cubic feet to the varying models of shelters that they have sold and are
currently selling. If the area and volume contained in the airlock, scrubber and
tube structure are subtracted out it would de-rate the designed occupancy by
37.5 t0 68.8%.

This is unacceptable. From the information presented here, we believe that
these proposed values are being based on information taken out of context,
based on comfort rather than the goal of providing a survivable atmosphere for
trapped miners and would actually endanger miners by delaying and in thinner
seam mining removing the possible installation of this potential life saving
technology. Further, it appears that the proposed standard ignored the South
African directive of approximately 6.5 square feet.

Chamber Location:

With respect to refuge chamber location, West Virginia’s law requires them to be
located within 1000 feet of the face and the proposed federal rule specifies
between 1000 and 2000 feet. We believe the West Virginia requirement was
crafted to afford the greatest level of protection for miners. We also believe the
historic data, some of which | have already quoted from, is supportive of the
proposed 1000 to 2000 ft range.



So, where should refuge chambers be located on working sections? Within 1000
feet of the face? Between 1000 and 2000 feet outby? In a crosscut? Up the
straight? Should they be installed in return entries or not? In West Virginia, we
have petitions for site specific rulemaking under consideration that purport to
have refuge chambers up to 5000 feet away from working faces.

Frankly, we believe we need more on-the-ground experience with these devices
before making final judgment. We know mining by its very nature is unique. We
know site specific conditions; mine layout and design, the size and complexity all
drive the application of many mining laws and mining policy.

We also know that at the current time, we are close to having refuge chambers
on every section in every mine in this state. We also know they are in close
proximity to where they will most likely be used!

However, as with some of the other proposed requirements, if we’re not careful,
the unintended and negative consequences would certainly follow. It is
conceivable that a mine in West Virginia will be required to install two (2)
chambers; one inby 1000 to meet state law and one outby 1000 feet to
compliance with federal law.

Worse yet, if for what ever reason MSHA elects to retain its proposed space and
square and cubic footage requirements, and not completely grandfather West
Virginia’s approved units, and when the de-rating is factored into this scenario, as
many as two or three units may be required in addition to the one already there.

In addition to our other recommendations, we recommend that MSHA
modify it distance requirement by simply requiring refuge chambers to be
within 2,000 feet of working faces.

Federalism:

As defined by Executive Order No. 13132, issued on August 4, 1999, policies of
the federal government that have federalism implications are “regulations ... that
have substantial direct effects on the States, on the relationships between the
national government and the states or on the distribution of power and
responsibilities among the various levels of government.” (Executive Order No.
13132, Section 1 (a).)

We believe the proposed shelter reguiation in its current form is violative of
Executive Order No. 13132. Simply put, the proposed regulation impinges on
Waest Virginia’s shelter regulations and penalizes West Virginia for taking an early
lead in the safety and protection of its coal miners working in the state.



Executive Order 13132 recognizes that new federal regulations should not
impinge upon or eliminate state enforcement efforts where there are significant
state interests. The safety of coal miners is a vital West Virginia interest.

Immediately following the Sago Mining disaster and the Aracoma mine fire in the
first 19 days of January, 2006, shelters were mandated in all underground coal
mines to provide a safe location for those miners who could not evacuate from a
catastrophic event. West Virginia, through its regulatory process, developed
standards for its shelters. Those shelters are now in place at mines throughout
the state.

We call on MSHA to unconditionally grandfather West Virginia’s approved units.
Accordingly, we propose the following new section for inclusion into the final rule:

“All shelters approved and in place in West Virginia regulated mines or
which have been ordered by July 1, 2008, shall be considered to have met
the standards of this regulation if the shelters meet West Virginia state law

requirements.

This change will also meet the Executive Order Section 3 requirements that
federal agencies shall encourage states to develop their own policies to achieve
program objectives and where possible, defer to the states to establish
standards. Section 3 of the Executive Order also directs consideration of
alternatives that limit the scope of national standards and preserve state
prerogatives and authority. (Executive Order No. 13132, Section 3(d)(1-3))

Conclusion:

At the outset of my remarks, | indicated | was representing several mining states.
We all share a fundamental objective of preserving state programs and state
approved refuge shelters. It should be noted that many states have purchased
refuge shelters that were approved under West Virginia law for deployment in
their mines. In fact, it has been estimated that there are as many refuge
chambers, approved by West Virginia, installed in other states as there are in
West Virginia.

We believe this further attests to the quality of West Virginia’'s program, the
technical and engineering capabilities of refuge chamber manufacturers, and the
progressive nature of this business to provide state-of-the-art mine safety
technologies and worker protection.

In closing, I'll observe there has been unprecedented criticism levied towards
MSHA over the past two years than ever before in the history of the agency. That
is a fact — plainly and simply. Some of it deserved, perhaps, some not.



You have the opportunity to change that perception and you could begin with this
rulemaking by acknowledging the tremendous competence and expertise that
exists outside the agency within the industry.

We appreciate the opportunity to comment on this proposed refuge chamber rule
and welcome your involvement and partnership in future mine safety programs.

Thank You.
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EMERGENCY RULE QUESTIONNAIRE

DATE: February 1, 2006

TO: VLEGISLATIVE RULE-MAK]NG REVIEW COMMITTEE

FROMI(Agency Name, Address & Phone No.) Office of Miners' Health, Safety and Trammg,
1615 Washington Street, East, Charleston, WV 25311-2126

304-558-1425

EMERGENCY RULE TITLE: Emergency Rules Governing Protective Clothing and Equipment |

1. Date of filing Febrary 1, 2006

2. Statutory authority for promulgating emergency rule:

W Va Code22A-2-85

3. Date of filing of proposed legislative rule:

4, Does the emergency rule adopt new language or does it amend or appeal a current
legislative rule? Newlanguage. :

5. Has the same or similar emergency rule previously been filed and expired?
No

6. State, with particularity, those facts and circumstances which make the emergency rule
necessary for the immediate preservation of public peace, health, safety or welfare.

and clothmg wom by underground miners. Full and complete lmplementatlon of SB247
necessitates promulgation of these emergency rules




If the emergency rule was promulgated in order to comply with a time limit established by
the Code or federal statute or regulation, cite the Code provision, federal statute or
regulation and time limit established therein.

unplement the pI'OVlSlonS of SB247 Wthh was 51gned mm law January 26 2006 Whlle

promulgatlon of these emergency rules

State, with particularity, those facts and circumstances which make the emergency rule
necessary to prevent substantial harm to the public interest.

Full and complete 1mplementatlon of SB247 necessitates promulgatwn of these
- emergency rules
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OFFICE OF MINERS' HEALTH, SAFETY'AND TRAINING
TITLE 56
SERIES 2
EMERGENCY RULES GOVERNING PROTECTIVE CLOTHING AND EQUIPMENT
§56-2-1. General.

1.1. Scope. -- These emergency rules pertain to the
implementation of provisions of W. Va. Code § 22A-2-55, relating to
the regulation of protective clothing and equipment worn by persons

underground by the Office of Miners’ Health, Safety and Training.

1.2. Authority. -- W. Va. Code § 22A-2-55.
1.3. Filing Date. —-- February 1, 2006.
1.4. Effective Date. -—- , 2006.

§56;2—2. Preamble.

2.1. Purpose - The primary goal of section fifty-five, article
two, chapter twenty-two-a of the Code is to protect the health and
safety of this State’s ccal miners by requiring minimum standards
for the protective clothing and equipment worn by each underground
miner. The purpose of these regulations 1is to implement the
mandate of section fifty-five, article two, chépter twenty-two-a of
the Code by requiring coal mine operators to provide each

1




underground miner with certain protective equipment and by
detailing the requirements for such protective equipment. In
implementing such mandate, it is recognized that different types of
protective equipment may be developed to satisfy the minimum
requirements for protective equipment for each mine, depending upon
the number of employees of the particular mine, the location of the
particular mine, the physical features of the particular mine,‘and
technological advances.

§56-2~3. Definitions.

3.1. Unless herein defined, all terms used in this rule shall
have the same meaning as they are defined in W. Va. Code §22A-1-2
and W. Va. Code §22A~2-55.

3.2. “Code” shall mean the Code of West Virginia, 1931, as
amended.

§56-2-4. Storage Caches of Additional Self-Contained Self-Rascue
Devices.

4.1. In addition to providing each person underground a self-
contained self-rescue device in accordance with the provisions of
subdivision (1), subsection (f), section fifty-five, article two,
chapter twenty-two-a of the Code, the operator shall also provide
caches of additional self-contained self-rescue devices throughout
the mine in accordance with a Storage Cache Plan approved by the

Director.

4.1.1. Each additional self-contained self-rescue device .




shall be adequate to protect a miner for one hour oOr longer.

4.1.2. Each cache shall be housed in a container
constructed of fire retardant material or material treated with a
fire retardant paint or laminate and conétructed. in a manner
capable of protecting the self-contained self rescue devices stored
therein from damage by fire.

4.2. One cache shall be placed at a readily available location
in each working section of the mine.

4.2.1. Each cache placed in each working section of the
mine shall contain sufficient additional self-contained self-rescue
devices to provide each miner at the working seétion with no less
than sixteen (16) additional self-contained self-rescue devices.
However, subject to further scientific study and evaluatioﬁ, the
Director may increase the minimum number of additional self-
contained self-rescue devices set forth herein if deemed necessary
to maintain persons awaiting rescue underground for sustained
periods of time.

4.3. Storage caches also shall be placed in readily available.
locations throughout the remainder of the mine as follows:

4.3.1. When the height of the coal seam is above forty-
eight (48) inches, every two-thousand five hundred (2,500) feet
from the point where the last working section meets the main entry
up to the surface, unless the conditions in the particulér mine

require placement at closer intervals.




4.3.2. When the height of the coal seam is below forty-
elght (48) inches, every‘bne thousand two hundred fifty (1,250)
feet from the point where the last working section meets the main
entry up to the surface, unless the conditions in the particular
mine require placement at closer intervals.

4.3.3. Each non-working section storage cache shall
contain a number of additional self-contained self~rescue devices
equal to or exceeding the total number of employees Awho are

underground during any given working shift.

§56~-2-5. Storage Cache Plan,

5.1. Within thirty (30) calendar days of the effective date of
these rules and regulations, all operators of all mines shail
submit a Storage Cache Plan and have such blan approved by the
Director. The design, development, submission, and implementation
of the Storage Cache Plan shall be. the responsibility of the
operator of each mine.

5.2. Within thirty (30) calendar days after submission of the
initial Storage Cache Plan, the Director shall either approve the
Aplan as submitted, or shall reject and return the plan to the
operator for modification and resubmission, stating in detail the
‘reasons for such rejection. If»the plan is rejected, the Director
shall give the operator.a reasonable length of time, not to exceed

fifteen (15) calendar days, to modify and resubmit such plan.




5.3. In developing -the initial Storage Cache Plan, the
operator shall take into consideration the number of employees of
the particular mine, the location of the particular mine, the
physical features of thé particular mine, and any other aspéct of
the particular mine the operator deems relevant to the development
of the Storage Cache Plan.

5.4. The Storage Cache Plan shall include the.following:

5.4.1. The size and physical features of the mine;
5.4.2. The minimum number of persons underground during
each working shift;
5.4.3. The proposed location of the vafious storage
caches in relation to persons underground; and
5.4.4. A schedule of compliance, which shall include:
a. a narrative description of how the operator will
achieve compliance with subdivision (2), subsection (f), section
fifty-five, article two, chapter twenty-two-a. of the Code.
b. a schedule.of measures, including an enforceable
sequence of actions with milestones, leading to compliance; and
c. a statement indicating when the implementation of
the proposed plan will be complete.
| 5.4.5. Any such schedule of compliance shall be
supplemental to, and shall not sanction noncompliance with, the
applicable requirements on which it is based.

5.5. Each operator shall submit as attachments to its Storage




Cache Plan the following:

5.5.1. A statement that the analysis and evaluation
required by section 5.3 of these rules and regulations has been
completed;

5.5.2. A statement indicating the training dates for the
use of the self-contained self-rescue devices; and

5.5.3. The name of the person or persons representing the
operator, including his or her title, position, mailing address and
telephone number, who can be contacted by the Director for all
matters relating to ~the Storage Cache Plan and the weekly
inspections of each cache. -

5.6. Within thirty (30) calendar days of the Director’s
approval of the plan, the operator shall provide to ﬁhe Director a
copy of any contract, purchase order, or other proof of purchase of
such number of additional self-contained self-rescue devices
consistent with the operator’s schedule of compliance.

5.7. At any time after the Director has approved an operator’s
Storage Cache Plan, the operator may submit proposed modifications
or revisions to its plan along with the reasons therefor to the
Director.

5.7.1. Within thirty (30) calendar days after receipt by
the Director of any proposed revisions or modifications to the
Storage Cache Plan, the Director shall either approve or reject the
revisions, stating in detail the reasons for such rejection.
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5.7.2. The Director may require modifications to a
Storage Cache Plan at any time following the investigation of a
fatal accident or serious injury, as defined by Title 36, Series
19, Section 3.2, if such modifications are warranted by fhe
findings of the investigation. | )

5.8. If the.Director; in his sole discretion, determines that.
an operator has failed to provide a Storage Cache Plan, has
provided an inadequate Storage Cache Plan, has failed to comply
with its apéroved Storage Cache Plan, or has failed to provide a
copy of any contract, purchase order or other proof of purchase
required under this section, in an effort to- delay, avoid or
circumvent compliance with subdivision (2), subsection (£), section
fifty-five, article two, chapter twenty-two-a of the Code or these
rules and regulations, the Director shall issue a cessation order
to the operator for the affected mine.

§56-2-6. Placement of Intrinsically Safe Battery-Powered Lights and
Lifeline Coxds.

6.1. Intrinsically safe battery-powered strobe lights shall be
affixed to each cache of self-contained self-rescue devices and
shall be capable of automatic activation in the event of an
emergency.

6.1.1. All intrinsically safe battery-powered strobe

lights affixed to each cache of self-contained self-rescue devices




shall be approved by MSHA and maintained in accordance with
applicable MSHA réquirements.

6.2. A luminescent sign with the words "“SELF-RESCUER” or'
“SELF-RESCUERS” shall be conspicuously posted at each such cache
and luminescent direétion signs shall be posted leadiﬁg to each
cache.

6.3. Lifeline cords shall be attached to each cache from the
last open crosscut to the surface and must:

6.3.1. be made of durable material;

6.3.2. be marked with reflective material every twenty-
five (25) feet:

6.3.3. be located in such a maﬁner for miners to use
effectively to escape; and

6.3.4. have directional indicators signifying the route
of escape placed at intervals not exceediné one hundred (100) feet,

6.4. The operator shall conduct weekly inspections of each
cache of additional self-contained self-rescue devices, the éffixed
strobe lights, and each lifeline cord or other similar device to
ensure that each will function properly in the event of an
emergency. | |
§56-2-7. Wireless Emergency Communication Devices.

7.1. A wireless emergency éommunication device approved by the
Director shall be wbrn by each person underground and shall be

provided by the operator.




7.1.1. Within thirty (30) calendar days of the effective
date of these rules and regulations, the Director shall notify all
operators of the wireless emergency communications devices approved
by the Director to be used by each person underground pursuant to
subdivision one, subsection (g), section fifty—five; article two,
chapter twenty two-a of the Code. |

7.1.2. The wireless emergency communication devices
approved by the Director must be capable of receiving emergency
comﬁunications from the surface at any location throughout the
mine. |

7.1.3. Each operator shall train each miner in the use of
the approved device employed at the mine, and refresher training
courses for all underground employees shall be held during each
calendar year.

7.1.4. Each operator shall train each miner in the use of
the approved device employed at the mine, ana refresher training
courses for all underground employees shall be held during each
calendar year.

7.2. All wireless emergency communication devices approved by
the Director shall have received prior approval by MSHA and be
maintained in accordance with applicable MSHA requirements.

7.3. Within thirty (30)-calendar days of the Director giving
notice of the approved wireless emergency communications devices,

all operators shall submit to the Director a schedule of
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compliance.

7.3.1. The schedule of compliance shall include:

a. a narrative description of how the operator will
achieve compliance with subsection (g), section fifty-five, article
two, chapter twenty-two-a of the Code; )

b. a schedule of measures, including an enforceable
sequence of actions with milestones, leading to compliance; and

| c. a statement indicating when full compliance will
be achieved.

7.3.2. Any such schedule of compliance shall be
supplemental to, and shall not sanction.noncompliance with, the
applicable requirements on which it is based.

7.3.3. Within thirty (30) calendar days after submission
of the schedule of compliance, the Director shall either approve
the schedule of compliance as submitted, or shall reject and return
the schedule of compliance to the operator for modification and
resubmission, stating in detail the reasons for such rejection. If
the schedule of compliance is rejected, the Director shall give the
operator a reasonable length of time, not to exceed fifteen (15)
calendar days, to modify and resubmit such schedule of compliance.

7.3.4. Where applicable, the operator shall submit
certified progress reports no less frequently than every thirty
(30) calendar days until full compliance is achieved.

7.4. In developing the schedule of compliance, the operator

10




shall take into consideration the number of employees. of the
particular mine, the location of the particular mine, the physical
features of the particular mine, and any other aspect of the
particulaf mine relevant to the provision and operation of the
wireless emergency communication devices. )

7.5. Within thirty‘ (30) calendar days of the Director’s
approval of the operator’s schedule of compliance, the operator
shall provide to the Director a copy of any contract, purchase
order, or other proof of purchase of such wireless emergency
communication devices consistent with the operator’s schedule of
compliance.

7.6, If the Director, in his sole discretion, determines that
an operator has failed to provide a schedule of compliance, has
provided an inadequate schedule of compliance, has failed to meet
its approved schedule of compliance or has failed to provide a copy
of any contract, purchase order or other proof of purchase required
under this'section, in an effort to delay, avoid or circumvent
compliance with subsectioﬁ {g)., sectionAfifty—five, article two,
chapter twenty-two-a of the Code or these rules and regulations, -
the Director shall issue a cessation order to the operator fér the
affected mine.

§56-2~8. Wireless Tracking Devices.

8.1. A wireless tracking device approved by the Director shall

be worn by each person underground and shall be provided by the
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operator.

8.1.1. Within thirty (30) calendar days of the effective
date of these rules and regulations, the Director shall notify all
operators of the wireless tracking devices approved by the Director
to be used by each person underground pﬁ}suant to subdivision one,
subsection (h), section fifty-five, article tho, chapter twenty
two—-a of the Code.

8.1.2. The wireless tracking devices approved by the
Director must be capable of providing real-time monitoring of the
physical location of each person underground.

8.1.3. No person shall discharge or in any other way
discriminate against any miner based on information gathered by
such wireless tracking device during non-emergency monitoring.

8.1.4. Each operator shall train each miner in the use of
thé approved device employed at the mine, and refresher training
courses for all underground employees shall be held during each
calendar year.

8.1.5. The operator shall install in or around the mine
any and all equipment necessary to provide real-time emergency
monitoring of the physicai location of each person underground.

8.2. All wireless tracking devices approved by the Director
shall have received prior approval by MSHA and be maintained in
accordance with applicable MSHA requirements.

8.3. Within thirty (30) calendar days of the Director giving
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notice of the approved wireless tracking devices, all operators
shall submit to the Director a schedule of compliance.

8.3.1. The schedule of compliance shall include:

a. a narrative description of how the operator will
achieve compliance with subsection (ﬁ), section fifty-five, article
two, chapter twenty-two-a of the Code;

b. a schedule of measures, including an enforceable
sequence of actions with milestones, leading to compliance; and

c. a statement indicating when full compliance will
be achieved.

8.3.2. Any such schedule of compliance shall be
supplementdl to, and shall not sanction noncompliance with, the
applicable requirements on which it is based.

8.3.3, Within thirty (30) calendar days after submission
of the schedulé of compliance, the Director shall either approve
the schedule of compliance as submitted, or shall reject and return
the schedule of compliance to the operator for modification and
resubmission, stating'in detail the reasons for such rejection. If
the schedule of compliance is rejected, the Director shall give the
operator a reasonable length'of time, not to exceed fifteen (15)
calendar days, to modify and resubmit such schedule of compliance.

8.3.4. Where applicable, the operator shall submit
certified progress reports no less frequently than every thirty
(30) calendar days until full compliance is achieved.

13




8.4. In developing the schedule of compliance, the operator
shall take into consideration the number of employees of the
particular mine, the location of the particular mine, the physical
features of the particulai' mine, _and any other aspect of the
particular mine relevant to thé provision and operation of the:
wireless tracking devices. |

8.5. Within thirty ({30) 'calendar days of the Direétor’s
approval of the operator’s schedule of compliance, the operator
shall provide to the Director a copy of any contract, purchase
order, or other proof of purchase of such wireless tracking
communication devices consistent with the operator’s approved
schedule of compliance.

8.6. If the Director, in his sole discretion, determines that
an operator has failed to provide a schedule of compliance, has
provided an inadequate schedule of compliance, has failed to meet
its approved schedule of compliance or has failed to provide a copy
of any‘contract, purchase order or other proof of purchase required
under this section, in an effort to delay, avoid or circumvent
compliance with subsection (h), section fifty-five, article two,
chapter twenty-two-a of the Code or these rules and regulations,
the Director shall issue a cessation order to the operator for the

affected mine.
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TITLE 56
SERIES 4
EMERGENCY RULES GOVERNING PROTECTIVE CLOTHING AND EQUIPMENT
§56~-4-1. General.

1.1. Scope. -- These emergency rules pertain to the
implementation of provisions of W. Va. Code § 22A-2-55, relating to
the regulation of protective clothing and equipment worn by persons
underground by the Office of Miners’ Health, Safety and Training.

1.2. Authority. —-- W. Va. Code § 22A-2-55.

1.3. Filing Date. -~ February __ , 2006.

1.4. Effective Date. -- , 2006.

§56-4-2. Preamble.

2.1. Purpose — The primary goal of section fifty-five, article
two, chapter twenty-two~a of the Code is to protect the health and
safety of this State’s coal miners by requiring minimum standards
for the protective clothing and equipment worn by each underground
miner. The purpose of these rules is to implement the mandate of
section fifty-five, article two, chapter twenty-two-a of the Code

by requiring coal mine operators to provide each underground miner




with certain protective equipment and by detailing the requirements
for such protective equipment. In implementing such mandate, it is
recognized that different types of protective equipment may be
developed to satisfy the minimum requirements for protective
equipment for each mine, depending upon the number of employees of
the particular mine, the location of the particular mine, the
physical features of the particular mine, and technological
advances. w

2.1.1. Exiting a mine is the primary escape procedure to
pe used by miners in the event of an emergency underground. Self-~
contained self-rescue devices (“SCSRs”) are intended primarily to
provide miners with breathable air while attempting to exit the
mine during an emergency. The secondary purpose of SCSRs, however,

is to provide a source of breath ' ‘e air to miners that cannot exit

~ .
-«

a mine during an emergency and iaust await rescue by personnel on
the surface. Emergency shelters/chambers also provide a source of
breathable air for trapped miners unable to escape from the mine.
Wireless emergency communication devices and wireless tracking
devices are intended to assist in both directing miners out of an
endangered mine and locating trapped miners awaiting rescue by
personnel on the surface. In addition to the purposes stated
above, the intended purpose of these rules is to establish a
requlatory regime enabling the proper implementation of these

technologies in West Virginia’s underground mines.




§56-4-3. Definitions.

3.1. Unless herein defined, all terms used in this rule shall
have the same meaning as they are defined in W. Va. Code §22A-1-2
and W. Va. Code §22A-2-55.

3.2. ™“Code” shall mean the Code of West Virginia, 1931, as
amended.

3.3. “Director” shall herein refer to the Director of the
Office of Miners’ Health, Safety and Training.

§56-4-4. Mine Safety Technology Task Force.

4.1. Within seven (7) calendar days of the effective date of
these rules, the Director shall establish a Mine Safety Technology
Task Force to provide technical and other assistance related to the
implementation of the new technological requirements set forth in
section fifty-five, article two, chapter twenty-two-a of the Code.
The task force shall be comprised of three persons from the major
employee organization representing coal miners in this state and
three persons from the major trade association representing
underground coal operators in this state. All actions of the task
force shall be by unanimous vote.

4.2. The task force, working in conjunction with the Director,
shall immediately commence a study to determine the commercial
availability and functional and operational capability of the
SCSRs, emergency shelters/chambers, wireless communication devices

and wireless tracking devices required hereunder. The task force




shall also study issues related to the implementation, compliance
and enforcement of the safety requirements contained herein.
Additionally, the task force may study related safety measures,
including the provision of additional surface openings and/or
escapeways in lieu of or in addition to the provision of SCSRs or
emergency shelters/chambers. In conducting its study, the task
force shall, where possible, consult with, among others, mine
engineering and mine safety experts, radiocommunication and
telemetry experts and relevant state and federal regulatory
personnel.

4.3. The Director, or his designee, shall preside over all
meetings of the working group.

4.4. Within ninety (90) calendar days of the effective date of
these rules, the task force shall provide the Director with a
written report summarizing its findings regarding the commercial
availability and functional and operational capability of the
SCSRs, emergency shelters/chambers, wireless communication devices,
wireless tracking devices and related safety measures reguired
hereunder. The report shall also include the task force'’s findings
and recommendations regarding implementation, compliance and
enforcement of the safety requirements contained herein. The
report also shall set forth the task force’s recommended
implementation, compliance and enforcement plans regarding the
aforementioned technologies.

4.5. Prior to approving any emergency shelter/chamber,
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wireless communication device or wireless tracking device pursuant
to the provisions of sections 5.4, 8.1, and 9.1 of these rules,
respectively, the Director shall review the task force’s written
report and the findings set forth therein and shall consider such
findings in making any approval determination.

§56-4-5. Self-Contained Self-Rescue Devices Provided for Escape
from Mines.

5.1. Each person underground shall be provided a SCSR in
accordance with the provisions of subdivision (1), subsection (f),
section fifty-five, article two, chapter twenty-two-a of the Code.
In addition, the operator shall provide caches of additional SCSRs
or devices providing equivalent protection throughout the mine in
accordance with a Storage Cache Plan approved by the Director.

5.1.1. Each SCSR shall be adequate to protect a miner for
one (1) hour or longer: Provided, however, That nothing contained
herein shall preclude an operator from providing each person
underground with a self-rescue device or a SCSR that provides less
than one (1) hour of protection that is nevertheless adequate to
provide an amount of breathable air sufficient for travel to the
nearest storage cache or escape facility: Provided, further: That
the total amount of breathable air provided by the operator meets
the minimum amount of three (3) hours of cumulative protection
contemplated by the provisions of Section 5.1 and Section 5.2.1 of

these rules, as well as the minimum protection amounts mandated by




the provisions of 5.3.3 and 5.4.3.

5.1.2. Each cache shall be housed in a container
constructed of fire retardant material or material treated with a
fire retardant paint or laminate and constructed in a manner
capable of protecting the self-contained self rescue devices
stored therein from damage by fire.

5.1.3. Each operator shall train each miner in the use
of the SCSRs employed at the mine, and refresher training courses
for all underground employees shall be held during each calendar
year. This training shall be in addition to the annual
retraining required by MSHA.

5.2. One cache shall be placed at a readily available
location within five hundred (500) feet of the nearest working
face in each working section of the mine. One cache shall be
placed at a readily available loccation within five hundred (500)
feet of each active construction or rehabilitation site within
the mine.

5.2.1. Each cache placed at each working section and each
active construction or rehabilitation site shall contain sufficient
additional SCSRs to provide each miner reasonably expected to be at
the working section or active construction or rehabilitation site
with no less than two (2) additional SCSRs, or an equivalent amount

of breathable air for escape. During crew changes involving a




mantrip at a working section or an active construction or
rehabilitation site, SCSRs stored on such mantrip shall satisfy the
total number of SCSRs required for such personnel.

5.3. Additional storage caches shall also be placed in readily
available 1locations throughout the remainder of the mine as
follows:

5.3.1. Beginning at the storage cache located at the
working section or active construction or rehabilitation site, and
continuing to the surface or nearest escape facility leading to the
surface, the operator shall station additional storage caches at
calculated intervals that a miner may traverse in no more than
thirty (30) minutes traveling at a normal pace, taking into
consideration the height of the coal seam.

5.3.2. Said intervals shall be calculated in accordance

with the following chart:
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5.3.3. Each such additional cache shall contain a number
of additional SCSRs equal to or exceeding the total number of
employees reasonably likely to be in that area.

5.4. Emergency Shelters/Chambers for Use in the Event That
Immediate Exit is not Possible.

5.4.1. An emergency shelter/chamber shall be maintained
within one thousand (1000) feet of the nearest working face in each
working section. Such emergency shelter/chamber shall be approved
by the Director and shall be constructed and maintained in a manner
prescribed by the Director.

5.4.2. Upon the Director’s receipt of the written report




required by section 4.4 of these rules, the Director shall review
the written report and the findings set forth therein and shall
consider such findings in making approval determinations regarding
any emergency shelter/chamber.

5.4.3. Any emergency shelter/chamber approved by the
Director shall be:

a. equipped to provide each miner at the working
section with no less than twenty-four (24) hours of breathable air;

b. constructed in such a manner so as to reasonably
exclude dangerous air and gases from the interior of the rescue
shelter/chamber;

c. properly equipped with first aid materials;

d. equipped with sufficient amounts of food and
water to sustain each miner at the working section for at least
twenty-four (24) hours while awaiting rescue;

e. equipped with a device for communication with
rescuers or other persons on the surface; and

f. maintained in accordance with applicable MSHA
requirements.

5.4.4. As soon as practicable, the Director shall notify
all operators of the emergency shelters/chambers approved for use
in underground coal mines.

5.4.5. Each operator shall train each miner in the use of

the approved emergency shelter/chamber employed at the mine, and
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refresher training courses for all underground employees shall be
held during each calendar year. This training shall be in addition
to any annual retraining required by MSHA.

5.4.6. If there are no emergency shelters/chambers
approved within one year of the Director’s receipt of the task
force’s report, operators shall install in lieu of an emergency
shelter/chamber, caches of SCSRs sufficient to provide each miner
reasonably expected to be at the working section with no less than
sixteen(16) additional SCSRs, or an equivalent amount of breathable
air.

5.4.7. Sixteen (16) SCSRs may be used in lieu of an
emergency shelter/chamber when mine design or layout prohibits use
of such facilities.

§56-4-6. Storage Cache Plan.

6.1. Within thirty (30) calendar days of the effective date of
these rules, all operators of all mines shall submit a Storage
Cache Plan for approval by the Director. The design, development,
submission, and implementation of the Storage Cache Plan shall be
the responsibility of the operator of each mine.

6.2. Within thirty (30) calendar days after submission of the
initial Storage Cache Plan, the Director shall either approve the
plan as submitted, or shall reject and return the plan to the
operator for modification and resubmission, stating in detail the

reasons for such rejection. If the plan is rejected, the Director
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shall give the operator a reasonable length of time, not to exceed
fifteen (15) calendar days, to modify and resubmit such plan.

6.3. In developing the initial Storage Cache Plan, the
operator shall take into consideration the number of employees of
the particular mine, the location of the particular mine, the
physical features of the particular mine, and any other aspect of
the particular mine the operator deems relevant to the development
of the Storage Cache Plan.

6.4. The Storage Cache Plan shall include the following:

6.4.1. The size and physical features of the mine;

6.4.2. The maximum number of persons underground during
each working shift;

6.4.3. The proposed location of the various storage
caches and the emergency shelter/chamber in relation to persons
underground; and

6.4.4. A schedule of compliance, which shall inc¢lude:

a. a narrative description of how the operator will
achieve compliance with subdivision (2), subsection (f), section
fifty-five, article two, chapter twenty-two-a of the Code.

b. a schedule of measures, including an enforceable
sequence of actions with milestones, leading to compliance; and

c. a statement indicating when the implementation of
the proposed plan will be complete.

6.4.5. Any such schedule of compliance shall be
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supplemental to, and shall not sanction noncompliance with, the
applicable requirements on which it is based.

6.5. Each operator shall submit as attachments to its Storage
Cache Plan the following:

6.5.1. A statement that the analysis and evaluation
required by section 6.3 of these rules has been completed;

6.5.2. A statement indicating the training dates for the
use of the SCSRs; and

6.5.3. The name of the person or persons representing the
operator, including his or her title, position, mailing address and
telephone number, who can be contacted by the Director for all
matters relating to the Storage Cache Plan and the weekly
inspections of each cache.

6.6. Within thirty (30) calendar days of the Director’s
approval of the plan, the operator shall provide to the Director a
copy of any contract, purchase order, or other proof of purchase of
such number of additional SCSRs consistent with the operator’s
schedule of compliance.

6.7. At any time after the Director has approved an operator’s
Storage Cache Plan, the operator may submit proposed modifications
or revisions to its plan along with the reasons therefor to the
Director.

6.7.1. Within thirty (30) calendar days after receipt by

the Director of any proposed revisions or modifications to the
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Storage Cache Plan, the Director shall either approve or reject the
revisions, stating in detail the reasons for such rejection.

6.7.2. The Director may require modifications to a
Storage Cache Plan at any time following the investigation of a
fatal accident or serious injury, as defined by Title 36, Series
19, Section 3.2, if such modifications are warranted by the
findings of the investigation.

6.7.3. Within thirty (30) calendar days of the Director
notifying operators of the emergency shelters/chambers approved by
the Director under these rules, the operator shall submit a revised
Storage Cache Plan in accordance with the provisions of this
section setting forth the type of emergency shelter/chamber to be
installed pursuant to section 5.4 these rules. The revised storage
cache plan shall also include a revised schedule of compliance and
information regarding the emergency shelter/chamber that
corresponds to the information regarding the storage caches
required under this section of these rules.

6.8. If the Director, in his sole discretion, determines that
an operator has failed to provide a Storage Cache Plan, has
provided an inadequate Storage Cache Plan, has failed to comply
with its approved Storage Cache Plan, or has failed to provide a
copy of any contract, purchase order or other proof of purchase
required under this section, in an effort to delay, avoid or

circumvent compliance with subdivision (2), subsection (f), section
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fifty-five, article two, chapter twenty-two-a of the Code or these
rules, the Director shall issue a cegssation order to the operator
for the affected mine.

§56-4-7. Placement of Intringically Safe Battery-Powered Lights and

Lifeline Cords.

7.1. Intrinsically safe battery-powered strobe lights shall be
affixed to each cache of SCSRs and shall operate continuously or be
capable of automatic activation in the event of an emergency.

7.1.1. All intrinsically safe battery-powered strobe
lights affixed to each cache of SCSRs shall be approved by MSHA and
maintained in accordance with applicable MSHA requirements.

7.2. A reflective sign with the words “SELF-RESCUER” or “SELF-
RESCUERS” shall be conspicuously posted at each such cache and
reflective direction signs shall be posted leading to each cache.

7.3. Lifeline cords installed in primary escapeways shall be
attached to each cache and extend from the last permanent stopping
to the surface or nearest escape facility, excluding belt and track
entries, and must:

7.3.1. be made of durable material;

7.3.2. be marked with reflective material every twenty-
five (25) feet;

7.3.3. be located in such a manner for miners to use
effectively to escape; and

7.3.4. have directional indicators signifying the route

14




of escape placed at intervals not exceeding one hundred (100) feet.

7.4. The operator shall conduct weekly inspections of each
cache of additional SCSRs, the affixed strobe lights, and each
lifeline cord or other similar device to ensure that each will
function properly in the event of an emergency.

§56-4-8. Wireless Emergency Communication Devices.

8.1. A wireless emergency communication device approved by the
Director shall be worn by each person underground and shall be
provided by the operator.

8.1.1. As soon as practicable, the Director shall notify
all operators of the wireless emergency communication devices
approved by the Director for use by each person underground
pursuant to subdivision one, subsection (g), section fifty-five,
article two, chapter twenty two-a of the Code.

8.1.2. The wireless emergency communication devices
approved by the Director must be capable of receiving emergency
communications from the surface at any location throughout the
mine.

8.1.3. Each operator shall train each miner in the use of
the approved device employed at the mine, and refresher training
courses for all underground employees shall be held during each
calendar year.

8.2. All wireless emergency communication devices approved by

the Director shall have received prior approval by MSHA and be
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maintained in accordance with applicable MSHA requirements.

8.3. Within sixty (60) calendar days of the Director giving
notice of the approved wireless emergency communications devices,
all operators shall submit to the Director a schedule of
compliance.

8.3.1. The schedule of compliance shall include:

a. a narrative description of how the operator will
achieve compliance with subsection (g), section fifty-five, article
two, chapter twenty-two-a of the Code:

b. a schedule of measures, including an enforceable
sequence of actions with milestones, leading to compliance; and

c. a statement indicating when full compliance will
be achieved.

8.3.2. Any such schedule of compliance shall be
supplemental to, and shall not sanction noncompliance with, the
applicable requirements on which it is based.

8.3.3. Within thirty (30) calendar days after submission
of the schedule of compliance, the Director shall either approve
the schedule of compliance as submitted, or shall reject and return
the schedule of compliance to the operator for modification and
resubmission, stating in detail the reasons for such rejection. If
the schedule of compliance is rejected, the Director shall give the
operator a reasonable length of time, not to exceed fifteen (15)

calendar days, to modify and resubmit such schedule of compliance.
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8.3.4. Where applicable, the operator shall submit
certified progress reports no less frequently than every sixty (60)
calendar days until full compliance is achieved.

8.4. In developing the schedule of compliance, the operator
shall take into consideration the number of employees of the
particular mine, the location of the particular mine, the physical
features of the particular mine and any other aspect of the
particular mine relevant to the provision and operation of the
wireless emergency communication devices.

§.5. Within thirty (30) calendar days of the Director’s
approval of the operator’s schedule of compliance, the operator
shall provide to the Director a copy of any contract, purchase
order, or other proof of purchase of such wireless emergency
communication devices consistent with the operator’s schedule of
compliance.

8.6. If the Director, in his sole discretion, determines that
an operator has failed to provide a schedule of compliance, has
provided an inadequate schedule of compliance, has failed to meet
its approved schedule of compliance or has failed to provide a copy
of any contract, purchase order or other proof of purchase required
under this section, in an effort to delay, avoid or circumvent
compliance with subsection (g), section fifty-five, article two,
chapter twenty-two-a of the Code or these rules, the Director shall

issue a cessation order to the operator for the affected nine.
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§56-4~9. Wireless Tracking Davices.

9.1. A wireless tracking device approved by the Director shall
be worn by each person underground and shall be provided by the
operator.

9.1.1. A; soon as practicable, the Director shall notify
all operators of the wireless tracking devices approved by the
Director for use by each person underground pursuant to subdivision
one, subsection (h), section fifty-five, article two, chapter
twenty two-a of the Code.

9.1.2. The wireless tracking devices approved by the
Director must be capable of providing real-time monitoring of the
physical location of each person underground, which at a minimum
shall mean the capability to identify the presence of each person
underground in the event of an emergency.

9.1.3. No person shall discharge or in any other way
discriminate against any miner pased on information gathered by
such wireless tracking device during non-emergency monitoring.

9.1.4. Each operator shall train each miner in the use of
the approved device employed at the mine, and refresher training
courses for all underground employees shall be held during each
calendar year.

9.1.5. The operator shall install in or around the mine
any and all equipment necessary to provide real-time emergency

monitoring in accordance with the provisions of section 9.1.2 of
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these rules.

9.2. All wireless tracking devices approved by the Director
shall have received prior approval by MSHA and be maintained in
accordance with applicable MSHA requirements.

9.3. Within sixty (60) calendar days of the Director giving
notice of the approved wireless tracking devices, all operators
shall submit to the Director a schedule of compliance.

9.3.1. The schedule of compliance shall include:

a. a narrative description of how the operator will
achieve compliance with subsection (h), gsection fifty-five, article
two, chapter twenty-two-a of the Code;

b. a schedule of measures, including an enforceable
sequence of actions with milestones, leading to compliance; and

c. a statement indicating when full compliance will
be achieved.

9.3.2. Any such schedule of compliance shall be
supplemental to, and shall not sanction noncompliance with, the
applicable requirements on which it is based.

9.3.3. Within thirty (30) calendar days after submission
of the schedule of compliance, the Director shall either approve
the schedule of compliance as submitted, or shall reject and return
the schedule of compliance to the operator for modification and
resubmission, stating in detail the reasons for such rejection. If

the schedule of compliance is rejected, the Director shall give the
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operator a reasonable length of time, not to exceed fifteen (15)
calendar days, to modify and resubmit such schedule of compliance.

9.3.4. Where applicable, the operator shall submit
certified progress reports no less frequently than every sixty (60)
calendar days until full compliance is achieved.

9.4. In developing the schedule of compliance, the operator
shall take into consideration the number of employees of the
particular mine, the locatign of the particular mine, the physical
features of the particular mine, and any other aspect of the
particular mine relevant to the provision and operation of the
wireless tracking devices.

9.5. Within thirty (30) calendar days of the Director’s
approval of the operator’s schedule of compliance, the operator
shall provide to the Director a copy of any contract, purchase
order, or other proof of purchase of such wireless tracking devices
consistent with the operator’s approved schedule of compliance.

9.6. If the Director, in his sole discretion, determines that
an operator has failed to provide a schedule of compliance, has
provided an inadequate schedule of compliance, has failed to meet
its approved schedule of compliance or has failed to provide a copy
of any contract, purChase order or other proof of purchase required
under this section, iﬁ an effort to delay, avoid or circumvent
compliance with subsection (h), section fifty-five, article two,

chapter twenty-two-a of the Code or these rules, the Director shall
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EMERGENCY RULE QUESTIONNAIRE

DATE: February 1,2006

TO: LEGISLATIVE RULE-MAKING REVIEW COMMITTEE

FROMZ(Agenc_v Name, Address & Phone No‘) Office of Miners' Health, Safety and Tmnmg’

1615 Washington Street, East, Charleston, WV 253112126

304-558-1425

EMERGENCY RULE TITLE: Emergency Rules Governing Protective Clothing and Equipment

1.

2.

' Date of filing _February 1, 2006

Statutory authority for promulgating emergency rule:

W Va Code 22A.2-58

Date of filing of proposed legislative rule:

Does the emergency rule adopt new language or does it amend or appeal a current

legislative rule? New-Janguage
= =] (=] .

Has the same or similar emergency rule previously been filed and expired?

Na

State, with particularity, those facts and circumstances which make the emergency rule
necessary for the immediate preservation of public peace, health, safety or welfare.

ittt o =) A . a=a bty ate 52 25
. miners from the inherent dangers of underground mining. Given recent events the
Legiglatyre Paqepﬁ SR247 rpqniring enhanced rf-r;nirpmpn'rc forthe pmfppﬁvp Pr}“imeﬂf
and clothing worn by underground miners. Full and complete implementation of SB247

_necessitates promulgation of these emergency rules.




APPENDIX B
EIS NOTE FOR PROPOSED RUL

Rule Title: 56 CSR 4 G%UVIE%SNIW PROTECTIVE CLOTHING AND EQUIPMENT
Type of Rule: [X_]Legislative [___Interpretive [___] Procedural

Agency: WV OFFICE OF MINERS HFALTH SAFETY & TRAINING
Address: 1615 WASHINGTON STREEI EAST

CHARLESTON, WV 25311-2126

Phone Number: 304 558-1425 Email: jdconawaylmines.state.wv.us
caphillipsCmines.state.wv.us

Fiscal Note Summary
Summarize in a clear and concise manner what impact this measure

will have on costs and revenues of state government.

THE PROPOSED RULL WILL HAVE NO FINANCIAL EFFECT ON THE AGENCY'S
BUDGET. ALL INSPECTION AND COMPLIANCE WILL BE ACCOMPLISHED THROUGH
EXISTING AGENCY STAFF MANDATED DUTIES.

Fiscal Note Detail
Show over-all effect in Item 1 and 2 and, in Item 3, give an explanation of
Breakdown by fiscal year, including long-range effect.

FISCAL YEAR
Effect of Proposa! Inccemse Decrese e | Upon Fall Implemcasion)
(use “-) (use “-)
1. Estimated Total Cost -0 - -0 - -0 -
Personal Services
Current Expenses
Repairs & Alterations
Assets
Other

2. Estimated Total
Revenues

Rule Title: 56 CSR 4 RULES GOVERNING PROTECTIVE CLOTHING AND EQUIPMENT
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State of West Virginia

Joe Manchin III, Governor

WV Officc Of Miners®> Health, Safety & Trairing
Doug Coraway, Director
1615 Washington Street East - Charleston, West Virginia 25311-2126
Telephone 304-558-1425 ¢ Fax 304-558-1282

www.wvminesafety.org

SPECIFIC STATEMENT COF CTRCUMSTANCES WHICH REQUIRE THE

RULE TO BE FILED AS EMERGENCY 56 CSR 4

In January 2006 the State of West Virginia experienced
two coal mine tragedies where 14 miners were trapped
and perished underground, one from an explosion and
one from a belt fire.

In both cases additional breathing apparatus would
have been valuable to these miners and would have
given them the extra oxygen needed to survive while
awaiting rescue efforts.

This rules requires . the coal operator to provide
sufficient additional self-contained gself-rescue
devices to provide each miner at the working section
with no less than sixteen (16) additional self-
contained self-rescue devices. it also gives the
Director authority to require an increase number of
the required minimum if deemed necessary.




L. Thomas Bulla, Secretary
Department of Commerce
State Capitol

Building 6, Room 525
Charleston, WV 25305-0311

Telephone: (304) 558-2234
Toll Free: (800) 982-3386
Fax: (304) 558-1189
Email: thulla@wvdo.org
www.boc.state.wv.us

February 24, 2006

Mr. James Mitchell Dean
Acting Director
Office of Miners' Health, Safety
and Training
1615 Washington Street East
Charleston, West Virginia 25311-2126

Dear Mr. Dean:

Upon review of your request to file an emergency legislative rule under Tittle 56, Series 4, which govems safety
provisions for emergency rules governing protective clothing and equipment in the State of West Virginia, | find
your proposed rule satisfactory and approve your filing of the regulations.

Sincerely,

LT Yot M

L. Thomas Bulla
Cabinet Secretary
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April 24, 2007

Ronald L. Wooten, Director

Office of Miners Health, Safety
and Training

1615 Washington Street East

Charleston WV 25311-2126

" Dear Director Wooten:
Upon review of your request t0 final file legislative rule under Title 56, Series 4, “Governing
Protective Clothing and Equipment” in the State of West Virginia, I find your final rule

satisfactory and approve your filing of the regulations.

incerely,

Ke' ex/Goes
Cdbinet Secretary
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TITLE 56
LEGISLATIVE RULE
OFFICE OF MINERS' HEALTH, SAFETY AND TRAINING

SERIES 4
GOVERNING PROTECTIVE CLOTHING AND EQUIPMENT

§56~4-1. General.

1.1. Scope. — This rule pertain to the implementation of
provisions of W. Va. Code Chapter 22A Article 2-55, relating to
the regulation of protective clothing and equipment worn by
miners underground by the Office of Miners’ Health, Safety and
Training.

1.2. Authority. -- W. Va. Code Chapter 22A Article 2-55.
1.3. Filing Date. - April 26, 2007
1.4. Effective Date. - April 26, 2007

§56~4-2. Preamble.

2.1. Purpose - The primary goal of Title fifty-six Series
four W. Va. Code of State Rules is to protect the health and
safety of this state’s coal miners by requiring minimum standards
for the protective clothing and equipment worn by each
underground miner. The purpose of this rule is to require coal
mine operators to provide each underground miner with certain
protective equipment and by detailing the requirements for such
protective equipment. In implementing such mandate, it is
recognized that different types of protective equipment may be
developed to satisfy the minimum requitrenments for protective
equipment for each mine, depending upon the number of employees
of the particular mine, the location of the particular mine, the
physical features of the particular mine, and technological

advances.

2.2. Escape is the primary procedure to be used by miners
in the event of an emergency underground. Self-contained self-
rescue devices (SCSRs) are intended to isolate miners from
hazardous gases and provide breathable air while attempting to
escape the mine during an emergency. In the event that escape-
ways are impassable emergency shelters/chambers provide a source
of breathable air for miners unable to escape from the mine.
Wireless emergency communication and tracking/locating devices
are intended to assist in exchanging information between escaping
miners and between them and those on the surface following an



accident and in locating miners to aid their escape. In addition
to the purposes stated above, the intended purpose of this rule
is to establish a regulatory regime enabling the advancement of
mine safety and health technologies and the proper implementation
of these technologies in West Virginia's underground mines.

§56-4-3. Definitions.

3.1. Unless herein defined, all terms used in this rule
shall have the same meaning used in W. Va. Code Chapter 22A
Articles 1-2 and 2-55 and in W. Va. Code of State Rules Title 36

Series 3-13.

3.2. “Code” means the Code of West Virginia, 1931, as
amended.

3.3. “Director” means to the Director of the Office of
Miners’ Health, Safety and.Training.

3.4. “Operator” means any firm, corporation, partnership, or
individual operating any coal mine or part thereof, or engaged in
the construction or maintenance of any facility associated with a
coal mine, and shall include any independent contractor at a coal
mine.

3.5. “Independent Contractor” means any firm, corporation,
partnership or individual that contracts to perform services or
construction at a cocal mine, excluding mine vendors, office
equipment suppliers, service or delivery personnel; Provided they
or their employees do not go underground.

3.6. “Self-Contained Self-Rescuer” (SCSR) means a type of
closed-circuit self-contained breathing apparatus or its
equivalent approved by the Mine Safety and Health Administration
of the United States Department of Labor for the purpose of
isolating a miner from hazardous gases and providing breathable
air to aid in an escape.

3.7. “SCSR Storage Cache” means a non-combustible container
constructed to withstand normal mine conditions, protect a number
of SCSRs, and allow easy access for inspection of the SCSRs and
easy access for miners who are escaping.

3.8. “Emergency Shelter/Chamber” means an enclosed space
located within 1,000 feet of the nearest working face with all
sides made from man-made materials whose function is to protect
the occupants from hazardous gases and provide breathable air in
the event escape is not possible.



3.9. “Emergency communications” means the transmission and
reception of voice, data and/or information regarding an
unexpected event requiring immediate action.

3.10. “Wireless” means allowing individual communications by
a miner through a mine communication and tracking/locating system
without a physical connection.

3.11. “Communication device” means equipment that is a
component of an integrated mine communication and
tracking/locating system for purposes of emergency communication.

3.12. “Physical location” means the position of a miner in
relation to a tracking device at a known location to enhance
escape and/or rescue.

3.13. “Tracking/location” means knowing the physical
location of miners at the moment of an accident and as escape
progresses 1f the tracking/location system being used is still
functional.

3.14. “Tracking/locating device” means equipment that is a
component of an integrated mine communication and
tracking/locating system for the purpose of providing the
physical location of a miner during an emergency.

3.15. “Apparent-~Temperature” means a heat stress indicator
that considers the effects of temperature and humidity.

§56-4~4. Mine Safety Technology Task Force.

4.1. Within seven (7) calendar days of the effective date of
this rule, the Director shall establish a Mine Safety Technology
Task Force to provide technical and other assistance related to
the implementation of the new technological regquirements set
forth in W. Va. Code Chapter 22A Article 2-55. The task force
shall be comprised of three miners from the major employee
organization representing coal miners in this state and three
miners from the major trade association representing underground
coal operators in this state. All actions of the task force shall
be by unanimous vote.

4.2. The task force, working in conjunction with the
Director, shall study technology and technology usage issues
related to the implementation, compliance and enforcement of the
safety requirements covered under W. Va. CSR Title 56 Series 4.
Additionally, the task force may study related safety measures as
requested by the Director. In conducting its study, the task
force shall, where possible, consult with, among others, mine



engineering and mine safety experts, technology experts and
relevant state and federal regulatory personnel.

4.3. The Director, or his designee, shall preside over all
meetings of the working group.

4.4. Prior to adopting or modifying any technological safety
requirement pursuant to W. Va. CSR Title 56 Series 4 the Director
shall request recommendations from the task force and shall
congider their written report on the subject in making any
determination.

4.6. The Director shall convene the Mine Safety Technology
Task Force not less than once per month.

§56-4-5. Self-Contained Self-Rescue Devices Provided for Escape
£rom Mines.

5_1. Each miner underground shall be provided an SCSR in
accordance with the provisions of W, Va. Code Chapter 222 Article
2-55(f). In addition, the operator shall provide storage caches
of additional SCSRs throughout the mine in accordance with a
Storage Cache Plan approved by the Director pursuant to W. Va.
CSR Title 56 Series 4-6.

5. 2. Each SCSR shall be approved for at least sixty (60)
minutes by the Mine Safety and Health Administration (MSHA) of
the United States Department of Labor: Provided, that nothing
contained herein shall preclude an operator from providing each
miner underground an SCSR with an MSHA approved rating less than
sixty (60) minutes of breathable air that is adequate to provide
for twice the travel time as defined in the chart in W. Va. CSR
Title 56 series 4-6 to the nearest storage cache, as defined in
W. Va. CSR Title 56 Series 4-6, or an escape facility.

5.3. Each operator shall provide training in the proper use
of SCSRs in simulated emergency situations in all required SCSR
training: Provided, That such simulations may be conducted on the
surface. Training shall be in compliance with all manufacturers
requirements and shall include but not limited to: the risks of
toxic gases, manufacturer’s required daily inspections, donning
and starting the SCSR, limitations of the SCSR, ways to maximize
duration of the unit, changing petween SCSRs, communicating
without removing the mouthpiece, importance and use of goggles,
how to know if the device has failed and what to do if it does.

5.4, Pursuant to W. Va. Code Chapter 22A Article 1-23,
operators and independent contractors shall report to the
Director all SCSRs in-service by manufacturer, model, serial



number, mine/contractor ID#, service dates, and results of
required inspections. This information shall be submitted
electronically as defined by the Director, updated quarterly and
will include information on any units removed from service along
with the reasons.

5.5. The Director shall compile and analyze the results of
this information and distribute a report within 30 days by
posting the report on the MHS&T web page,
http://www.wvminesafety.org

5.6. The Director shall establish a program to periodically
evaluate the quality of SCSRs in-service in West Virginia mines
through collection and testing of a statistically significant
number of units of differing ages and representative of models
used in W. Va. mines. The results of such evaluations will be
published on the MHS&T web page http://www.wvminesafety.org

§56-4-6. Self-Contained Self-Rescue Device Storage Cache Plan.

€.1. Within thirty (30) calendar days of the effective date
of this rule, all operators of all mines shall submit an SCSR
Storage Cache Plan for approval by the Director in accordance
with W. Va. Code Chapter 22A Article 1-36. The design,
development, submission, and implementation of the SCSR Storage
Cache Plan shall be the responsibility of the operator of each
mine.

6.2. Operators shall revise all approved SCSR storage cache
plans and submit those to the Director no later than 60 days
after any amendments to this rule become final.

6.3. Within thirty (30) calendar days after submission of
the SCSR Storage Cache Plan, the Director shall either approve
the plan as submitted, or shall reject and return the plan to the
operator for modification and resubmission, stating in detail the
reasons for such rejection. If the plan is rejected, the
Director shall give the operator a reasonable length of time, not
to exceed fifteen (15) calendar days, to nodify and resubmit such

plan.

6.4. In developing the SCSR Storage Cache Plan, the operator
shall take into consideration the needs for SCSRs in the
accidents described in W. Va. Code Chapter 22A Article 2-66, the
number of employees of the particular mine, the location of the
particular mine, the physical features of the particular mine,
and any other aspect of the particular mine the operator deems
relevant to the development of the Storage Cache Plan.



6.5. Fach SCSR Storage Cache shall be housed in a container
constructed as to protect the SCSRs from normal operational
damage, be made of a material that is non-combustible, shall be
easy to open during an emergency escape, shall be noted on the
escape-way map, required by W. Va. Code Chapter 22A Article 2-1
and included in the mine rescue plan pursuant to W. Va. Code
Chapter 22A Article 1-35(q) .

6.6. One SCSR storage cache shall be placed at a readily
available location within five hundred (500) feet of the nearest
working face in each working section of the mine and each active
construction or rehabilitation site. Distances greater than five
hundred (500) feet not to exceed one thousand (1,000) feet, are
permitted with approval of the Director. However, where miners
are provided with personal SCSRs MSHA rated for less than sixty
(60) minutes, travel to these storage caches are not to exceed
five {(5) minutes as determined by the height/travel time table as
specified in W. Va. Code of State Rules Title 56 Series 4-6.9.2.

6.7. Each of the storage caches specified in Section 6.6
shall contain two (2) SCSRs that will provide at least sixty (60)
minutes of MSHA rated duration per unit for each miner. When
each miner carries an SCSR that is MSHA rated for less than sixty
(60) minutes the storage cache shall hold devices equivalent to
three (3) sixty (60) minute MSHA rated SCSRs for each miner. The
total number of SCSRs in a stationary storage cache location will
be based on the total number of miners reasonably likely to be in
that area. During crew changes involving a mantrip at a working
section or an active construction or rehabilitation site, a
number of mantrip cached sixty (60) minute or greater MSHA rated
SCSRs equal to the total number of miners reasonably likely on
the mantrip shall satisfy the total number of SCSRs required for
such personnel.

6.8 Operators shall ensure that storage caches required in
Section 6.6 contain an escape kit containing a hammer, a tagline,
a supply of chemical light sticks, and an escape-way map required
by W. Va. Code Chapter 227 Article 2-1.

§.9. Additional storage caches of sixty (60) minute or
longer MSHA rated SCSRs shall also be placed in readily available
locations throughout the remainder of the mine as follows:

6.9.1. Beginning at the storage cache located at the
working section or active construction or rehabilitation site and
beltlines, pumping and bleeder areas, and continuing to the
surface or nearest escape facility leading to the surface
pursuant to W. Va. Code Chapter 22A Article 2-60, the operator
shall station additional storage caches of sixty (60) minute or



longer MSHA rated SCSRs containing a nunmber of additional SCSRs
equal to or exceeding one each for the total number of miners
reasonably likely to be in that area at calculated intervals that
a miner may traverse in no more than thirty (30) minutes
traveling at a normal pace, taking into consideration the height
of the coal seam and utilizing the travel times as specified in
W. Va. CSR Title 56 Series 4-6-9.2. If an SCSR has an MSHA
approved duration greater than sixty (60) minutes the intervals
between storage caches shall be calculated at the distance
traveled in one-half the approved duration.

6.9.2. Said intervals shall be calculated in accordance with
the following:

Height Travel/ Minute Height Travel/ Minute
28 inches 70 feet 56 inches 180 feet
32 inches 90 feet 60 inches 220 feet
36 inches 100 feet 64 inches 270 feet
40 inches 120 feet 68 inches 280 feet
44 inches 135 feet 72 inches 290 feet
48 inches 150 feet 76 inches 295 feet
52 inches 160 feet 80 inches 300 feet

6.10. The Storage Cache Plan shall include the following:
6.10.1. The size and physical features of the mine;

6.10.2. The maximum number of miners underground during
each working shift;

6.10.3. The proposed location of the various storage
caches and the emergency shelter/chamber in relation to miners
underground; and

6.10.4.a. A schedule of compliance, which shall
include: '

6.10.4.a.1. A narrative description of how the
operator will achieve compliance with 56 CSR 4-6.

6.10.4.a.2. A schedule of measures, including an
enforceable sequence of actions with milestones, leading to

compliance; and
6.10.4.a.3. A statement indicating when the

implementation of the proposed plan will be complete.

6.11. Each operator shall submit as attachments to its SCSR
Storage Cache Plan the following:



6.11.1. B statement that the analysis and evaluation
required by Section 6.3 of these rules has been completed;

6.11.2. A statement indicating the training dates for
the use of the SCSRs; and

6§.11.3. The name of the person Or Ppersons representing
the operator, including his or her title, position, mailing
address and telephone number, who can be contacted by the
Director for all matters relating to the Storage Cache Plan and
the weekly inspections of each storage cache.

6.12. Within thirty (30) calendar days of the Director’s
approval of the plan, the operator shall submit to the Director a
copy of any contract, purchase order, Or other proof of purchase
of such number of additional SCSRs consistent with the operator’s
schedule of compliance.

6.13. After the Director has approved an operator’s SCSR
Storage Cache Plan, the operator shall submit revisions to the
plan at any time that changes in the operational conditions
result in substantive modifications. in addition, at any time
after the Director has approved an operator’s Storage Cache Plan,
the operator may submit proposed modifications or revisions to
its plan along with the reasons therefore to the Director.

6.13.1. Within thirty (30) calendar days after receipt
by the Director of any proposed revisions or modifications to the
Storage Cache Plan, the Director shall either approve or reject
the revisions, stating in detail the reasons for such rejection.

6.13.2. The Director may require modifications to -a
Storage Cache Plan at any time following the investigation of a
fatal accident or serious injury, as defined by W. Va. CSR Title

36 Section 19-3.2, if such modifications are warranted by the
findings of the investigation.

6.14. If the Director, in his sole discretion, determines
that an operator has failed to provide an SCSR Storage Cache Plan
or progress report, has provided an inadequate SCSR Storage Cache
plan or progress report, has failed to comply with its approved
SCSR Storage Cache Plan or compliance schedule, or has failed to
provide a copy of any contract, purchase order or other proof of
purchase required under this section, in an effort to delay,
avoid or circumvent compliance with W. Va. Code Chapter 22A
Article 2-55 or this rule, the Director shall issue a cessation
order to the operator for the affected mine in accordance with W.
Va. Code Chapter 22A Article 1-15.



§56-4-7. Placement of Intrinsically Safe Battery-Powered Lights
and Lifeline Cords.

7.1. Intrinsically safe battery-powered strobe lights
approved by the Director shall be affixed to each storage cache
of SCSRs and shall operate continuously or be capable of
automatic activation in the event of an emergency.

7.1.1. All intrinsically safe battery-powered strobe
lights affixed to each storage cache of SCSRs shall be approved
by the Director and MSHA and maintained in accordance with
applicable MSHA requirements.

7.1.2. Prior to approval of any MSHA certified
intrinsically safe battery-powered strobe light the Director
shall have prepared an independent analysis of the added risk
incurred from added battery powered devices throughout the mine
in the event of a catastrophic explosion.

7.1.3. The Director if determining that intrinsically
safe battery-powered strobe light present an acceptable risk,
shall review those rated intrinsically safe by MSHA and may
approve them for use in West Virginia mines. A list of approved
intrinsically safe battery-powered strobe lights shall be
maintained on the MHS&T web site.

7.2. A reflective sign with the words “SELF-RESCUER” or
“SELF-RESCUERS” shall be conspicuously posted at each such
storage cache and reflective direction signs shall be posted
leading to each storage cache. '

7.3. Lifeline cords installed in primary escape-ways shall
be attached to each storage cache container and extend from the
last permanent stopping to the surface or nearest escape
facility, excluding belt and track entries, and must:

7.3.1. Be made of flame-resistant material;

7.3.2. Be marked with reflective material every twenty-
five (25) feet;

7.3.3. Be located in such a manner for miners to use
effectively to escape; and

7.3.4. Have directional indicators signifying the route
of escape placed at intervals not exceeding one hundred (100)



feet.

7.3.5. 1In lieu of installed 1ifelines in track or belt
entries, markers such as floor mats with arrows, fish plate
reflectors, red/green lasers shall be installed at distances not
to exceed 1,000 feet or line of sight, or other equivalent
devices may be used if approved by the Director.

§56-4-8. Emergency Shelters/Chambers.

8.1. An emergency shelter/chamber shall be maintained within
one thousand (1,000) feet of the nearest working face in each
working section. Such emergency shelter/chamber shall be
approved by the Director and shall be constructed and maintained
in a manner prescribed by the Director.

8.2. The Director may approve, as an alternative to a
shelter/chamber, an additional surface opening located no more
than 1,000 feet from the nearest working face and accurately
lLocated on escape-way maps as required in W. Va. Code Chapter Z22A

Article 2-1.

8.3. The Director shall acquire, no later than July 1, 2006,
the necessary technical/engineering support needed to evaluate
the performance of emergency shelter/chamber components/systems,
and to review the effectiveness of emergency shelter/chamber

plans.

8.4. The Director shall, no later than July 10, 2006, issue
an open opportunity for emergency shelter/chamber providers to
submit products for approval. The Director shall maintain a
current list of pending and approved emergency shelter/chambers
on the West Virginia MHS&T web site http://www.wvminesafety.org

8.5. Providers of emergency shelter/chamber seeking approval
shall submit documentation prescribed by the Director that shall
include a certification by an independent West Virginia licensed
professional engineer that the proposed product meets the
requirements set forth in Section 8, a description of the process
used in making that determination and a certification in the
following form: “I, the undersigned, herby certify that this
product, to the best of my knowledge and pelief, meets or exceeds
all requirements set forth in W. Va. CSR Title 56 Series 4-8.7

8.6. Any emergency shelter/chamber approved by the Director
shall:



8.6.1. Provide a minimum of 48 hours life support {air,
water, emergency medical supplies, and food) for the maximum
aumber of miners reasonably expected on the working section;

8.6.2. Be capable of surviving an initial event with a
peak overpressure of 15 psi for 3 seconds and a flash fire as
defined by National Fire Protection Association standard NFPA-
2113 of 300 degrees Fahrenheit for 3 seconds;

8.6.3. Be constructed such that it will be protected
under normal handling and pre-event mine conditions;

8.6.4. Provide for rapidly establishing and maintaining
an internal shelter atmosphere of oxygen above 19.5%, carbon
dioxide below 0.5%, carbon monoxide below 50 ppm, and an
apparent-temperature of 95 degrees Fahrenheit;

8.6.5. Provide the ability to monitor carbon monoxide
and oxygen inside and outside the shelter/chamber;

8.6.6. Provide a means for entry and exit that
maintains the integrity of the internal atmosphere;

8.6.7. Provide a means for MSHA certified intrinsically
safe power if power required;

8.6.8. Provide a minimum eight quarts of water per
miner;

8.6.9. Provide a minimum of 4,000 calories of food per
miner:;

8.6.10. Provide a means for disposal of human waste to
the outside of the shelter/chamber;

8.6.11. Provide a first aid kit as defined at W. Va.
Code Chapter 22A Article 2-59(3) (b) independent of the section
first aid kit required by W. Va. Code Chapter 22A Article 2-59(3)
and 2-60(f);

§.6.12. Have provisions for inspection of the
shelter/chamber and contents;

8.6.13. Contain manufacturer recommended repair
materials;



8.6.14. Provide a battery-powered occupant—-activated
strobe light of a model approved by the Director that is visible
from the outside indicating occupancy:

8.6.15. Provide provisions for communications to the
surface; and

8.6.16. Provide proof of current approval for all items
and materials subject to MSHA approval.

8.7. No later than April 15, 2007 all underground mine
operators shall submit an emergency shelter/chamber plan for
approval by the Director in accordance with W. Va. Code Chapter
2o Article 1-36. The design, development, submission, and
implementation of the shelter/chamber plan shall be the
responsibility of the operator of each mine.

8.8. Within thirty (30) calendar days after submission of
the emergency shelter/chamber plan, the Director shall either
approve the emergency shelter/chamber plan or shall reject and
return the plan to the operator for modification and
resubmission, stating in detail the reason for such rejection.
If the plan is rejected, the Director shall give the operator a
reasonable length of time, not to exceed fifteen (15) calendar
days, to modify and resubmit such plan.

8.9. Within 15 days of approval of the emergency
shelter/chamber plan by the Director, the underground mine
operator shall submit as an addendum to its emergency
shelter/chamber plan a copy of any contract, or purchase order,
or other proof of purchase of any equipment required to complete
the emergency shelter/chamber and for installation and ongoing
maintenance

8.10. The operator shall submit certified progress reports
no less frequently than every sixty (60) calendar days until full
compliance is achieved.

8.11. After the Director has approved an operator’s
emergency shelter/chamber plan, the operator shall submit
revisions to the emergency shelter/chamber plan at any time that
changes in operational conditions result in substantive
modification. In addition, at any time after approval, the
operator may submit proposed modifications or revisions to its
plan along with reasons therefore to the Director. Within thirty
(30) days after receipt by the Director of any proposed revisions
or modifications to the emergency shelter/chamber plan, the



Director shall either approve or reject the revisions, stating in
detail the reasons for such rejection.

8.12. In developing the emergency shelter/chamber plan and
any revisions, the operator shall take into consideration the
physical features of the particular mine, emergency plans,
advances in emergency shelter/chamber technologies and any other
aspect of the particular mine the operator deems relevant to the
development of the emergency shelter/chamber plan.

8.13. A copy of the approved emergency shelter/chamber plan
shall be provided to the mine rescue teams providing coverage for
the mine and included in the mine rescue program required by W.
Va. Code Chapter 22A Article 1-35(q). Copies of the most recent
version shall be available at the mine for emergency responders.,
As changes are made to the approved emergency shelter/chamber
plan, updated versions shall be submitted to the above parties.

8.14. The proposed emergency shelter/chamber plan shall:

8.14.1. Describe the structure and operations of the
emergency shelter/chamber, the surveyed location of the shelter
and any necessary survey monuments for locating emergency
drilling operations to the shelter/chamber and the
shelter/chamber’s role in emergency response;

8.14.2. Ensure that proper emergency shelter/chamber
use is included in initial mine hazard training in such a manner
that it is in compliance with all manufacturer’s requirements and
is provided yearly in addition to annual refresher training. All
training shall be recorded and made available upon reguest;

8.14.3. Ensure weekly inspections of emergency
shelters/chambers and contents shall be conducted by a certified
mine foreman and/or mine examiner and recorded in weekly
ventilation examination book;

8.14.4, Ensure that weekly safety meetings review the
current location of applicable emergency shelters/chambers and
results of the latest inspection;

8.14.5. Ensure that all opening to emergency
shelters/chambers shall be equipped with easily removable tamper-
proof tags such that a visual indication of unauthorized access
to the emergency shelter/chamber can be detected; and



8.14.6. Ensure that the mine’s communication center
shall monitor any communication systems associated with the
emergency shelter/chamber at all times that the mine 1s occupied.

8.15. If the Director, in his sole discretion, determines
that an operator has failed to provide an emergency
shelter/chamber plan or progress report, has provided an
inadequate emergency shelter/chamber plan or progress report, has
failed to comply with its approved emergency shelter/chamber plan
or compliance schedule, or has failed to provide a copy of any
contract, purchase order or other proof of purchase required
under this section, in an effort to delay, avoid or circumvent
compliance with W. Va. Code Chapter 22A Article 2-55 or this
rule, the Director shall issue a cessation order to the operator
for the affected mine.

8.16. If there are no emergency shelters/chambers approved
by May 29, 2007, operators shall install in lieu of an emergency
shelter/chamber, within one thousand (1,000) feet of the nearest
working face in each working section, storage caches of SCSRs
sufficient to provide each miner reasonably expected to be at the
working section with no less than sixteen (16) additional SCSRs
rated by MSHA each for a duration of sixty (60) minutes or
greater, or an equivalent amount of breathable air and
parricading materials described at W. Va. Code Chapter 2ZA
Article 2-58(n).

8.17. As provided in W. Va. Code Title 22A Articles 2-
55(£) (3), 2-55(g) (2}, and 2--55(h) (2)any person that, without the
authorization of the operator oOr the Director, knowingly removes
or attempts to remove emergency shelter/chamber or its contents
approved by the Director from the mine or mine site with the
intent to permanently deprive the operator of the device or
knowingly tampers with or attempts to tamper with such a device
shall be deemed guilty of a felony and, upon conviction thereof,
shall be imprisoned in a state correctional facility for not less
than one year nor more than ten years or fined not less than ten
+housand dollars nor more than one hundred thousand dollars, or
both.

§56-4~9. Wireless Emergency Communication and Tracking/Locating
systems.

9.1. The Director shall require, in each underground mine,
an integrated communication and tracking/locating system
maintained consistent with W. Va. CSR Title 36 Series 5-3.2 and a-
component of which shall be a communication center monitored at



all times during which one or more miners are underground. A
wireless emergency communication and tracking/locating device
approved by the Director shall be worn by each miner underground
and shall be provided by the operator.

9.2. As soon as practicable, the Director shall notify all
operators of the wireless emergency communication and
tracking/locating devices approved by the Director for use by
each miner underground pursuant to W. Va. Code Chapter Z22A
Article 2-55.

9.3, The Director shall acquire, no later than July 1, 2006,
the necessary technical/engineering support to evaluate the
performance of individual communication/tracking devices and
review the effectiveness of proposed communication/tracking

plans.

9.4. The Director shall, no later than July 10, 2006, issue
an open opportunity for emergency communication and
tracking/locating providers to submit products for approval.

9.5. The Director shall require providers seeking approval
submit documentation certified by a licensed West Virginia
professional engineer that the product has been tested for
functionality in West Virginia underground mines, that the
product has been or is in the process of being approved as
intrinsically safe by MSHA and other criteria as the Director
determines, a description of the process used in making that
determination and a certification in the following form: “I, the
undersigned, herby certify that this product, to the best of my
knowledge and belief, meets or exceeds all requirements set forth
in W. Va. CSR Title 56 Series 4-9”, that the product has been
tested for functionality in West Virginia underground mines, that
the product has been or is in the process of being approved as
intrinsically safe by MSHA and other criteria as the Director
determines.

‘ 9.6. No later than July 31, 2007 all underground mine
operators shall submit a communication/tracking plan for approval
by the Director in accordance with W. Va. Code Chapter 227
Article 1-36. The design, development, submission, and
implementation of the communication/tracking plan shall be the
responsibility of the operator of each mine.

9.7. Within thirty (30) calendar days after submission of
the communication/tracking plan, the Director shall either
approve the communication/tracking plan, or shall reject and
return the plan to the operator for modification and



resubmission, stating in detail the reason for such rejection.
If the plan is rejected, trhe Director shall give the operator a
reasonable length of time, not to exceed fifteen (15) calendar
days, to modify and resubmit such plan.

9.8. Within 15 days of approval by the Director, the
underground mine operator shall submit as an addendum to its
plan, a copy of any contract, or purchase order, OI othexr proof
of purchase of any equipment required to complete the
communication/tracking system and for installation and ongoing
maintenance.

9.9. The operator shall submit certified progress reports no
less frequently than every sixty (60) calendar days until full
compliance is achieved.

9.10. If the Director, in his sole discretion, determines
that an operator has failed to provide an communication/tracking
plan or progress report, has provided an inadequate
communication/tracking plan or progress report, has failed to
comply with its approved communication/tracking plan or
compliance schedule, or has failed to provide a copy of any
contract, purchase order or other proof of purchase required
under this section, in an effort to delay, avoid or circumvent
compliance with W. Va. Code Chapter 22A Article 2-55 or this
rule, the Director shall issue a cessation order to the operator
for the affected mine under W. Va. Code Chapter 22A Article 1-15.

9.11. In developing the communication/tracking plan and any
revisions, the operator shall take into consideration the needs
for emergency communications and tracking/locating resulting form
accidents as described at W. Va. Code Chapter 22A Article 2-
66(a), physical features of the particular mine, emergency plans,
existing communication infrastructure, communications required
under W. Va. Code Chapter 22A Article 1-35(k)and 2-42 and W. Va.
CSR Title 36 Series 2-2 and 5-2, advances in
communication/tracking technologies and any other aspect of the
particular mine the operator deems relevant to the development of
the communication/tracking plan.

9.12. The proposed communication/tracking plan shall
describe the structure and operations of the separate or
integrated communication/tracking system(s) and its role in
emergency response specific to the mine shall be detailed and
submitted to the Director and, once approved, to the mine rescue
teams providing coverage with an updated mine rescue program
pursuant to W. Va. Code Chapter 22A Article 1-35(qg). Copies of
the most recent version shall be available at the mine for



emergency responders. As changes are made to the system, updated
versions shall be submitted to the above.

9.13. The proposed communication/tracking system shall
include the ability for:

9.13.1. A communication center monitored at all times
during which one or more miners are underground.

9.13.1.1. This center shall be staffed by miners
holding a valid underground miners certificate, and trained and
knowledgeable of the installed communications/ tracking systems,
monitoring and warning devices, travel ways, and mine layout.

9.13.1.2. Individuals not possessing a valid
underground miner’s certificate but working full-time as a
communication center operator on Or before May 25, 2006 shall be
allowed to continue as communications center operators at that
mine provided they will have successfully completed no later than
December 31, 2006 a certified 80 hour underground miners
apprentice training program, as defined in W. Va. CSR Title 48
series 2-2.7(a), renewed annually pursuant to W. Va. CSR Title 48
Series 2-2.8(a) and documentation is available for inspection
consistent with W. Va. CSR Title 36 Series 24-5;

9.13.2. Knowing the location of all miners immediately
prior to an event by tracking/locating device in the escape-ways,
normal work assignments, O notification of the communication
center;

9.13.3. Knowing the location of miners in the escape-
ways after an event providing the tracking system is still
functional;

9.13.4. Check-in and check-out with the comnpunication
center by miners prior to entrance and exit from bleeders and
remote or seldom used areas of the mine (all times shall be
logged) ;

9.13.5. Allowing two way communications coverage in at
least two separate alr courses and at least one of which shall be
an intake;

9.13.6. Maintaining communication/tracking after loss
of outside power and maintain function both inby and outby of the
accident event site with suitable supply of equipment for rapid
reconnection;



9.13.7. Maintain a surface supply of communication/
tracking devices for use by emergency rescue personnel;

9.13.8. Allow for communication to surface at all
required emergency shelters/chambers;

9.13.9. All miners and likely emergency responders
shall be trained in the use, limitations and inter-operability of
all components of the communication and tracking/locating system.

This shall be incorporated into ongoing required training. All
training shall be recorded and made available upon request;

9.14. The operator shall provide a schedule of compliance
for the communication/tracking plan, which shall include:

9.14.1. A narrative description of how the operator
will achieve compliance with above requirements;

9.14.2. A schedule of measures, including an
enforceable sequence of actions with milestones, leading to
compliance; and

9.14.3. A statement indicating when the implementation
of the proposed plan will be complete.

9.15. The operator shall provide as attachments to its
communication/tracking plan:

9.15.1. A statement of the analysis and evaluation
required in developing its plan;

6.15.2. A statement indicating the initial training
dates for implementation of the communication/ tracking system
and how the communication/tracking system will be incorporated in
other required training;

9.15.3. A statement regarding how the
communications/tracking system will be tested and maintained; and

9.15.4. The name of the person or persons representing
the operator, including his or her title, mailing address, email
address and telephone number, who can be contacted by the -
Director for all matters relating to the communication/tracking
plan and weekly testing of the system.

9.16. After the Director has approved an operator’s
communication/tracking plan, the operator shall submit revisions
to the communications plan at any time that changes in



operational conditions result in a substantive modification in
the communication/tracking system. In addition, at any time
after approval, the operator may submit proposed modifications or
revisions to its plan along with reasons therefore to the
Director. Within thirty (30) days after receipt by the Director
of any proposed revisions or modifications to the
communications/tracking plan, the Director shall either approve
or reject the revisions, stating in detail the reasons for such

rejection.

9.17. The Director may require modifications to a
communication/tracking plan at any time following the
investigation of a fatal accident or serious injury, as defined
by W. Va. CSR Title 36 Series 19-3.2, if such modifications are
warranted by the findings of the investigation.
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ABSTRACT
The Sago and Aracoma disasters and their fourteen deaths, highlighted needed
improvements in equipment, capabilities and processes for mine emergency response.
The resultant worldwide attention has forever shifted the public’s view of underground
mine safety.

With the resolve of our government leaders, operators and labor representatives,
we have embarked on a mission to improve mine health and safety, thus safeguarding the
miners that fuel our nation. The Mine Safety Technology Task Force was charged with
the duty of investigating and evaluating options and developing guidelines geared toward
protecting the lives of our miners. Special emphasis has been placed on the systems and
equipment necessary to sustain those threatened by explosion, fire or other catastrophic
events while attempting escape or awaiting rescue.

The West Virginia Mine Safety Technology Task Force Report provides a
summary of commercial availability and functional and operational capability of SCSR’s,
emergency shelters, communications, and tracking along with recommendations
regarding implementation, compliance and enforcement. The Mine Safety Technology
Task Force was established by an Emergency Rule §56-4-4 and consists of six members
with more than 200 years collective underground mining experience. They identified
critical issues, then queried vendors and subject matter experts for capabilities,
limitations and options regarding self-contained self-rescuers, emergency
shelters/chambers, communications/tracking and related safety issues during its studies
from March 9" to May 25™ 2006. The Task Force concluded in each area examined that

enhancements of existing health and safety were to be achieved through more widespread
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application of existing technologies. However, in each case we also found significant
opportunities for further advancements. The report examines each area in detail and
outlines recommendations for amending current West Virginia Miner’s Health, Safety
and Training rules. The Task Force also advances a challenge to West Virginia to
maintain and advance the state’s current national leadership role in mine health and
safety established through the actions of West Virginia Senate Bill 247 through

aggressively pursuing the recommendations included in this report.

iii



Mine Safety Technology Task Force Report
May 29, 2006

Mine Safety Recommendations
of the

Mine Safety Technology Task Force

Presented to James Dean, Director
Office of Miners’ Health, Safety and Training
May 29, 2006
In Fulfillment of the Requirements of

Emergency Rules Governing Protective Clothing and Equipment §56-4-4

Dale Birchfield Z }W

Ld

Theodore Hapney / S
Terry Hudson ’7’;\'«{7 /é /-

Todd Moore / ﬁ//w@/

Gary Trout /

Stephen Webber ; J . (,(j,bgbﬂl\

iv



Mine Safety Technology Task Force Report
May 29, 2006

PREFACE

The Task Force recognizes and appreciates the tremendous amount of hours our
Governor spent with the families of the victims at the Sago and Aracoma disasters. This
sincerity by the Governor during these onsite visits demonstrates his concern and
compassion towards mine health and safety and the effects it has on miners and their
families. We applaud the Governor for his swift action in proposing emergency mine
safety legislation to enhance mine safety and provide additional protection for miners
when events such as this occ‘ur.

The Task Force also applauds the Legislature for unanimously passing Senate Bill
247. This swift action by the Governor and the Legislature is indicative of the dedication
by our state officials to do whatever is necessary, to provide the best possible protection
to the men and women who work in our mines. The Task Force urges the Governor, the
Legislature and the Director of the WV Office of Miners Health, Safety and Training to
continue that same dedication by implementing these recommendations and providing
necessary funding.

The Task Force would like to acknowledge and thank Acting Director, Jim Dean
and his staff for their participation and support of the Task Force as we carried out our
assignment.

The Task Force would especially like to thank Randall Harris for his assistance in
providing technical expertise, making arrangements and scheduling visits of vendors,
government and state officials, researching technical issues and assisting our
understanding of highly technical issues that was tremendously vital to our work and

allowed us to complete our work within the time frame given the Task Force.
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L. EXECUTIVE SUMMARY

The West Virginia Mine Safety Technology Task Force concluded in each of the
principal areas upon which it focused: self-contained self-rescuers, emergency
shelters/chambers, and communications/tracking that there were significant enhancements in
miners health and safety to be achieved through wider application of existing technologies and
techniques. However, the Task Force also concluded that there is considerable opportunity for
improvements in all areas and in the techniques of integrating technologies and procedures to
increase performance and survivability of mine health and safety systems.

This report provides details of the Task Force’s findings and resultant recommendations
in the areas of SCSR’s, emergency shelters/chambers, communication/tracking, and some related
areas upon which the group focused. There were many other areas of mine health, safety, and
training that are affected by technology that fall within the charge of the Task Force but there
was not sufficient time for the group to focus on these prior to the required May 29™ date of this
report. The Task Force is committed, if called upon, to focus on these areas over the next few
months and issue subsequent findings and recommendations.

The Task Force found that technological advances in mine health, safety and training
have been stagnant during the last few decades. There were found to be many reasons for this
stagnation, but the Task Force believes the primary reason is the relatively small size of the
market in relation to the high costs of research and development, and steps required to acquire
regulatory certification. In many market segments where market failures inhibit necessary

technological advances, government has stimulated the market place by reducing the financial
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risk through cost-shared R&D mechanisms such as the federal Small Business Innovative
Research program. The Task Force believes West Virginia should support efforts to add such
cost-shared R&D programs to the Mine Health and Safety Administration (MSHA) and the
National Institute of Occupational Safety and Health (NIOSH) budgets. However, the Task
Force believes that West Virginia should go further by establishing a similar program that would
further our leadership role. Such a program could provide cost-shared R&D funding that could
be leveraged with federal funds by West Virginia small business to focus and advance
technology solutions to the mine health, safety and training problems that directly impact our
state. .

The Task Force has concluded that solutions that focus on ‘devices’ do not provide the
best protection for miners, rather, an approach of looking at devices as part of the system in
which they function is appropriate. Therefore, recommendations made require a mine specific
evaluation that would determine which of the multiple device options best provide the needed
protection and how these additions fit into mine operations, emergency response, and what
ongoing training is required by all those likely to use them.

The Task Force has a concern that the devices installed to improve safety, such as
battery-powered strobes and radios, may in fact increase the risk of a secondary events caused by
damage to the devices in the initial explosion. The Task Force recommends that an independent

risk analysis be conducted and therefore does not recommended that battery-powered strobes be

installed at this time.



Mine Safety Technology Task Force Report
May 29, 2006

West Virginians owe most of what we have today to our miners and the mines in which
they work. They have provided and will continue to provide the core of the State’s economic
base. Advances in technology to reduce their risk at the Federal level have tended to peak and
ebb in direct relations to major mine accidents. The Task Force strongly believes that unless the
State takes action to ensure a continual focus on advancing mine health and safety technologies,
the current Federal focus will also ebb until the next major accident. We owe it to those whose
deaths drove the current focus that the recommendations made here trigger not simply ‘a device’
but rather “a process’ that will continue to bring the latest advances in technologies to mine
health, safety and training.

SELF-CONTAINED SELF-RESCUERS

The key to escape in a toxic atmosphere is the SCSR. In a 2001 study, the National
Institute for Occupational Safety and Health (NIOSH) reported that out of 214 miners surveyed
38% had been notified to evacuate a mine because of fire or explosion during their career.' US
Mine Rescue Association data indicate that the depletion of oxygen and production of carbon
monoxide and carbon dioxide cause more fatalities than all other causes combined.” Access to

and proper operation of SCSR’s is a matter of life and death to miners.’

! Conti, RS [2001] “Responders to Underground Fires”, NIOSH, Pittsburgh Research Laboratory

2 US Mine Rescue Association, http://www.usmra.com/disasters_80on.htm

? Immediately following an explosion the typical gas composition is; 6% O, 10,000ppm CO, and 11% CO, the
combination of which is fatal - Foster Miller Associates [1983]: “Recommended Guidelines for Oxygen Self-
Rescuers, Volume I, USBM Contract J0199188 p79-80

10
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The Task Force has concluded that options exist to meet SB-247 regarding the sufficient

supply of self-contained self-rescuers (SCSR’s) to ensure the miners can escape in the event of

fire or explosion when mine air has become toxic.

SCSR Recommendations

Under Title 56, Series 4, “Amended Emergency Rules Governing Protective Clothing

and Equipment” the Director has required SCSR storage cache plans. The Task Force

recommends these rules be amended and SCSR storage cache plans revised to reflect the

following:

1.

Operators shall revise all SCSR plans and submit those to the Director no later than 60 days
after these amendments become final.

Operators shall place at least one cache at a readily available location within five hundred
(500) feet of the nearest working face in each working section of the mine and each active
construction or rehabilitation site. Distances greater than five hundred (500) feet not to
exceed one thousand (1,000) feet, are permitted. However, where miners are provided with
personal SCSR’s rated for less than sixty (60) minutes, travel to these caches are not to
exceed five (5) minutes as determined by the height/travel time chart as specified in
Sectioﬁ 53.2.

Each of these caches (nearest working face in each working section of the mine and each
active construction or rehabilitation site) shall hold two (2) SCSR’s that will provide at
least 60 minutes of oxygen per unit for each miner. When each miner carries an SCSR that

is rated for less than 60 minutes, in which case the cache shall hold three (3) SCSR’s for

11
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each miner. The total number of SCSR’s to be cached will be based on the total number of
miners reasonably likely to be in that area.

Operators shall ensure that caches described above also contain an escape kit containing a
hammer, a tagline, a supply of chemical light sticks, and an escape-way map.

Beginning at the storage cache located at the working section or active construction or
rehabilitation site and beltlines, pumping and bleeder areas, and continuing to the surface or
nearest escape facility leading to the surface, the operator shall station additional storage
caches containing a number of additional SCSR’s equal to or exceeding one each for the
total number of persons reasonably likely to be in that area at calculated intervals that a
miner may traverse in no more than thirty (30) minutes traveling at a normal pace, taking
into consideration the height of the coal seam and utilizing the travel times as specified in
Section 5.3.2.

The Task Force recommends that SB-247 be modified by removing references to “certified
intrinsically safe battery-powered strobe lights” due to the concern that damaged strobe
lights would create a potential ignition hazard if damaged in an explosion. The Task Force
recommends that each SCSR cache have a reflective sign with the words “SELF-
RESCUER” or “SELF-RESCUERS” conspicuously posted at each such cache and that
reflective direction signs shall be posted leading to each cache. Cache storage containers
shall be of such construction as to protect the SCSR’s from normal operational damage, be
made of a material that is non-combustible, shall be easy to open during an emergency

escape, and shall be noted on the escape-way map.

12



Mine Safety Technology Task Force Report
May 29, 2006

7. Operators shall provide training in the proper use of SCSR’s in simulated emergency
situations, which may be on the surface, in all required SCSR training. Training should
include but not limited to, manufacturer’s required daily inspections, donning and starting
the SCSR, ways to maximize duration of the unit, changing between SCSR’s,
communicating without removing the mouth piece, importance and use of goggles, how to
know if the device has failed and what to do if it does, and limitations of the SCSR. Until
such time as manufacturers offer an operable training SCSR operators are encouraged to
save out-of-service units to activate during training as a supplement to currently available
training models. All training shall be recorded and made available upon request.

8.  Operators and contractors shall report to the Director all SCSR’s in service by
manufacturer, model, serial number, mine/contractor ID#, service dates, and results of
required inspections. This information shall be submitted electronically as defined by the
Directof, updated quarterly and will include information on any units removed from service
along with reasons. The Director shall compile and analyze the results of this information
and distribute a report within 30 days by posting the report on the MHS&T web page,
www.wvminesafety.org

EMERGENCY SHELTERS/CHAMBERS

The Task Force has concluded that the first and preferred option for miners in an
emergency is to escape. However, it has found that options exist to provide the primary function

of an Emergency Shelter/Chamber which is designed to potentially sustain life after a major
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underground event such as an explosion and where escape is cut off. The Task Force has
developed recommended minimum requirements for the emergency shelter/chamber and its use.
In developing recommendations the Task Force reviewed summaries of mine accidents
that resulted in barricading of miners and developed a scenario. The scenario used is of an
accident in which miners within 1,000 feet of the working face have survived a methane
explosion. The Task Force’s scenario does not include secondary explosions or on-going fires in
the immediate area. The miners will have made every attempt to exit and found all escape ways
impassable. As a last resort, they have been forced to return to the shelter/chamber to await
rescue. We have assumed that miners approaching the emergency shelter/chamber will have
consumed most of their SCSR time, be exhausted from escape attempts, with some injured and
all under great stress. In this condition, the miners will need to be protected by the
shelter/chamber within minutes of reaching it and for a period of at least 48 hours.
Emergency Shelter/Chamber Recommendations
1.  The Director shall require, in each underground mine, an emergency shelter/chamber, it
shall be located in a crosscut no more than 1,000 feet from the nearest working face and
shall be accurately located on mine maps.
2. The Director may approve, as an alternative to a shelter/chamber, an additional surface
opening located no more than 1,000 feet from the nearest working face and accurately

located on mine maps.
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The Director shall acquire, no later than July 1, 2006, the necessary technical/engineering
support needed to evaluate the performance of emergency shelter/chamber
components/systems, and to review the effectiveness of emergency shelter/chamber plans.
The Director shall, no later than July 10, 2006,vissue an open opportunity for emergency
shelter/chamber providers to submit products for approval.

The applicant is to submit documentation including a certification by an independent
licensed professional engineer that its unit meets the requirements.

The Director shall maintain a current list of approved emergency shelter/chambers on the
West Virginia MHS&T web site www.wvminesafety.org

After an emergency shelter/chamber has been approved, any modifications must be
submitted for approval by the Director.

The Director shall convene the Mine Safety Technology Task Force not less than once per
month through June 30, 2007 for the purpose of reviewing progress by manufacturers,
regulators, and operators toward achieving the goals set forth in SB-247 and to review the
functional and operational capability of necessary mine safety and health technologies.
The Task Force shall submit a report to the Director of its findings and recommendations.
No later than April 15,2007 all underground mine operators shall submit an emergency
shelter/chamber plan for approval by the Director. The design, development, submission,
and implementation of the shelter/chamber plan shall be the responsibility of the operator

of each mine.
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10.

11

12.

13.

Within thirty (30) calendar days after submission of the emergency shelter/chamber plan,
the Director shall either approve the emergency shelter/chamber plan or shall reject and
return the plan to the operator for modification and resubmission, stating in detail the
reason for such rejection. If the plan is rejected, the Director shall give the operator a
reasonable length of time, not to exceed fifteen (15) calendar days, to modify and resubmit
such plan.

Within 15 days of approval by the Director, the underground mine operator shall submit as
an addendum to its emergency shelter/chamber plan a copy of any contract, or purchase
order, or other proof of purchase of any equipment required to complete the emergency
shelter/chamber and for installation and ongoing maintenance.

After the Director has approved an operator’s emergency shelter/chamber plan, the
operator shall submit revisions to the emergency shelter/chamber plan at any time that
changes in operational conditions result in a substantive modification. In addition, at any
time after approval, the operator may submit proposed modifications or revisions to its plan
along with reasons therefore to the Director. Within thirty (30) days after receipt by the
Director of any proposed revisions or modifications to the emergency shelter/chamber plan,
the Director shall either approve or reject the revisions, stating in detail the reasons for such
rejection.

If the Director, in his sole discretion, determines that an operator has failed to provide an
emergency shelter/chamber plan, has provided an inadequate emergency shelter/chamber

planb, has failed to comply with its approved emergency shelter/chamber plan, or has failed
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14.

15.

16.

to provide a copy of any contract, purchase order or other proof of purchase required under
this section, in an effort to delay, avoid or circumvent compliance with subdivision (2),
subsection (f), section fifty-five, article two, chapter twenty-two-a of the Code or these
rules, the Director shall issue a cessation order to the operator for the affected mine.
In developing the emergency shelter/chamber plan and any revisions, the operator shall
take into consideration the physical features of the particular mine, emergency plans,
advances in emergency shelter/chamber technologies and any other aspect of the particular
mine the operator deems relevant to the development of the emergency shelter/chamber
plan.
A copy of the approved emergency shelter/chamber plan shall be provided to the mine
rescue teams providing coverage for the mine. Copies of the most recent version shall be
available at the mine for emergency responders. As changes are made to the system,
updated versions shall be submitted to the above parties.
The proposed emergency shelter/chamber plan shall:
e describe the structure and operations of the emergency shelter/chamber and its role in
emergency response;
' ensure that emergency shelters/chambers are included in initial mine hazard training
in such a manner that it is in compliance with all manufacturer’s requirements and is
provided yearly in addition to annual refresher training. All training shall be recorded

and made available upon request;
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o ensure weekly inspections of emergency shelters/chambers and contents shall be
conducted by a certified mine foreman/fireboss and recorded in weekly ventilation
examination book;

e ensure that weekly safety meetings review the current location of applicable
emergency shelters/chambers and results of the latest inspection;

e ensure that emergency shelters/chambers shall be equipped with easily removable
tamper-proof tags such that a visual indication of unauthorized access to the
emergency shelter/chamber can be detected; and

e ensure that the mine’s communication center shall monitor any communication
systems associated with the emergency shelter/chamber at all times that the mine is
occupied.

17. The proposed emergency shelter/chamber shall include the ability to:

e provide a minimum of 48 hours life support (air, water, emergency medical supplies,
and food) for the maximum number of miners reasonably expected on the working
section;

e be capable of surviving an initial event with a peak overpressure of 15 psi and a flash
temperature of 300 degrees Fahrenheit;

e be constructed such that it will be protected under normal handling and pre-event
mine conditions;

e provide for rapidly establishing an internal shelter atmosphere of
O, above 19.5%,

18
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CO,, below 0.5%,

CO below 50 ppm, and

an ‘apparent-temperature’ of 95 degrees Fahrenheit;

provide the ability to monitor carbon monoxide and oxygen inside and outside the
shelter/chamber;

provide a means for entry and exit that maintains the integrity of the internal
atmosphere;

provide a means for intrinsically safe power if required;

provide a minimum eight quarts of water per miner;

provide a minimum of 4000 calories of food per miner;

provide a means for disposal of human waste to the outside of the shelter/chamber;
provide a first aid or EMT kit in addition to a section first aid kit;

have provisions for inspection of the shelter/chamber and contents;

contain manufacturer recommended repair materials;

provide a battery-powered internal strobe light visible from the outside indicating
occupancy;

provide a means of communications to the surface; and

only contain MSHA approved materials where applicable.

18. The Director may require modifications to an emergency shelter/chamber approval or an

emergency shelter/chamber plan at any time following the investigation of a fatal accident
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or serious injury, as defined by Title 36, Series 19, Section 3.2, if such modifications are
warranted by the findings of the investigation.

COMMUNICATIONS/TRACKING

In completing its charge to evaluate availability, functional and operational capacity of
required communication and tracking devices, the Task Force reviewed multiple products,
designs, and approaches and has determined that while no single product exists to meet all the
requirements, the intent of SB-247 can be met in most if not all mines by employing separate
systems, possibly requiring one for communications and one for tracking.

Further, the Task Force has determined that through utilizing multiple products and
procedures an integrated communication/tracking system can be installed that would meet the
intent of the law ... “to protect miners in an emergency”.

Communications/Tracking Recommendations

1.  The Director shall require, in each underground mine, an integrated communication/
tracking system, a component of which shall be a communication center monitored at all
times during which one or more miners are underground.

2. The Director shall acquire, no later than July 1, 2006, the necessary technical/engineering
support to evaluate the performance of individual communication/tracking systems and
review the effectiveness of communication/tracking plans.

3. The Director shall convene the Mine Safety Technology Task Force not less than once per
month through June 30, 2007 for the purpose of reviewing progress by manufacturers,

regulators, and operators toward achieving the goals set forth in SB-247 and other mine
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health and safety technology to promote the availability, functional and operational
capability of necessary mine safety and health technologies. The Task Force shall submit a
report to the Director of its finding and recommendations.

No later than August 31, 2007 all underground mine operators shall submit a
communication/tracking plan for approval by the Director. The design, development,
submission, and implementation of the communication/tracking plan shall be the
responsibility of the operator of each mine.

Within thirty (30) calendar days after submission of the communication/tracking plan, the
Director shall either approve the communication/tracking plan, or shall reject and return the
plan to the operator for modification and resubmission, stating in detail the reason for such
rejection. If the plan is rejected, the Director shall give the operator a reasonable length of
time, not to exceed fifteen (15) calendar days, to modify and resubmit such plan.

Within 15 days of approval by the Director, the underground mine operator shall submit as
an addendum to its plan, a copy of any contract, or purchase order, or other proof of
purchase of any equipment required to complete the communication/tracking system and
for installation and ongoing maintenance.

After the Director has approved an operator’s communication/tracking plan, the operator
shall submit revisions to the communications plan at any time that changes in operational
conditions result in a substantive modification in the communication/tracking system. In
addition, at any time after approval, the operator may submit proposed modifications or

revisions to its plan along with reasons therefore to the Director. Within thirty (30) days
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10.

after receipt by the Director of any proposed revisions or modifications to the
communications/tracking plan, the Director shall either approve or reject the revisions,
stating in detail the reasons for such rejection.

If the Director, in his sole discretion, determines that an operator has failed to provide a
communications/tracking plan, has provided an inadequate communications/tracking plan,
has failed to comply with its approved communications/tracking plan, or has failed to
provide a copy of any contract, purchase order or other proof of purchase required under
this section, in an effort to delay, avoid or circumvent compliance with subdivision (2),
subsection (f), section fifty-five, article two, chapter twenty-two-a of the Code or these
rules, the Director shall issue a cessation order to the operator for the affected mine.

In developing the communication/tracking plan and any revisions, the operator shall take
into consideration the physical features of the particular mine, emergency plans, existing
communication infrastructure, advances in communication/tracking technologies and any
other aspect of the particular mine the operator deems relevant to the development of the
communication/tracking plan.

The proposed communication/tracking plan shall describe the structure and operations of
the separate or integrated communication/tracking system(s) and its role in emergency
response specific to the mine shall be detailed and submitted to the Director and, once
approved, to the mine rescue teams providing coverage for the mine. Copies of the most
recent version shall be available at the mine for emergency responders. As changes are

made to the system, updated versions shall be submitted to the above.
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11. The proposed communication/tracking system shall include the ability for:

a communication center monitored at all times during which one or more miners are
underground. This center shall be staffed by persons holding a valid underground
miners certificate, and trained and knowledgeable of the installed communications/
tracking systems, monitoring and warning devices, travel ways, and mine layout.
Individuals not possessing a valid underground miner’s certificate but working full-
time as a communication center operator on or before May 25, 2006 shall be allowed
to continue as communications center operators at that mine provided they will have
successfully completed no later than December 31, 2006 a certified 80 hour
underground miners apprentice training program and documentation is available for
inspection;

knowing the location of all miners immediately prior to an event by tracking/locating
in the escape-ways, normal work assignments, or notification of the communication
center;

knowing the location of miners in the escape-ways after an event providing the
tracking system is still functional;

check-in and check-out with the communication center by persons prior to entrance
and exit from bleeders and remote or seldom used areas of the mine (all times shall be
logged);

allowing two way communications coverage in at least two separate air courses and at

least one of which shall be an intake;
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12.

13.

maintaining communication/tracking after loss of outside power and maintain
function both inby and outby of the event site with suitable supply of equipment for
rapid reconnection;

maintain a surface supply of communication/ tracking devices for use by emergency
rescue personnel;

allow for communication to surface at all required shelters/chambers;

all miners and likely emergency responders shall be trained in the use, limitations and
inter-operability of all components of the communication and tracking/locating
system. This shall be incorporated into required training. All training shall be

recorded and made available upon request;

The operator shall provide a schedule of compliance for the communication/tracking

plan, which shall include:

a narrative description of how the operator will achieve compliance with above
requirements;

a schedule of measures, including an enforceable sequence of actions with
milestones, leading to compliance; and

a statement indicating when the implementation of the proposed plan will be

complete.

The operator shall provide as attachments to its communication/tracking plan:

a statement of the analysis and evaluation required in developing its plan;
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e astatement indicating the initial training dates for implementation of the
communication/ tracking system and how the communication/tracking system will be
incorporated in other required training;

e astatement regarding how the communications/tracking system will be tested and
maintained; and

e the name of the person or persons representing the operator, including his or her title,
mailing address, email address and telephone number, who can be contacted by the
Director for all matters relating to the communication/tracking plan and weekly
testing of the system.

14. The Director may require modifications to a communication/tracking plan at any time
following the investigation of a fatal accident or serious injury, as defined by Title 36,
Series 19, Section 3.2, if such modifications are warranted by the findings of the
investigation.

RELATED SAFETY ISSUES

The Task Force found many related safety and health issues important to miners but was

unable to dedicate significant time to any. It provides the following recommendations and will

work with the Director and the Board of Coal Mine Health and Safety to better explore these

related issues.
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LIFELINES

In lieu of installed lifelines in track or belt entries, markers such as floor mats with
arrows, fish plate reflectors, red/green lasers shall be installed at distances not to exceed 1,000
feet or line of sight, or other equivalent devices may be used if approved by the Director.
SEALS

‘Omega” type blocks shall not be used in future seal construction. They may, however,
be used for other type ventilation controls. The Task Force applauds the Director’s May 12,
2006 action imposing a moratorium on “Omega” type block installations and MHS&T’s ongoing
review of all existing installations. It is recommended that immediate corrective action be taken
where warranted.
SEISMIC LOCATING DEVICES

The Director shall provide portable seismic locating systems at each regional office for
use in locating trapped miners. Each office will maintain a trained staff that shall upon
notification from Homeland Security Office, be capable of delivering the system to the mine site
and to deploy the system immediately and without delay. These persons shall practice with the
said systems at least annually at different mine sites.
MINE RESCUE TEAMS

The Task Force supports and applauds the actions taken by the Board of Coal Mine
Health and Safety and the Director of the Office of MHS&T for their efforts to address mine

rescue capabilities and other mine rescue concerns in the State of West Virginia. The Task Force
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recommends these efforts be expanded to reflect currently available technology for mine rescue

and fire fighting.
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RECOMMENDED IMPLEMENTATION TIMELINE

- SCSR Shelters Comm/Track =

2006

June

July

August

September

October

November

December

2007

January

February

March

April

May

June

July

August

Amended rules issued based upon recommendations

Proposed Final Rules submitted to Legislature
Submit Revised SCSR Plan

July 1 - MHS&T Acquire Technical Support

Director Approves/Rejects
July 10 — MHS&T Issue Opportunity for approvals

Revised SCSR Plans

Vendors working with operators, MSHA, and MHS&T
to test, refine and get approvals

Task Force monitors and issues monthly reports
MHS&T announces approvals as done

Operators and vendors develop and test
proposed plans

April 15 - Submit
Shelter/Chamber Plan

Director Approves/Rejects
Submit PO’s with approval

July 31 — Submit
Comm/Trac Plan
Director Approves/Rejects
Submit PO’s with approval

Installation will progress according to schedules included in approved plans.
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II. SELF-CONTAINED SELF-RESCUERS
SUMMARY

The Task Force has concluded that options exist to meet SB-247 regarding the sufficient
supply of self-contained self-rescuers (SCSR’s) to ensure the miners can escape in the event of
fire or explosion and mine air has become toxic.

In developing recommendations the Task Force reviewed summaries of mine
evacuations, operation of SCSR’s, capabilities and limitations of SCSR’s, metabolic parameters
of miners during escapes, cache storage options, and aids to escape.

The Task Force concluded that caches should be provided near the most likely locations
of miners at the time of an event and every 30 minutes of travel time through designated escape
ways to the nearest surface opening or shaft. The Task Force also concluded that SCSR’s
certified by MSHA/NIOSH for at least 60 minutes shall be cached at quantities outlined in a plan
approved by the Director.

The Task Force concluded that SCSR caches should be protected from normal mining
operational hazards, be constructed of a non-combustible material, will be easy to locate during
an emergency, be noted on escape-way maps, and easy to open. We also find that strategic
caches should contain basic aids for escape.

The Task Force recommends that SCSR training be increased with the inclusion of

realistic simulations.
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The Task Force recommends that a statewide SCSR reliability tracking system be
initiated to enhance the understanding of SCSR performance and to allow recall of units if
required.

BACKGROUND

The key to escape in a toxic atmosphere is the SCSR. In a 2001 study the National
Institute for Occupational Safety and Health (NIOSH) reported that out of 214 miners surveyed
38% had been notified to evacuate a mine because of fire or explosion during their careers.” US
Mine Rescue Association data indicate that the depletion of oxygen and production of carbon
monoxide and carbon dioxide cause more fatalities than all other causes combined.” Access to
6

and proper operation of SCSR’s is a matter of life and death to miners.

The Task Force SCSR recommendations address:

Mine-wide emergency strategies that take into account the capabilities and limitations of
the SCSR’s

o Impacts of traveling long distances in adverse conditions, high heat and humidity

o Realistic training

e Aids to escape

* Conti, RS [2001] “Responders to Underground Fires”, NIOSH, Pittsburgh Research Laboratory

5 US Mine Rescue Association, http://www.usmra.com/disasters_80on.htm

¢ Immediately following an explosion the typical gas composition is; 6% O,, 10,000ppm CO, and 11% CO; the
combination of which is fatal - Foster Miller Associates [1983]: “Recommended Guidelines for Oxygen Self-
Rescuers, Volume 11, USBM Contract J0199188 p79-80
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In addressing SCSR’s the Task Force reviewed published studies on mine fires and
explosions with special attention to the behavior of miners while using SCSR’s.” The Task
Force determined that due to reports of miners having difficulty using or being recovered with
anused SCSR’s that it needed a better understanding of the capabilities and limitation of the
devices and most likely requirements of the escaping miner.®

The Task Force began with researching how the various devices work. It found there are
presently two basic SCSR designs. One provides oxygen from compressed gas and the other
through a chemical reaction. Both designs utilize a means of removing exhaled carbon dioxide
and protect from inhaling carbon monoxide and smoke. All units provide a mouth piece that fits
behind the lips and is clasped with the teeth along with a clip that restricts air through the nostrils
and a bag to hold reserves of oxygen-rich air. The carbon dioxide is removed through a chemical
reaction; the ability to remove sufficient carbon dioxide is a critical factor determining the unit’s
physical size and duration.

Currently there are only three manufacturers of MSHA/NIOSH certified SCSR’s.” Two
produce oxygen using chemicals and one provides compressed oxygen. The cértiﬁcation process
involves a manufacturer’s unit being tested by a human subject in a defined series of exercises
with the goal being to maintain the subject’s metabolic indicators within specified ranges. The

units are rated on the time segments of these exercises it successfully passed i.e., 10, 30, or 60

7 Vaught C, et al [2000]: “Behavioral and Organizational Dimensions of Underground Mine Fires”, NIOSH also
Kavitz, J [1977]: “An Examination of Major Mine Disasters”, NIOSH also DeRosa, MI [2004]: “An Analysis of
Mine Fires 1990-1999”, NIOSH 1C9470 also US Mine Rescue Association [2006]: “Mine Accidents 1980-20067,
http://www.usmra.com/disasters_80on.htm

® Mine accident reports can be found on the MSHA web site at http://www.msha.gov/fatals/fab.htm

® Interview with John Kovac, NIOSH Pittsburgh Research Laboratory
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minutes. There is no attempt to test beyond the manufacturer’s requested duration target. Asa
result MSHA/NIOSH cannot endorse manufacturer claims that their units will go beyond the
rated durations or time a unit will provide breathable air under exertion rates other than those of
the MSHA/NIOSH test."

MSHA/NIOSH also conducts periodic evaluations of selected SCSR’s removed from
active mines. These evaluations are conducted using a testing machine verses human subjects

and are designed to identify potential problems, not as a quality control of certified

performance. These tests have identified some problems in design, materials, and maintenance
over the years which manufacturers have corrected. MSHA/NIOSH also accepts volunteered
information on failed units along with descriptions of the causes of failure and uses this
information to work with manufacturers on improvements.”

Several studies were reviewed by the Task Force that looked at performance in simulated
underground mine escapes. These studies provided the Task Force with insights into the
metabolic requirements of an escaping miner. Since every mine is different and every miner
unique, it is not surprising that there are deviations from the certified durations of SCSR’s when
tested in the real-world verses the laboratory.”> MSHA/NIOSH claims that miners’ lack of

familiarity with using SCSR’s in the stress of an escape situation accounts for some of the

19 Tnterview with John Kovac, NIOSH Pittsburgh Research Laboratory

" Kyriazi N and Shubilla JP [2002]: “Self-Contained Self-Rescuer Field Evaluation: Seventh-Phase Results”,
RI9656 - also see R19401, R19635, and RI9451

12 poster Miller Associates [1983]: “Recommended Guidelines for Oxygen Self-Rescuers, Volume I, Escape Time
Studies”, USBM Contract J0199118
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variance. While this explains most of the findings, it adds to the task of determining adequate
spacing for SCSR storage caches.

After consulting with manufacturers and experts from MSHA/NIOSH and drawing upon its
own experience, the Task Force concluded that a safety margin regarding the typical distance
traveled needed to be applied by discounting existing SCSR’s model’s certified duration by 50%.
This was derived by looking at escape simulations studies from the US Bureau of Mines",
United Kingdom', and South Africa’®. Collectively these studies found that actual useful life
varied from 26% to 125% of the MSHA/NIOSH certified durations. The Task Force also took
into consideration reports indicating miner difficulties in donning the SCSR’s in real and
simulated emergencieslé, and the findings of the MSHA/NIOSH field evaluations'’. The
recommended approach provides a 100% safety margin against the unexpected in both travel
time and SCSR operation.

The Task Force is troubled that there has been little change in the underlying technology and
the design of these units in the last 30 years. The original SCSR design criteria were defined by

the National Academy of Engineering in a 1970 study'®.

13 poster Miller Associates [1983]: “Recommended Guidelines for Oxygen Self-Rescuers, Volume II, Escape Time
Studies”, USBM Contract J0199118

14 Jones, BJ et al [2003]: “Use of self-rescuers in hot and humid mines”, Research Report #180

15 Sohreiber, WL [2004]: “Annual Report on SCSR Monitoring in the South African mining industry for the period
January — December 2003”, Department of Minerals and Energy, # 2004-0153

16 yaught C, et al [2000]: “Behavioral and Organizational Dimensions of Underground Mine Fires”, NJOSH

17 Kyriazi N and Shubilla JP [2002]: “Self-Contained Self-Rescuer Field Evaluation: Seventh-Phase Results”,
RI9656 - also see R19401, R19635, and R19451 —also presentation by John Kovac, NIOSH to the Colorado School
of Mines in April 2003, “Analysis of SCSR Problems”

18 National Academy of Engineering [1970]: “Mine Rescue and Survival”, Washington DC
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Recent workshops sponsored by MSHA and NIOSH to explore SCSR options are encouraging;
however, the identified potential changes appear to be only in design rather than in the
underlying technology."” Indicative of the stagnation in the mine health and safety technology
market place, many of the design changes at the workshop were rediscoveries of those proposed
in the late 1970’s by the US Bureau of Mines but never brought through certification by
manufacturers.”

After discussions with MSHA, NIOSH, and current and potential manufacturers, the Task
Force believes this situation is due to the limited size of the mine safety market (estimated
80,000 units are deployed in the US?Y) and relatively slow turnover of this installed base (about
15% per year™). These facts, taken with the relatively low gross margin to the manufacturers™,
relatively high costs of R&D and a lengthy certification process,”* act as barriers for innovation
in SCSR technologies. Based upon the Task Force’s review, at a minimum, there is a need for
innovation in indicators for SCSR condition before and during use, longer duration smaller sized
SCSR’s, improved CO, scrubbers, lowered breathing resistance, realistic training systems, and
easier inventorying means such as RFID tags or bar codes. The Task Force recommends that the

state not only support efforts in Congress to increase development funding for NIOSH but also

19 Kovac J [2006] “Self-Contained Self-Rescuer (SCSR) Technology: Capabilities/Challenges”, NIOSH presentation
at Beckley Mine Academy March 30, 2006

2 Chironis, NP [1977] “Operating Handbook of Underground Mining”, Coal Age Mining Informational Services
ISBN: 0070114579

2l Discussions with NIOSH and manufacturers allowed for a rough estimate by the Task Force that was
affirmatively vetted with these same groups

22 Based on confidential discussions with manufacturers regarding their expected production levels for 2006 prior to
changes in the law and the estimate of in service SCSR’s

2 Confidential interviews with manufacturers

24 perception of the manufacturers — NIOSH believes the process is efficient
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initiate a program of its own to focus on issues specific to West Virginia mine health and safety
problems and encourage local small businesses to bring innovations forward.

MSHA/NIOSH acknowledges a need to better understand the status of SCSR’s actually
in the possession of miners. MSHA/NIOSH have worked with manufacturers to develop
workable testing and mines are supplied the equipment from their vendors. However, there is no
standard means of determining if these mine-level testing programs ensure the viability of the
SCSR’s in the mine. Also beneficial would be a statistically based means of identifying
problems of in-service units by determining reasons for destruction or out-of-service events.
This data would provide critical information on the performance of deployed SCSR'’s, early
warning of problems, and the ability to recall specific units for service if required. The Task
Force agrees and recommends that West Virginia initiate such a program.

The Task Force believes that training is a critical issue for miners in all areas, but
particularly regarding SCSR’s. Most miners go through their entire careers and never have the
experience of donning an SCSR. When a miner finds the first time he actually uses an SCSR is
in the midst of an emergency, he needs to be confident he can do everything right the first time.
The Task Force believes the best way to accomplish this is through realistic SCSR simulation
during training. Many of the reports of SCSR failure investigated by MSHA/NIOSH concluded
that the miners had misinterpreted typical SCSR operation as a malfunction.”” Breathing
oxygen, from a cylinder or from a chemical in a can, while in a smoke-filled mine is not the

same as using a non-working training unit in a classroom. Training shall include manufacturers’

25 Vaught, CJ et al [1999]: “Worker Responses to Realistic Evaluation Training”, NIOSH Pittsburgh Research
Laboratory
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required daily inspection of each unit, donning and starting the SCSR, ways to maximize
duration of the unit, changing between SCSR’s, communicating without removing the mouth
piece, importance and use of goggles, how to know if the device has failed and what to do if it
does, and limitations of the SCSR. All training shall be recorded and made available upon
request. While no manufacturer currently offers such a training device, the Task Force strongly
encourages the development and incorporation into training of a simulation device that would
allow miners to experience the realistic or simulated sensations of breathing through an active
unit. Until such time, operators are encouraged to save out-of-service units to be activated
during training as a supplement to currently available training models.

When smoke is encountered underground, visibility is reduced, anxiety levels increase
and decision-making skills become clouded®®. To aid in a smoke-filled escape, the Task Force
recommends that caches at the working section, active construction or rehabilitation sites contain
a tagline to allow members of groups escaping to stay together in zero visibility by each holding
the line, a supply of chemical light sticks that can be started and dropped periodically as they
escape to warn the miners if they have accidentally doubled back, a hammer to bang on roof
bolts and an escape-way map.

DEFINITIONS

Self-Contained Self-Rescuer (SCSR) means a type of closed circuit self-contained

breathing apparatus approved by MSHA and NIOSH under 42 CFR part 84 for escape only in

underground mines. SCSR’s are not to be confused with Filter Self-Rescuer (FSR) that does not

28 Vaught, CJ et al [1995]: “Decision Making During a Simulated Mine Fire Escape”, NIOSH
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supply or generate oxygen. The Task Force recommends that FSR’s not be allowed in West
Virginia mines.

SCSR Storage Cache means a non-combustible container constructed to withstand
normal mine conditions and protect a number of SCSR’s. The cache shall allow easy access for
inspection of the SCSR’s and easy access for miners who are escaping.

REQUIREMENTS

Operators shall place at least one cache at a readily available location within five hundred
(500) feet of the nearest working face in each working section of the mine and each active
construction or rehabilitation site. Distances greater than five hundred (500) feet, not to exceed
one thousand (1,000) feet, are permitted. However, where miners are provided with personal
SCSR’s rated for less than sixty (60) minutes, travel to these caches are not to exceed five (5)
minutes as determined by the height/travel time chart specified in Section 5.3.2.

Each of these caches (nearest working face in each working section of the mine and each
active construction or rehabilitation site) shall hold two (2) SCSR’s that wil provide at least 60
minutes of oxygen per unit for each miner. When each miner carries an SCSR that is rated for
less than 60 minutes, in which case the cache shall hold three (3) SCSR’s for each miner. The
total number of SCSR’s to be cached will be based on the total number of miners reasonably
likely to be in that area.

Operators shall ensure that caches described above also contain an escape kit containing a

hammer, a tagline, a supply of chemical light sticks, and an escape-way map.

37



Mine Safety Technology Task Force Report
May 29, 2006

Beginning at the storage cache located at the working section or active construction or
rehabilitation site and beltlines, pumping and bleeder areas, and continuing to the surface or
nearest escape facility leading to the surface, the operator shall station additional storage caches
containing a number of additional SCSR’s equal to or exceeding one each for the total number of
persons reasonably likely to be in that area at calculated intervals so that a miner may traverse in
no more than thirty (30) minutes traveling at a normal pace, taking into consideration the height
of the coal seam and utilizing the travel times specified in Section 5.3.2.

The Task Force recommends that SB-247 be modified by removing references to
“certified intrinsically safe battery-powered strobe lights” due to the concern that damaged strobe
lights would create a potential ignition hazard if damaged in an explosion. The Task Force
recommends that each SCSR cache have a reflective sign with the words “SELF-RESCUER” or
“SELF-RESCUERS” conspicuously posted at each such cache and that reflective directional
signs shall be posted leading to each cache. Cache storage containers shall be of such
construction as to protect the SCSR’s from normal operational damage, be made of a material
that is non-combustible, shall be easy to open during an emergency escape, and shall be noted on
the escape-way map.

Operators shall provide training in the proper use of SCSR’s in simulated emergency
situations, which may be on the surface, in all required SCSR training. Training shall include,
but not be limited to, manufacturer’s required daily inspection of unit, donning and starting the
SCSR, ways to maximize duration of the unit, changing between SCSR’s, communicating

without removing the mouth piece, importance and use of goggles, how to know if the device has
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failed and what to do if it does, and limitations of the SCSR. Until such time as manufacturers
offer an operable training SCSR, operators are encouraged to save out-of-service units to activate
during training as a supplement to currently available training models. All training shail be
recorded and made available upon request.

Operators and contractors shall report to the Director all SCSR’s in service by
manufacturer, model, serial number, mine/contractor ID#, service dates, and results of required
kinspections. This information shall be submitted electronically as defined by the Director,
updated quarterly and will include information on any units removed from service along with
reasons. The Director shall compile and analyze the results of this information and distribute the
report within 30 days by posting a report on the MHS&T web page.

COMMERCIAL AVAILABILITY

The Task Force reviewed SCSR’s from CSE, Drager and Ocenco. All units are
MSHA/NIOSH approved and commercially available although manufacturers report shipping
delays exceeding 6 montﬁs due to manufacturing capability limitations.

OPTIONS REVIEWED

Chemical generated oxygen

Units that generate oxygen in the SCSR are based upon a chemical reaction of water vapor for
exhaled breath and a potassium oxide. The reaction releases oxygen as byproduct while
capturing a small amount of carbon dioxide. The carbon dioxide is captured in a separate
chemical reaction that converts it into a solid. The amount of oxygen the units can generate and

carbon dioxide they can capture is a function of the volume of chemicals. Exhaled air is
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‘scrubbed’ of carbon dioxide and mixed with oxygen in a breathing bag from which miners take
breaths. Oxygen levels vary with the breathing rate of the miner, i.e. amount of water vapor they
exhale. There is a delay in oxygen production rates as demand increases and decreases with
exertion rate.
Cylinder stored oxygen

Units that use oxygen in cylinders also use a chemical for carbon dioxide removal. The
amount of oxygen the units can supply is a function of the pressure rating for the cylinder.
Exhaled air is ‘scrubbed’ of carbon dioxide and mixed with oxygen in a breathing bag from
which miners take breaths. Oxygen levels can be adjusted through a regulator on the unit.
IMPLEMENTATION, COMPLIANCE AND ENFORCEMENT

Under Title 56, Series 4, “Amended Emergency Rules Governing Protective Clothing
and Equipment” the Director has required SCSR storage cache plans. The Task Force
recommends these rules be amended and SCSR storage cache plans revised to reflect the
following:

1. Operators shall revise all SCSR plans and submit those to the Director no later than 60
days after these amendments become final.

2. Operators shall place at least one cache at a readily available location within five hundred
(500) feet of the nearest working face in each working section of the mine and each
active construction or rehabilitation site. Distances greater than five hundred (500) feet
not to exceed one thousand (1,000) feet, are permitted. However, where miners are

provided with personal SCSR’s rated for less than sixty (60) minutes, travel to these
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caches is not to exceed five (5) minutes as determined by the height/travel time chart
specified in Section 5.3.2.

Each of these caches (nearest working face in each working section of the mine and each
active construction or rehabilitation site) shall hold two (2) SCSR’s that will provide at
least 60 minutes of oxygen per unit for each miner. When each miner carries an SCSR
that is rated for less than 60 minutes, in which case the cache shall hold three (3) SCSR’s
for each miner. The total number of SCSR’s to be cached will be based on the total
number of miners reasonably likely to be in that area.

Operators shall ensure that caches described above also contain an escape kit containing a
hammer, a tagline, a supply of chemical light sticks, and an escape-way map.

Beginning‘ at the storage cache located at the working section or active construction or
rehabilitation site and beltlines, pumping and bleeder areas, and continuing to the surface
or nearest escape facility leading to the surface, the operator shall station additional
storage caches containing a number of additional SCSR’s equal to or exceeding one each
for the total number of persons reasonably likely to be in that area at calculated intervals
that a miner may traverse in no more than thirty (3 0) minutes traveling at a normal pace,
taking into consideration the height of the coal seam and utilizing the travel times as
specified in Section 5.3.2.

The Task Force recommends that SB-247 be modified by removing references to
“certified intrinsically safe battery-powered strobe lights” due to the concern that

damaged strobe lights would create a potential ignition hazard if damaged in an
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explosion. The Task Force recommends that each SCSR cache shall have a reflective
sign with the words “SELF-RESCUER” or “SELF-RESCUERS” conspicuously posted at
each such cache and that reflective directional signs be posted leading to each cache.
Cache storage containers shall be of such construction as to protect the SCSR’s from
normal operational damage, be made of a material that is non-combustible, shall be easy
to open during an emergency escape, and shall be noted on the escape-way map.
Operators shall provide training in the proper use of SCSR’s in simulated emergency
situations, which may be on the surface, in all required SCSR training. Training should
include but not be limited to, manufacturer’s required daily inspections, donning and
starting the SCSR, ways to maximize duration of the unit, changing between SCSR’’s,
communicating without removing the mouth piece, importance and use of goggles, how
to know if the device has failed and what to do if it does, and limitations of the SCSR.
Until such time as manufacturers offer an operable training SCSR, operators are
encouraged to save out-of-service units to activate during training as a supplement to
currently available training models. All training shall be recorded and made available
upon request.

Operators and contractors shall report to the Director all SCSR’s in service by
manufacturer, model, serial number, mine/contractor ID#, service dates, and results of
required inspections. This information shall be submitted electronically as defined by the
Director, updated quarterly and will include information on any units removed from

service along with reasons. The Director shall compile and analyze the results of this

42



Mine Safety Technology Task Force Report
May 29, 2006

information and distribute a report within 30 days by posting the report on the MHS&T

web page.
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III. EMERGENCY SHELTERS/CHAMBERS

SUMMARY

The Task Force has concluded that the first and preferred option for miners in an
emergency is to escape. However, it has found that options exist to provide the primary function
of an Emergency Shelter/Chamber which is designed to potentially sustain life after a major
underground event such as an explosion and where escape is cut off. The Task Force has
developed recommended minimum requirements for the emergency shelter/chamber and its use.

In developing recommendations, the Task Force reviewed summaries of mine accidents
that resulted in barricading of miners and developed a scenario. The scenario used is of an
accident in which miners within 1,000 feet of the working face have survived a methane
explosion. The Task Force’s scenario does not included secondary explosions or on-going fires
in the immediate area. The miners will have made every attempt to exit and found all escape
ways impassable. As a last resort, they have been forced to return to the shelter/chamber to
await rescue. We have assumed that miners approaching the emergency shelter/chamber will
have consumed most of their SCSR time, be exhausted from escape attempts, with some injured
miners and all under great stress. In this condition, the miners will need to be protected by the
shelter/chamber within minutes of reaching it and for a period of at least 48 hours.

The Task Force has determined that there are commercially available manufactured
emergency shelters/chambers that meet and/or exceed the minimum requirements necessary to

provide a “last resort” atmosphere when escape is cut-off. It is also evident that there will be
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evolution of the designs and that continued support of these innovations by the State and industry
will benefit mine safety.

The Task Force concluded that an emergency shelter/chamber or equivalent protection, in
the form of additional surface openings, shall be located within 1,000 feet of the nearest working
face.

The Task Force reviewed several documents produced during the 1970’s and 1980’s by
the US Bureau of Mines regarding the use of built-in-place shelters using areas, i.e. crosscuts in a
mine.

Some Task Force members wanted to prohibit the use of built-in-place shelter in the State
of West Virginia, while other Task Force members wanted to allow the use of built-in-place
shelters as an option to provide equivalent protection to 2 shelter/chamber. The Task Force
discussed this issue many times throughout our deliberations and could not reach a consenus.
BACKGROUND

An explosion is such a complex phenomenon that no one can explain all of the reasons
for its path, fluctuating violence, changing shape, and other characteristics. History proves that
most miners survive the initial explosion and flames, however, too many fall victims to toxic
air”’.

After a mine explosion, the desire of all miners is to immediately escape. While the

provisions of SB-247 enhance their ability to escape, experience has demonstrated that in some

instances, a small number of miners may have no alternative but to barricade. Providing a ready

27 McCoy JF et al [1983]: “Development of Guidelines for Rescue Chambers, Volume 11, Appendices”, USBM
Contract J0387210, page 13
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‘barricade’ equivalent, in the form of an emergency shelter/chamber, should enhance their
chances for survival. The record clearly demonstrates that regardless of the quality of the
barricade, the lives of miners who have been forced to barricade depend on well-trained mine
rescue teams and mine rescue operations®".

For that reason, the Task Force supports the comprehensive review of West Virginia’s
mine rescue infrastructure and rules with the intent of enhancing rescue capability.

Since there are no nationally recognized performance standards for emergency
shelters/chambers the Task Force spent considerable time determining what minimum standards
should apply. It is the Task Force’s intent that these recommendations serve truly as minimum
standards and that manufacturers strive to exceed these thresholds.

The first step taken was to develop a scenario. In doing this the Task Force looked at
studies of mine explosions and fires where barricading was utilized®”. This was done through
review of the professional experience of Task Force members, interviews with mine safety
vendors, review of the recent accidents in West Virginia, and documents from MSHA, NIOSH,
and other countries.

The Task Force concluded that the function of an emergency shelter/chamber must be
ensuring a safe atmosphere for survivors. Documents reviewed indicated that carbon dioxide
and carbon monoxide poisoning was by far the cause of most fatalities among those that survived

the initial explosion. As methane and liberated coal dust are combusted they first create carbon

% McCoy JF et al [1983]: “Development of Guidelines for Rescue Chambers, Volume II, Appendices”, USBM
Contract J0387210
¥ McCoy JF et al [1983]: “Development of Guidelines for Rescue Chambers, Volume I, Appendices”, USBM
Contract J0387210
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dioxide, then as the oxygen decreases, carbon monoxide. Carbon dioxide increases the
breathing rate which pulls more air into the lungs and the air increasingly becomes concentrated
with carbon monoxide, this compound binds to the hemoglobin in the blood blocking oxygen.
The reduction in oxygen carrying capacity of the blood results in acute hypoxia (oxygen
starvation)’® which results in unconsciousness and eventual death if the concentration exceed
15% for high-risk miners®.

The next performance criterion the Task Force set was duration. The times from event to
either rescue or estimated time of death in mine accidents that resulted in barricading were
reviewed. From 1940 to 1980 US Bureau of Mines reported that 127 miners survived behind
barricades while 40 died*?. Each accident was unique and the reporting was not consistent
making it difficult to draw statistical conclusions. However, of those that discussed duration the
maximum was 54 hours at the Belva No. 1 mine in 1954 and the least was 4 hours at the
Pocahontas 31 mine in 1957. The majority were in the 20-30 hour range>’. Based on its
findings, the Task Force set a minimum duration of 48 hours.

The next criterion deals with the physical environment in which the emergency
shelter/chamber must survive in order to be useful to those who can not immediately escape.

Looking again at reports and drawing upon its own experience, the Task Force found few cases

30 http://en.wikipedia.org/wiki/Carbon_monoxide _poisoning

31 peterson, JE [1975]: “predicting carbonhemoglobin levels resulting from carbon monoxide exposure”, J. Appl.
Physiol., 39, 633-638 and Davidson, T [2002], Gale Encyclopedia of Medicine

32 poster Miller Associates [1975]: “Design of Reusable Explosion-Proof Bulkheads for a Crosscut Refuge
Chamber”, National Technical Information Service, PB251714

33 McCoy JF et al [1983]: “Development of Guidelines for Rescue Chambers, Volume II, Appendices”, USBM
Contract J0387210 and Kravitz JH [1981] “An examination of Major Mine Disasters in the United States”, MSHA
and US Mine Rescue Association [2006]: “Mine Disasters Since 19807, www.usnra.com and CDC [2004]:
«“Analysis of Mine Fires for all Underground and Surface Coal Mining Categories: 1990-1999”, IC 9470
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where miners who had barricaded were affected by secondary explosions or fires. The instances
where secondary explosions had cost lives predominately have been the lives of fellow miners or
rescue team members who entered areas where methane levels were building without adequate
ventilation. Additionally, the Task Force did not conclude that barricading in emergency
shelters/chambers would allow survival from a major mine fire in the immediate area.
Experience demonstrated that if a coal mine fire cannot be contained within a few hours after
discovery, the chances of successfully extinguishing the fire without sealing part of the mine or
the entire mine are greatly diminished®*. Given these realities, the Task Force recommends that
the shelter/chamber be designed to survive an initial event.

The Task Force concluded that the shelter/chamber needs to be sized to support a number
equal to or exceeding the total number of miners reasonably likely to be in that area.

Based upon this scenario it was necessary to define the pressure threshold for survival of
the emergency shelter/chamber during the initial event. Pressures referred to in regulations and
rules for mine stoppings and seals are for static pressure. Static pressure is the force per unit area
exerted across a surface parallel to the direction of the flow.” In an explosion, static pressure
increases rapidly then returns to normal. This sudden increase in pressure is referred to as peak
overpressure. The overpressurization wave from a methane explosion in a mine is a function of
the concentration of the methane and the length of the area in which the reaction occurs. As the
flame front moves through the gas, it increases the temperature of the reaction products it leaves

behind. The hot gases expand pushing the flame-front much like a piston in a cylinder.

** Conti RS [2006]: “Responders to Underground Mine Fires”, NIOSH Pittsburgh Research Laboratory
3 http://en.wikipedia.org/wiki/Pressure
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Turbulence is created by imperfections in the ribs, roof and floor and varying methane
concentration between floor and roof. Studies by the US Bureau of Mines found that a typical 25
foot flame-front generates a 15 psi overpressurization wave with one second duration®®. As the
flame-front passes a crosscut, a portion of its energy is transferred along these paths reducing the
pressure in the forward direction. In addition, as the pressure front moves it loses pressure as a
result of friction with ribs, floor and ceiling.

The Task Force’s scenario assumes that miners are within 1,000 feet of a methane
explosion. Each crosscut that the blast passes reduces its pressure by 1/3, therefore, if it were 15
psi before a cross-cut it would be 10 psi afterward®’. The additional loss from surface friction is
33% per 100 feet traveled>®. We also found that Department of Defense weapon designers use a
13 psi peak overpressure as the 100% lethality threshold®. Blast injury occurs from an
interaction of the overpressurization wave and the body with differences occurring from one
organ system to another. Air-filled organs such as the ear, lung, gastrointestinal tract and organs
surrounded by fluid-filled cavities such as the brain and spinal cord are especially susceptible to
overpressure blast injury4°. The overpressurization wave dissipates quickly, causing the greatest
risk of injury to those closest to the explosion‘“. Tt is thus possible that because of the turbulent

nature of the pressure, some survivors could benefit from emergency shelter/chamber

3 Mitchell, DW and Nagy J [1963]: “Experimental Coal Dust and Gas Explosions”, US Bureau of Mines, RI 6344
37 GexCon AS: “Gas Explosion Handbook”, http://www. gexcon.com/index.php?sre=handbook/GEXHBchap1 htm
38 Mainiero, RJ and Weiss ES [1983]: “Blast Wave Propagation in Underground Mines”, USBM Pittsburgh
Research Laboratory

3% US Naval graduate school [2006]: “Introduction to Naval Weapons”, http://www.fas.org/man/Department of
Defense-101/navy/docs/es310/syllabus.him

%0 Elsayed, N. M. (1997). Toxicology of blast overpressure. Toxicology, 121, 1-15.

1 Mayorga, M. A. (1997). The pathology of primary blast overpressure injury. Toxicology, 121, 17-28.
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installations. The Task Force thus determined that a 15 psi overpressurization wave for a
shelter/chamber located in a crosscut 500 feet but no more than 1,000 feet from a working face
explosion would likely survive for use by miners who find they could not escape.

The Task Force also considered dynamic pressure. Dynamic pressure is the pressure
increase that a moving fluid imparts upon an object in its path and is expressed as the velocity of
that object. A 1/16 inch square rock particle would be accelerated by the explosion of 1,000
cubic feet of 10% methane to 1,500 feet per second.*” It is unlikely that even the most robust
shelter/chamber could survive such conditions. Using the same logic as MSHA uses for seal
limits the Task Force recommends that shelter/chambers be positioned in crosscuts in order to
avoid much of the dynamic pressure.

Temperature thresholds were predominately developed based upon the discussions with
SCSR manufacturers and NIOSH that revealed the maximum temperature at which catastrophic
failures were observed were in the 150 °F to 300°F range™. Most emergency shelter/chamber
manufacturers appear to be offering oxygen supply in the form of compressed gas or chemical
generation processes similar to those used by SCSR manufacturers. It was also learned that the
irreversible damage threshold for human skin is 170°F for 1 second*. Methane combustion

generates temperatures at the flame front exceeding 2,500°F with the front moving at

2 y(at 100 m) = (2150 m/s) ¢*!2x 03 x 00001 x 100/2x000) — 48() /s - Fragment velocity at 100 m from the detonation
given: A =1 cm*Cy = 0.5 m = 2 g with the default value for the density of air.

¥ Interviews with NIOSH scientists and CSE, Drager, and Ocenco technical personnel [April 2006]

* Clarke J [1999]: “Burns” Brit Med Bull 1999; 55: 885-894 and Koumbourlis A C {2003]: “Electric injuries”
Crit Care Med; 30 (Suppl 11): S424-430.
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approximately 100 feet per second®”. While the flame would quickly pass, the resuitant
convective and irradiative heat would likely exceed the skin damage thresholds by at least a
factor of two resulting in deep 2" and 3" degree burns*®. The Task Force concluded that a flash
temperature of 300 °F would ensure that the shelter would survive an initial event.

It does little good if the shelter survives the initial event but the environment inside will
not support the lives of any miners who may not be able to escape. In considering interior
environmental criteria, the Task Force adopted existing NIOSH, MSHA, and WV MHS&T
guidelines of oxygen, carbon dioxide, and carbon monoxide. For temperature we found general
consensus among Department of Defense, NATIONAL AVIATION_AND SPACE
ADMINISTRATION, Canadian, Australian, and United Kingdom guidance for an ‘apparent-
temperature’ of 95°F %7 The largest technical challenge in maintaining this temperature is the
approximately 400 BTU per hour per miner that will be generated while the shelter/chamber is
occupied*®. Each BTU per hour represents the energy required to raise the temperature of one
pound of water by one degree Fahrenheit. Potentially high temperatures are compounded by high

humidity in a sealed environment. High humidity reduces the ability of the body to regulate

45 University of South Australia, School of Engineering [2003]: “Gas, dust, spontaneous combustion & outbursts”
4 Wilcox R [1996]: “The realities of explosive thermal radiation”, http://www.explosafety homecall.co.uk/
art1pt3.htm and Burnsurgery.org [2006]: “Section II: Pathogenesis of burn injury (initial and delayed)”,

41 Apparent temperature is an adjustment to the dry bulb temperature based on the level of humidity. It is computed
using AT = Ta + 0.33xe — 4.00 where Ta = Dry bulb temperature (°C) and e = Water vapor pressure with the water
vapor pressure calculated from the dry bulb temperature and relative humidity using the equation: e =rh/ 100 x
6.105 x exp ( 17.27 x Ta/(237.7 + Ta ) ) with rh being the relative humidity in percent

48 NATIONAL AVIATION AND SPACE ADMINISTRATION [2004]: “Manned Systems Integration Standards”
http://msis jsc.National Aviation and Space Administration.gov/Volumel.htm
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temperature by sweating thus raising the internal body temperature to the danger range®.
Several studies report deaths as the result of elevated temperatures in enclosed spaces.”

The Task Force set criteria in others areas it concluded appropriate. The Task Force
recommends that the emergency shelter/chamber be able to maintain its acceptable environment
while allowing miners to enter and exit as needed. The Task Force recommends that the
shelter/chamber provide a means to readily identify where it is and if it is occupied. The Task
Force concludes it should provide a means of monitoring both the inside and outside air quality
and provide a means of signaling the surface. Regarding food and water, the Task Force looked
to various Department of Defense, NATIONAL AVIATION AND SPACE
ADMINISTRATION, and other sources for minimum sustainable levels. Regarding sanitation
the Task Force recommends removal verses chemical treatment. In maintainability, the Task
Force recommends that the shelter/chamber be transportable, readily inspected, and contain
supplies for its repair while occupied. The Task Force concluded it should be provided with
appropriate first aid supplies. And lastly, because it will only be used in the case of an
emergency, where applicable, anything in or associated with the shelter/chamber be MSHA
certified intrinsically safe or explosion proof.

The Task Force views emergency shelters/chambers as a system. The system includes
the materials that physically are in the shelter/chamber, the emergency rescue plan that includes

the shelter, and the training for miners and rescue teams in the use of the shelter as a ‘last resort’.

“ Brenkley BJ et al [2003]: “Use of Self-Rescuers in Hot and Humid Mines”, UK Mines Rescue Service; Research
Report 180

50 Brake, DJ and Bates, GP [1999]: “Criteria for the Design of Emergency Refuge Stations for Underground Metal
mines”, AusIMM Proceedings, No. 2 1999
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For that reason, the Task Force also recommends that shelters be incorporated in all aspects of
safety, prevention, response planning, and training. All training shall be recorded and made
available upon request.
DEFINITIONS
e Emergency Shelter/Chamber — An enclosed space located within 1,000 feet of the
nearest working face with all sides made from man-made materials whose function is to
protect the occupants from hazardous gases.
REQUIREMENTS
Based upon the Task Force’s scenario it is recommended that in order to be approved the
Director determine that each proposed emergency shelter/chamber:
e provide a minimum of 48 hours life support (air, water, emergency medical supplies, and
food) for the maximum number of miners reasonably expected on the working section;
e be capable of surviving an initial event with a peak overpressure of 15 psi and a flash
temperature of 300 degrees Fahrenheit;
e be constructed such that it will withstand normal handling and pre-event mine conditions;
e provide for rapidly establishing an internal shelter atmosphere of
0, above 19.5%,
CO, below 0.5%,
CO below 50 ppm, and

an apparent-temperature not exceeding 95 degrees Fahrenheit;
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e provide the ability to monitor carbon monoxide and oxygen inside and outside the
shelter/chamber;

e provide a means for entry and exit that maintains the integrity of the internal atmosphere;

e provide a means for intrinsically safe power if required;

e provide a minimum of eight quarts of water per miner;

e provide a minimum of 4000 calories of food per miner;

e provide a means for disposal of human waste to the outside of the shelter/chamber;

¢ provide a first aid or EMT kit in addition to a section first aid kit;

e have provisions for inspection of the chamber/shelter and contents;

¢ contain manufacturer recommended repair materials;

e provide a battery-powered internal strobe light visible from the outside indicating
occupancy;

e provide a means of communications to the surface; and

e only contain MSHA approved materials where applicable.

COMMERCIAL AVAILABILITY

The Task Force has reviewed multiple shelter/chamber designs and has determined that

products able to meet these standards are currently available for the Director’s evaluation.
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OPTIONS REVIEWED
Built-in-Place

A built-in-place shelter is a barricade that utilizes the mine as part of its construction (for
example enclosing a crosscut). The Task Force reviewed several documents produced during the
1970’s and 1980°s by the US Bureau of Mines regarding the use of built-in-place shelters using
areas, i.e. crosscuts in a mine.

Some Task Force members wanted to prohibit the use of built-in-place shelters in the
State of West Virginia, while other Task Force members wanted to allow the use of built-in-
place shelters as an option to provide equivalent protection to a shelter/chamber.

The Task Force discussed this issue many times throughout its deliberations and could
not reach a consensus.
Hard-Walled

The Task Force reviewed many designs including some prototypes for chambers
constructed with hard walls. Most were made of steel, however, so.me innovative designs
included composites and other materials. They are either ready to enter or require minimal
assembly if miners find they can not escape.
Soft-Walled

The Task Force reviewed a lesser number of soft-walled chambers. These would be
stored in some manner for protection prior to an event and would only be deployed if the miners

were unsuccessful in escaping.
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Internal Subsystems

Manufacturers differed in their approaches to provide an acceptable atmosphere inside
their chambers. Many utilized compressed air or oxygen with some using chemical oxygen
production. They all utilized some form of chemical carbon dioxide removal and carbon
monoxide removal. Several have attempted to address the temperature control issue without
using battery power and the Task Force has confidence they will succeed. The Task Force has
encouraged manufacturers to find as many ways as possible to eliminate dependence on
electricity from batteries as they introduce the chance of failure in a chamber that may sit for
years without use. Several have made significant strides toward this as their designs evolve.
IMPLEMENTATION, COMPLIANCE AND ENFORCEMENT

1. The Director shall require, in each underground mine, an emergency shelter/chamber, it
shall be located in a crosscut no more than 1,000 feet from the nearest working face and
shall be accurately located on mine maps.

2. The Director may approve, as an alternative to a shelter/chamber, an additional surface
opening located no more than 1,000 feet from the nearest working face and accurately
located on mine maps.

3. The Director shall acquire, no later than July 1, 2006, the necessary technical/engineering
support needed to evaluate the performance of emergency shelter/chamber
components/systems, and to review the effectiveness of emergency shelter/chamber

plans.
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10.

The Director shall, no later than July 10, 2006, issue an open opportunity for emergency
shelter/chamber providers to submit products for approval.

The applicant is to submit documentation including a certification by an independent
licensed professional engineer that its unit meets the requirements.

The Director shall maintain a current list of approved emergency shelter/ chambers on the
West Virginia MHS&T web site.

After an emergency shelter/chamber has been approved, any modifications must be
submitted for approval by the Director.

The Director shall convene the Mine Safety Technology Task Force not less than once
per month through June 30, 2007 for the purpose of reviewing progress by
manufacturers, regulators, and operators toward achieving the goals set forth in SB-247
and to review the functional and operational capability of necessary mine safety and
health technologies. The Task Force shall submit a report to the Director of its findings
and recommendations.

No later than April 15, 2007 all underground mine operators shall submit an emergency
shelter/chamber plan for approval by the Director. The design, development, submission,
and implementation of the shelter/chamber plan shall be the responsibility of the operator
of each mine.

Within thirty (30) calendar days after submission of the emergency shelter/chamber plan,
the Director shall either approve the emergency shelter/chamber plan or shall reject and

return the plan to the operator for modification and resubmission, stating in detail the
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1.

12.

13.

reason for such rejection. If the plan is rejected, the Director shall give the operator a
reasonable length of time, not to exceed fifteen (15) calendar days, to modify and
resubmit such plan.

Within 15 days of approval by the Director, the underground mine operator shall submit
as an addendum to its emergency shelter/chamber plan a copy of any contract, or
purchase order, or other proof of purchase of any equipment required to complete the
emergency shelter/chamber and for installation and ongoing maintenance.

After the Director has approved an operator’s emergency shelter/chamber plan, the
operator shall submit revisions to the emergency shelter/chamber plan at any time that
changes in operational conditions result in a substantive modification. In addition, at any
time after approval, the operator may submit proposed modifications or revisions to its
plan along with reasons therefore to the Director. Within thirty (30) days after receipt by
the Director of any proposed revisions or modifications to the emergency shelter/chamber
plan, the Director shall either approve or reject the revisions, stating in detail the reasons
for such rejection.

If the Director, in his sole discretion, determines that an operator has failed to provide an
emergency shelter/chamber plan, has provided an inadequate emergency shelter/chamber
plan, has failed to comply with its approved emergency shelter/chamber plan, or has
failed to provide a copy of any contract, purchase order or other proof of purchase
required under this section, in an effort to delay, avoid or circumvent compliance with

subdivision (2), subsection (f), section fifty-five, article two, chapter twenty-two-a of the
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14.

15.

16.

Code or these rules, the Director shall issue a cessation order to the operator for the

affected mine.

In developing the emergency shelter/chamber plan and any revisions, the operator shall

take into consideration the physical features of the particular mine, emergency plans,

advances in emergency shelter/chamber technologies and any other aspect of the
particular mine the operator deems relevant to the development of the emergency
shelter/chamber plan.

A copy of the approved emergency shelter/chamber plan shall be provided to the mine

rescue teams providing coverage for the mine. Copies of the most recent version shall be

available at the mine for emergency responders. As changes are made to the system,
updated versions shall be submitted to the above parties.

The proposed emergency shelter/chamber plan shall:

e describe the structure and operations of the emergency shelter/chamber and its role in
emergency response;

e ensure that emergency shelters/chambers are included in initial mine hazard training
in such a manner that it is in compliance with all manufacturer’s requirements and is
provided yearly in addition to annual refresher training. All training shall be recorded
and made available upon request;

e ensure weekly inspections of emergency shelters/chambers and contents shall be
conducted by a certified mine foreman/fireboss and recorded in weekly ventilation

examination book;
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ensure that weekly safety meetings review the current location of applicable
emergency shelters/chambers and results of the latest inspection;

ensure that emergency shelters/chambers shall be equipped with easily removable
tamper-proof tags such that a visual indication of unauthorized access to the
emergency shelter/chamber can be detected; and

ensure that the mine’s communication center shall monitor any communication
systems associated with the emergency shelter/chamber at all times that the mine is

occupied.

17. The proposed emergency shelter/chamber shall include the ability to:

provide a minimum of 48 hours life support (air, water, emergency medical supplies,
and food) for the maximum number of miners reasonably expected on the working
section;

be capable of surviving an initial event with a peak overpressure of 15 psi and a flash
temperature of 300 degrees Fahrenheit;

be constructed such that it will be protected under normal handling and pre-event
mine conditions;

provide for rapidly establishing an internal shelter atmosphere of

0, above 19.5%,

CO; below 0.5%,

CO below 50 ppm, and

an ‘apparent-temperature’ of 95 degrees Fahrenheit;
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18.

e provide the ability to monitor carbon monoxide and oxygen inside and outside the
shelter/chamber;

e provide a means for entry and exit that maintains the integrity of the internal
atmosphere;

e provide a means for intrinsically safe power if required;

e provide a minimum eight quarts of water per miner;

e provide a minimum of 4000 calories of food per miner;

e provide a means for disposal of human waste to the outside of the shelter/chamber;

e provide a first aid or EMT kit in addition to a section first aid kit;

o have provisions for inspection of the shelter/chamber and contents;

e contain manufacturer recommended repair materials;

e provide a battery-powered internal strobe light visible from the outside indicating
occupancy;

e provide a means of communications to the surface; and

e only contain MSHA approved materials where applicable.

The Director may require modifications to an emergency shelter/chamber approval or an

emergency shelter/chamber plan at any time following the investigation of a fatal

accident or serious injury, as defined by Title 36, Series 19, Section 3.2, if such

modifications are warranted by the findings of the investigation.
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IV. COMMUNICATIONS AND TRACKING
SUMMARY

In completing its charge to evaluate availability, functional and operational capacity of
required communication and tracking devices, the Task Force reviewed multiple products,
designs, and approaches and has determined that while no single product exists to meet all the
requirements, the intent of SB-247 can be met in most if not all mines by employing separate
systems, possibly requiring one for communications and one for tracking.

Further, the Task Force has determined that through utilizing multiple products and
procedures an integrated communication/tracking system can be installed that would meet the
intent of the law ... ‘to protect miners in an emergency’.

Given the recent focus by our nation’s technical and scientific community concerning this
issue, the Task Force feels that with heightened oversight, continued and substantial progress can
be realized.

The Task Force believes that West Virginia must continue its leadership role for
emerging mine safety and health technologies by providing a monthly report of
communication/tracking progress to insure development and implementation at the earliest
possible opportunity.

BACKGROUND

In the aftermath of a catastrophic accident in an underground coal mine, lack of

information severely inhibits decision making both for those underground trying to escape and

those on the surface trying to respond. This lack of accurate information in the face of life-and-
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death decision making is a problem the military refers to as the ‘fog of war’. The current focus
on communications and tracking technologies seeks to reduce this fog.

The proliferation of technologies has encouraged a belief that any problem can be fixed
with the right device. This mind set has carried over to a regulatory world where ‘people’s
safety is addressed exclusively in engineering terms’>’ this means that human volition has been
left out of the equation. We believe this to be unsound. For this reason, we have taken a look at
how miners have made decisions in emergency situations. |

As part of this effort, the Task Force considered the experiences of its members and
others in underground mine accidents and reviewed studies on past mine accidents.

Several insights relevant to setting communication/tracking system requirements
emerged. First, emergency activities (including escape) are not individualistic. They tend to be
group responses. Therefore, models based on assumptions of individua] behavior are inadequate
for setting requirements. Second, leaders have a significant impact on people’s perceptions and
subsequent behavior. Thus, they greatly influence the groups’ survival chances. Third,
individuals will assist others, even at their own peril. Fourth, informal groups emerge for dealing
with non-routine situations. Finally, team decision-making becomes more common under

conditions of stress, even among groups that do not encourage teamwork. 2

51 Sime J [1985]. Environ and Behav 17(6):697-724
52 Vaught C et al [2000]. NIOSH Information Circular 9450
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Other valuable reference points are the elements of decision making itself; (1) the
recognition of a problem, (2) a definition or diagnosis, (3) consideration of options, (4) a choice
of what is perceived to be the best option given what is know and (5) execution of the decision.”

Simply installing technologies, however, will not eliminate the possibility that a wrong
decision may be made under extreme stress. Experience has demonstrated that the greater the
stress, the more often data will be ignored, noise will be mistaken for information and
information will be misconstrued, thus increasing the possibility for confusion. Emergency
communication/tracking system designs must be well thought through. They must be tailored to
the geology and operation of the mine and integrate not only hardware but procedures and
include experiential training to ensure success.

In its deliberation the Task Force reviewed advanced devices and systems from dozens of
vendors. It concluded that although no single device or system presented had all the functional
and operational capability for a combined communication/tracking system that satisfies all the
requirements set out in SB-247, there is the potential for adapting many of the more advanced
communication and tracking technologies to the underground mine environment. Discussions
with manufacturers and vendors indicated that attempts to do so have been stymied by the small
market size and the high cost of product development and certification. The Task Force found
that there has been little progress in mine communication and tracking technology since the
disbandment of the US Bureau of Mines communication efforts in the late 1980’s. In fact many

of the ‘new’ approaches presented were adaptations of approaches described by the USBM.

53 Flathers GW et al [1982] Aviat Space Environ Med 53(10):958-963
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Therefore, the Task Force recommends that a responsible agency be once again charged with
advancing mine communication/tracking technology.

The Task Force believes that rather than the simple selection of a device, miners are best
served by the creation of a mine-specific integrated communication/tracking system that
provides them the ability to better understand what is happening around them, to communicate
with other members of any groups they form in efforts to escape, to communicate with those on
the surface to exchange information, to allow those on the surface information as to miners’
Jocation that will reduce the time required for rescue if required, and that such systems
incorporate as many redundant options as practical to insure survivability. Additionally, the
Task Force believes it is critical that all expected participants in the emergency response have
knowledge of the capabilities and limitations of the system as installed and have been exposed to
experiential training on its use in group decision-making.

DEFINITIONS
e Emergency commurnications — transmission and reception of data and/or information
regarding an unexpected event requiring immediate action, including but not limited to
voice, text, signal beacons, etc.
e Wireless — allowing individual emergency communications with a mine communication
system without a physical connection
e Communication device — a piece of equipment that is a component of an integrated mine

communication/tracking system
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e Physical location — position in relation to a tracking device at a known location to enhance
rescue and communication with miners during an emergency

o Tracking & location — knowing the physical position of miners at the moment of the event
and as the event progresses if the tracking/location system being used is still functional

e Tracking/locating device - a piece of equipment that is a component of an integrated mine
communication tracking system for the purpose of providing the physical location of a miner
during an emergency

REQUIREMENTS

Each undergrou'nd mine shall provide an integrated communication/tracking system, a
component of which shall be a communication center monitored at all times during which one or
more miners are underground. This center shall be staffed by persons holding a valid
underground miners certificate, and trained and knowledgeable of the installed communications/
tracking systems, monitoring and warning devices, travel-ways, and mine layout.

Individuals not possessing a valid underground miner’s certificate but working full-time
as a communication center operator on or before May 25, 2006 shall be allowed to continue as
communications center operators at that mine provided they will have successfully completed no
later than December 31, 2006, a certified 80-hour underground miners training program and
documentation of training is available for inspection.

The communication/ tracking system shall provide the ability for:

e knowing the location of all miners immediately prior to an event by tracking/locating in the

escapeways, normal work assignments, or notification of the communication center;
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e knowing the location of miners in the escapeways after an event, providing the tracking
system is still functional;

e check-in and check-out with the communication center by persons prior to entrance and exit
from bleeders and remote or seldom used areas of the mine (all times shall be logged);

e allowing two way communications coverage in at least two separate air courses, one of
which being an intake;

e maintaining communication/tracking capabilities with loss of outside power and maintain
function both inby and outby of the event site with suitable supply of equipment for rapid
reconnection;

e maintain a surface supply of communication/ tracking devices for use by emergency rescue
personnel; and

e allow for communication to surface at all required shelter/chambers.

All mine personnel shall be trained in the use, limitations and inter-operability of all
components of the communication and tracking/locating system. All training shall be recorded
and made available upon request.

The description and operations of the integrated communication/tracking system and its
role in emergency response specific to the mine shall be detailed and submitted to the Director
and to the mine rescue teams providing coverage for the mine once approved. Copies of the
most recent version shall be available at the mine for emergency responders. As changes are

made to the system, updated versions shall be submitted to all the above.
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COMMERCIAL AVAILABILITY

In completing its charge to evaluate commercial availability and functional and
operational capacity of required devices, the Task Force reviewed multiple communication and
tracking products, designs, and approaches and has determined that no single product exists to
meet all the requirements of a combined communication/tracking system outlined in SB-247.
However, the Task Force has determined that products are available to install separate systems,
one for communication and one for tracking. Further the Task Force has determined that through
utilizing multiple products and procedures an integrated communication/tracking system can be
installed that would meet the intent of the law...to ‘protect miners in an emergency’.

Although the environment of underground mines presents physical challenges that
impose severe limitations to communications options available on the surface, the Task Force
has determined that development of options for underground communication and tracking have
been held back primarily by the small size of the potential market. The potential sales volume
does not warrant the costs of product development and obtaining the required approvals.

The Federal government has traditionally supported the development of critical
technologies in areas where there is a public need and the free market can not respond. Millions
of dollars have been spent in developing technologies for markets with limited volumes in the
energy industry such as the advanced seismic exploration of oil and gas, advanced combustion
turbines for power generation, nuclear power, advanced hot gas cleanup systems for boilers, but
none for advancement of coal mine technology. The only instances the Task Force found where

Federal funds where used to advance mine communication and tracking products to market in the
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last 20 years were two projects funded by the US Department of Energy under an energy
efficiency program.

With the reductions in funding of the US Bureau of Mines (USBM) starting in mid
1980’s and its eventual termination in the 1990’s, all efforts to advance mine technology, not just
communications and tracking, basically ended in the United States. The cooperative research
and development approaches developed under the USBM were successfully adopted by the US
Department of Energy and applied to the Clean Coal Technology program and natural gas and
oil exploration and production. However, no serious effort has been made by the Federal
government to encourage industry to develop or adapt technologies to coal mining.

The Task Force believes that West Virginia should exert the credibility gained through its
leadership role in mine health, safety, and training to define a Federal/State partnership that will
formalize a program for continuous development of mining technology. Such a program should
leverage funding from states with federal dollars to address solutions that are based upon the
needs identified by state mine offices in consultation with federal agencies. The program should
utilize the Small Business Innovative Research (SBIR) model to seek alignments between
mining needs with those of Department of Defense, NATIONAL AVIATION AND SPACE
ADMINISTRATION, DOE, etc. The SBIR model solicits solutions from small business for
well-defined agency needs. The process has well defined phases, provisions for cost sharing,
and commercialization goals. State funds could provide added cost-share money to enhance
competitiveness of West Virginia proposals and accelerate development. Until such time as such

a program can be established, The Task Force recommends that West Virginia initiate a program
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of its own based upon this model to spur solutions and advance small business innovation in the
State.

The Task Force has concerns about the current MSHA approval process applied to
communication and tracking which only focuses on explosion prevention and not on
functionality and operability. Products that are functionally ineffective and impossible to operate
can be certified under the current rules. Therefore, the Director needs a means of ensuring that
communication and tracking technologies that are MSHA certified actually work in the West
Virginia applications for which they are proposed.

The Task Force recommends that the Office of MHS&T employ or obtain the services of
an engineer whose duties would include reviewing communication/tracking technologies,
communications/tracking plans, modification requests, provide technical assistance to industry
and inspectors, and work to encourage the development or adaptation of communication and
tracking technologies to West Virginia’s underground mines.

OPTIONS REVIEWED

The Task Force reviewed multiple techniques of communication and tracking. All of
them offer some advantages and have some limitations. A summary of the techniques follows.
Through-The-Earth Communications Options

Through the Earth (TTE) communications can take different forms. They include ground
conduction, seismic, and wireless. Each type has unique characteristics which may be beneficial

under certain emergency situations.
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TTE Ground Conduction Signaling - Ground conduction signaling, called “the TPS
method” by the U.S. Army Signal Corps™; consists of injecting and receiving signals through the
ground via ground-stake connections.

TTE Seismic Signaling - Seismic signaling consists of using special sensors called
geophones, to pick up vibration signatures created by a miner who pounds on roof bolts, the roof,
or floor of the mine. >

TTE Wireless Signaling - A portable TTE system will likely have the best chance of
providing contact with miners since it offers the best resistance to damage from roof falls, fires,
and explosions. However, in this type of system frequency, geology, noise, and depth will
influence the probability of successful communication.”®
Through-The-Air Communications Options

Underground coal mines present unique challenges to radio signal propagation. The
electrical properties of coal attenuate certain frequencies more than others. The effectiveness of
wireless radio transmission in particular coal mines can only be determined through thorough

testing in the mine environment.

54 Jakosky, J.J., February 1924, UG Signaling for Mines by the Ground-Conduction or “T.P.S.” Method, U.S.
Bureau of Mines, RI 2576.

55 Kononov, Dr. V.A, November 1999, Develop a trapped miner location system and an adequate strategy and
associated technologies, CSIR Division of Mining Technology South Africa and Powell, JA and Watson, RA
[1976]: “Seismic Detection of Trapped Miners Using In-Ground Geophones~, USBM RI-8158 and Greenfield, RJ
[1983]: “Improvements to the Seismic Detection and Location Procedure”, Penn State Univ, USDI J0318047 and
Fowler, JC [1975]: “Seismic Mine Monitor System”, Conoco Geophysical, DOl HO133 112 and Greenfield, RJ
[1982]: “Theoretical Investigation of Seismic Waves Generated in Mines”, G-0155044

56 Emslie, AG et al, Emergency and Operational Mine Communications, Arthur D. Little, U.S. Bureau of Mines
Contract Report No. HO122026.
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Research has shown that medium frequencies (MF) offer a viable approach to underground
coal mine communications under certain circumstances. MF transmission is feasible for both
personnel and vehicular communications. It does not suffer the attenuation characteristics and
severe corner losses of Ultra High Frequencies (UHF) communications nor does it require the
use of leaky feeder cable. Furthermore, it does not experience the high noise levels of low
frequency communications. Research has demonstrated ranges of 1000 — 1500 feet in
conductor-free areas, and much greater ranges in conductor-filled areas®’. 300 kHz to 600 kHz
(MF) frequencies work well when in the presence of any conductive medium (e.g., wires, cables,
tracks, etc.). Radio signals in the 27 MHz range are absorbed by coal seams®. Radio signals in
the 150, 500, 900 MHz and 2.5 GHz provide good line-of-sight propagation but typically won’t
turn more than a few crosscuts.”

Through-The-Wire Communications Options

All communications and tracking devices eventually connect to a wired system either above

or below ground. Through-the-wire (TTW) communications signals travel over twisted pair,

CATS5 (Ethernet cable), trolley cables, leaky feeders, and fiber optic cables.® Each of these

7 Aidala, D.A., Lagace, R.L., Emslie A.G, Ginty, J.J., Roetter, M.F., Spence R.H. Welz, A.W. A Survey of EM and
Seismic Noise Related to Mine Rescue Communications, Arthur D. Little Inc. U.S. Bureau of Mines Contract
Report HO122026.

%% Curtis, D.A, Lagace, Robert L, Foulkes, J.D., Rothery J.L., May 1977, Feasibility of Developing Efficient
Compact Transmit Antennas for Portable VLF to MF Wireless Mine Communications, Arthur D. Little Inc. U.S.
Bureau of Mines Contract Report HO346045.

%% Conti, Ronald, 2000, White Paper on Technologies for Communications and Locating Trapped Miners.

% Moussa, Albert, Lagace, Robert L., 1982, February, Initial Study of Buried Communications Cable for UG Mines,
U.S. Bureau of Mines Contract Report No. JO3038037.
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cable types have unique properties which generally are selected to suit the characteristics of the
signals being conveyed. While TTW communication systems provide a large selection of device
options and easily transfer signals between the surface and underground, they are susceptible to
failure due to fires, explosions, and roof falls. However, with judicious system design and use of
redundant wiring designs TTW systems should survive all but the most severe accidents.®’
Seismic Communications/Tracking Options

Though not generally thought of as a communication system, a seismic location system
can locate a miner with an accuracy of 100 feet and can tell a miner his signal has been located.
As a miner moves, the path of these signals can track movement during an escape. Research
performed in the 1970°s by the USBM produced a system and a method which could provide
locations of miners to a depth of 2000 feet. Many advances have been made in seismic
equipment with current systems operating off a laptop computer. Miners generate seismic signals
by pounding on mine surfaces such as the roof, floor, and ribs, but preferably roof bolts. The
system can monitor approximately 1 square mile over most mines®.
Tracking/Location Identification Options

There are multiple means of locating and tracking a miner. One method involves
measuring the strength of the signal from a miner’s radio in relation to known receivers.

Another involves embedding radio-frequency identification (RFID) tags on each miner that

81 Forbes, J.J, Griffith, F.E., Cash, F.E., Petersen, Max S., March 1946) Mine Rescue Life-line Telephone
Assemblies, U.S.Bureau of Mines Report of Investigation 3875.

62 | apace, Robert L., Dobbie, James M., Hawes, William S., Detection of Trapped Miner EM Signals Above Coal
Mines, U.S. Bureau of Mines Contract Report No. J0188037, July 1980.
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transmit data to an RFID receiver of known location. As the miner passes a receiver, it notifies a
central system that records the location via a combination of wireless readers interconnected via
leaky feeder, WiFi, or other systems. 63

IMPLEMENTATION, COMPLIANCE AND ENFORCEMENT

1. The Director shall require, in each underground mine, an integrated communication/
tracking system, a component of which shall be a communication center monitored at all
times during which one or more miners are underground.

2. The Director shall acquire, no later than July 1, 2006, the necessary technical/engineering
support to evaluate the performance of individual communication/tracking systems and
review the effectiveness of communication/tracking plans.

3. The Director shall convene the Mine Safety Technology Task Force not less than once
per month through June 30, 2007 for the purpose of reviewing progress by
manufacturers, regulators, and operators toward achieving the goals set forth in SB-247
and other mine health and safety technology to promote the availability, functional and
operational capability of necessary mine safety and health technologies. The Task Force
shall submit a report to the Director of its finding and recommendations.

4. No later than August 31, 2007 all underground mine operators shall submit a
communication/tracking plan for approval by the Director. The design, development,

submission, and implementation of the communication/tracking plan shall be the

responsibility of the operator of each mine.

53 Grayson, R.L., Unal, A., April 1998, Evolution of RFID technology in UG Mines, Mining Engineering, pp. 75-80.
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5. Within thirty (30) calendar days after submission of the communication/tracking plan, the
Director shall either approve the communication/tracking plan, or shall reject and return
the plan to the operator for modification and resubmission, stating in detail the reason for
such rejection. If the plan is rejected, the Director shall give the operator a reasonable
length of time, not to exceed fifteen (15) calendar days, to modify and resubmit such
plan.

6. Within 15 days of approval by the Director, the underground mine operator shall submit
as an addendum to its plan, a copy of any contract, or purchase order, or other proof of
purchase of any equipment required to complete the communication/tracking system and
for installation and ongoing maintenance.

7. After the Director has approved an operator’s communication/tracking plan, the operator
shall submit revisions to the communications plan at any time that changes in operational
conditions result in a substantive modification in the communication/tracking system. In
addition, at any time after approval, the operator may submit proposed modifications or
revisions to its plan along with reasons therefore to the Director. Within thirty (30) days
after receipt by the Director of any proposed revisions or modifications to the
communications/tracking plan, the Director shall either approve or reject the revisions,
stating in detail the reasons for such rejection.

8. Ifthe Director, in his sole discretion, determines that an operator has failed to provide a
communications/tracking plan, has provided an inadequate communications/tracking

- plan, has failed to comply with its approved communications/tracking plan, or has failed
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10.

11.

to provide a copy of any contract, purchase order or other proof of purchase required

under this section, in an effort to delay, avoid or circumvent compliance with subdivision

(2), subsection (f), section fifty-five, article two, chapter twenty-two-a of the Code or

these rules, the Director shall issue a cessation order to the operator for the affected mine.

In developing the communication/tracking plan and any revisions, the operator shall take

into consideration the physical features of the particular mine, emergency plans, existing

communication infrastructure, advances in communication/tracking technologies and any
other aspect of the particular mine the operator deems relevant to the development of the
communication/tracking plan.

The proposed communication/tracking plan shall describe the structure and operations of

the separate or integrated communication/tracking system(s) and its role in emergency

response specific to the mine shall be detailed and submitted to the Director and, once
approved, to the mine rescue teams providing coverage for the mine. Copies of the most
recent version shall be available at the mine for emergency responders. As changes are
made to the system, updated versions shall be submitted to the above.

The proposed communication/tracking system shall include the ability for:

e acommunication center monitored at all times during which one or more miners are
underground. This center shall be staffed by persons holding a valid underground
miners certificate, and trained and knowledgeable of the installed communications/
tracking systems, monitoring and warning devices, travel ways, and mine layout.

Individuals not possessing a valid underground miner’s certificate but working full-
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time as a communication center operator on or before May 25, 2006 shall be allowed
to continue as communications center operators at that mine provided they will have
successfully completed no later than December 31, 2006 a certified 80 hour
underground miners apprentice training program énd documentation is available for
inspection;

knowing the location of all miners immediately prior to an event by tracking/locating
in the escape-ways, normal work assignments, or notification of the communication
center;

knowing the location of miners in the escape-ways after an event providing the
tracking system is still functional;

check-in and check-out with the communication center by persons prior to entrance
and exit from bleeders and remote or seldom used areas of the mine (all times shall be
logged);

allowing two way communications coverage in at least two separate air courses and at
least one of which shall be an intake;

maintaining communication/tracking after loss of outside power and maintain
function both inby and outby of the event site with suitable supply of equipment for
rapid reconnection;

maintain a surface supply of communication/ tracking devices for use by emergency
rescue personnel;

allow for communication to surface at all required shelters/chambers;
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all miners and likely emergency responders shall be trained in the use, limitations and
inter-operability of all components of the communication and tracking/locating
system. This shall be incorporated into required training. All training shall be

recorded and made available upon request;

12. The operator shall provide a schedule of compliance for the communication/tracking

13.

plan, which shall include:

a narrative description of how the operator will achieve compliance with above
requirements;

a schedule of measures, including an enforceable sequence of actions with
milestones, leading to compliance; and

a statement indicating when the implementation of the proposed plan will be

complete.

The operator shall provide as attachments to its communication/tracking plan:

a statement of the analysis and evaluation required in developing its plan;

a statement indicating the initial training dates for implementation of the
communication/ tracking system and how the communication/tracking system will be
incorporated in other required training;

a statement regarding how the communications/tracking system will be tested and
maintained; and

the name of the person or persons representing the operator, including his or her title,
mailing address, email address and telephone number, who can be contacted by the

78



Mine Safety Technology Task Force Report
May 29, 2006

Director for all matters relating to the communication/tracking plan and weekly

testing of the system.
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V. RELATED SAFETY ISSUES

The Task Force found many related safety and health issues important to miners but was
unable to dedicate significant time to any. It provides the following recommendations and will
work with the Director and the Board of Coal Mine Health and Safety to better explore these
related issues.
LIFELINES

In lieu of installed lifelines in track or belt entries, markers such as floor mats with
arrows, fish plate reflectors, red/green lasers shall be installed at distances not to exceed 1,000
feet or line of sight, or other equivalent devices may be used if approved by the Director.
SEALS

‘Omega” type blocks shall not be used in future seal construction. They may, however,
be used for other type ventilation controls. The Task Force applauds the Director’s May 12,
2006 action imposing a moratorium on “Omega” type block installations and MHS&T’s ongoing
review of all existing installations. It is recommended that immediate corrective action be taken
where warranted.
SEISMIC LOCATING DEVICES

The Director shall provide portable seismic locating systems at each regional office for
use in locating trapped miners. Each office will maintain a trained staff that shall upon
notification from Homeland Security Office, be capable of delivering the system to the mine site
and to deploy system immediately and without delay. These persons shall practice with the said

systems at least annually at different mine sites.
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MINE RESCUE TEAMS

The Task Force supports and applauds the actions taken by the Board of Coal Mine
Health and Safety and the Director of the Office of MHS&T for their efforts to address mine
rescue capabilities and other mine rescue concerns in the State of West Virginia. The Task Force
recommends these efforts be expanded to reflect currently available technology for mine rescue
and fire fighting.

All mine rescue teams must participate in at least 2 mine rescue training events that are

state or nationally sanctioned each year.

81



Mine Safety Technology Task Force Report
May 29, 2006

APPENDIX A —~ SENATE BILL 247 AND THE EMERGENCY RULE
ENGROSSED
COMMITTEE SUBSTITUTE
FOR
Senate Bill No. 247
(By Senators Tomblin, Mr. President, and Sprouse,

By Request of the Executive)

[Originating in the Committee on the Judiciary;

reported January 23, 2006.]

A BILL to repeal §22A-2-69 of the Code of West Virginia, 1931, as amended; to amend said
code by adding thereto a new article, designated §15-5B-1, §15-5B-2, §15-5B-3, §15-5B-4 and
§15-5B- 5 ; to amend and reenact §22A-2-55 and §22A-2-66 of said code; and to amend said
code by adding thereto a new section, designated §24-6-14, all relating to mine and industrial
emergencies; creating the Mine and Industrial Accident Rapid Response System; providing
requirements for protective equipment in underground mines; providing for criminal penalties
for the unauthorized removal of or tampering with certain protective equipment; defining certain
terms; providing for notification requirements in the event of an accident in or about any mine
and imposing a civil administrative penalty for the failure to comply with such notification
requirements; providing rule-making authority; and clarifying the responsibilities of county
answering points.

Be it enacted by the Legislature of West Virginia:

That §22A-2-69 of the Code of West Virginia, 1931, as amended, be repealed; that said code be
amended by adding thereto a new article, designated §15-5B-1, §15-5B-2, §15-5B-3, §15-5B-4
and §15- 5B-5 ; that §22A-2-55 and §22A-2-66 of said code be amended and reenacted; and that
said code be amended by adding thereto a new section, designated §24-6-14, all to read as
follows:
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CHAPTER 15. PUBLIC SAFETY.

ARTICLE 5B. MINE AND INDUSTRIAL ACCIDENT RAPID RESPONSE SYSTEM.
§15-5B-1. Legislative purpose; Mine and Industrial Accident Rapid Response System
created.
(a) The Legislature finds that the health and safety of persons working in and around the mining
industry and other industries is of paramount concern to the people of West Virginia and that
deaths and serious injuries resulting from dangerous working conditions cause grief and
suffering to workers and their families. The Legislature further finds that there is an urgent need
to provide more effective means and measures for improving emergency response and
communications for dealing with mine and industrial accidents. The Legislature declares that it is
_in the best interest of the citizens of West Virginia to designate an emergency telephone number
for mining or industrial personnel to initiate a rapid emergency response to any mine or
industrial accident. Provision of a single, primary emergency number through which emergency
services can be quickly and efficiently obtained and through which the response of various state
agencies charged by law with responding to mine and industrial emergencies can be coordinated
will significantly contribute to the public good. The Mine and Industrial Accident Rapid
Response System will provide a vital resource to the citizens of West Virginia by providing a
critical connection between the Director of the Office of Miners' Health, Safety and Training, the
Division of Homeland Security and Emergency Management, local and regional emergency
services organizations and other responsible agencies.
(b) The Mine and Industrial Accident Rapid Response System is hereby created and shall consist
of:
(1) The Mine and Industrial Accident Emergency Operations Center established in section two of
this article; and
(2) The 24-hour-a-day statewide telephone number established by the Director of the Division of
Homeland Security and Emergency Management.
§15-5B-2. Mine and industrial accident emergency operations center.

( a) The Director of the Division of Homeland Security and Emergency Management, working in
conjunction with the Office of Miners' Health, Safety and Training, shall maintain the Mine and
Industrial Accident Emergency Operations Center, which shall be the official and primary state
government twenty-four hour a day communications center for dealing with mine and industrial
accidents.

(b) The emergency operations center shall be operated twenty- four hours a day, seven days a
week by emergency service personnel employed by the Director to provide emergency assistance
and coordination to mine and industrial accidents or emergencies.

(c) The emergency operations center shall be readily accessible twenty-four hours a day at a
statewide telephone number established and designated by the Director.

§15-5B-3. Emergency mine response.

(a) To assist the Division of Homeland Security and Emergency Management in implementing
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and operating the Mine and Industrial Accident Rapid Response System, the Office of Miners'
Health, Safety and Training shall, on a quarterly basis, provide the emergency operations center
with a mine emergency contact list: Provided, That in the event of any change in the information
contained in the mine emergency contact list, such changes shall be provided immediately to the
emergency operations center. The mine emergency contact list shall include the following
information:

(1) The names and telephone numbers of the Director of the Office of Miners' Health, Safety and
Training, or his or her designee, including at least one telephone number at which the Director or
designee may be reached at any time;

(2) The names and telephone numbers of all district mine inspectors, including at least one
telephone number for each inspector at which each inspector may be reached at any time;

(3) A current listing of all regional offices or districts of the Office of Miners' Health, Safety and
Training, including a detailed description of the geographical areas served by each regional
office or district; and

(4) The names, locations and telephone numbers of all mine rescue stations, including at least
one telephone number for each station that may be called twenty-four hours a day and a listing of
all mines that each mine rescue station serves in accordance with the provisions of section thirty-
five, article one, chapter twenty- two-a of this code .

(b) Upon the receipt of an emergency call regarding any accident, as defined in section sixty-six,
article two, chapter twenty-two-a of this code, in or about any mine , the emergency operations
center shall immediately notify:

(1) The Director of the Office of Miners' Health, Safety and Training;

(2) The district mine inspector assigned to the district or region in which the accident occurred;
(3) All mine rescue stations that provide rescue coverage to the mine in question; and

(4) Local emergency service personnel in the area in which the accident occurred.

(c) In the event that an emergency call regarding any accident, as defined in section sixty-six,
article two, chapter twenty-two-a of this code, in or about any mine , is initially received by a
county answering point, the call shall be immediately forwarded to the Mine and Industrial
Accident Emergency Operations Center.

(d) Nothing in this section shall be construed to relieve an operator, as defined in section two,
article one, chapter twenty- two-a of this code, from any reporting or notification obligation
under federal law.

(¢) The Mine and Industrial Accident Rapid Response System and the emergency operations
center are designed and intended to provide communications assistance to emergency responders
and other responsible persons. Nothing in this section shall be construed to conflict with the
responsibility and authority of an operator to provide mine rescue coverage in accordance with
the provisions of section thirty-five, article one, chapter twenty-two-a of this code or the
authority of the Director of the Office of Miners' Health, Safety and Training to assign mine
rescue teams under the provisions of subsection (d) of said section or to exercise any other
authority provided in chapter twenty-two-a of this code.

§15-5B-4. Study of other industrial emergencies.
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The Director of the Division of Homeland Security and Emergency Management shall
immediately cause a study to be conducted to determine the feasibility of providing emergency
coverage to other industrial, manufacturing, chemical or other emergencies through the Mine and
Industrial Accident Rapid Response System. On or before the first day of November, two
thousand six, the Director shall submit a report to the Governor, the President of the Senate and
the Speaker of the House of Delegates setting forth the findings of his or her study and
recommendations for legislation consistent with the purposes of this article.

§15-5B-5. Rule-making authority.

The Director of the Division of Homeland Security and Emergency Management shall propose
emergency and legislative rules for promulgation in accordance with article three, chapter
twenty- nine-a of this code regarding the implementation and administration of the Mine and
Industrial Accident Rapid Response System. The requirements of this article enacted during the
regular session of the Legislature in January, two thousand six, shall not be implemented until
the emergency rule authorized herein has been approved.

CHAPTER 22A. MINERS' HEALTH, SAFETY AND TRAINING.

ARTICLE 2. UNDERGROUND MINES.

§22A-2-55. Protective equipment and clothing. (a) Welders and helpers shall use proper
shields or goggles to protect their eyes. All employees shall have approved goggles or shields
and use the same where there is a hazard from flying particles or other eye hazards.

(b) Employees engaged in haulage operations and all other persons employed around moving
equipment on the surface and underground shall wear snug-fitting clothing. (c) Protective gloves
shall be worn when material which may injure hands is handled, but gloves with gauntleted cuffs
shall not be worn around moving equipment. (d) Safety hats and safety-toed shoes shall be worn
by all persons while in or around a mine: Provided, That metatarsal guards shalt are not be
required to be worn by persons when working in those areas of underground mine workings
which average less than forty-eight inches in height as measured from the floor to the roof of the
underground mine workings. () Approved eye protection shall be worn by all persons while
being transported in open-type man trips. (f)(1) A self-contained self-rescue device approved by
the Director shall be worn by each person underground or kept within his immediate reach and
such the device shall be provided by the operator. The self-contained self-rescue device shall be
adequate to protect suek a miner for one hour or Jonger. Each operator shall train each miner in
the use of such device and refresher training courses for all underground employees shall be held
during each calendar year.

(2) In addition to the requirements of subdivision (1) of this subsection, the operator shall also
provide caches of additional self-contained self-rescue devices throughout the mine in
accordance with a plan approved by the director. Each additional self-contained self-rescue
device shall be adequate to protect a miner for one hour or longer. The total number of additional
self- contained self-rescue devices. the total number of storage caches and the placement of each
cache throughout the mine shall be established by rule pursuant to subsection (i) of this section.
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Intrinsically safe battery-powered strobe lights shall be affixed to each cache and shall be
capable of automatic activation in the event of an emergency. A luminescent sign with the words
"SELF- CONTAINED SELF-RESCUER" or "SELF-CONTAINED SELF-RESCUERS" shall be
conspicuously posted at each cache and luminescent direction signs shall be posted leading to
each cache. Lifeline cords or other similar device, with reflective material at 25-foot intervals,
shall be attached to each cache from the last open crosscut to the surface. The operator shail
conduct weekly inspections of each cache, the affixed strobe lights and each lifeline cord or other
similar devise to ensure operability.

(3) Any person that, without the authorization of the operator or the director, knowingly removes
or attempts to remove any self- contained self-rescue device or battery-powered strobe light,
approved by the director, from the mine or mine site with the intent to permanently deprive the
operator of the device or light or knowingly tampers with or attempts to tamper with such device
or light shall be deemed guilty of a felony and, upon conviction thereof, shall be imprisoned in a
state correctional facility for not less than one year nor more than ten years or fined not less than
ten thousand dollars nor more than one hundred thousand dollars, or both.

(2)(1) A wireless emergency communication device approved by the director and provided by
the operator shall be worn by each person underground. The wireless emergency communication
device shall, at a minimum, be capable of receiving emergency communications from the surface
at any location throughout the mine. Each operator shall train each miner in the use of the device
and provide refresher training courses for all underground employees during each calendar year.
The operator shall install in or around the mine any and all equipment necessary to transmit
emergency communications from the surface to each wireless emergency communication device
at any location throughout the mine.

(2) Any person that, without the authorization of the operator or the director, knowingly removes
or attempts to remove any wireless emergency communication device or related equipment,
approved by the director, from the mine or mine site with the intent to permanently deprive the
operator of the device or equipment or knowingly tampers with or attempts to tamper with the
device or equipment shall be guilty of a felony and, upon conviction thereof, shall be imprisoned
in a state correctional facility for not less than one year nor more than ten years or fined not less
than ten thousand dollars nor more than one hundred thousand dollars , or both.

(h)(1) A wireless tracking device approved by the director and provided by the operator shall be
worn by each person underground. In the event of an accident or other emergency, the tracking
device shall be capable of providing real-time monitoring of the physical location of each person
underground: Provided, That no person shall discharge or discriminate against any miner based
on information gathered by a wireless tracking device during nonemergency monitoring. Each
operator shall train each miner in the use of the device and provide refresher training courses for
all undereround employees during each calendar year. The operator shall install in or around the
mine all equipment necessary to provide real-time emergency monitoring of the physical location
of each person underground.

(2) Any person that, without the authorization of the operator or the director, knowingly removes
or attempts to remove any wireless tracking device or related equipment., approved by the
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director, from a mine or mine site with the intent to permanently deprive the operator of the
device or equipment or knowingly tampers with or attempts to tamper with the device or
equipment shall be guilty of a felony and, upon conviction thereof, shall be imprisoned in a state
correctional facility for not less than one year nor more than ten years or fined not less than ten
thousand dollars nor more than one hundred thousand dollars , or both.

(i) The director may promulgate emergency and legislative rules to implement and enforce this
section pursuant to the provisions of article three, chapter twenty-nine-a of this code. The
requirements of this article enacted during the regular session of the Legislature in January, two
thousand six, shall not be implemented until the emergency rule authorized herein has been
approved.

§22A-2-66. Accident; notice; investigation by Office of Miners' Health, Safety and
Training.

(a) For the purposes of this section, the term "accident" means:

(1) The death of an individual at a mine; (2) An injury to an individual at a mine which has a
reasonable potential to cause death; (3) The entrapment of an individual; (4) The unplanned
inundation of a mine by a liquid or gas; (5) The unplanned ignition or explosion of gas or
dust:(6) The unplanned ignition or explosion of a blasting agent or an explosive; (7) An
unplanned fire in or about a mine not extinguished within five minutes of ignition; (8) An
unplanned roof fall at or above the anchorage zone in active workings where roof bolts are in use
or an unplanned roof or rib fall in active workings that impairs ventilation or impedes passage;
(9) A coal or rock outburst that causes withdrawal of miners or which disrupts regular mining
activity for more than one hour; (10) An unstable condition at an impoundment, refuse pile or
culm bank which requires emergency action in order to prevent failure, or which causes
individuals to evacuate an area, or the failure of an impoundment, refuse pile or culm bank; (11)
Damage to hoisting equipment in a shaft or slope which endangers an individual or which
interferes with use of the equipment for more than thirty minutes; and ( 12) An event at a mine
which causes death or bodily injury to an individual not at the mine at the time the event occuts.
(b) Whenever by-reason-of any-explosion-or-other any accident occurs in or about any coal mine
or the machinery connected therewith, less-ofJife;orserious-personalinjury-eccuts; it is the duty
of the sﬁpe;m{eﬁdem—eﬁhe—ﬁﬁﬁeraﬂd—mmer—her—ﬂbﬁeﬂ%; operator or the mine foreman in
charge of the mine to give immediate notice, within fifteen minutes of ascertaining the
occurrence of an accident, to the directorand-the-inspector-of the-distriet Mine and Industrial
Accident Emergency Operations Center at the statewide telephone number established by the
Director of the Division of Homeland Security and Emergency Management pursuant to the
provisions of article five-b, chapter fifteen of this code stating the particulars of sueh the
accident: Provided. That the operator or the mine foreman in charge of the mine may comply
with this immediate notice requirement by immediately providing notice to the appropriate local
organization for emergency services as defined in section eight, article five of said chapter, or the
appropriate local emergency telephone system operator as defined in article six, chapter twenty-
four of this code: Provided, however, That nothing in this subsection shall be construed to relieve
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the operator from any reporting or notification requirement under federal law.

(c) The director shall impose, pursuant to rules authorized in this section, a civil administrative
penalty of one hundred thousand dollars on the operator if it is determined that the operator or
the mine foremen in charge of the mine failed to give immediate notice as required in this
section: Provided, That the director may waive imposition of the civil administrative penalty at
any time if he or she finds that the failure to give immediate notice was caused by circumstances
wholly outside the control of the operator.

(d) If anyone is killed, the inspector shall immediately go to the scene of sueh the accident and
make sueh recommendations and render such assistance as he or she may deem necessary for the
future safety of the men and investigate the cause of sueh the explosion or accident and make a
record. thereofwhich He or she shall preserve the record with the other records in his or her
office. The cost of such the investigation records te shall be paid by the Office of Miners' Health,
Safety and Training.-and A copy shall be furnished to the operator and other interested parties.
To enable him or her to make suek an investigation, he or she has the power to compel the
attendance of witnesses and to administer oaths or affirmations. The director has the right to
appear and testify and to offer any testimony that may be relevant to the questions and to cross-
examine witnesses.

CHAPTER 24. PUBLIC SERVICE COMMISSION.

ARTICLE 6. LOCAL EMERGENCY TELEPHONE SYSTEM.

§24-6-14. Notification of mining accidents.

Each county answering point that receives a call reporting an accident in or about any mine shall
immediately route the call to the Mine and Industrial Accident Emergency Operations Center

created pursuant to section two, article five-a, chapter fifteen of this code.
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APPENDIX B - EMERGENCY RULE

EMERGENCY
WEST VIRGINIA LEGISLATIVE RULE
OFFICE OF MINERS' HEALTH, SAFETY AND TRAINING
TITLE 56
SERIES 4
EMERGENCY RULES GOVERNING PROTECTIVE CLOTHING AND EQUIPMENT
§56-4-1. General.

1.1. Scope. -- These emergency rules pertain to the implementation of provisions of West
Virginia Code § 22A-2-55, relating to the regulation of protective clothing and equipment worn
by persons underground by the Office of Miners’ Health, Safety and Training.

1.2. Authority. -- West Virginia Code § 22A-2-55.

1.3. Filing Date. -- February __, 2006.

1.4. Effective Date. -- , 2006.

§56-4-2. Preamble.

2.1. Purpose — The primary goal of section fifty-five, article two, chapter twenty-two-a of
the Code is to protect the health and safety of this State’s coal miners by requiring minimum
standards for the protective clothing and equipment worn by each underground miner. The
purpose of these rules is to implement the mandate of section fifty-five, article two, chapter

twenty-two-a of the Code by requiring coal mine operators to provide each underground miner
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with certain protective equipment and by detailing the requirements for such protective
equipment. In implementing such mandate, it is recognized that different types of protective
equipment may be developed to satisfy the minimum requirements for protective equipment for
each mine, depending upon the number of employees of the particular mine, the location of the
particular mine, the physical features of the particular mine, and technological advances.

2.1.1. Exiting a mine is the primary escape procedure to be used by miners in the
event of an emergency underground. Self-contained self-rescue devices (“SCSRs”) are intended
primarily to provide miners with breathable air while attempting to exit the mine during an
emergency. The secondary purpose of SCSRs, however, is to provide a source of breathable air
to miners that cannot exit a mine during an emergency and must await rescue by personnel on
the surface. Emergency shelters/chambers also provide a source of breathable air for trapped
miners unable to escape from the mine. Wireless emergency communication devices and
wireless tracking devices are intended to assist in both directing miners out of an endangered
mine and locating trapped miners awaiting rescue by personnel on the surface. In addition to the
purposes stated above, the intended purpose of these rules is to establish a regulatory regime
enabling the proper implementation of these technologies in West Virginia’s underground mines.
§56-4-3. Definitions.

3.1. Unless herein defined, all terms used in this rule shall have the same meaning as they
are defined in West Virginia Code §22A-1-2 and West Virginia Code §22A-2-55.

3.2. “Code” shall mean the Code of West Virginia, 1931, as amended.
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3 3. “Director” shall herein refer to the Director of the Office of Miners’ Health, Safety
and Training.

§56-4-4. Mine Safety Technology Task Force.

4.1. Within seven (7) calendar days of the effective date of these rules, the Director shall
establish a Mine Safety Technology Task Force to provide technical and other assistance related
to the implementation of the new technological requirements set forth in section fifty-five, article
two, chapter twenty-two-a of the Code. The task force shall be comprised of three persons from
the major employee organization representing coal miners in this state and three persons from the
major trade association representing underground coal operators in this state. All actions of the
task force shall be by unanimous vote.

42. The task force, working in conjunction with the Director, shall immediately
commence a study to determine the commercial availability and functional and operational
capability of the SCSRs, emergency shelters/chambers, wireless communication devices and
wireless tracking devices required hereunder. The task force shall also study issues related to the
implementation, compliance and enforcement of the safety requirements contained herein.
Additionally, the task force may study related safety measures, including the provision of
additional surface openings and/or escapeways in lieu of or in addition to the provision of SCSRs
or emergency shelters/chambers. In conducting its study, the task force shall, where possible,
consult with, among others, mine engineering and mine safety experts, radiocommunication and
telemetry experts and relevant state and federal regulatory personnel.

4.3. The Director, or his designee, shall preside over all meetings of the working group.

91



Mine Safety Technology Task Force Report
May 29, 2006

4.4. Within ninety (90) calendar days of the effective date of these rules, the task force
shall provide the Director with a written report summarizing its findings regarding the
commercial availability and functional and operational capability of the SCSRs, emergency
shelters/chambers, wireless communication devices, wireless tracking devices and related safety
measures required hereunder. The report shall also include the task force’s findings and
recommendations regarding implementation, compliance and enforcement of the safety
requirements contained herein. The report also shall set forth the task force’s recommended
implementation, compliance and enforcement plans regarding the aforementioned technologies.

4.5. Prior to approving any emergency shelter/chamber, wireless communication device
or wireless tracking device pursuant to the provisions of sections 5.4, 8.1, and 9.1 of these rules,
respectively, the Director shall review the task force’s written report and the findings set forth
therein and shall consider such findings in making any approval determination.

§56-4-5. Self-Contained Self-Rescue Devices Provided for Escape from Mines.

5.1. Each person underground shall be provided a SCSR in accordance with the
provisions of subdivision (1), subsection (f), section fifty-five, article two, chapter twenty-two-a
of the Code. In addition, the operator shall provide caches of additional SCSRs or devices
providing equivalent protection throughout the mine in accordance with a Storage Cache Plan
approved by the Director.

5.1.1. Each SCSR shall be adequate to protect a miner for one (1) hour or longer:
Provided, however, That nothing contained herein shall preclude an operator from providing

each person underground with a self-rescue device or a SCSR that provides less than one (1)
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hour of protection that is nevertheless adequate to provide an amount of breathable air sufficient
for travel to the nearest storage cache or escape facility: Provided, further: That the total amount
of breathable air provided by the operator meets the minimum amount of three (3) hours of
cumulative protection contemplated by the provisions of Section 5.1 and Section 5.2.1 of these
rules, as well as the minimum protection amounts mandated by the provisions of 5.3.3 and 5.4.3.

5.1.2. Bach cache shall be housed in a container constructed of fire retardant
material or material treated with a fire retardant paint or laminate and constructed in a manner
capable of protecting the self-contained self rescue devices stored therein from damage by fire.

5.1.3. Each operator shall train each miner in the use of the SCSRs employed at
the mine, and refresher training courses for all underground employees shall be held during each
calendar year. This training shall be in addition to the annual retraining required by MSHA.

5.2. One cache shall be placed at a readily available location within five hundred
(500) feet of the nearest working face in each working section of the mine. One cache shall be
placed at a readily available location within five hundred (500) feet of each active construction
or rehabilitation site within the mine. Distances greater than five hundred (5 00) feet not to
exceed one thousand (1000) feet are permitted, however, where miners are provided with
personal SCSRs rated for less than sixty (60) minutes, travel to these caches is not to exceed five
(5) minutes as determined by the height/travel time chart as specified in Section 5.3.2.

5.2.1. Each cache placed at each working section and each active construction or

rehabilitation site shall contain sufficient additional SCSRs to provide each miner reasonably
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expected to be at the working section or active construction or rehabilitation site with no less
than two (2) additional SCSRs, or an equivalent amount of breathable air for escape. During
crew changes involving a mantrip at a working section or an active construction or rehabilitation
site, SCSRs stored on such mantrip shall satisfy the total number of SCSRs required for such
personnel.

5.3. Additional storage caches shall also be placed in readily available locations
throughout the remainder of the mine as follows:

5.3.1. Beginning at the storage cache located at the working section or active
construction or rehabilitation site, and continuing to the surface or nearest escape facility leading
to the surface, the operator shall station additional storage caches at calculated intervals that a
miner may traverse in no more than thirty (30) minutes traveling at a normal pace, taking into
consideration the height of the coal seam.

5.3.2. Said intervals shall be calculated in accordance with the following chart:
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533 Fach such additional cache shall contain a number of additional SCSRs
equal to or exceeding the total number of employees reasonably likely to be in that area.

5.4. Emergency Shelters/Chambers for Use in the Event That Immediate Exit is not
Possible.

5.4.1. An emergency shelter/chamber shall be maintained within one thousand
(1000) feet of the nearest working face in each working section. Such emergency
shelter/chamber shall be approved by the Director and shall be constructed and maintained in a
manner prescribed by the Director.

5.4.2. Upon the Director’s receipt of the written report required by section 4.4 of
these rules, the Director shall review the written report and the findings set forth therein and shall
consider such findings in making approval determinations regarding any emergency
shelter/chamber.

5.4.3. Any emergency shelter/chamber approved by the Director shall be:

a. equipped to provide each miner at the working section with no less than
twenty-four (24) hours of breathable air;

b. constructed in such a manner so as to reasonably exclude dangerous air
and gases from the interior of the rescue shelter/chamber;

c. properly equipped with first aid materials;

d. equipped with sufficient amounts of food and water to sustain each

miner at the working section for at least twenty-four (24) hours while awaiting rescue;
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e. equipped with a device for communication with rescuers or other
persons on the surface; and
f. maintained in accordance with applicable MSHA requirements.

5.4.4. As soon as practicable, the Director shall notify all operators of the
emergency shelters/chambers approved for use in underground coal mines.

5.4.5. Each operator shall train each miner in the use of the approved emergency
shelter/chamber employed at the mine, and refresher training courses for all underground
employees shall be held during each calendar year. This training shall be in addition to any
annual retraining required by MSHA.

5.4.6. If there are no emergency shelters/chambers approved within one year of
the Director’s receipt of the task force’s report, operators shall install in lieu of an emergency
shelter/chamber, caches of SCSRs sufficient to provide each miner reasonably expected to be at
the working section with no less than sixteen(16) additional SCSRs, or an equivalent amount of
breathable air.

5.4.7. Sixteen (16) SCSRs may be used in lieu of an emergency shelter/chamber
when mine design or layout prohibits use of such facilities.

§56-4-6. Storage Cache Plan.
6.1. Within thirty (30) calendar days of the effective date of these rules, all operators of

all mines shall submit a Storage Cache Plan for approval by the Director. The design,
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development; submission, and implementation of the Storage Cache Plan shall be the
responsibility of the operator of each mine.

6.2. Within thirty (30) calendar days after submission of the initial Storage Cache Plan,
the Director shall either approve the plan as submitted, or shall reject and return the plan to the
operator for modification and resubmission, stating in detail the reasons for such rejection. If the
plan is rejected, the Director shall give the operator a reasonable length of time, not to exceed
fifteen (15) calendar days, to modify and resubmit such plan.

6.3. In developing the initial Storage Cache Plan, the operator shall take into
consideration the number of employees of the particular mine, the location of the particular mine,
the physical features of the particular mine, and any other aspect of the particular mine the
operator deems relevant to the development of the Storage Cache Plan.

6.4. The Storage Cache Plan shall include the following:

6.4.1. The size and physical features of the mine;
6.4.2. The maximum number of persons underground during each working shift;
6.4.3. The proposed location of the various storage caches and the emergency
shelter/chamber in relation to persons underground; and
6.4.4. A schedule of compliance, which shall include:
a. a narrative description of how the operator will achieve compliance with

subdivision (2), subsection (f), section fifty-five, article two, chapter twenty-two-a of the Code.
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b. a schedule of measures, including an enforceable sequence of actions
with milestones, leading to compliance; and
c. a statement indicating when the implementation of the proposed plan
will be complete.
6.4.5. Any such schedule of compliance shall be supplemental to, and shall not
sanction noncompliance with, the applicable requirements on which it is based.

6.5. Each operator shall submit as attachments to its Storage Cache Plan the following:

6.5.1. A statement that the analysis and evaluation required by section 6.3 of these
rules has been completed;

6.5.2. A statement indicating the training dates for the use of the SCSRs; and

6.5.3. The name of the person or persons representing the operator, including his
or her title, position, mailing address and telephone number, who can be contacted by the
Director for all matters relating to the Storage Cache Plan and the weekly inspections of each
cache.

6.6. Within thirty (30) calendar days of the Director’s approval of the plan, the operator
shall provide to the Director a copy of any contract, purchase order, or other proof of purchase of
such number of additional SCSRs consistent with the operator’s schedule of compliance.

6.7. At any time after the Director has approved an operator’s Storage Cache Plan, the
operator may submit proposed modifications or revisions to its plan along with the reasons

therefor to the Director.
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6.7.1. Within thirty (30) calendar days after receipt by the Director of any
proposed revisions or modifications to the Storage Cache Plan, the Director shall either approve
or reject the revisions, stating in detail the reasons for such rejection.

6.7.2. The Director may require modifications to a Storage Cache Plan at any time
following the investigation of a fatal accident or serious injury, as deﬁﬁed by Title 36, Series 19,
Section 3.2, if such modifications are warranted by the findings of the investigation.

6.7.3. Within thirty (30) calendar days of the Director notifying operators of the
emergency shelters/chambers approved by the Director under these rules, the operator shall
submit a revised Storage Cache Plan in accordance with the provisions of this section setting
forth the type of emergency shelter/chamber to be installed pursuant to section 5.4 these rules.
The revised storage cache plan shall also include a revised schedule of compliance and
information regarding the emergency shelter/chamber that corresponds to the information
regarding the storage caches required under this section of these rules.

6.8. If the Director, in his sole discretion, determines that an operator has failed to
provide a Storage Cache Plan, has provided an inadequate Storage Cache Plan, has failed to
comply with its approved Storage Cache Plan, or has failed to provide a copy of any contract,
purchase order or other proof of purchase required under this section, in an effort to delay, avoid
or circumvent compliance with subdivision (2), subsection (f), section fifty-five, article two,
chapter twenty-two-a of the Code or these rules, the Director shall issue a cessation order to the

operator for the affected mine.
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§56-4-7. Placement of Intrinsically Safe Battery-Powered Lights and Lifeline Cords.

7.1. Intrinsically safe battery-powered strobe lights shall be affixed to each cache of
SCSRs and shall operate continuously or be capable of automatic activation in the event of an
emergency.

7.1.1. All intrinsically safe battery-powered strobe lights affixed to each cache of
SCSRs shall be approved by MSHA and maintained in accordance with applicable MSHA
requirements.

7.2. A reflective sign with the words “SELF-RESCUER” or “SELF-RESCUERS” shall
be conspicuously posted at each such cache and reflective direction signs shall be posted leading
to each cache.

7.3. Lifeline cords installed in primary escapeways shall be attached to éach cache and
extend from the last permanent stopping to the surface or nearest escape facility, excluding belt
and track entries, and must:

7.3.1. be made of durable material;

7.3.2. be marked with reflective material every twenty-five (25) feet;

7.3.3. be located in such a manner for miners to use effectively to escape; and
7.3.4. have directional indicators signifying the route of escape placed at intervals

not exceeding one hundred (100) feet.
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7.4. The operator shall conduct weekly inspections of each cache of additional SCSRs,
the affixed strobe lights, and each lifeline cord or other similar device to ensure that each will
function properly in the event of an emergency.

§56-4-8. Wireless Emergency Communication Devices.

8.1. A wireless emergency communication device approved by the Director shall be worn
by each person underground and shall be provided by the operator.

8.1.1. As soon as practicable, the Director shall notify all operators of the
wireless emergency communication devices approved by the Directof for use by each person
underground pursuant to subdivision one, subsection (g), section fifty-five, article two, chapter
twenty two-a of the Code. ~ ™~

8.1.2. The wireless emergency communication devices approved by the Director
must be capable of receiving emergency communications from the surface at any location
throughout the mine.

8.1.3. Each operator shall train each miner in the use of the approved device
employed at the mine, and refresher training courses for all underground employees shall be held
during each calendar year.

8.2. All wireless emergency communication devices approved by the Director shall have
received prior approval by MSHA and be maintained in accordance with applicable MSHA

requirements.
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8.3. Within sixty (60) calendar days of the Director giving notice of the approved
wireless emergency communications devices, all operators shall submit to the Director a
schedule of compliance.

8.3.1. The schedule of compliance shall include:

a. a narrative description of how the operator will achieve compliance with
subsection (g), section fifty-five, article two, chapter twenty-two-a of the Code;

b. a schedule of measures, including an enforceable sequence of actions
with milestones, leading to compliance; and

c. a statement indicating when full compliance will be achieved.

8.3.2. Any such schedule of compliance shall be supplemental to, and shall not
sanction noncompliance with, the applicable requirements on which it is based.

8.3.3. Within thirty (30) calendar days after submission of the schedule of
compliance, the Director shall either approve the schedule of compliance as submitted, or shall
reject and return the schedule of compliance to the operator for modification and resubmission,
stating in detail the reasons for such rejection. If the schedule of compliance is rejected, the
Director shall give the operator a reasonable length of time, not to exceed fifteen (15) calendar
days, to modify and resubmit such schedule of compliance.

8.3.4. Where applicable, the operator shall submit certified progress reports no
less frequently than every sixty (60) calendar days until full compliance is achieved. 8.4. In

developing the schedule of compliance, the operator shall take into consideration the number of
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employees of the particular mine, the location of the particular mine, the physical features of the
particular mine and any other aspect of the particular mine relevant to the provision and
operation of the wireless emergency communication devices.

8.5. Within thirty (30) calendar days of the Director’s approval of the operator’s schedule
of compliance, the operator shall provide to the Director a copy of any contract, purchase order,
or other proof of purchase of such wireless emergency communication devices consistent with
the operator’s schedule of compliance.

8.6. If the Director, in his sole discretion, determines that an operator has failed to
provide a schedule of compliance, has provided an inadequate schedule of compliance, has failed
to meet its approved schedule of compliance or has failed to provide a copy of any contract,
purchase order or other proof of purchase required under this section, in an effort to delay, avoid
or circumvent compliance with subsection (g), section fifty-five, article two, chapter twenty-two-
a of the Code or these rules, the Director shall issue a cessation order to the operator for the
affected mine.

§56-4-9. Wireless Tracking Devices.

9.1. A wireless tracking device approved by the Director shall be worn by each person
underground and shall be provided by the operator.

9.1.1. As soon as practicable, the Director shall notify all operators of the wireless
tracking devices approved by the Director for use by each person underground pursuant to

subdivision one, subsection (h), section fifty-five, article two, chapter twenty two-a of the Code.
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9.1.2. The wireless tracking devices approved by the Director must be capable of
providing real-time monitoring of the physical location of each person underground, which at a
minimum shall mean the capability to identify the presence of each person underground in the
event of an emergency.

9.1.3. No person shall discharge or in any other way discriminate against any
miner based on information gathered by such wireless tracking device during non-emergency
monitoring.

9.1.4. Each operator shall train each miner in the use of the approved device
employed at the mine, and refresher training courses for all underground employees shall be held
during each calendar year.

9.1.5. The operator shall install in or around the mine any and all equipment
necessary to provide real-time emergency monitoring in accordance with the provisions of
section 9.1.2 of these rules.

9.2. All wireless tracking devices approved by the Director shall have received prior
approval by MSHA and be maintained in accordance with applicable MSHA requirements.

9.3. Within sixty (60) calendar days of the Director giving notice of the approved
wireless tracking devices, all operators shall submit to the Director a schedule of compliance.

9.3.1. The schedule of compliance shall include:

a. a narrative description of how the operator will achieve compliance with

subsection (h), section fifty-five, article two, chapter twenty-two-a of the Code;
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b. a schedule of measures, including an enforceable sequence of actions
with milestones, leading to compliance; and
¢. a statement indicating when full compliance will be achieved.

9.3.2. Any such schedule of compliance shall be supplemental to, and shall not
sanction noncompliance with, the applicable requirements on which it is based.

9.3.3. Within thirty (30) calendar days after submission of the schedule of
compliance, the Director shall either approve the schedule of compliance as submitted, or shall
reject and return the schedule of compliance to the operator for modification and resubmission,
stating in detail the reasons for such rejection. If the schedule of compliance is rejected, the
Director shall give the operator a reasonable length of time, not to exceed fifteen (15) calendar
days, to modify and resubmit such schedule of compliance.

9.3.4, Where applicable, the operator shall submit certified progress reports no
less frequently than every sixty (60) calendar days until full compliance is achieved. 94. In
developing the schedule of compliance, the operator shall take.into consideration the number of
employees of the particular mine, the location of the particular mine, the physical features of the
particular mine, and any other aspect of the particular mine relevant to the provision and
operation of the wireless tracking devices.

9.5. Within thirty (30) calendar days of the Director’s approval of the operator’s schedule

of compliance, the operator shall provide to the Director a copy of any contract, purchase order,
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-or other proof of purchase of such wireless tracking devices consistent with the operator’s
approved schedule of compliance.

9.6. If the Director, in his sole discretion, determines that an operator has failed to
provide a schedule of compliance, has provided an inadequate schedule of compliance,
has failed to meet its approved schedule of compliance or has failed to provide a copy of
any contract, purchase order or other proof of purchase required under this section, in an
effort to delay, avoid or circumvent compliance with subsection (h), section fifty-five,
article two, chapter twenty-two-a of the Code or these rules, the Director shall issue a

cessation order to the operator for the affected mine.

106



Mine Safety Technology Task Force Report
May 29, 2006

APPENDIX C — MINE SAFETY TECHNOLOGY TASK FORCE PROCESS

The Task Force was established by the Emergency Rules Governing Protective
Clothing and Equipment at §56.4.4. The Task Force consists of three persons from the
major employee organization representing coal miners and three persons from the major
trade association representing underground coal operators in this state. All
recommendations contained in this report are unanimously supported by the Task Force
members.

James Dean, Acting Director of the West Virginia Office of Miners’ Health,
Safety and Training, announced March 9, 2006 the names of the Task Force and the
group held its first meeting on March 13th. The Task Force met in open public forum
with experts from industry, regulators, and academia at five different locations
throughout the state, to facilitate public participation in the open public meetings, in
addition, representatives of the Task Force visited and reported on visits to vendors,
research institutions, and underground mines.

While focused upon the areas addressed in West Virginia Senate Bill 247 and the
Office of Miners’ Health Safety and Training’s Emergency Rules; self-contained self-
rescuers, emergency shelters/chambers, wireless communication devices and wireless
tracking devices, the Task Force also considered other health and safety issues.
TASK FORCE MEMBERS

Dale Birchfield of Crab Orchard, West Virginia has 35 years of coal mining
experience. He is the president of Kingston Resources, a subsidiary of Riverton Coal.

His office is located in Kingston, W.Va. and he is responsible for management of the
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company’s underground mine and prep plant operations. He holds degrees from
Glenville State College and West Virginia Institute of Technology.

Theodore Hapney of Reedy, West Virginia has 32 years of coal mining
experience. He began his career in the coal industry in 1974 and held several positions in
underground mines. He is a certified electrician and has served as president of his local
UMWA union as well as chairman of the local organization’s mine and safety
committees and on the COMPAC. He is currently an international representative for the
UMWA.

Terry Hudson of Beckley, West Virginia has 31 years of coal mining experience.
He is the Safety and Training Director for Appalachian Operations for Peabody Energy
and his office is located in Charleston, W.Va. A Marshall University graduate, Hudson
has a bachelor’s degree in business management and a master’s degree in occupational
safety and health. Hudson has 27 years as a certified mine foreman and mine rescue team
member and trainer. He has oversight for Peabody’s safety, compliance, health and
emergency preparedness programs in West Virginia and western Kentucky.

Todd Moore of Fairview, West Virginia has 26 years of coal mining experience.
He is the Chief Inspector for CONSOL Energy, Northern West Virginia Operations,
located in Monongah, W.Va. He is responsible for the company’s health and safety
programs in that region. Moore’s underground experience is in West Virginia and
Pennsylvania. He is a certified foreman in both states, and is an experienced mine rescue
team member. He is a graduate of Fairmont College with a degree in mining.

Gary Trout of Leivasy, West Virginia has 33 years of coal mining experience.

He is an International Health and Safety Representative for the UMWA, served as
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District 29 Executive Board Member for 12 years, member of Diesel Commission since
1999. He began his career in the coal industry in 1973 and has held multiple positions in
the underground mining industry and is a certified electrician and coal mine safety
inspector.

Stephen Webber of Belington, West Virginia has 43 years of coal mining
experience. He is retired from the coal mines. He worked in underground coal mines, as
Assistant Safety Director and International Executive Board Member for the UMWA
International Union. Mr. Webber served as director of the West Virginia Office of
Miners’ Health, Safety and Training and the director of the Office of Assessment for the
U. S. Department of Labor’s Mine Health and Safety Administration before retiring in
2003.

Mr. Dean or his designee will function as ex-officio chair of the meetings. Mr.
Randall Harris will function as ex-officio technical advisor.

James Dean of Core, West Virginia has 15 years of mining related experience.
He is currently acting Director of the Office of Miners’ Health Safety and Training. Mr.
Dean is on leave as of February 14, 2006 from his position as Director of Extension and
Outreach and Associate Director of the Mining Extension Program at West Virginia
University. Mr. Dean holds an Associate Degree in Engineering Technology-
Mechanical, a Bachelor’s degree in Engineering Technology-Mining and a Master’s
Degree in Engineering of Mines. He is also a Certified Mine Safety Professional (CMSP)
through the International Society of Mine Safety and has MSHA IS IU Instructor

Certification.
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Randall Harris of Logan, West Virginia has 23 years of energy technology
related experience. He is an independent engineer specializing in coal related technology
development. Prior to his retirement in 2003 he served as Senior Engineer at the US
DOE’s National Energy Technology Laboratory. His specific areas of expertise include
product development and commercialization, worker safety and health, and strategic
decision making. Mr. Harris has an undergraduate degree from the University of Florida
in nuclear engineering and health physics. He did his graduate studies in engineering
management at University of Tennessee and business management thorough the West
Virginia University Executive MBA program. He has advanced course work at the
Federal Executive Institute, the Naval War College, and Harvard’s Kennedy School of
Government.

TASK FORCE MEETINGS

The Task Force met a total of 36 full days between March 13 and May 25, 2006.

March 13th the Task Force met in Charleston. The objective of this meeting was
to review the directive for the task force, determine a schedule, and share information
collected.

March 17th the Task Force met in Charleston. At this meeting the task force
focused on shelters.

March 20™, 21%, and 22™ meetings were held in Beckley. During these meetings
the Task Force worked on shelters. The Task Force also started discussion on SCSR’s.

March 27" and 28™ meetings were held at the Charleston offices. Discussion was

focused on SCSR’s.
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March 30" and 31% meetings were held at the Beckley Mine Academy. The task
force worked on SCSR requirements and cache plans.

April 17" 18" and 19" meetings were held at the Ogleby Conference Center in
Wheeling. The task force focused on mine chambers and began background briefings on
communications.

April 20™ and 21 meetings the Task Force attended the Mining Health and
Safety Symposium at Wheeling Jesuit University.

April 24™, 25", 26", and 27" meetings were held at the MHS&T office in
Fairmont. The task force focused on communication and tracking options.

May 1%, 2™, 3, 4" and 5% meetings were at the Holiday Inn Clarksburg with
recess to attend the Sago hearings on May 2 39 and 4™, The meetings focused on
developing outlines for initial draft of communication/tracking, chambers, and SCSR
storage sections of the report.

May g® ot 10™, 11™ and 12" meetings were held at the MHS&T office in
Charleston with recess to attend MSHA rule hearings on May 9™, The focus was on
refining the sections drafts and developing the introduction language and appendix
materials.

May 16, 17™ 18" and 19" meetings were held at the MHS&T office in
Charleston. The focus was on refining the draft report.

May 22", 237, 24® and 25™ meetings were held at the MHS&T office in
Charleston. The focus was on finalizing the contents of the report with the vote on the

document held on the 25,
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Organizations consulted and/or whose material was reviewed during Task Force

deliberations and writing of this report included:

3M Mining — St. Paul, MN

Air Systems Inc. -

AmerCable Inc — Houston, TX

Becker Electronics — Alrode, Alberton, South Africa
BioMarine Rebreathers — Exton, PA

British Cave Rescue Council — Great Hucklow, Buxton,

Great Britain
Camber Corporation — Chantilly, VA

ChemBio Shelter — Allentown, PA

Conspec — Charleroi, PA

Cowan Manufacturing Pty — Warners Bay, Australia
CSE - Beckley, WV & Monroeville, PA

Cummins Industries — Burleston, TX
DKL International, Inc. — Vienna, VA
Delta Electric, Inc. — Logan, WV
Defibrillators of WV — Parkersburg, WV
Dréger Safety Inc — Pittsburgh, PA

Ekahau, Reston, VA

Engineering Seismology Group, Inc — Kingston,
Ontario, Canada

Firesafe Consulting Group -

Fiber — Tech Industries, Inc.

Geosteering Mining Services, LLC -

Grace Industries — Fredonia, PA

GrafTech — Parma, OH

Hannah Engineering — Elkins, WV

HLS Hard-Line Solutions Inc. — Dowing, Ontario
Head Lites Corporation — St. Paul, MN

Hughes Supply Company — Pax, WV

i-Tex Wireless

Innovative Wireless Technologies -

Instantel Inc.- Ottawa, Ontario, Canada

John Hawse — Beaver, WV

Ken Air, Inc.— Eighty Four, PA

Kutta Consulting — Phenoix, AZ

Lad Mining Ventilation Services — Charleston, WV

112

Related Safety Issues
Shelters/Chambers
Communications/tracking
Communications/tracking
SCSR

Shelters/Chambers
Communications/tracking

Communications/tracking
Related Safety Issues
Emergency shelter/chambers
Communications/tracking
Emergency shelter/chambers
SCSR’s
Communications/tracking
Related Safety Issues
Communications/tracking
Communications/tracking
Related safety issues
SCSR’s
Communications/tracking
Communications/tracking
Communications/tracking
Related Safety Issues
Shelter/Chamber

SCSR

Shelter/Chamber
Communications/tracking
Communications/tracking
Shelters/Chambers
Communications/tracking
Communications/tracking
Other safety issues
Communications/tracking
Communications/tracking
Communications/tracking
Communications/tracking
Related Safety Issues
Emergency shelter/chambers
Emergency shelter/chambers
Communications/tracking
Emergency shelter/chambers



Mine Safety Technology Task Force Report

May 29, 2006

Linde Gas, Parkersburg, WV
Marco North America, Inc — Ona, WV
Micropore Inc — Newark, DE

Mine Rescue Service Limited, London, Great Britain

Mine Safe House LLC — Gilbert, WV

Mine Site Technologies — Rolla, MO
MineArc Systems — Fort Worth, TX

Modern Mine Supply, LLC — Huntington, UT
MSHA - Pittsburgh, PA

National Energy Technology Laboratory

Nextech Materials — Lewis Center, OH
NIOSH - Pittsburgh, PA

Northern Light Digital — Toronto, Ontario, Canada
Ocenco inc — Pleasant Prairie, WI

O-Two Systems International — Mississauga, Canada

Predivcate Logic Inc. - Chesapeake, VA
RadarFind — Research Triangle Park, NC
Rajant Breadcrumb System-

Rana-Medical — Winnipeg, Manitoba, Canada
RM Wilson Company — WV, UT, IL

Rohmac, Inc — Mount Storm, WV

Shairzal Safety Engineering — Baywater, Australia
Stolar, Inc — Ranton, NM

Strata Products Inc — Marietta, GA, Richlands, VA
Time Domain/Concurrent Technologies Corp. -
Transtek Inc. — Pittsburgh, PA

Tunnel Radio Inc, Corvallis, OR

University of Florida — Gainsville, FL

University of LEEDS — Great Britain

University of Texas — Dallas, TX

Varis, Inc — Sudbury, Canada

Vital Alert -

WebCore Technologies, Inc.

West Virginia University — Morgantown, WV

Wholesale Mine Supply — Manor, PA
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APPENDIX D - ORGANIZATIONAL AND TECHNICAL NATURE OF COAL

MINING*

To extract coal from an underground mine, a coalbed (or "seam") must be reached
from the surface. The term "portal" is generally given to any entrance that provides
access to a coal mine. In hilly terrain, such as is found in West Virginia, the coal may
"outcrop" on a hillside. This allows direct entry to the coal seam via a horizontal tunnel
("drift") opening. At other locations where there is no outcrop, it may be possible to open
a "slope" tunnel that angles down from the surface and intersects with the coal seam. If
the seam is too deep for a slope to be feasible, a "shaft" must be constructed. This shaft,
which may be 20 ft or more in diameter, is opened vertically from the surface to the
coalbed and allows access via a large elevator.

During long-range planning there is a general focus on such essentials as
equipment type, deployment, utilization, and haulage. Laying out a mine also involves
auxiliary factors including ventilation arrangements, roof support plans, power
distribution, and communications. All of these planned systems are incorporated into a
"projection map" that is developed by a team of technical specialists. This team will
include, at various times, mining engineers, electrical engineers, industrial engineers, and
company geologists, among others. The mine map serves the same purpose for a person
running an operation that an architect's blueprint serves a building contractor. It provides

an overview of the project, shows where features should be located, helps management

 Vaught, C [2000]: “Behavioral and Organizational Dimensions of Underground Mine Fires”, NIOSH IC-
9450
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direct crews effectively, and serves as a tool in the planning of everything from
maintenance schedules to capital expenditures for major equipment purchases.

Responsibility for translating the long-range plan into day-to-day operations
belongs to a mine superintendent. This person is in charge of the overall mine complex,
including surface facilities. An assistant superintendent helps the superintendent perform
his duties and at some sites oversees all underground operations. At least one general
mine foreman reports to the assistant superintendent. This individual directs day-to-day
underground operations. For each working shift at the mine, there is at least one shift
foreman ("shift boss") who reports to the general mine foreman. The shift boss is in
charge of mining related activities including coal extraction and service work. Each
production crew in the mine is placed under the direction of a section foreman ("face
boss") who manages mining operations on his or her section and who reports to the shift
boss. There are also supervisors who oversee specialized support work underground.
These foremen manage (1) maintenance, (2) belt installation, (3) supply activities, and (4)
track laying and repair. All of these individuals report to the shift boss or the general
mine foreman.

If coal is to be mined productively, it must be obtained systematically. This
requires the integration of several weekly plans into a smooth limited projection. One of
the most important functions of a superintendent and his subordinates is to maintain an
effective extraction cycle at the point of production. To do this extraction, plans must
incorporate the following factors: (1) a determination of the shift for each section at
which coal production will take place, (2) a decision about when the section will be idled

so that belt and power moves can be made, (3) the scheduling of regular equipment
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maintenance, (4) provision for special projects such as the installation of belt head drives,
and (5) preparation for any tasks that cannot be accomplished during regular workdays,
such as shutting down and repairing the ventilation fan. The better a mine superintendent
is at planning for and taking care of all of these details, the more smooth-running and
efficient an operation will be.

After entering their portal and reaching the underground workings, a typical
production crew will board a self-propelled personnel carrier known as a "mantrip" and
travel to their "working section.”" This is where coal is extracted, and may be miles from
the portal. "Working faces" are the individual places on a working section where mining
activities take place. Here, sets of parallel tunnels ("entries") are driven through the coal
seam following a predetermined plan developed by a mining engineer. Mine entries are
16 to 20 ft wide and as high as the coal seam is thick. The number of entries being mined
in a working section varies from 2 to 10 or more depending on many factors. As parallel
entries are developed, they are connected by perpendicular tunnels ("crosscuts"). Like
entries, crosscuts are also usually 16 to 20 ft wide and as high as the coal seam is thick.
Crosscuts, or "breaks" as they are sometimes called, allow workers and equipment to
move between and among the entries. The walls of entries and crosscuts are called "ribs,"
while the ceiling above is called the "roof" or "top." The mine floor is typically called a
"bottom."

As coal is mined, a working section advances toward the boundaries of the coal
property. This advancement is generally known as "development mining" and follows a
"room-and-pillar" mining plan. With a room-and-pillar plan, entries and crosscuts are

opened through the seam while large blocks of coal ("pillars") are left in place to help
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support the mine workings. In the United States, most development mining following a
room-and-pillar plan uses "continuous mining" technology. Work crews on a continuous
mining section are usually composed of 8 to 10 individuals. A typical crew might consist
of (1) one face boss, (2) one continuous miner operator and a helper, (3) two roof bolting
machine operators, (4) two shuttle car operators, and (5) one mechanic. These workers
perform two operation cycles at the working face that include (1) cutting and loading of
coal and (2) support of the mine roof above the entry or crosscut.

With continuous mining, operations progress sequentially at each face on a
working section. First, an area from which coal has already been extracted (commonly
called a "cut") must have its roof supported. The roof is "bolted” by one or two miners
who operate a "roof bolter." The roof bolter is a rubber-tired, electrically powered
machine with rotating drill heads. It puts holes in the mine roof. Steel bolts (48 to 96
inches long) are then inserted into these holes and tightened. They bind together layers of
rock strata located above the cut. This, in effect, creates a supporting beam between coal
pillars and across entries and crosscuts. Thus, the roof is prevented from collapsing. Next,
a "continuous miner" is "trammed" into the face. A continuous miner is an electrically
powered machine that moves along on crawler tracks similar to bulldozer treads. The
machine has a rotating drum ("ripper head") about 10 ft wide and 3 ft in diameter, on
which cutting bits are mounted. The ripper head rotates and cuts coal from the face. A
pair of mechanical gathering arms, located beneath the ripper head, then sweeps the
dislodged coal onto a short conveyor. This conveyor moves the coal to the rear of the
machine, where it is dumped into a shuttle car (or "buggy"). A buggy is a rubber-tired

electrically powered haulage vehicle that can carry 6 to 10 tons of coal. Usually, two
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buggies transport coal from the face to a conveyor belt dumping point. From this
dumping point on the working section, coal is typically transported out of the mine via a
series of conveyor haulage belts. In some mines, however, coal is dumped directly into
small rail cars. Groups of these cars, known as "trips," are pulled by electrically powered
locomotives to a main underground dumping point. From there, the coal is transported
out of the mine via conveyor belt.

Once a mine (or a portion of it) is developed, the development sections may then
become "retreat” mining sections. In retreat mining, coal pillars that were originally left
in place for support of the mine entries and crosscuts are themselves extracted. The basic
approach is to mine in a series of cuts, supporting the roof with timbers, bolts, or a
combination of both. As these pillars are removed completely, the mine roof they once
supported collapses.

In many large mines, retreat mining has been replaced by longwall mining. To
establish a longwall, two parallel continuous miner sections, each consisting of two to
four entries, are advanced 5,000 ft or more to a predetermined point. They are then turned
and driven toward each other until they join. Once these sections are joined, they have
created a large block of coal, 600 to 1,000 ft wide and approximately a mile long, that is
known as a longwall "panel." Crews on a longwall mining section are made up of 8 to 10
individuals. A crew might consist of (1) one supervisor, (2) two shearer operators, (3)
two shield operators, (4) one headgate operator, (5) one tailgate operator, and (6) one
mechanic. These workers run large specialized equipment, which has been dismantled on
the most recently mined longwall section, then brought in and set up at the new face.

Panel extraction consists of completely removing this large block of coal that was created
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during the development process. Strata are allowed to cave behind the longwall as coal is
mined back in the direction from which the parallel "setup" sections were started.

Longwall mining operations depend on the use of self-advancing hydraulic roof
supports called "shields.” These are massive overhead steel structures supported by large
multistage hydraulic jacks. The jack system allows shields to be raised and lowered
mechanically as a face is advanced. Shields are placed side-by-side in a row so that they
form a protective canopy along the entire length of the working face. Coal is removed
from the face by a rotary drum shearing machine or "shearer." This shearer rides on top
of a flexible, segmented conveyor ("pan line") that runs along the face. It is attached to
the front of the shields by hydraulic jacks. The shearer has circular cutting heads mounted
on long arms that are affixed to each end of its main body frame. A cutting head is
equipped with carbide bits arranged in a spiral formation. The head rotates to cut a strip
of coal 30 to 40 inches deep from the longwall face as it is moved across the panel. This
extracted coal falls onto the pan line for transportation across the face to the panel's belt
conveyor. The panel conveyor then moves the coal to the mine's main haulage belt for
transport outside.

Fresh air must be supplied to all working areas of a mine. Air is drawn into a mine
from the outside by one or more propeller-type, axial-vane fans that may be as large as 8
ft in diameter. These fans can move several hundred thousand cubic feet of air per
minute. Entries serve as "intake" (fresh) and "return” (contaminated) aircourses that
channel the air through a mine. Intake and return aircourses are separated by concrete
block walls ("stoppings") that are built in the crosscuts between entries. Where intake and

return aircourses must cross each other, air bridges ("overcasts") are used. Air moving
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through the mine and sweeping across its working faces carries away smoke, dust, and
accumulations of methane gas. The intake and return aircourses also function as
escapeways for miners should a fire or other type of emergency occur. Federal mining
law requires that underground mines must maintain two separate and distinct travelable
passageways designated as escapeways from each working section. At least one of these
two escapeways has to be located in fresh air.

While an underground coal mine is in some respects like a factory, the working
environment is very different. The only lighting, for instance, comes from miners'
battery-operated cap lamps or from localized sources on various equipment. At the face,
production crews must contend with work areas that can be dusty, or wet and muddy
depending on the amount of water that may be present. These places can also be
extremely confined, especially in mines where the seam thickness is not great. To extract
coal, miners must operate large machines under such conditions. Outby1 support
personnel are scattered through the labyrinth of underground entries. They are needed to
help maintain the many auxiliary subsystems found in the mine. Work done by these
miners includes building and maintaining air stoppings, installing supplemental roof
supports, cleaning coal spills around or under conveyor haulage belts, moving supplies,
maintaining electrical installations, and conducting hazard inspections. Generally, these
support workers do their tasks singly or in small crews, usually without direct contact
with other miners, supervisors, or the outside world. They also have to deal with poor
footing due to uneven or muddy bottom. In sum, all miners must do their jobs in an

environment that is harsh and potentially dangerous.
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APPENDIX E - GLOSSARY

A

Active workings - Any place in a mine where miners are normally required to work or
travel and which are ventilated and inspected regularly.

Advance - Mining in the same direction, or order of sequence; first mining as
distinguished from retreat.

Air split - The division of a current of air into two or more parts.

Airway - Any passage through which air is carried. Also known as an air course.

Angle of dip - The angle at which strata or mineral deposits are inclined to the horizontal
plane.

Angle of draw - In coal mine subsidence, this angle is assumed to bisect the angle
between the vertical and the angle of repose of the material and is 200 for flat seams. For
dipping seams, the angle of break increases, being 35.80 from the vertical for a 40L! dip.
The main break occurs over the seam at an angle from the vertical equal to half the dip.

Angle of repose - The maximum angle from horizontal at which a given material will
rest on a given surface without sliding or rolling.

Anticline - An upward fold or arch of rock strata.

Aquifer - A water-bearing bed of porous rock, often sandstone.

Arching - Fracture processes around a mine opening, leading to stabilization by an
arching effect.

Area (of an airway) - Average width multiplied by average height of airway, expressed
in square feet.
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Auger - A rotary drill that uses a screw device to penetrate, break, and then transport the
drilled material (coal).

Auxiliary operations - All activities supportive of but not contributing directly to
mining.

Aucxiliary ventilation - Portion of main ventilating current directed to face of dead end
entry by means of an auxiliary fan and tubing.

B

Back - The roof or upper part in any underground mining cavity.

Barricading - Enclosing part of a mine to prevent inflow of noxious gasses from a mine
fire or an explosion.

Barrier - Something that bars or keeps out. Barrier pillars are solid blocks of coal left
between two mines or sections of a mine to prevent accidents due to inrushes of water,
gas, or from explosions or a mine fire.

Belt conveyor - A looped belt on which coal or other materials can be carried and which
is generally constructed of flame-resistant material or of reinforced rubber or rubber-like
substance.

Bench - One of to or more divisions of a coal seam separated by slate or formed by the
process of cutting the coal.

Black damp - A term generally applied to carbon dioxide. Strictly speaking, it is a
mixture of carbon dioxide and nitrogen. It is also applied to an atmosphere depleted of
oxygen, rather than having an excess of carbon dioxide.

Bleeder or bleeder entries - Special air courses developed and maintained as part of the
mine ventilation system and designed to continuously move air-methane mixtures emitted
by the gob or at the active face away from the active workings and into mine-return air
courses. Alt: Exhaust ventilation lateral.
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Boss - Any member of the managerial ranks who is directly in charge of miners (e.g.,
"shift-boss," "face-boss," "fire-boss," etc.).

Brattice or brattice cloth - Fire-resistant fabric or plastic partition used in a mine
passage to confine the air and force it into the working place. Also termed "line brattice,"
"line canvas,” or "line curtain.”

Breakthrough - A passage for ventilation that is cut through the pillars between rooms.

Brow - A low place in the roof of a mine, giving insufficient headroom.

Brushing - Digging up the bottom or taking down the top to give more headroom in
roadways.

Btu — British thermal unit. A measure of the energy required to raise the temperature of
one pound of water one degree Fahrenheit.

Bump (or burst) - A violent dislocation of the mine workings which is attributed to
severe stresses in the rock surrounding the workings.

C

Cap - A miner's safety helmet. Also, a highly sensitive, encapsulated explosive that is
used to detonate larger but less sensitive explosives.

Car - A railway wagon, especially any of the wagons adapted to carrying coal, ore, and
waste underground.

Certified - Describes a person who has passed an examination to do a required job.

Check curtain - Sheet of brattice cloth hung across an airway to control the passage of
the air current.

Coal - A solid, brittle, more or less distinctly stratified combustible carbonaceous rock,
formed by partial to complete decomposition of vegetation; varies in color from dark
brown to black; not fusible without decomposition and very insoluble.
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Coal dust - Particles of coal that can pass a No. 20 sieve.

Coal mine - An area of land and all structures, facilities, machinery, tools, equipment,
shafts, slopes, tunnels, excavations, and other property, real or personal, placed upon,
under, or above the surface of such land by any person, used in extracting coal from its
natural deposits in the earth by any means or method, and the work of preparing the coal
so extracted, including coal preparation facilities. British term is "colliery".

Conveyor - An apparatus for moving material from one point to another in a continuous
fashion. This is accomplished with an endless (that is, looped) procession of hooks,
buckets, wide rubber belt, etc.

Cover - The overburden of any deposit.

Crib - A roof support of prop timbers or ties, laid in alternate cross-layers, log-cabin
style. It may or may not be filled with debris. Also may be called a chock or cog.

Crosscut - A passageway driven between the entry and its parallel air course or air
courses for ventilation purposes. Also, a tunnel driven from one seam to another through
or across the intervening measures; sometimes called "crosscut tunnel", or
"breakthrough". In vein mining, an entry perpendicular to the vein.

Cross entry - An entry running at an angle with the main entry.

D

Detectors - Specialized chemical or electronic instruments used to detect mine gases.

Development mining - Work undertaken to open up coal reserves as distinguished from
the work of actual coal extraction.

Diffusion - Blending of a gas and air, resulting in a homogeneous mixture. Blending of
two or more gases.

Dilute - To lower the concentration of a mixture; in this case the concentration of any
hazardous gas in mine air by addition of fresh intake air.
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Dip - The inclination of a geologic structure (bed, vein, fault, etc.) from the horizontal;
dip is always measured downwards at right angles to the strike.

Drift - A horizontal passage underground. A drift follows the vein, as distinguished from
a crosscut that intersects it, or a level or gallery, which may do either.

Drift mine — An underground coal mine in which the entry or access is above water level
and generally on the slope of a hill, driven horizontally into a coal seam.

Dynamic pressure — The pressure increase that moving fluid imparts upon an object in its
path and is expressed as a velocity of the object.

E

Entry - An underground horizontal or near-horizontal passage used for haulage,
ventilation, or as a mainway; a coal heading; a working place where the coal is extracted
from the seam in the initial mining; same as "gate" and "roadway," both British terms.

F

Face — The exposed area of a coal bed from which coal is being extracted.

Face conveyor - Any conveyor used parallel to a working face which delivers coal into
another conveyor or into a car.

Fall - A mass of roof rock or coal which has fallen in any part of a mine.
Feeder - A machine that feeds coal onto a conveyor belt evenly.

Fire damp - The combustible gas, methane, CHs. Also, the explosive methane-air
mixtures with between 5% and 15% methane. A combustible gas formed in mines by
decomposition of coal or other carbonaceous matter, and that consists chiefly of methane.

Float dust - Fine coal-dust particles carried in suspension by air currents and eventually
deposited in return entries. Dust consisting of particles of coal that can pass through a No.
200 sieve.
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Floor - That part of any underground working upon which a person walks or upon which
haulage equipment travels; simply the bottom or underlying surface of an underground
excavation.

Fly ash — The finely divided particles of ash suspended in gases resulting from the
combustion of fuel. Electrostatic precipitators are used to remove fly ash from the gases
prior to the release from a power plant's smokestack.

Formation — Any assemblage of rocks which have some character in common, whether
of origin, age, or composition. Often, the word is loosely used to indicate anything that
has been formed or brought into its present shape.

Friable - Easy to break, or crumbling naturally. Descriptive of certain rocks and
minerals.

G

Gathering conveyor; gathering belt - Any conveyor which is used to gather coal from
other conveyors and deliver it either into mine cars or onto another conveyor. The term is
frequently used with belt conveyors placed in entries where a number of room conveyors
deliver coal onto the belt.

Gob - The term applied to that part of the mine from which the coal has been removed
and the space more or less filled up with waste. Also, the loose waste in a mine. Also
called goaf.

Ground pressure - The pressure to which a rock formation is subjected by the weight of
the superimposed rock and rock material or by diastrophic forces created by movements
in the rocks forming the earth's crust. Such pressures may be great enough to cause rocks
having a low compressional strength to deform and be squeezed into and close a borehole
or other underground opening not adequately strengthened by an artificial support, such
as casing or timber.

Gunite - A cement applied by spraying to the roof and sides of a mine passage.

H

Haulage - The horizontal transport of ore, coal, supplies, and waste. The vertical
transport of the same is called hoisting.
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Haulageway - Any underground entry or passageway that is designed for transport of
mined material, personnel, or equipment, usually by the installation of track or belt
conveyor.

Head section - A term used in both belt and chain conveyor work to designate that
portion of the conveyor used for discharging material.

Heaving - Applied to the rising of the bottom after removal of the coal; a sharp rise in the
floor is called a "hogsback”.

Hogsback - A sharp rise in the floor of a seam.

Horseback - A mass of material with a slippery surface in the roof; shaped like a horse's
back.

Inby - In the direction of the working face.

Incline - Any entry to a mine that is not vertical (shaft) or horizontal (adit). Often incline
is reserved for those entries that are too steep for a belt conveyor (+17 degrees -18
degrees), in which case a hoist and guide rails are employed. A belt conveyor incline is
termed a slope. Alt: Secondary inclined opening, driven upward to connect levels,
sometimes on the dip of a deposit; also called "inclined shaft".

Intake - The passage through which fresh air is drawn or forced into a mine or to a
section of a mine.

J

Job Safety Analysis (J.S.A.) - A job breakdown that gives a safe, efficient job
procedure.

K

Kettle bottom - A smooth, rounded piece of rock, cylindrical in shape, which may drop
out of the roof of a mine without warning. The origin of this feature is thought to be the
remains of the stump of a tree that has been replaced by sediments so that the original
form has been rather well preserved.

L
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Lamp - The electric cap lamp worn for visibility. Also, the flame safety lamp used in
coal mines to detect methane gas concentrations and oxygen deficiency.

Layout - The design or pattern of the main roadways and workings. The proper layout of
mine workings is the responsibility of the manager aided by the planning department.

Longwall Mining — One of three major underground coal mining methods currently in
use. Employs a steal plow, or rotation drum, which is pulled mechanically back and forth
across a face of coal that is usually several hundred feet long. The loosened coal falls
onto a conveyor for removal from the mine.

Loose coal - Coal fragments larger in size than coal dust.

Low voltage - Up to and including 660 volts by federal standards.

M

Main entry - A main haulage road. Where the coal has cleats, main entries are driven at
right angles to the face cleats.

Manbhole - A safety hole constructed in the side of a gangway, tunnel, or slope in which
miner can be safe from passing locomotives and car. Also called a refuge hole.

Man trip - A carrier of mine personnel, by rail or rubber tire, to and from the work area.

Manway - An entry used exclusively for personnel to travel form the shaft bottom or
drift mouth to the working section; it is always on the intake air side in gassy mines.
Also, a small passage at one side or both sides of a breast, used as a traveling way for the
miner, and sometimes, as an airway, or chute, or both.

Methane — A potentially explosive gas formed naturally from the decay of vegetative
matter, similar to that which formed coal. Methane, which is the principal component of
natural gas, is frequently encountered in underground coal mining operations and is kept
within safe limits through the use of extensive mine ventilation systems.

Methane monitor - An electronic instrument often mounted on a piece of mining
equipment, that detects and measures the methane content of mine air.
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Mine development - The term employed to designate the operations involved in
preparing a mine for ore extraction. These operations include tunneling, sinking, cross-
cutting, drifting, and raising.

Miner - One who is engaged in the business or occupation of extracting ore, coal,
precious substances, or other natural materials from the earth's crust.

MSHA - Mine Safety and Health Administration; the federal agency which regulates coal
mine health and safety.

N

Natural ventilation - Ventilation of a mine without the aid of fans or furnaces.

o

Outby; outbye - Nearer to the shaft, and hence farther from the working face. Toward
the mine entrance. The opposite of inby.

Overburden — Layers of soil and rock covering a coal seam. Overburden is removed
prior to surface mining and replaced after the coal is taken from the seam.

P

Panel - A coal mining block that generally comprises one operating unit.

Parting - (1) A small joint in coal or rock; (2) a layer of rock in a coal seam; (3) a side
track or turnout in a haulage road.

Peak overpressure — The maximum pressure above atmospheric pressure reached in
rapidly advancing blast wave.

Permissible - That which is allowable or permitted. It is most widely applied to mine

equipment and explosives of all kinds which are similar in all respects to samples that
have passed certain tests of the MSHA and can be used with safety in accordance with
specified conditions where hazards from explosive gas or coal dust exist.
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Permit — As it pertains to mining, a document issued by a regulatory agency that gives
approval for mining operations to take place.

Pillar - An area of coal left to support the overlying strata in a mine; sometimes left
permanently to support surface structures.

Pinch - A compression of the walls of a vein or the roof and floor of a coal seam so as to
"squeeze" out the coal.

Pinning - Roof bolting.

Pitch - The inclination of a seam; the rise of a seam.

Plan - A map showing features such as mine workings or geological structures on a
horizontal plane.

Portal - The structure surrounding the immediate entrance to a mine; the mouth of an
adit or tunnel.

Portal bus - Track-mounted, self-propelled personnel carrier that holds 8 or more.

Post - The vertical member of a timber set.

R

Raise - A secondary or tertiary inclined opening, vertical or near-vertical opening driven
upward form a level to connect with the level above, or to explore the ground for a
limited distance above one level.

Ramp - A secondary or tertiary inclined opening, driven to connect levels, usually driven
in a downward direction, and used for haulage.

Resin bolting - A method of permanent roof support in which steel rods are grouted with
resin.

Respirable dust - Dust particles 5 microns or less in size.
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Retreat mining - A system of robbing pillars in which the robbing line, or line through
the faces of the pillars being extracted, retreats from the boundary toward the shaft or
mine mouth.

Return - The air or ventilation that has passed through all the working faces of a split.

Rib - The side of a pillar or the wall of an entry. The solid coal on the side of any
underground passage. Same as rib pillar.

Roll - (1) A high place in the bottom or a low place in the top of a mine passage, (2)a
local thickening of roof or floor strata, causing thinning of a coal seam.

Roof - The stratum of rock or other material above a coal seam; the overhead surface of a
coal working place. Same as "back" or "top."

Roof bolt - A long steel bolt driven into the roof of underground excavations to support
the roof, preventing and limiting the extent of roof falls. The unit consists of the bolt (up
to 4 feet long), steel plate, expansion shell, and pal nut. The use of roof bolts eliminates
the need for timbering by fastening together, or "laminating," several weaker layers of
roof strata to build a "beam."

Roof fall - A coal mine cave-in especially in permanent areas such as entries.

Roof sag - The sinking, bending, or curving of the roof, especially in the middle, from
weight or pressure.

Roof stress - Unbalanced internal forces in the roof or sides, created when coal is
extracted.

Room and pillar mining — A method of underground mining in which approximately
half of the coal is left in place to support the roof of the active mining area. Large
"pillars" are left while "rooms" of coal are extracted.

Room neck - The short passage from the entry into a room.

131



Mine Safety Technology Task Force Report
May 29, 2006

S

Scaling - Removal of loose rock from the roof or walls. This work is dangerous and a
long bar (called a scaling bar)is often used.

Scoop - A rubber tired-, battery- or diesel-powered piece of equipment designed for
cleaning runways and hauling supplies.

Scrubber — Any of several forms of chemical/physical devices that remove sulfur
compounds formed during coal combustion. These devices, technically know as flue gas
desulfurization systems, combine the sulfur in gaseous emissions with another chemical
medium to form inert "sludge," which must then be removed for disposal.

Seal — An approved structure installed or constructed across openings leading to
abandoned or worked out areas that separate the active ventilated areas of the mine. The
goal of sealing an area is to create an inert, oxygen deficient atmosphere that prohibits the
propagation of an explosion or fire thus protecting the active, ventilated areas
underground.

Seam - A stratum or bed of coal.

Section - A portion of the working area of a mine.

Self-contained self-rescuer (SCSR) — A device that either stores oxygen in cylinder or
chemical generates oxygen, to aid and protect a miner in escape of a mine in the event of
an explosion or fire.

Shaft - A primary vertical or non-vertical opening through mine strata used for
ventilation or drainage and/or for hoisting of personnel or materials; connects the surface
with underground workings.

Shift - The number of hours or the part of any day worked.

Shuttle car — A self-discharging truck, generally with rubber tires or caterpillar-type
treads, used for receiving coal from the loading or mining machine and transferring it to
an underground loading point, mine railway or belt conveyor system.
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Skid - A track-mounted vehicle used to hold trips or cars from running out of control.
Also it is a flat-bottom personnel or equipment carrier used in low coal.

Skip - A car being hoisted from a slope or shaft.

Slate - A miner's term for any shale or slate accompanying coal. Geologically, it is a
dense, fine-textured, metamorphic rock, which has excellent parallel cleavage so that it
breaks into thin plates or pencil-like shapes.

Slip - A fault. A smooth joint or crack where the strata have moved on each other.
Slope - Primary inclined opening, connection the surface with the underground workings.

Slope mine — An underground mine with an opening that slopes upward or downward to
the coal seam.

Sloughing - The slow crumbling and falling away of material from roof, rib, and face.

Solid - Mineral that has not been undermined, sheared out, or otherwise prepared for
blasting.

Sounding - Knocking on a roof to see whether it is sound and safe to work under.

Span - The horizontal distance between the side supports or solid abutments along sides
of a roadway.

Split - Any division or branch of the ventilating current. Also, the workings ventilated by
one branch. Also, to divide a pillar by driving one or more roads through it.

Squeeze - The settling, without breaking, of the roof and the gradual upheaval of the
floor of a mine due to the weight of the overlying strata.

Static pressure — The force per unit area exerted across a surface parallel to the direction
of the flow.
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Steeply inclined - Said of deposits and coal seams with a dip of from 0.7 to 1 rad (40
degrees to 60 degrees).

Support - The all-important function of keeping the mine workings open. As a verb, it
refers to this function; as a noun it refers to all the equipment and materials--timber, roof
bolts, concrete, steel, etc.--that are used to carry out this function.

T

Tagline - A section of rope provided to allow escaping miners to stay together during an
escape in smoke filled environment.

Tailgate - A subsidiary gate road to a conveyor face as opposed to a main gate. The
tailgate commonly acts as the return airway and supplies road to the face.

Tailpiece - Also known as foot section pulley. The pulley or roller in the tail or foot
section of a belt conveyor around which the belt runs.

Tail section - A term used in both belt and chain conveyor work to designate that portion
of the conveyor at the extreme opposite end from the delivery point. In either type of
conveyor it consists of a frame and either a sprocket or a drum on which the chain or belt
travels, plus such other devices as may be required for adjusting belt or chain tension.

Top - A mine roof; same as "back."

Tractor - A battery-operated or diesel piece of equipment that pulls trailers, skids, or
personnel carriers. Also used for supplies.

Tram - Used in connection with moving self-propelled mining equipment. A tramming
motor may refer to an electric locomotive used for hauling loaded trips or it may refer to
the motor in a cutting machine that supplies the power for moving or tramming the
machine.

Tunnel - A horizontal, or near-horizontal, underground passage, entry, or haulageway,
that is open to the surface at both ends. A tunnel (as opposed to an adit) must pass
completely through a hill or mountain.
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Underground mine — Also known as a "deep” mine. Usually located several hundred
feet below the earth's surface, an underground mine's coal is removed mechanically and
transferred by shuttle car or conveyor to the surface.

Underground station - An enlargement of an entry, drift, or level at a shaft at which
cages stop to receive and discharge cars, personnel, and material. An underground station
is any location where stationary electrical equipment is installed. This includes pump
rooms, compressor rooms, hoist rooms, battery-charging rooms, etc.

Upcast shaft - A shaft through which air leaves the mine.

\%

Velocity - Rate of airflow in lineal feet per minute.

Ventilation - The provision of a directed flow of fresh and return air along all
underground roadways, traveling roads, workings, and service parts.

Violation - The breaking of any state or federal mining law.

W

White damp - Carbon monoxide, CO. A gas that may be present in the afterdamp of a
gas- or coal-dust explosion, or in the gases given off by a mine fire; also one of the
constituents of the gases produced by blasting. Rarely found in mines under other
circumstances. It is absorbed by the hemoglobin of the blood to the exclusion of oxygen.
One-tenth of 1% (.001) may be fatal in 10 minutes.

Working face - Any place in a mine where material is extracted during a mining cycle.
Working place - From the outby side of the last open crosscut to the face.

Workings - The entire system of openings in a mine for the purpose of exploitation.
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Working section - From the faces to the point where coal is loaded onto belts or rail cars
to begin its trip to the outside.
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WEST VIRGINIA BOARD OF COAL MINE HEALTH AND SAFETY

1615 Washington Street East « Charleston, West Virginia 25311-2126 » Telephone304-558-1425 » Fax 304-558-6091

May 30, 2006

Jim Dean, Acting Director

WYV Office of Miners Health, Safety & Training
1615 Washington Street East

Charleston, WV 25311

Dear Director Dean:
We the members of the WV Board of Coal Mine Health and Safety have reviewed the WV Mine Safety
Technology Task Force report, dated May 25, 2006. We wholeheartedly support and endorse the

recommendations within the report.

Additionally, the Board would like to compliment each individuat member for his dedication and hard
work as it relates to the health and safety of West Virginia coal miners.

The board would also like to commend the Task Force for the depth and the breadth of the report.
It has been our pleasure to work with the task force members as well as with the Office of Miners

Health Safety and Training and we look forward to providing the necessary joint assistance and support in
carrying out the recommendations outline in the report.

Lhoe Gl @2 %Ja oy

“Dave Ashby (/ Chérles “Chuck” Bogg$ 4

Steve/t{?ry W | %Eﬂ/tré C/{;Z/I?/

Rick Qovee. = Chris Hamilton

cc: Governor Joe Manchin, ITI
Carte Goodwin
Senate President Earl Ray Tomblin
House Speaker Robert Kiss
Senator Don Caruth
Senator Jeff Kessler
Senator Shirley Love
Delegate Eustace Frederick
Delegate Mike Caputo
Delegate Bill Hamilton
Task Force Members
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3. Refuge Location Analysis

3.1 Introduction

In the analysis conducted in Phase I of this project, we reviewed a total of forty two (42)
past mining disasters and studied the impact refuge stations' would have had on the final
outcomes of thirty eight (38) of those disasters most applicable to the project. All
disasters occurred between 1970 and 2006 and involved fires, explosions, and
inundations in which at least one fatality occurred. MSHA reports were reviewed and
data collected on the type of incident, number of survivors, and the number and type of
fatalities. The potential effect of refuge chambers on both survivors and fatalities was
estimated. The amount of data is limited; we provided the best analysis possible within
the confines of the information available.

The objective of the ongoing analyses of past mining disasters in Phase II of the project
has been to build on the earlier studies to reach final conclusions and recommendations
on the placement of stations within underground coal mines to help save miners lives in
the event of future disasters. To do this, we engaged in a two-pronged approach:

1. We conducted an additional review of all 42 disasters studied in Phase I to
determine if the point of origin of the disaster (fire, explosion, etc.) occurred at a
working face or some distance away and how this might correlate with the
outcome on miners lives and therefore on the placement of stations.

2. We selected a subset of those disasters studied in Phase I that were most relevant
for the potential of stations to save miners lives and studied them in greater depth
to more accurately pinpoint how stations might have been used in those cases.

Based on these studies, we were able to reach final conclusions and provide a series of
recommendations for the use of stations in coal mines. The following subsections present
the results of our Phase II studies and our recommendations for the use of refuge stations.
A bibliography listing the resources we used to conduct the analyses on this project is
provided in Appendix B. The bibliography also includes contact information for those
individuals that either met with us regarding the project or provided us with some of the
materials used in the analyses.

3.2 A Study of the Locations of Mine Disasters Within the Mines

An additional review was conducted of all of the forty two (42) disasters studied in Phase
I to determine if the point of origin of the disaster occurred at a working face or some
distance away. This was expected to shed light on how the point of origin of a disaster
might correlate with the outcome on miner’s lives. In the case of explosions, for
example, it was assumed that an explosion right at the working face would instantly

! Throughout this document the term station refers to either portable refuge chambers or to bulkhead-based
refuge locations.
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either kill or severely injure the miners in the area, limiting the potential ability ofa
refuge station to have a positive impact. Explosions elsewhere in the mine, on the other
hand, would be expected to have a less dramatic impact on most of the affected miners.

In the case of mine fires or gas inundations, the reverse could be true. A fire or gas
inundation near the working face would likely be discovered quickly and miners on the
working section would probably be able to readily escape through an intake escapeway.
Fires or inundations in outby areas, on the other hand, might not be discovered and
communicated to inby miners in a timely manner and could contaminate intake airways
or belt entries leading into working sections.

Table 1, Table 2, and Table 3 below present the basic data from this review. Because of
their differing impact on disaster outcomes, explosions and fires/inundations are
tabulated separately. For completeness, a third table lists remaining disasters of'the total
42 originally studied that are not applicable to this review.

Table 1. Mine Explosions

MINE

EXPLOSION AT FACE AREA?

Darby Mine Explosion

No — 1000 ft away; 2 victims near explosion
died instantly; 3 in face died later

Sago Mine Explosion

No — 2300 ft outby; 1 victim near explosion
died instantly; 11 in face died later

Pyro No. 9, William Station Explosion
(1989)

No — 450 ft inby; 4 victims along longwall
face closest to explosion died instantly; 6
further from explosion died later

4a

Scotia Mine Explosion — 1% explosion

No — 800 ft inby; 6 of 15 victims killed
instantly; of 9 others near face, 3 likely
survived a short time and 6 others died in
barricade

4b

Scotia Mine Explosion — 2™ explosion

No — 2500 ft inby; all 11 victims located in
an outby area died instantly

Oakwood Red Ash Explosion

No — 6000 ft away; 2 victims near explosion
were not Killed instantly

tmann No. 3 Mine Explosion

No - 1000 ft outby; of 8 miners near
explosion, 5 were Killed (instantly or nearly
so) and 3 were injured

Blacksville No. 1 Fire & Explosion (1972)*

No — occurred between mine fire and face
area (report is not specific on location); no
deaths were related to this explosion

Finley 15 & 16 Mine Explosion

No — 150 to 1500 ft away; 33 of 38 affected
miners were killed instantly

Pyro No. 2 Mine Explosion

No — 1 of 2 men surveying old works died;
the other escaped; explosion occurred a
considerable distance from active areas
(data not provided); no other miners
affected

10

Jim Walters Resources, Inc., No. 5 Mine

No - 2 explosions: one (minor) about 400 ft
outby the faces; the other (major) about
1,000 ft outby the faces; the major
explosion killed 12 of 13 victims instantly,
none near faces at the time
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MINE

EXPLOSION AT FACE AREA?

11 | Southmountain Coal Co., Inc. - #3 Mine Yes (or very close); 8 of 9 victims killed
instantly

12 | McClure #1 Mine Yes (or very close); 3 of 7 victims killed
instantly; others too injured to escape

13 | RFH Coal Co,, #1 Mine Yes; 2 of 7 victims killed instantly; others too
injured to escape

14 | Grundy Mining Co., #21 Mine Yes (or very close); all 13 victims killed
instantly

15 | Adkins Mining Company, No. 11 Mine Yes; all 8 victims killed instantly

16 | Mid-Continent, Dutch Creek #1 Mine Yes; all 15 victims killed instantly

17 | Westmoreland Coal Co., Ferrell No. 17 No — distance from active faces unknown; 5

Mine miners retrieving track in an abandoned

area and all 5 victims killed instantly

18 | R&D Coal Company, Inc. Mine Yes; all 1 victim killed instantly

19 | Plateau Mining Corp., Wiliow Creek Mine Yes; all 2 victims killed instantly

20 | A A & W Coals Inc. Eimo #5 Mine No — one miner alone in old works died
instantly or very soon after igniting
methane; explosion was about 2,000 ft inby
active section; only one miner on the active
section was injured

21 | Fire Creek Inc. #1 Mine Yes (but no active mining in progress); ail 2
victims killed instantly

22 | Granny Rose Coal Company, No. 3 Mine Yes; all 3 victims killed instantly

23 | Double R Coal Co., #1Mine Yes (or very close; victim alone in mine)

24 | Mid Continent inc., Dutch Creek #2 Mine Yes; none killed instantly; all escaped and
one died in hospital

25 | Pyro No. 9, William Station Explosion Yes; none killed instantly but 2 of 3 injured;

(1986) one died one week later

26 | M.S.W. Coal Company, No. 2 Slope Mine | Yes; 5 miners in area: 3 died; 2 killed
instantly

27 | Greenwich Collieries No. 1 Mine Yes; all 3 victims killed instantly

28 | Helen Mining Co., Homer City Mine (1983) | No — explosion occurred in a section
inactive due to mine vacation; distance to
faces unknown (without access to mine
maps); victim alone conducting fire patrol
ignited methane

29 | P and P Coal Company, No. 2 Mine No — all 4 miners retrieving equipment from
old works died instantly; explosion occurred
a considerable distance from active areas
(data not provided); 16 miners in other
areas escaped

30 | Helen Mining Co., Homer City Mine (1970) | Yes; 5 miners in area: 3 injured and 1 killed

31 | Clinchfield Coal Co., Compass #2 Mine No — one miner died while traveling alone

when his personnel carrier ignited methane;
distance to active areas unknown (without
access to mine maps); mine was idle at the
fime

* Note that this explosion occurred some time after a mine fire had developed. This disaster is

also shown in the table below related to mine fires.
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Table 2. Mine Fires/Inundations
MINE FIRE/INUNDATION AT FACE AREA?

32 | Emery Mining Corp - Wilberg Mine Fire No (about 2,200 ft outby longwalil face); 27
victims of 28 miners in face area

33 | Blacksville No. 1 Fire & Explosion (1972)** | No (1,900 ft and 3,500 ft outby two longwall
working sections); 9 of 9 victims

34 | Aracoma Coal Co., Inc, Alma Mine #1 Fire | No (about 3,500 outby working section); 2
victims of 12 miners escaping face area

35 | Buckeye Coal Co., Nemacolin Mine Fire Yes (3 crosscuts - about 300 ft outby faces);
9 of 10 miners in section escaped and 1
died; 2™ victim was found about 1,100 ft
outby

36 | Grays Knob Coa! Company, No. 5 Mine Yes (inundation of CO,; 3 miners in face
area died; others escaped)

* Note that this fire included an explosion that occurred some time after the fire had developed.
This disaster is also shown in the table above related to mine explosions.

Table 3. Disasters Not Applicable to This Study

MINE (not applicable to this study) NATURE OF DISASTER
37 | Black Wolf Coal Co., Quecreek #1 Mine Inundation of water; no deaths; all 9 miners
impacted were rescued
38 | Consolidation Coal Co., Loveridge #22 Suffocation in coal storage bin
mine
39 | Clinchfield Coal Co., Moss #3 Portal A CO, inundation 265 ft from surface of mine
Mine
40 | Kocher Coal Corporation, Porter Tunnel Water inundation in multi-level anthracite
Mine mine
41 | Jim Walters Resources, No. 4 Mine CO asphyxiation in an outby area
42 | R and R Coal Company, No 3 Mine CO asphyxiation near mine surface
following a production blast with explosives
43 | Consolidation Coa! Co., Blacksville #1 Above-ground explosion at production shaft
Mine (1992)

3.2.1  Analysis and Conclusions

For the 32 mine explosions reviewed (including two separate explosions at Scotia), 16
occurred at a working face area while the other 16 occurred some distance away from a
face area or elsewhere in the mine. Of the 16 explosions occurring at the working face,
all of the miners who perished were killed instantly in eight of them. In four others, some
of the miners were killed instantly and others died some time later. In two other
explosions, one miner in each explosion died in the mine but the time of death is
unknown. In the remaining two explosions, one miner in each explosion died after being
removed from the mine.

Of the 16 explosions not occurring at a working face, only six directly affected miners

were working in face areas at the time of the explosion. Of these six explosions, three
resulted in the deaths of face area miners but none were killed instantly; all were killed

17



later while attempting to escape or awaiting rescue. In another two explosions, some or
most of the face area miners were killed instantly due to the violence of the explosion. In
one of the explosions, a face area worker was injured but not killed.

Of the remaining ten of the 16 explosions not occurring at a working face, seven events
affected only the miners who were in the vicinity of the explosion. Miners in face areas
were not affected. In all of these cases except one, all of the miners in the immediate
vicinity of the explosion were either killed or injured. In only one case, a miner in the
immediate vicinity of the explosion was able to escape uninjured. Intwo additional
explosions (the second explosion at Scotia and the explosion at Jim Walter No. 5 Mine),
miners some distance outby the point of origin of the explosion were killed (and most of
them instantly) by the violence of the explosion. One explosion (Blacksville No. 1 Mine)
was minor and had no effect on any of the miners.

Of the 4 mine fires that were reviewed, three originated a considerable distance from face
areas. Inthe Wilberg fire, 27 of the 28 miners present in the longwall face area perished
trying to escape the smoke and gasses from the outby fire. Inthe Blacksville fire, all 9 of
the miners in two face areas perished trying to escape the smoke and gasses from the
outby fire. Inthe Alma fire, 2 of 12 miners escaping the fire became separated from the
rest of the group and perished. In the Nemacolin Mine fire, which did occur near the
working faces, one of 10 miners escaping the fire left the group and perished while
another miner attempting to escape separately was not successful.

One gas inundation was represented in the study, occurring right at the active face area.
In the Grays Knob CO; inundation, all but three of the crewmembers were able to escape
while three perished.

Generally, the above conclusions supported our expectations. Explosions occurring right
at working faces killed all or some of the affected section miners instantly in most cases,
while face area miners were not killed instantly in most cases of explosions occurring
away from the face. In cases of particularly violent outby explosions (Scotia, Jim
Walters and Finley, for example), face area miners still died instantly from the
explosions.

In the case of the four fires studied, one of them (Nemacolin) originated close to the
working faces, was discovered immediately by section personnel and most of the miners
were able to escape quickly. The other three fires occurred well away from face areas
and two of them resulted in significant loss of life because they were not communicated
to face areas in a timely manner and escape routes were blocked.

The results of this study show that in nearly all cases, it is disasters that occur away from
the face areas that provide the best opportunity for underground refuge stations to have an
impact in saving miners lives. Unfortunately, face area explosions with sufficient forces
to kill miners will kill most of them instantly, rendering stations irrelevant in most cases.
Explosions away from face areas on the other hand allow surviving miners an
opportunity to attempt escape or to seek refuge in stations if escape is not possible.

18



Stations are also very viable in saving miners lives in the cases of fires originating away
from face areas where smoke, gasses and heat block the miners escape routes.

3.3 Detailed Analyses of Selected Mining Disasters

During our review in Phase I of the 38 applicable past disasters, we assessed whether a
refuge station would have had a “positive”, a “neutral” or a “negative” impact on the
miners affected by the disaster if a refuge station had been present in the mine at the time.
We did this for two basic situations:

1. Situations in which the miners escaped successfully, did not escape but were
rescued or barricaded and were rescued.

2. Situations in which the miners died attempting to escape, barricaded and perished,
or were too injured to escape and were either rescued or perished.

Clearly the most important impact that refuge stations might have had on the outcomes of
the disasters are those situations in which the stations might have saved miners lives, i.e.,
in which they would have had a “positive” impact on miners who died (Situation 2
above). There were twelve (12) such mine disasters in our original study and a key part
of our Phase II effort has been to re-evaluate those twelve disasters in greater detail. It is
notable that all but one of these 12 disasters originated well away from face areas, hence
correlating well with the conclusions reached in the study of disaster locations discussed
in the previous subsection.

The objective of this more extensive study of the 12 select disasters was to determine as
accurately as possible, based on the specific situations of each disaster, where the
affected miners were located when they died and what environmental or physical
conditions to which they might have been subjected. The intent was to help determine
where a refuge station might have best been located to provide the greatest chance of
saving the miners lives and, to the extent possible based on the information available, the
conditions that a station would have had to endure (i.e. fire, explosion forces, etc.).

The twelve mine disasters selected for further study were (in reverse chronological
order):

Darby No. 1 Mine Explosion — May 20, 2006

Aracoma Alma No. 1 Mine Fire — January 19, 2006

Sago Mine Explosion — January 2, 2006

Pyro William Station Mine Explosion — September 13, 1989
Wilberg Mine Fire — December 19, 1984

Scotia Mine Explosion — March 9 and 11, 1976

Oakwood Red Ash No. 4 Mine Explosion — September 25, 1973
Itmann No. 3 Mine Explosion — December 16, 1972

Blacksville No. 1 Mine Fire — July 22, 1972

W0 N R WD e
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10. Nemacolin Mine Fire — March 26, 1971
11. Finley No. 15 and 16 Mine Coal Dust Explosions — December 30, 1970
12. Pyro No. 2 Mine Explosion — November 30, 1970

For each of these disasters, we attempted to answer a series of key questions:

Where were the victims found within the mine? Were they at active working
faces, at outby (or inby) areas during an escape from active faces or elsewhere in
the mine (at work areas away from active faces, while traveling within the mine,
etc.)?

Where were the miners found with respect to the source of the explosion or fire?
Where did the source of the explosion or fire occur with respect to working faces?

If a station had been in place in the mine within 1,000 ft from the face (i.e. per
West Virginia regulations [1]), would the affected miners have been able to reach
it?

If a station had been in place in the mine 2,000 ft from the face (i.e. coincident
with MSHA’s breathable air guidelines [2]), would the affected miners have been
able to reach it?

Would a station at 1,000 ft from the face have been a preferred location compared
to a station at 2,000 ft from the face or vice versa?

Would a station positioned at some location other than 1,000 ft or 2,000 ft from
the face have been preferred?

Would flame and/or explosion forces have impacted a station (at 1,000 ft from the
face, 2,000 ft from the face or some other location if applicable)? To what range
of explosive forces would a station at each location have been subjected (if such
information is available)?

How long would it have taken mine rescue personnel to reach the affected miners
if they were located in a station at 1,000 ft from the face? At 2,000 ft from the
face?

Would additional outby stations beyond those relative to the face (i.e. at 1-hour
travel distances, etc.) have been potentially applicable to the miners?

We focused the above questions on the locations of 1,000 ft from the face and 2,000 ft
from the face (WV regulations and MSHA breathable air guidelines) because those
criteria already exist and mines are already beginning to adhere to them. Unless there
was a compelling reason to choose a station location different than 1,000 ft from the face
or 2,000 ft from the face, we preferred to hold the study to a comparison between those
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two potential locations. In fact, the results of the twelve detailed studies showed that
there was not a strong reason in any of the cases to choose an alternative station location.

Table 4 presents a summary of the results of the detailed study of the twelve select
disasters and an assessment of the results and conclusions follows the table. Appendix A
provides additional detail related to each of the twelve disasters including a mine map
showing the location of the disaster within the mine, locations of the miners who
perished, locations where refuge stations would have been positioned at 1,000 ft from the
face or 2,000 fi from the face, etc.
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Table 4. Summary of Detailed Analyses of Twelve Select Mine Disasters from 1970 to Present
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3 | Where were victims found with 3at 3500’ 2300 450-10000 | Nearby | 800 outby - .| s00-12000 | 1inby; 1 | 150-1500° -
respect to disaster point of origin? | 1000° | outby | inby ouby(?) | orinby | ooy Atorigin | Atorigin | ooy fire | outby | away At origin
4 | Where did the event occur 1000’ 3500 ft | 2300 450’ 2200 ft | sooinby; | 6000 1000’ Inby fire; 300 ft 150-1500' | Away
relative to face (or work area)? away outby outby inby outby 2500'inby | away outby outby face | gutby away from face
5 | Would victims have been able to Yes Maybe, if | Maybe, if | Yes Yes, if
7 3 '
reach a station 1,000 ftaway? | "> | Yes |Yes | Yes(?) |¥eS | (come) | present | neawy | (asay | YOS | Urknown | presen
6 | Would victims have been able to .
, Maybe Yes , No-A2 would
reach a station 2,000 ft away? Yes Yes Maybe | (o) y Yes (some) er?S'Z?,, "1 No Veons | Yes N/A nol have
use
7 | Which station location (1,000 ft or
2,000 ft away) would have been | 2,000 ft | Neither | 1,000t | 1,000ft | 1,000 ft | SN0t | Gannot | 4,000 1 1ocotaz | Ngjtner | NA | NIA
favored? say say (by luck)
8 | Would a station at a location Yes (i
other than 1,000 ft or 2,000 ft No No No No No sjj’ﬂgg) N/A No No No No N/A
away have been better?
9 | Would FLAME have affected a Yes, if Yes-A2 No, if
station at 1,000 ft away? No No No No No Yes present Yes No-A3 No Yes present
10 | Would FLAME have affected a No (flame) No, if Yes-A2 No, if
station at 2,000 ft away? No No No No Yes (hea) | NO present | NO ves-A3 | NO NIA~ | present
11 | Would FLAME have affected a
station per OTHER guidelines? N/A N/A N/A N/A N/A Yes N/A N/A N/A N/A N/A N/A
12 | Would FORCES have affecteda | Yes; 15- | N/A Yes; 2-5 No N/A Yes Yes Yes; 2-4 | Yes N/A Yes No, if
station per at 1,000 ft away? 20 psi (fire) psi (fire) psi (low) {fire) present
13 | Would FORCES have affected a | Yes; 2-4 | N/A Yes; 2-5 No N/A Yes Yes Yes; <2 | Yes N/A N/A No, if
station at 2,000 ft away? psi (fire) psi (fire) psi (both) (fire) present
14 | Would FORCES have affected a
station per OTHER guidelines? N/A N/A N/A N/A N/A Yes N/A N/A N/A N/A N/A N/A
15 | Time (in hrs) rescuers would have | 1000ft | 49 o 1000 ft- 48 1000 ft: <21 if | 10005 | gen i
made contact with trapped miners | 510 | jess 200040 | SOTless | 2:32(7) | fos N Lol | 29901 | porenole | <2 (7) | 65215 1 N/A
16 | Would additional outby stations Cannot
have been beneficial? No No No No No No say No No No N/A No
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3.3.1

Analysis and Conclusions

Of the twelve disasters given further study, eight involved explosions, three
involved fires and one involved a fire with an accompanying minor explosion.

Of the nine disasters involving explosions, none occurred right at a working
face. In the Finley disaster (involving two conjoined mines), the explosion
occurred about 150 ft away from one of the working faces but about 1,500 ft
away from the other. In the other eight disasters, the explosions ranged from
450 ft to 2,300 ft away from working faces.

In nine of the disasters, some or all of the victims were originally located at
their working faces when the disaster was first discovered. In the other three
disasters (all explosions), miners at outby locations triggered the explosions
and they were the only miners affected.

In nine of the twelve disasters, some or all of the miners were sufficiently
healthy to attempt escape for a considerable distance. In the other three
disasters, miners were apparently injured severely or overcome quickly and
traveled only a short distance. Two of these (Oakwood Red Ash and Itmann)
involved cases where outby miners triggered the explosions. The third
(Finley) involved a violent explosion that instantly killed 33 of the 38 miners
affected and the other 5 were only able to travel 100 to 140 feet before
perishing.

Stations located at 1,000 ft from the face: in eight of the twelve disasters, the
victims would likely have been able to reach a station located 1,000 ft from
the faces. In another of the disasters (Finley), it is not know whether the
victims initially surviving the explosion could have reached a station at 1,000
ft because data is not available on the extent of their injuries. In another two
of the disasters (Oakwood Red Ash and Itmann), the victims would only have
been able to reach a station at 1,000 ft if it were close by due to their injuries.
In one of the disasters (Pyro No. 2, in abandoned works), the sole victim could
have reached a station at 1,000 ft (if it still existed in the area) but would
probably not have stayed because he would have been in fresh air.

Stations located at 2.000 ft from the face: in six of the twelve disasters, all or
some of the victims would likely have been able to reach a station located at
2,000 ft from the faces. Intwo of the disasters (Itmann and Blacksville), all or
some of the victims would xnot have been able to reach a station at 2,000 ft due
to their injuries or mine conditions. In two of the disasters (Sago and Pyro
William Station), it can’t be determined for sure if the victims would have
been able to reach a station at 2,000 ft based on their injuries or mine
conditions. In one of the disasters (Oakwood Red Ash), the sole victim would
only have been able to reach a station at 2,000 ft if it were close by due to his
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injuries. In one of the disasters (Pyro No. 2, in abandoned works), the sole
victim could have reached a station at 2,000 ft (if it still existed in the area)
but he probably would not have stayed because he would have been in fresh
air. In the Finley disaster, a station at 2,000 ft would not have been provided
due to close proximity to the mine portals.

Stations at 1,000 ft from faces versus stations at 2,000 ft from faces: for five
of the disasters, a station located at 1,000 ft would have been preferred over
the 2,000 ft location. In two of the disasters, the station location at 2,000 ft
would have been preferred and in another two, neither would have been
preferred over the other. In two other disasters, it wasn’t possible to say if one
would have been preferred based on data available. Finally, in two of the
disasters the question was not applicable because stations would not have
been used in one of them and a station at 2,000 ft would not have been
provided in the other.

Alternate station locations: in only one of the disasters could it be said that an
alternate station location would have been preferred over the 1,000 ft or the
2,000 ft locations. In the Scotia disaster, miners within their working section
off the main entries were trapped inside their section due to an explosion that
occurred out in the main entries inby their location. In such cases, it would
have been preferable to maintain a refuge station some distance inside the
section away from the junction with the mains. Although it is not possible to
predict ahead of time that a disaster of this nature might occur, it might be a
sensible protocol to establish a station within a dead-ended working section
just as soon as possible after the section has advanced deeply enough to
accommodate it. The Sago disaster bears this out as well; a location within
1,000 ft from the working faces at Sago would have been inside the section
away from the direct firing line of the explosion and an ideal location for a
refuge station. Because the submain was less than 2000 ft long a station at
2,000 ft from the faces at Sago would have been in the main panel and closer
to the explosion and much more difficult for the miners within the section to
reach. Note, however, that a station would never have been placed close to a
gob seal because of exactly what happened at Sago.

Effects of flame on stations at 1,000 ft from faces: in seven of the twelve
disasters, flames would not have impacted a station located at 1,000 ft from
the faces. In four of the disasters, flames would have impacted a station at
1,000 ft and in one disaster (Blacksville) flames would have impacted a
station at 1,000 ft for one working section but not the other.

Effects of flame on stations at 2,000 ft from faces: in ten of the twelve
disasters, flames would not have impacted a station located at 2,000 ft from
the faces, although heat would have been a factor in the Wilberg disaster. In
only one of the disasters (Blacksville), flames would have impacted a station
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at 2,000 ft. One disaster (Finley) is not applicable because a station at 2,000 ft
would not have been provided due to close proximity to the mine portals.

Effects of forces on stations at 1,000 ft from faces: in seven of the nine
disasters involving explosions, forces would have impacted a station located at
1,000 ft from the faces. Little numerical data was available as to the extent of
the forces but in one explosion (Darby), a station at 1,000 ft would have been
subjected to forces of up to 15 to 20 psi. In the Sago and Itmann explosions, a
station at 1,000 ft would have been subjected to forces of about 2 to 5 psi and
2 to 4 psi respectively. In the Pyro William Station and Pyro No. 2
explosions, forces would not have impacted a station at 1,000 ft (and a station
may not have even been provided in the Pyro No. 2 case).

Effects of forces on stations at 2,000 ft from faces: in six of the nine disasters
involving explosions, forces would have impacted a station located at 2,000 ft
from the faces. Again, little numerical data was available but in the Darby
explosion we estimate that a station at 2,000 ft would have been subjected to
forces of about 2 to 4 psi; in the Sago explosion we estimate it would have
been subjected to forces of about 2 to 5 psi and in the [tmann explosion we
estimate it would have been subjected to forces of less than 2 psi. Inthe Pyro
William Station and Pyro No. 2 explosions, forces would not have impacted a
station at 2,000 ft (and a station may not have even been provided in the Pyro
No. 2 case). Also, a station at 2,000 ft would not have been provided in the
Finley explosion due to close proximity to the mine portals.

In most cases (though not all), stations located at 2,000 ft from the faces would have
had the advantage of being further from most of the fires and explosions than a
station at 1,000 & and so less likely to be affected by flame and explosion forces;
however, miners would have been able to reach a station at 1,000 ft in more cases
than a station at 2,000 ft due to injuries, disorientation, debris in their path and the
greater distance to be traveled, so stations at 1,000 ft would have been preferred in
more cases as noted above.

Time for rescuers to reach miners in stations: the time that it would have
taken rescuers to reach miners taking refuge in a station varied widely across
the twelve disasters, ranging from about 2 hours to potentially up to 96 hours
where drilling a borehole would be required (see details in the table).
Generally, rescuers would reach a station at 2,000 ft from the faces quicker
than a station at 1,000 ft due to its location 1,000 ft further outby. In some
cases, they would have reached a station at 2,000 ft much sooner (as in the
Darby and Scotia explosions) while in other cases there would have been little
difference. Obviously it would have depended on the conditions that rescuers
would have encountered in the 1,000 ft of advance between the 2,000 ft and
the 1,000 ft stations.
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Additional outby stations: as to the possible benefits of additional stations
located in outby areas (as at one-hour travel intervals to match MSHA’s
breathable air requirements), there was only one disaster (Oakwood Red Ash)
where an outby station might have possibly helped. The two victims were
working in an abandoned area of the mine, so an outby station could possibly
have been their only recourse had one existed in the area and if the extent of
their injuries had allowed them to travel to it. In all eleven of the other
disasters, miners either would have used stations at 1,000 ft or 2,000 ft from
the faces instead or would not have been able to reach an outby station or
would have been in clean air before ever reaching one.

Additional recommendations for locating stations: recommendations related
to station positioning surfaced from this study as follows:

- Both the Wilberg and Alma mine fires were associated with conveyor belt
systems. Conveyor belt systems, especially belt drives, are potential
friction hot spots and have been sources of mine fires in the past. Avoid
locating stations within escapeway crosscuts that are close to belt drives or
other potential fire hot spots. Past mine fires and explosions have also
often destroyed ventilation overcasts so station locations near overcasts
should also be avoided.

- The Blacksville No. 1 mine fire occurred in the track entry on equipment
being moved in the entry. Fires and explosions have occurred in track
entries in the past due to the prevalence of equipment, supplies and
moving electrical and mechanical systems along the track. Although
MSHA regulations [3] preventing the movement of equipment while
miners are located inby will prevent similar disasters in most cases,
another suggestion for station positioning would be to avoid locating them
within or off track entries when other options are available.

- The Oakwood Ash and Pyro No. 2 mine explosions both suggest that it
could be important to maintain stations at either 1,000 ft or 2,000 ft from
abandoned or mined out areas of mines as long as there is likelihood that
miners will still need to access those areas, even if only occasionally,
particularly since they may not be as well ventilated as more active
working sections. Only a single station would be required since the
section would no longer be advancing and the 1,000 ft location would be
preferred since the greatest likelihood of an ignition or explosion would be
in or near the abandoned face areas.

- Based on the Sago disaster and general mining engineering judgment,
stations should not be placed near gob seals.

Questions regarding station use and deployment. 1t appears that some mines
in the country are opting for portable stations (chambers) that have to be
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deployed for use. MSHA currently requires material to build an airtight
barrier and will require rapidly inflatable walls when they become
commercially available for breathable locations [4]. The reasons for such
concepts for stations are obvious: the stations would be much easier to move
as mining advances; however, our analysis of the mining disasters from 1970
to the present have shown that many of the disasters involved injured miners,
most involve poor visibility due to dust and smoke and many have miners
donning self rescuers. In fact, many miners under the duress of a mine
emergency have had trouble performing the simple task of opening and
donning a self rescuer. This leads to key questions that need to be addressed
regarding the use of stations that would need to be deployed by miners during
a disaster:

- How difficult are such stations to deploy, how long does it take and how
much training is required to deploy them?

- How are injured and disoriented miners going to deploy the refuge stations
or the inflatable walls if they barely make it to the station and are in dense
smoke or dust when they get there?

3.4 Recommendations for Placement of Refuge Stations in Underground Coal
Mines

Based on the Phase II research conducted above, following is a summary of our final
conclusions and recommendations on the placement of stations within underground coal
mines:

e In the cases of many of the disasters studied, stations would have been most
effectively located within 1,000 ft from the faces of mining sections while in other
cases stations would have been more effective at the 2,000 ft locations, so there
are two choices: place stations at both locations or provide one about 1500 ft. It is
not possible to maintain consistent distances (e.g., 1000 ft) at all times because the
working section is continually advancing as coal is produced. Hence, the
station(s) should be situated in nominal locations. In the approach using only one
station it would be located within a range of 1000 ft to 2,000 ft from the face.
Similarly, in the two station option one would be located in range of 500 ft to
1500 ft and the other within 1,500 ft to 2,500 ft from the face.

e It will always be necessary to maintain at least one active station for a working
section at all times. A portable chamber cannot be considered “in-service” when
it is being moved because its location will be changing and miners will not
necessarily know of its in-transit or new final location. In addition, it may be
subject to significant damage should an event occur while unanchored or in transit
and rendered useless. Therefore, if a one-station system is being used it would
require being moved during non-working shifts. If a mine is maintaining a two-
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station system for a working section, one can be dismantled and moved while the
other station remains in service. This would apply whether the stations were
portable chambers or bulkhead-based stations. Two basic scenarios that could be
employed for this:

1. Alternating stations: as the inby station begins to reach a distance of 1,500 ft
from the faces (and the outby station approaches 2,500 ft from the faces), the
outby station would be relocated to a position approximately 500 ft from the
faces and the previously inby station would then become the new outby
station. This cycle repeats as mining advances. If both portable chambers and
bulkhead type stations are used in this scenario, they would alternate in their
positioning.

2. Series station advancement: as the inby station begins to reach a distance of
1,500 ft from the faces (and the outby station approaches 2,500 ft from the
faces), the inby station would be moved up to a position approximately 500 ft
from the faces while the outby station remains in service. Once the inby has
been relocated and is back in service, the outby station would then be moved
up to a new position about 1,500 ft from the faces. This cycle also repeats as
mining advances.

The above recommendations would apply to retreat longwall and pillar mining as
well as to forward development mining. In cases of retreat mining, the stations would
simply be relocated in the outby direction rather than the inby direction as mining
progresses. Retreat mining could allow the reuse of abandoned bulkhead type
stations that had been set up during earlier development mining.

Note that special consideration has not been given to very low coal seams in this
recommendation. Mines may need to consider placement of refuge stations within
ranges closer to the faces on a case by case basis depending on the height of their coal
seams or on other mitigating factors that would make travel to a station particularly
difficult during emergency conditions of poor visibility and potentially bad
atmosphere.

In sections such as longwall sections where miners are spread widely throughout the
face area and alternate escape routes are provided (as in headgate and tailgate
escapeways), stations should be provided within each of the main escapeway routes
where feasible. In the case of longwall tailgate entries, this may not be possible given
the caved entries from adjacent mined out panels and dense cribbing installed to
provide support in those entries.

Stations should obviously be located within crosscuts off standard designated intake

escapeways. If necessary in some instances, they may be located off designated
return escapeways.
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None of the disasters studied suggested a specific station location that would obviate
the 1,000 ft, 1,500 ft or 2,000 ft options. Hence, we are not recommending any
specific alternative locations; however, we recommend establishing an initial station
within a dead-ended working section as soon as possible after the section has
advanced deeply enough to accommodate it. This will provide refuge to miners who
could become trapped within the dead-ended section by fires or cxplosmns that might
occur either inby or outby in the adjoining main entries.

The likely timeframe required for mine rescuers to reach miners trapped in a refuge
station varied widely in the disasters studied. In at least one disaster, it could have
taken rescuers up to 96 hours to reach trapped miners through a borehole. In many
other cases it took substantially less time to reach trapped and injured miners. We
recommend that stations be equipped to handle stays of up to 96 hours to
accommodate the outside range of the rescue timeline and to account for the potential
for stations to be overloaded (over designed capacity).

Our study has shown that additional outby stations would only rarely be helpful in
sustaining miners escaping a mine disaster and we do not consider maintaining outby
stations to be a necessary requirement. However, mines providing boreholes at
regular intervals as mining progresses (typically under minimal cover with ready
access to all surface areas) might consider maintaining stations at intervals within the
mine based on the relative ease in doing so. In a severe disaster, they could certainly
provide temporary refuge to escaping miners to regroup and rest as they continue
their escape.

Stations should not be located within escapeway crosscuts that are close to belt drives
or other potential fire hot spots. Past mine fires and explosions have also often
destroyed ventilation overcasts so station locations near overcasts should also be
avoided.

Fires and explosions have occurred in track entries in the past due to the prevalence
of equipment, supplies and moving electrical and mechanical systems along the track.
MSHA regulations (initiated based on the Blacksville No.1 fire and explosion)
prevent the movement of equipment while miners are located inby. Nonetheless,
stations should not be positioned within or off track entries when other options are
available.

Stations should be maintained at either 1,000 ft or 2,000 ft from abandoned or mined
out areas of mines as long as there is likelihood that miners will still need to access
those areas, even if only occasionally, particularly since they may not be as well
ventilated as more active working sections. Because mining will not be occurring in
such inactive areas, stations will obviously not need to be relocated within those
areas.
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STATE OF WEST VIRGINIA
WEST VIRGINIA MINE SAFETY TECHNOLOGY TASK FORCE
1615 Washington Street, East
Charleston, West Virginia 25311-2126
Telephone: (304) 558-1424  Fax: (304) 558-1282

February 27, 2008

Jeffery L. Kohler
NIOSH

626 Cochrans Mill Road
P.O. Box 18070
Pittsburgh, PA 15236

Dear Mr. Kohler:

The West Virginia Mine Safety Technology Task Force would like to take this opportunity to
thank you and all the NIOSH researchers involved in the testing and evaluation of the four

shelters and your recent report on refuge alternatives for underground coal mines. We realize
that it is ofen difficult to “break new ground” and appreciate your willingness to be involved.

The Task Force recently reviewed the report and wanted to note some areas of concern and ask
for clarification on some issues. They are as follows:

1) The Task Force would note that in Table 1 on page 6 of the report for Occupant-
Activated Annunciation the recommended value or practice is to utilize a battery-
powered strobe light or radio homing signal. The battery powered strobe light was
originally required under WV Senate Bill 247 which became law in 2006 and was
noted in the corresponding rules developed for this law. We have since made a
recommendation o Director Wooten and Governor Manchin that this should be
removed, Presently such action is in bill form and moving through the WV
] egislature with expected passage. The concern is that the risk presented by the
battery as a secondary ignition source is greater than the value it presents to potential
rescuers. The same may be true for the case of radio homing signals.

2) Also in Table 1 on page 6 the minimum distance to the working face recommended
value of 1,000 feet is also an area of concern. As you may know, WV regulations
require that the emergency shelter be kept within 1,000 feet (maximum) of the nearest
working face. As you can see, this is a conflict with current WV regulations. Our
thought process was to have the shelter fairly close by as most cases of entrapment
from the literature were caused by events outby rather than in the general face area and
if the pressure is great enough to cause damage to the shelter (greater than 15 psi), the
probability that someone is still alive to utilize the shelter is very low.

WV Mine Safety Technology Task Force

Ronald Wooten, Chairman Jawes Dean, Co-Chairman
Theodore Hapney, Labor Representative Gary Trout, Labor Representative Stephen Webber, Labor Representative
Dale Birchfield, Industry Representative J. Todd Moore, Labor Representative Terry Hudson, Labor Representative

A558-Comu- 33- 1



Jeff Kohler )
February 27, 2008
page two

3} On page 8 of the report in the third paragraph the statement is made that shelters
should be placed in the crosscuts rather than the entries and not located in or off of the
track entries. This is problematic in thata three entry development system you quickly
are eliminating possible locations. Second, the Task Force is in agreement that
damage from handling the units fo locate them in crosscuts and to “keep up” with the
face is of higher probability than damage if it is located in the enfry (rationale at the

end of item 2 also applies).

4) There is also concern over recommended values for unrestricted floor space 15
square ft) and unrestricted volume (>85 cubic ft). These values may exceed some of
the portable shelters currently providing protection in underground mines in West
Virginia. Did you mean for this value to apply to portable shelters and in-place
shelters or only in-place ones?

5) Also in Table 1 on page 6, the footnote on communication with the surface (#13)
states that these systems should be independent of the mine’s communication system,
fo the extent practicable. The Task Force has envisioned that communications should
be integrated for the primary reason that if it is used everyday you know that it is
functional when you need it. If it is a separate system there is concern that it will not
be functional when needed most. '

Again we want to thank you for your efforts and would welcome the opportunity to discuss these
issues with you and/or members of your staff at your earliest convenience. We would like to
continue working with NIOSH and MSHA as MSHA begins work towards proposing rules on
shelters and hope that MSHA would consult state agencies in the initial formulation.

Sincerely,
/%/44’25% s i
Ronald L. Woote%‘man Jaffies Dean, Co-Chairman
Lifwszdy ”/lmw/ WM/Z/
Theodore Hapney{, Labor Reprefgentative Dale Birchfield, Tndustry/ Repreéentative
%/U;/ Z’»ﬁf/ J_WUU-J H’u Dok ! AN
Gary ﬂ(rout, Labor Representative Terry Hudson! Industry Representative

Stephen Webber, Labor Representative 1./fodd Moore, Industry Representative
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CHAPTER 1
INTRODUCTION

GCONTRACT INFORMATION

This volume constitutes the Survival Subsystem portion of the final re-
port for the Coal Mine Rescue and Survival System (CMR&SS) program,
which was conducted by the Weatinghouse Electric Corporation under con-
tract to the United States Bureau of Mines (Contract Number H(101262 dated
June 17, 1970). The program was directed by the Special Systems Depart-.
ment of the Westinghouse Baltimore, Maryland, facility.

The basic objectives of the CMR &S5 program were to develop and test
hardware to determine the efficacy of a variety of coal mine rescue and
survival concepts and techniques. These concepls were drawn from two
major sources: the Request for Proposal from the Bureau of Minesland the
final report on the Mine Rescue and Survival Study conducted by the National
Academy of Eng'meeringz NAE}.

Both of these documents recommended that the overall Coal Mine Rescue
and Survival System comprise three subsystems; the Survival Subsystem,
the Communications Subsystem, and the Rescue Subsystem. These sub-
:systems are covered by Volumes I, 11, and III, respectively, of this final
report.

Fach of the major tasks, corresponding to the three subsaystermns, was
conducted by a subcontract organization. The Westinghouse Ocean Research
and Engineering Cenier, in Annapolis, Maryland, was selected to conduct
the design and development efiort on the Survival Subsystem because of'their
wide experience in life support technelogy. The Westiaghouse Geophysical
Research Laboratories, in Boulder, Colorado, gpecializes in the technologies
required for the Communications Subsystem, and they were selected for this
part of the system. The Rowan Drilling Company, Inc., of Houston, Texas,
was responsible for the work on the Rescue Subsystem.

The program was completed within the extremely tight time constraints
required by contract, and it culminated in demonstrations of the Communi-
cations and Rescue Subsystems at the US Steel Mine mumber 14, southeast
of Gary, West Virginia; and of the Survival Subsystem at the Bureau of
Mines experimental and gafety resezrch mine at Bruceton, -Pennsylvania.
PROGRAM BACKGROUND

During the period from 1950 to 1969, there were 28 major mine disasters
{i.e., five or more deaths} and several minor accidents {fewer than five
deaths} that resultéd in a total of 644 deaths in the United States during this
period. In those cases in which cause of death is known, 20 percent could
have survived by knowing escape routes through training, by using self-




rescuers, or by barricading, according to the NAE report.

In mine explosions, lethal gases are forced throughout the immediate
area, the oxygen level is reduced, stoppings are destroyed, and normal
ventilation is disrupted. The regular communication system is often de-
stroyed. While trying to escape after an explosion, miners are apt to €n-
counter lethal gas.

GENERAL SYSTEM DESCRIPTION

The Survival Subsystem is divided into three parts; a Personal Breathing
Apparatus, an Auxiliary Survival Chamber, and a Large Central Chamber.
The Perscnal Breathing Apparatus is a unit lighter and more compact than
the units used by rescue teams, originally intended for miners to carry at
all times, which provides oxygen for a breathable atmosphere and a full
head mask for protection from toxic gases. The Auxiliary Survival Chamber
ig a transportable unit that is maintained close to actual warking areas. It
provides basic life support for 15 men for 14 days. The Large Central
Chamber is conceived to be permanently instalied in a ceantral location in
the rnine, providing life support fer 50 men indefinitely. These Survival
Subsystem units are covered fully in this volume from the viewpoint of de-
sign, manufacture, test, and evaluation. ”

The Communications Subsystem provides three major functions; commu-
nications from the miners to the surface, and location on the surface of a
position directly above the trapped miners. This location is used as the
bagis for the actual rescue operations, An electromagnetic system provides
downlink {surface to miner} communications, with a voice receiver in the
survival chamber and on the miners' battery packs. A beacon transmitter
in the survival chambers can transmit six pushbutton gelected coded mes-
aages, thus enabling miners to respond to questions from the surface,

A geismic signaller (thumper)is also provided as backup to the electro-
magnetic and communication system elemnents. Seismic reception and data
processing capabilities on the surface are the principal elements used to
dete rmine the location of the drilling site, The Communications Subsystem
is the subject of another volume of this report which completely describes
it,including the interfaces with the Survival Subsystem.

The Rescue Subsystem consists basically of two complete drilling rigs,
with all ancillary equipment, for drilling two holes directly from the sur-
face to the trapped miners, The firstis an 8-3/4 inch probe hole, used to
locate the miners and to supply air, food, water, medical supplies, and
other immediate needs. The cther hole is a 28-1/2 inch hole, through which
a rescue basket is lowered to pull the miners to the surface. Another vol-
ume of this report provides a complete discussion of the Rescue Subsystem.
SURVIVAL SUBSYSTEM DESCRIPTION
Personal Breathing Apparatus

The Personal Breathing Apparatus (PBA} is an amergency unit designed
to provide a breathable atmosphere in a contaminated gaseous environment,
particularly in coal mines, into which carbon diexide, carbon monoxide,




and other gases are relexaéd by fire or-explosion. It is a closed-circuit
oxygen-generating recirculating system that is worn on the chest when in
use, with 2 strap around the shoulders and waist and a hood over the head.
When not in use, it hangs from the shoulder by a strap within a hermetically
sealed carrying case. The PBA uses a sodium chlorate candle to praduce
the oxygen, This candle is ignited after the apparatus is removed from the
carrying case for use, and it is fitted with a shield to protect the user from
heat. Oxygen is produced at a rate sufficient for a typical adult man work-
ing at maximum effort level. The oxygen passes via filters, heat exchanger
plates, and the CO2 scrubbing canister, inte the breathing bag. The uger

breathes througha valved mouthpiece so that whenhe inhales, CCA2 is serubbed,
and O, laden gas is drawn from the breathing bag, and when he exhales,
the exhaled gaé passes into the exhalation side. From here the CO,?, lzaden

exhaled breath passes through a carbon dioxide removal canister, while
filtared oxypen ia released into this same chamber, Excess gas mixture is
vented through a relief valve if the man is not at maximum activity, because
the chlorate candle is a fixed rate producer of oxygen. The PBA candle will
liberate oxygen for approximately 1 hour.

A plastic hood, treated to prevent fogging in the eyepiece area, fits over
the user's head. A rubber seal around the neck prevents entry of contami-
pated pases. The mouthpiece seal permits the user fo remove the mouath -
piece for intermittent communication, A nose clip is built into the hood to
aid in the prevention of nasal inhalatien.

The PBA (exclusive of breathing bag and hood} ia 3.5 inches deep, 9
inches high, and 11 inches wide, and weighs 6.9 pounds in the operatianal
mode. It is hermetically sealed for storage prior to use. Temperature
may vary from -40 to + 140°F during storage without affecting operation of
PBA. Inthe stored mode, it weighs 8.5 pounds and measures 4.5x12x11
inches.

Ayxiliary Survival Chamber

The Auxiliary Survival Chamber (ASC)is a poertable seli-contained 15-
man refuge for trapped miners. Itis to be located near the working face in
. a place that affords it some protection from explosion and where it will not
interfere with normal mining operations (e.g., an unused cregscut), In
concept, it will usually be lacated 350 feet or more frem the working face,
and should be moved at approximately 2-week intervals, or as required to
remain reasonably accessible te its associated working section personnel,

The ASC contains two atmosphere conditioning units that, through hand-
operated pumping of the internal atmosphere, adds oxygen and removes
carbon dioxide, Provisions for clearing initial or leaking carbon monoxide
can also be accomplished with these units. The ASC contains enouph food
and water to supply 1, 740 high-carbohydrate calories and 2 quarts of water
per man per day. Sanitation facilities aveincluded and equipmentis provided




tc measure coacentrations of carbon monoxide, carbon dioxide, methane,
and oxygen in and immediately around the ASC, Fire-fighter and first-aid
supplies are also included. Lighting is provided by battery-powered miner's
cap lamps attached to a storage battery system. Chemical light packapges
are also included as a backup, Interior surfaces are white to make maxi-
mum use of available light. Provisions are included for the installation of
Communications Subsystem equipment.

Each of the two atmosphere conditioning units in the ASC has a built-in
breathing manifold with eight breathing masks., These are used if the in-
terior atmosphere is contaminated, such as may be the case after initial
entrance. If the chamber is not contaminated, the manifold is removed and
the oxygen is freely released. The atmosaphere conditioning units use sodium
chlorate candles to produce oxygen, a Hopealite canister to remove carbon
monoxide, and a baralyme canister to remove carbon dioxide.

In operation, turning the blower draws in air from the ASC through the
carbon monoxide and ¢arbon dioxide removal canisters. The scrubbed air
and candle -generated oxygen are then released into the ASC, or into the
breathing manifold and masks,

The ASC consists of six matched pairs of arcs from a semicircular
‘canfiguration. They fold down from hinged joints attached to the reinforced
platform floor to which wheels can be fitted. The shells are curved and
attached at the top to form a quenset-hut-like structure, Seals are provided
throughout the chamber in an effort to minimize leakage, Two end bulkheads

-that also fold down for transport are boited and braced into place when the
shelter is erected. One bulkhead contains the entrance door and a viewing
port. When assembled, the ASC is designed to withstand explosive forces
of 20 psi {uniform loading} and reof falls up to 1, 000 psi. '

Large Central Chamber

The Large Central Chamber {LCC) is a design for a permanent fixed
installation to provide life support for as many as 50 men indefinitely, In
concept, it would be located 30 as to offer greatest accesgibility to the
largest number of miners, assuming the main exit shafts are closed ot
inoperative, .

The LCC contains food and water for 1, 740 high carbohydrate calories
per day for 50 men and 3 quarts of water per man per day. Sanitation
facilities are included, Equipment is provided to measure the concentration
af carbon monoxide, carbon dioxide, methane, and oxygen in and immediate -
ly around the LCC. Fire fighting and first aid supplies are also included.
Miners can communicate with the surface through sound -powered phones.,
The LCC is connected directly to the surface through a ventilation borehole
that can be used to supply air, food, water, medical supplies, temperature
control, and other needs. If an emergency situation cloges this Lorehole,
the supplied atmosphere conditioning units can maintain a breathable atmo-
sphere for the 50 men for 5 days. This should allow time to reapen the bore-
hole so that the ventilating and cooling equipment on the surface can take




aver thé life support fun¢tions., Spare PBA units are also included in the
LCC for use in misaions outside the chamber.

The surface ventilating equipment conaiats of an air -cooling unit and
thermostat, a compressor, a duct air heater and thermestat, and a supply
hatch in the shaft. The borehole is 8 inches in diameter, fully cased. In
operation, the compressor drives 800 cim of cooled {(summer) or heated
[winter) air through the shaft to the LCC. When pressure in the LCC ex-
ceeds 2 inches of water, one-way valves open to exhaust the air into the mine.
The air cooling unit is a standard thermostatically controlled evaporator,
compressor, and condenser unit. The heater is a thermostatically controiled
6-kW eleciric heater, The air cooling unit and the heater are interlocked with
the compressor so they cannot be cperated until the compressor 18 ape rating
and supplying air.

Five atmosphere conditioning units and a chilled-water air-cooling unit
are included in the LCC. The atmoaphere conditioning units are essentially
the same as those used in the ASC, except that the hreathing manifold has
10 masks instead of 8. The air-cooling unit is capable of removing 16,000
Btu per hour. It requires nc electricity; it operates on a centrifugal pump
that is direct-coupled to the fan, and both are driven by a bicycle pedal
arrangement. - -

The LCC has concrete floor and footings, reinforced concrete blast walle
at each end, and an arched galvanized gteel liner plate roof. One blast wall
has two steel ship-type doors; the other has one. The blast walls are 12
inches thick, while the floor is 5 inches thick (75 feet long, 12.7 feet wide).
Footings are 13,35 inches wide and 9.1 inches top to bottormm. The venti-
lation pipeis welded into the roof, which is 12 gauge galvanized steel liner
plates, Seals are installed throughout the LCC to maintain airtight integrity.
Grouting is injected between the roof and the tunnel walls to ensure maxi-
mun support, The LCC is designed to withstand blasts up to 20 psig with
no loss of airtight integrity and roof falls up to 1,000 psf, Lighting is bat-
tery powered, and provisions are included for the installation of Communi-
cations Subsystem equipment.

REFERENCES

All reference materials cited in this volume are listed, in order of their

appearance, in Appendix B.
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CHAPTER ¢
DESIGN

This chapter is a discussion of various facets of the design program

"which led to the currently configured Survival Subsystema of the Coal Mine

Regcue and Survival Systems (CMR &S8S).

The general background discussed in Chapter 1 and the long history of
coal mining deaths both attest to the urgent need to provide the coal miner
with as much assistance ag possible in surviving coal mine disasters. One
major cause of deaths in these disasters is the presence of toxic gases,
another is fires. The Survival Subsystern described herein provides in-
dividual and group protection in bath these areas. :




SECTION I
DESIGN CONSIDERATIONS

GENERAL

The single major consideration in the design of the Survival Subsystem
" is hurman survival in an environment that offers little or no natural assis-
tance and may be entirely hostile. To this end, the miner must have some
means of receiving a breathable atmosphere while he makes his way to
safety. If escape is immediately cut off, there must be provisicns for an
entire crew to survive while cutside rescue efforts proceed. The three-part
Survival Subsystem makes all these provisions available. The Persenal
Breathing Apparatus (PBA) provides a breathable atmosphere for the individ -
ual miner; the Auxiliary Survival Chamber (ASC) provides life support for
15 men indefinitely; and the Large Central Chamber {LCC} provides life
support for 50 men for 5 days should the botehole be closed as a result of
the accident, indefinitely if the borehale can be reopened
SYSTEM REQUIREMENTS

At the outset of the CMR&SS program, basic requirements were developed
from several sources. Principal among these were the Request for
Froposal from the Bureau of Mines 1, the NALE final reportz, the Bureau of
Mines contract ”, the Westinghouse proposal for the program® (made part
of the contract by reference), and Section 13E of Title 30 of the Code of _
Federai Regulations {CFR) °, As the program progressed, and the store of
pertinent information grew, system requirements changed: some were
- deleted, while several were added. The initial system reguirements and
limitations were ocutlined in the Preliminary Survival Systerm Outline chart
(ref. 4, pp 2-62). This document underwent contimual updating, having been
revised and republished twice, The requirements as they existed at the
design-freeze point in the program are discussed in the following paragraphs,
Personal Breathing Apparatus

The basic requirernents for the PBA remained unchanged throughout the
program. These requirements are that it provide a respirable atmosphere;
that it exclude smoke, dust, and toxic gases and protect the face; that it
remove carbon dioxide; that it be easy to activate; that it provide safe partial
oxygen pressure immediately; and that the fit be essentially universal from
the 5th to the 95th percentile of human adult male heads), and that it be small
and light enough to be carried by a man.

Originally, one requirement stipulated that the PBA provide a 1-hour
oxygen supply for a miner using 3 liters per rninute {at labor) or an §-hour
supply for a user at rest, If further required that the oxygen be USP grade
and constitute at least 20,5 percent of the breathing air. This latter
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requirement has not changed; however, the supply requirement was changed
to 1 hour, regardless of work rate. This is compatible with CFR, Title 30,
Table 4, Test 4, which requires a flow rate of at least 3 liters per minute

for ] hour.

2

The initial PBA concept called for a circle flow or pendulum flow unit
with a superoxide revitalizer. An assured supply of high quality superoxide
could not be found and design of the superoxide canister could not meet
achedule; therefore, this concept was changed to use 2 chlorate candle plus
a CO, removal canister instead of supeToxide.

The maintenance of a comiortable breathing air temperature and maximum
breathing resistance of 2 inches {5 ¢m) of HZO jn and 1 inch (2.5 cm) out at

85 liters per minute were both specified from the cutset, Because a man
whose life is endangered will readily accept some discomfort, these strin-
gent requirements were relaxed to an acceptable breathing air temperature
and to 2 inches of HZO exhaling registance of no more than the difference

between 4 inches and the actual exhaling resistance (rel 5, para 11.21 {2} ii
and (4). : .

~ Weight and dimension specifications for the PBA were set at 4. 6 pounds
and 9x8x3-1/4 inches. Since the chiorate candle and canister alone weigh
6 pounds, new design goals were eatablished of 6.9 pounds and 11x10x3-1/4
inches.

Alwmninum was to be avoided in the PBA because of a potential thermite
reaction on contact with iren oxide. A However, aluminum offers optimum
heat transfer characteristics for maintaining reproducible chlorate candle
burn rate and duration. Therefore, this restriction was lifted to allow use
of aluminum for the cuter candle casing. It is, however, shielded by a piece
of light perforated plastic from external contact so that the aluminum surface
camnot become easily abraded and subsequently undergo a thermite reaction.

The requirements stated that the PBA should permit intermittent voice
commmunications among miners. During the course of the program, it was
determined that reasonable communication could be accomplished without
the aid of any device as long as the smoke-hoad concept for man-apparatus
interface was utilized.

Auxiliaty Survival Chamber

During the CMR&SS prograr, & great many of the original requirements
and constraints for the ASC were modified; ane was eliminated. FProvisions
for trace contaminant removal, humidity control, temperature control{85°F},
pressure relief at 0.75 inches of mercury, .and a differeantial manometer
were included at the start. ) _

Trace contaminants, odors, are not a real problem due to rapid fatigue
adjustment of the olfactory system. Manometer readings were not needed
due to automatic relief provided by design; temperature and humidity control
is not critical to this design under typical rmine ambient conditions (see
Appendix A); therefore, these requirements were excluded.
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The ASC was originally required to withstand a 20-psi shock and maintain
its airtight seal. Because both pogitive and negative pressiure waves rasult
from mine explosions, this requirement now includes a 5-psei negative
pressure, '

Using no aluminum was an initial constraint on the ASC, but the penalties
this would cause in cost, weight, strength, heat transfer, and delivery
schedule for some components made compliance impractical, Therefore,
the constraint was relaxed so that aluminum could be used in some com-
ponents, so long as they were not exposed to vigorous contact with iron oxide.

The ASC structure concept called for it to fit into a crosscut 14 feet wide
(bottom}, 10 feet wide (top), 7 feet high, and 35 feet leng. Information on
mige layouts and seam thickness gathered during the program and the need
te allow adequate apace for each eccupant led to change in this requirement.
The ASC must now be assembled or disassembled in a crosscut 10 feet wide,
b feet high (adaptable to 4.5 feet), and at least 50 feet long. These same
congiderations brought about another structural concept change. -The ASC
was to be portable, or easily dismantled, and transportable a few thousand
feet through openings 3.5 feet high, and 9 feet wide.

The electrical system specifications specified three sgaled lamps {25 W,
6.5 V), seven silver-zinc batteries (5800 Wh), one pedal-operated 6V 75Wdc
generator, and chemiluminescent light sources for backup, Further anal-
ysis determined that, in order to implement compatibility with the cornmuni-
cation equipment {Commuunications Subsyatem), a 1Z2-volt supply would bhe
required. The generater spzcified would have been costly, large, and heavy;
whereas zinc-air batteries are less costly and instantly rechargeable simply
by mechanical replacement of spent anades. Because of these factors, the
electrical systern now includes 3 miner lamp arrays, each having 2 lamps in
series protected with 2 current-limiting resistor, 1 zinc-air, 12-voit battery
(96 Ah} with eight {8) recharge kits, and 52 chemiluminescent packets for
2 hours backup each,

Several changes have cccurred in the varicus life support aapects of the
original ASC requirements; however, all factors have continued to be based
upon supporting 15 men for 14 days {210 man-days),

The Westinghouse proposal called for providing 105 cubic feet per man
giviag a total of 1,575 cubic feet for the ASC internal volume. Studies hy
civil defense authorities 8 on the volume per man required in this type
shelter and the overall size limitations of the ASC brought about the more
generalized requirement that the internal air volume be sufficient for life
suppert and accommeodations of 15 men.

The initial estimate for 316 pounds of oxygen gupply was increased to
420 pounds of oxypgen. The capacity for removal of carbon dioxide wasz in-
creased frem 368 pounds to 432 pounds carbon dioxide. The design capa-
bility of scrubbing carben monoxide down to acceptable levels from high inlet
concentrations is partially responsible for this since oxygen is consumed in
the Hopcalite conversion of carbon monoxide to carbon dioxide. In addition,
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the modified supply allows for a higher average metabolic level for chamber

occupants than was originally considered.

Accommodations were reduced {rom seven {7) 2-tier bunks, 15 blankets,
and 15 pillows to six {6} 2 -tier bunks, 6 blankets, and 12 pillowcases, be-
cause the work schedule and general conditions indicate that at least 3 men
will be up and engaged in chamber operation activities at all times.

Human wastes were to be rejected through chutes and tubes to the outside;
however, to avoid the risk of the added wall penetrations developing leaks, &
portable toilet with disposable plastic bags is now specified.

A nutritionally balanced supply of food and beverages egualling 1,800
calories per day per man, including juices and three 35-gallon water tanks
{two installed outside, one inside), wasg part of the initial ASC concept, Se-
lecting military rations as a proven source of mutrition brought the calorie
requirements down to 1,740. The 35-gallon water tanks were rejected in
favor of twenty (20) 5-1/4 gallon tanks that can all be stored ingide and can
be used for waste disposal when empty.

Large Central Chamber

Many of the design requirements for the LCC changed during the course
of the CMR &SS program;several of these changes ceinciding with the same
or similar changes in the requirements for the ASC,

Among the more significant changes to the LCC requirements was increas-
ing the 4-day secondary support (with the air borehole to the surface blocked)
to 5 days capability. This resulted fram drilling studies and tests which in-
dicated that, with the air borehole badly damaged or blocked, 5 days is 2
more reasonable time allowance for setup acd drilling of a new shaft. Speci-
fications and equipment developed for ASC atmospheric cantrol were modified
to meet expended handling characte rietics of the LCC secondary control.

The Weatinghouse Propesal specified a gross space allocation of 170 cubic
.feet per man, equalling 8, 500 cubic feet total for the LCC. This was changed
to 137 cubic feet per man, 6,850 cubic feet total, on the basis of civil de-
fense and cost effectiveness. :

The same restrictions against aluminum were imposed on the LCC initially
as were imposed on the PBA and ASC, and they were changed for similar
reasons to those stated in the ASC and PBA discusgsions.

Structurally, the LCC was initially required to withstand a 20-psig shock
and maintain an airtight seal, while the roof was to hold 1, 000 pounds per
square foot uniform lead, The crosscut leading to the LCC carried the same
loading requirements. The whole structure was to fit into a 40x20x11-{cot
area, with all parts transportable through 3x9-foot openings. All parts were
to be easily handled, be assembled from inside, and require little or no
welding. The loading and blast reguirements remain essentially the same,
except that an overhang has been added beyond each end bulkhead to protect
against roof falls and to keep the access areas relatively clear of obstructions.
The shoring of the crosscut is a mine requirement and no longer part of the
LCC. To reduce costs and provide better heat conduction and ventilation, the
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basic envelope of the LCC has changed; therefore, space requirements for
the LCC are nowa 75 x 14 x 8 foot area, with parts transportable through
3 x 5 x 9 foot openings. . ,

With the air borehole operative, atmospheric control for the LCC ig
accomplished from the surface. The surface equipment was originally ex-
pected to deliver 650 cfm of air at 75°F and 55 percent relative humidity
{RH): however, the cooling unit must maintain the internal temperature be-
tween 40 and 85°F. The 650 cfm flow was deemed insufficient for the cooling
requirements, and was therefore increased to 800 cfm.

Waler, power, and atmospheric monitoring were also originally part of
the surface requirements, Water, power, and monitoring equipment are now
installed within the LCC as this approach is beth more cost effective and less
vulnerable to accidental failure {borehole collapse),

Food requirements in the LCC are the same ag for the ASC, and the same
type of military rations are used. The original LCC requirements for four
35-gallon water tanks (two outside, two inside)were rejected in favor of
eleven 17-1/2 gallon cans inside the chamber. The cans are readily avail-
able and can be used for waste disposal when empty.

Accommodations in the LCC called for twenty-one 2-tier bunks, 12
straight chairs, 4 reclining chairs, {we 6-man folding tables, 50 blankets
and pillows, 2 wash basins, 2 water toilets, 1 chemical toilet, and 4 relief
tubes. These remain essentially the same, except for the wash basins,
water toilets, and relief tubes. To avoid excessive wall penetrations and to
reduce complexity and cost, these items have been eliminated. A sacond
chemical toilet was added for waste disposal, ’

At the start, 12-lights (110 W, 75V) backed by 3 lights {6V, 25W) driven
by pedal driven dc generators (6V, 75W) were required, along with silver-
zinc batteries. All switches and larfmp housings were to be sealed. Az with
the ASC, further analysis determined that the most efficient, cost-effective
system wauld be the following: 6 battery.powered lamp assemblies, each
having two miner lamps in series protected with a current limiting resistor.
Two zinc-air batteries with 16 recharge kits are furnished.
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SECTION 11
DESIGN IMPLEMENTATION

This section describes the study, design, development, research, and
analytical efforta that led to the decisions on the various design aspects of
the Survival Subsystem. In these discussions, a complete desc ription of each
of the components of the Survival Subsystem is given. '
PERSONAL BREATHING APPARATUS {PBA)

The PBA must supply a safe hreathing mixture for not less than 1 hour,
regardless of ambient atmosphere, for a man working at a high metabolic
rate. This requires the availability of an oxygen source, The potassium
superoxide (KOZ! originally proposed was further investigated, along with

compressed oxygen and chlorate candles. Seven marnufacturers of breathing
apparatuses were solicited for proposals. Only three responded; two were
not responsive to the requirements, and one, Mine Safety Appliance
Company, was considered technically responsive, although exceptions were
taken both to CFR Title 30 and to schedule/contractual constraints. There-
fore, based on a re-assessment of in-house capability and the need for tight
developmental contro!, Westinghouse decided to develop a PBA system
in-house, using subcentractors for components. During the conduct of a
tradecff study, KOZ wag determincd to be an unnecessarily high risk

approach. This, and other factars discussed below, led to the choice of the
- ¢hlorate candle.

Oxygen Generation
There were three primary candidate systems for generating oxygen in
the PBA, These were KOZ' compressed oxygen, and chlorate candles. More

exotic systems (e.g:., lithiwm peroxide} were not investigated due to the
inordinate amount of development effort involved under schedule consgtraints.
A tradeoff study based on rated factors of reliability, portability, costs,
and schedule was conducted and scered. Table 2-1 shows the ratings and
scores assigned the threc candidate systems. These four major criteria had
previously been broken down into many component subfactors from which the
respective ratings were derived. The chlorate candle/LiOH system prevailed
primarily because of good scores in all areas related to schedule or develop-
ment requirements while being at least equivalent with KO, as regards aub-
factors such as maintenance, durability, heat contribution and fabrication
cost. The results of this tradeoff combined with lack of assurance in
securing acceptable KOZ chermical or developed Kif)z canister designs, led

to the decision for a chlorate candle as oxygen source,
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- TABLE 2.1
FBA TRADECFF STUDY ON OXYGEN GENERATORS

. KO, W.|Initiator | Chlorvate/LiCH | Bottled O_/LiOH
CRITERION % Rating x%h Rating | x % Rating ¢ x%
Reliability | 25 7085 17,625 690 (17,250 605 | 15,125
Portability | 20 650 13, 000 27¢ | 5,400 0 0.
Cost 25 485 12,125 495  |i2, 375 420 |10, 500
Schedule 30 6o 10, 804 690 120,750 800 |24, 000
TOTALS 100 - 53, 550 55,775 49, 625
{high score
wing)

The PBA Chlorate Candle

As shown in figure 2-1, the chlorate candle confipuraticon chosen for the
PBA is L-shaped. This geometry facilitates volume minimization in
packaging. Alternate confipurations considered included two separate,
parallel 30-minute duration candle packages and two parallel Na6103 seg=

ments enclosed within the same envelope but connected by rneansg of a
"crossover' mixture. The former was rejected due to increased bulk require-
ments while the latter required undegirable chemical formulation com-
pensation for complex thermal effects induced by the first segment's
decompesition influencing burn rate of the segment,
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Figure 2-1, PBA Chlcrate Candle
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Candle activation is a multiple stage requirement. The first stage includes
a modified handgrenade-type Bouchon which utilizes a munitions primer
immediately producing a flash of hot gases releasing about 800 calories of
heat., This heat energy is sufficient to ignite a pyrotechnic "first-fira"
composition of zirconium and barium chlorate. The heat energy released by
this reaction {~ 500 caleries) then ignites a "'cone” portion of the oxygen
candle, which is a fuel-enriched composition of chlorate. Encugh heat is
finally generated to initiate and sustain the main portion or '"core'’ com-
position of the candle. The reaction then proceeds until the aupply of chlorate
is exhausted. The entire candle is wrapped in layers of a high-temperature
resistant, ceramic-type insulation material., The insulation serves to retain
aufficient heat within the generator housing to sustain chemical decom-
position, and also to help maintain generator wall temperatures within
design goal.

This rather fine balance of heat containment (via insulative materials,
cadiative shields,and air gaps} versus heat dissipation {via sldn mate rial
selection and surface emissivity) in order to maintain a 350° F maxirmurn
envelope gkin temperature played the largest role in the magnitude of
development required. Too much heat containment resulted in very rapid
decommposition, while too much heat dissipation would result in toc slow
decomposition and at times premature extinquishment of the reaction. More-
over, the balance that was achieved had tc be matched to a chemical
formulation with heat content sufficient to guarantee reliability and yet meet
the flow rate and duration requirements. ~

These requirements, as stated in Title 30 are as follows: whenever 02

i{s produced from a nondemand-type source, flow rate shall be at least 3. 0
Standard Liters Per Minute for a duration not less than the stated apparatus
duration (in this case, 60 minutes). Our own in-house calculations have
indicated that either or both of these requirements could be relaxed {extent
dependent on total system veolume) and atill possess an apparatus that would
retain enough residual O2 in its 4 liter breathing bags to sustain comfortable

respiration even under high work rate conditions for the 60-minute duration,
However, the Title 30 requirements were retained as contract objectives.

The maximum envelope skin temperature of 350°F was derived from
a worst case analysis of coal dust auto-igmition {Bu Mines Report oi
Investigation No. 5052 Figure 2] in which it is assumed that a coal dust
layer composed exclusively of particles <75 microns diameter with 52
percent volatiles content but 0 percent water has collected on the candle
surface. Even though it is recognized that this constitutes an improbable:
situation, this specification also was retained as a design aobjective.

In order to satisfy these multiple requirements and yet retain reliability,
2 wide assortment of chemical formulations was evaluated.-These included
mixtures of low fuel with cobaltous chloride catalyst, mixtures with potas=
sium perchlorate, and mixtures with silicon dioxide inert and several
permutuations the reof,
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An addition of SiOz inert (40 mesh granules) constituted a unique method

of stabilizing the decompogition front, thus controlling burn rate. Visual
exarnination of spent clinkers and bumns-in-progress confirmed that this incor=-
poration maintained the front in an attitude transverse to the candle axis.
Without its presence, the fremt often progressed in a random fashion, pro-
ducing large variations in burn rate and congequent loss of duration.

No premature extinguishments were experienced over 26 candle decom-
positicns, .

It had earlier been established that the preferable container material was
black ancdized aluminum due to its preferred heat disaipation qualities as
contrasted with the more conventional candle container materiza] - stainless
steel. The combination of this container with the proper insulative materialsg
and candle formulation produced the construction shown in figure 2-1.

The data accumulated from a series of 6 candle qualification tests
indicate thatthis construction successfully approximated all design objectives:
production of the iritial 4 liters of oxygen was accomplished within 20 to 35
seconds; burn duration averaged 59.5 minutes over a range of 57 to 64
minutes; and maximum surface temperature recorded at any point was 368°F
with most temperatures recorded below 350 degrees.

However, surface temperature of 350°¥F and duration of 60 minutes cannot
be reliably specified as minimum values without further development.

These two parameters can be met by a relatively simple redesign of the
container with little or no additional development of the chlorate mix, In
fact, solving the temperature problem, which cur calculations have shown
can be accomplished by the addition of fing te the aluminum casing, should
also solve the duration problem since the burn rate of the candle is partially
a function of heat dissipation. The more efficient the dissipation, the slower
the burn, Should the duration not be achieved with the lower surface tem-
perature, the case could be increased slightly to accommodate increased
length of the candle. ’

Evolved Oxygen Purity
The normal exit path for 02 evolved from the ¢candle is through flexible

tubing attached at the far end of the short leg. Also located in this vicinity
is a pressure-relief assembly provided in the event that gas pressure
buildup cccurs through any possible exit path blockage.

The flex tubing attaches to a separate "U'-shaped gas impurity sc rubbing
cartridge, whichis designed for installation within the inlet plenum of the
PBA's COZ, removal canister as shown in figure 2-2. This scrubbing unit

contains baffled beds of Purafil and Hopealite for rernoval of chlorine and
carbon monoxide, respectively. Its performance has proven quite efficient
as shown by gas analysis data in table 2-2. All gas impurity levels are well
within standards applicable to breathing mixtures with the exception of
carbon dioxide.
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Figure 2-2. PBA Canister/Candle Assembly
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No provision wag made within the pas scrubbing cartridge for carbon dioxide
removal under the rationale that the lithium hydroxide bed downstream of
the cartridge could readily accomplish this task.

Carbon Dioxide Absorbent Selection

Three state-of-the-art chemical absarbents applicable for PBA use,
lithium hydroxide, baralyme, and sodasorb, were evaluated in the criteria
shown in table 2=3. Lithium hydroxide is by far the most efficient COZ

absorbent by weight. Its theoretical abscorption capacity ig 0.92 pounds
COz/pound absorbent as opposed to a capacity of 0. 50 pounds CC}‘2 /pound of

baralyme. Its density, however, is quite low, giving it slightly leas effi~
ciency than baralyme in terms of velume.

‘Although LiOH costs more and has a higher heat of reaction than other-
candidates, these are compensated by the assignment of less development
risk. The lower development risk rating was achieved primarily because
of preliminary teating done for us by Foote Mineral Co. This teating pro-
duced an experimentally derived figure for the amount of LiOH required to
meet PBA input conditions.

Even go, the tradeoff overall results were very close. As noted in table
2-3, sodasorb is comparable to all parameters to baralyme. All other
conventional CO2 absorbent systems were considered either less efficient

or not applicable to PBA use without entailing undue development risk.
Accordingly, lithium hydroxide {LiOH)} was selected as the abaarption
material, primarily because of higher probability of successful development.
LiOH Canister Degign Reguirements

In contrast to the chlorate candle, which must generate O‘2 at a fixed rate
based on highest expected work load, the CO?_ absorbent is sized to accom-
modate fluctuations in work load and the total amount of 'CJ()2 produced.
Accordingly, the amount of COE liberated during a 60-minute high work

rate program was estimated as shown in table 2-4. This was accomplished
by first estimating from Bioastronautics Data Book the 02 expenditure per

activity, totaling the result and applying an average regpiratory quotient
value of 0.85 to arrive at 82 liters CDZ

In actuality, a safety factor of nearly 25 percent above this was included
in cur design considerations in order to cover the following:
1) The stated Oz consumption rates are estimated for specific tasks

and do not account for recovery time required in progressing from greater
te lesser work rates. .
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TABRLE 2.3
CO, CANISTER ABSCRBENT TRADECOFF STUDY

2
CRITERION LiOH Baralyme
1-5-10 % . .
Rating X% Rating x %
1} Sensible heat BTU/ft> 10 7 70 9 90
C02 absorbed
2) Cost Effeet on PBA 20 4 80 5 120
3) Non Operational
5 135
Reliability ! 9 133 ¢ >
4] Theoretical We}ghf: 20 g 180 5 160
req'd for l-hour misgsion
5} Thecoretical Bulk
volume req'd for l-hour 15 ' 7 105 9 1358
mission .
6) Development Rigk 20 10 200 8 160
(high low)
TOTALS 100% 770 140

2} Simulation of Title 30 work tasks was accomplished on a bicycle=~
type ergometer (see table 2- 4 for ergometer settinga). Since the ergometer
requires continual use of the same musculature, recovery tirmes are yet
more difficult to cstimate,

3} Respiratory quotient (RQ) may reach values of 0.9 to 1.0 at high
work rates,

4) RQ may vary dependent on individual test subject. Therefore, in
consultation with our Physiology Dept., a figure of 102 liters (0. 41 pournds)
of CO wag estimated as the worst case amount the canister would have to

accommodate.

Pressure drop across the canister was another impartant design param-
eter. The theoretical plate area based on a 4x14 mesh size reactant material
was compufed to be 15 3q in based on an instantaneocus flow rate of 85
SLFM air and a pressure drop not exceeding 2 inches HZO' The bed depth,

given an experimentally derived figure for required LiOH volume, was ¢om=-
puted to be 6 inches. Ry adopting a canister geometry within these dimen-
sions, we were confident of maintaining pressure drop below 2 inches H O at

even the highest work rate called out by Title 30 {at which a velecsity of 40
SLPM could ececur).

Finally, a circle flow breathing cireuit was selected over pendulum flow,
and axial flow through the canister was selected over radial flow. Since we
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anticipated some problem in dissipating the heat of reaction gemerated within
the LiOH bed {sensible heat = 875 Btu/lb cozﬁ. circle flow appeared preferable

due to gredter opportunity for heat transfer as contrasted to thereduced cir-
cuitry of pendulum flow. In addition, pendulum flow would have presented

an opportunity for formation of depleted reactant dead spaces within the canis-
ter. Axal flow through the canisier was chosen primarily because it af-
forded fewer fabrication difficulties, minimal bulk, and greater oppertunity
for internal canister modification. Some canister modification in the form

of internal finning was contemplated, due, once again, to anticipated heat
transfer difficulties. During breadboard testing, it soon became apparent
that 5 internal fins would be required. ‘

The body of the canister is made of red brass which has a thermal con-
ductivity of 92 Btu/hr/sq ft/°F. The wall thickness is 0. 0126 inches. The'
amount of heat that will be generated in the capister reaction by a man
working to table z-4, Title 30 computes to be approximately 357 Btu/hr.
Considering the worst case of laminar flow convection cooling, which would
be the case if the miner were not moving but standing in a stagnant air en-
vironment, the exposed surface area of the body of the canister is not encugh
to transfar this quantity of heat. Therefore, a corrugated heat exchanger
surface affording 116 square inches of additional surface area was built into
the output end of the canister housing to help cool the effluent breathing gas.

Twe plies of Air-Mat No. 12 fiberglass mat are installed over the sta-
tionary output end screen to serve as filters for LiOH dusting. The canister
is then charged with lithium hydroxide and closed by soldering the end cap
at the inlet plenum side; thus compacting the input screen against the bed
by mecans of springs (210 3 psi pressure).

Figure 2-2 depicts detail of the internally-finned canister in ite final
configuration and, in additien, shows how it interfaces with the chlorate
candle. The candle is hung under the canister and is thermally insulated
from the canister by the Teflon cradle and hanger strap assemblies {two
each) and by Urethane foam and Myatik reflective tape radiaticnand con-
duction insulation (located on the candle gides of the canister). A 0.040-
inch-thick perforated polycarbonate shroud covers the candle assembly
offering some slight protection against pos sible contact burne and protection
against abrasion of the aluminum surface while still providing convection
cooling for the candle assembly. Not shown in figure 2-2 is a polycarbonate
standoff on the back face of the canister which protects the wearer against
canister surface temperatures.

Carbon Monoxide Remoyal

Since there is some chance of the miner being exposed to carbon monoxide
(CO), 'a CO acrubber was conside red for inclusion in the PBA. However,
the PBA is designed to generate 4 liters of oxygen within 30 secends which
means that by the time the user has the rig donned and is ready to draw his
first breath, the breathing bags will be filled with 4 liters of oxygen, Man's
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TABLE 2-4
0O, CONSUMPTION/CO, LIBERATION ESTIMATE FOR
TITLE 30, TEST 4, TABLE 4 WORK SCHEDULE

Time Ergometer Setting
Activity {mln) SLPM Q3 | Total Q; (£) Total CCq (Kilopends)

1) Sampling & reading 2 o.7 1.4 n
2y Walk 2t 3 mph 2 1.2 2.4 1.5
3) Climh T5* treadmill 1 2.5 2.8 3.6
4} Walk nt 8 mph 2 1.2 2.4 1.5
5) Pull 45 1b, wt, 5 ft, GO times 3 2.1 10.5& an
&) Walkat 3 mph 3 Coo1,2 a8 1.5
7y Carry 50 b, wt. aver overcast ¢4 times 8 1.9 15.2 1 2.75

o 83 Sampling & reading 2 0.7 1.4 ‘ 0
9) walk at 2 mph 4 1.2 4.8 . 1.5
10) Runs at 6 mph 1 2.7 2.7 h 3.75
11y Carey 50 1b, wi, over overcast 6 iimes | 1,9 17.1 2.75
12} Pull 451b. wt, 5 ft. 36 times 3 2,1 " 6.3 3.0
13) Sampling & rcading 2 0.7 1.4 (]
14) Walk at 3 mph 6 1.2 7.2 1.5
15} Pull 45 1b, wt. 5 ft, GO times S 2.1 10.5 3.0
16) Carry 45 Ih, wt, walkiog at 3 mph 3 1.9 " 5.7 2,75
17) Sampling & veading 2 0.7 1.4 ‘ 0

TOTAT. 6o 9G.5 82 liters

71-1330-T-4
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lung capacity is comparaf)l:tc the PBA's volume thus after a few short
breaths of about a liter each the CO exhaled will be diluted at least 50 percent,
The oxygen generation rate is at a minimum of 3 liters per minute which
exceeds the amount that man can continuously consume, This excess, which
is vented, will carry with it sorne CO causing further dilution of CO in the
breathing mixture. Further operating instructions {refer to Chapter 3
Section 1) for the PBA require that the user exhale fully before donning the
unit; so the likelihood of his lungs retaining an appreciable amount of CO is
further reduced.

Nat only does it appear by this analysis a reasonable risk to exclude CO
scrubbing capability from the PBA, but inclusion of such capability would
be complicated and costly. For example, the addition of a CO scrubber
such as Hopcalite to the PBA also requires the addition of dessicant to pre=_
vent poisoning of Hopcalite by water vapor, However, input water vapor is
essential to efficient operation of the lithium hydroxide bed. Therefore,
dessicant, by reducing water vapor level within the apparatus, would be
expected to adversely affect CC‘J2 scrubbing capability.

Based upon this analysis, the lack of CO removal provisions was con«
sidered both a reasonable risk, and a cost-effective decision,
Contaminant Sources .

All parts and materialsused in the PBA unde rwent test and analyéis for
possible contamination of the breathing gas, with special emnphasis on the
solder and flux used in final welding and on the fiberglass filter. The flux
used (Nokorode Soldering Paste, Federal Specification Q-F-506) presents
no hazard primarily because it is present in very amall quantities and up-
stream of the LiOH bed, which would absorb any contaminants generated
therefrom. In addition, flux ingredients will not vaporize under FPBA
operating conditions, and even if they did, the vapor toxicants are not at
dangerous levels. The solder (National Lead Company, Dutchboy SN-50}
also presents no major difficulties, because although both antimony and
lead are present in the solder, their potential for ingestion (respiratory
or digestive) is practically zero. There is almost no formation of caustic
solution in the PBA in which these elements could dissolve and neither
element could vaporize under PBA operating conditions. The fiberglass
in the filter is tightly packed and chernically bound and, moreover, is
compacted under 2 to 3 psi against a pe rforated backup plate. Therefore,
pickup of fibers by air flow is highly improbable. A reasonable conclusion
is therefore derived that the present PBA design constitutes no undue hazard
as a contaminant sgurce.

Man-Machine Interface

For the PBA application, interface requirements included not only the
means to conduct breathing gas to and from the man but also te allow com-
munications, provide visibility,and prevent inhalation through the nese.
Other factors considered were universal fit, dead space, comfort, cost,
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weight and bulk, and development risk. The tradeoff study {(table 2-5}
considered the use of six different interface means as follows: {1} mouth-
piece, (2} amoke hood, (3} oral mask, (4] oral-nasal mask, (5) full face
mask,and (6) fright mask. The study showed that for this application the
smoke hood is the best choice,

The vendor selected to manufacture the PBA hood was the G. T,
Schjeldahl Co., which had previous experience with this type o preduct and
had worked with the FAA on hood developments. However, the PBA hood
was a new development in view of the requirements for incorporation of a
maouthpiece and eyepiece and means to prevent fogging. The original con-
cept to solve the fogging problem was incorporation of an eyepiece of CR-39
allyldiglycolcarbonate into the hood and application of the antifopging com-
pound "DeMist" rmanufactured by A.I.D. Ltd, Thia combination was the
result of an extensive literature search and contacts with NASA and the U.S.
Army Night Vision Laboratory. However, difficulties were encountered in
applying '"DeMist" to the gelected standard MSA lenses, In order to meet
delivery commitments, an alternative compound, Hydrazorb (also from AlD)
was selected for application on cellulose acetate butyrate lensea; this coating
ranks right behind “DeMist" in NASA ratings.

Other hood rnaterials selected included a 1, 5-mil laminated construction
of Mylar™ for the hood proper and a polyurethane elastometer for neck seal.
The eyepiece waa laminated to the inside surface of the hood go that al)
hood materials in direct contact with ambient atmosphere are of the self-
extinguishing category. The nosepiece is designed as an integral part of
the lens and is constructed of nylon, while the mouthpiace iz constructed
of polyvinylchloride.

Acceptance testing performed on the hood included bond strength of lens,
bond strength of mouthpiece, haze of lens, luminous tranamittance of lens,
pressure drop through mouthpiece,and leak 1ntegnt-,r of neck seal. All
specifications were met.

The bond strength tests performed on the mouthpiece actually constituted

' a test of hood tear strength as its weakest design point. The nature of the
hood material is such that its resistance to tearing is least at penetration
points such as at the mouthpiece or at puncture points, either of which may
serve as stresa concentration loci for tear propagation. It was found that
the mouthpiece could withstand substantial force applied against it whether
frorn a sudden or gradual lead. The Instron tensile tester with a croas head
speed of 2 inches per minute registered a force of 33 pounds when the hood
material was torn away from the mouthpiece. With the sudden drop of a 10-
pound weight attached to the mouthpiece, a terminal velocity of 1,64 ft/sec
was required for hood material failure. It is not feasible to conduct con-
trolled laboratory examination of all parameters which could contribute to
hood material failure such as presence of puncture, type of puncture,
magnitude of appliced force, momentum, direction of force; however, it is
felt that the mouthpicce tests are representative of the hood material's
minimum tear resistance. As such, it is deemed acceptable.
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Other test results on the hood are as follows:

1} Lens peel strength (per ASTM-D-903); 2.6 1b/in.

2} Lens haze [per ASTM-D-1003): additional 2, 7-percent haze after
lamination. .

3} Lens luminous transmittance (ASTM-E~308}: loas of 3 percent after
lamination

4) Mouthpiece flow resistance; 0.75 in. H_O at 85 SLPM.

5) Neck seal leak integrity; withstands avé rage 1. 6 in, water internal
pressure without leakage (mated to 4. 75-inch-diamete r mandrel}.

During manned testing of the PBA, it was shown that the hood could he
easily donned and doffed without tearing, provides an adequate seal without
discomicrt, does not interfere with the wearing of a hard hat,and allows
good commaunication. However, lipht fogping of the lens was experienced
after about 20 minutes into the tests. This light fog continued for about 5
minutes and then cleared somewhat by drain-off, Approximately 8 cunces
of perapiration collected within the hood during this time. [t is felt that
use of DeMist antifog on CR-39 lenses as originally planned would alleviate
this problem,.

Carrying Case Configuration and Materiala

The carrying case must protect the PBA from darnage befare yse, it
must be hermetically sealed, and it must be easily carried. To supply the
greatest degree of utility in emergency situations, the PBA should be nearby
the user and, ideally, should be attached to his person,

Originally, plana called for the PBA to be carried on the miner's belt,
However, current state-of-the-~art limitations on DZ peneration and COz

absorption set limitations on weight and bulk which made it apparent that
this approach was not really workable for a 60~minute dyration apparatus.
For the prototype, a shoulder strap arrangement was designed, but it is
clear that this approach does not lend itself to continuous carry either,

Several materials, both metals and plastics, were considered candidates
for use, The study considered weight, strength {dent resistance), cost,
proces3 development, and number of fabrication ‘Steps. The combination
finally selected is a fiberglags case with z heat-sealed bag around the PBA,
resting on foam rubber padding (see figure 2-2), The bag i3 a hermetically
sealed barrier bag notched along the top for easy tear-opening. The sides
of the case are slightly bowed to add deflection resistance, and the two
halves are joined by a tongue-and-pgroove joint, .secured by quick action
snap4d.

Fabrication and Assembly .

During the design of the PBA, the factors affecting choices in fabrica-
tion and assembly were production costs, weight, size, material lifs,
sealing, human engineering, toxicity, and quantity., These all had to be
traded off against the overriding considerationas of cost and schedule.
Therefore, the design effort aimed at achieving sound basic designs and
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rmaterials that lent thernselves to low cost production methods. This rationale

_— applied to each major subasseinbly, as discussed in the following subparagraphs.
Carbon Dioxide Absorbent Canister .

The canister must be light in weight, with good heat transfer characteristics
and only minirnal structural strength. The canister is described earlier {see
figure 2-2). For prototypes, all forming was done manually, The perforated
screen is stocked material, and all joining is soldered., Assembly was done

—_—_— manually also, with some spot welding. In production, shapes can be stamped,
and assembly can be done by furnace soldering or a similar process.
Shroud -

The candle shroud must allow gas circulation around the candle and must
be tough, light, and withstand 350°F temperatures at a distance of 1/8 inch.
Lexan was chosen, because it has the beat combinations of these factors,
and it is readily formable. In protetype, the shroud was made in two pieces
cemented together. In production, it could be made as one piece.

Breathing Bags

. -- The baga must be lightweight, gas-tight, and able to withatand long-term
folding. Nylen, impregnated with polyurethane, was used for the prototype.
Seams were cemented. A number of entirely acceptable materials and

- “procesdes can be used in production, including blow molding and heat sealing.
Chlorate Candle/Case )

The compounding and forming of the candle lends itself readily to pro-
duction techniques. The candle case is fabricated fram standard tubing, and
all welds to the case can be automated. The procurement specification for
the candle required quantity production considerations in the design.

NCTCHED, HEAT SEMED
FLAP FOR TEAR OFEN
CAPABILITY -

|

FIRERCLAS CARRY NG
CASE

T0 GAUGE BARR IER ALLIMNUM
POLYETHYLENE BAG PER
Mit-3-131€

{BOTTOM. PORTION UF $AG GLUED
TO CARRYING CASE

: FOAM .
e PACK ING 11320 vA4

Figure 2-3. FPBA Package
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Haood .
The prototype hoods were also handmade, but the design is very similar
to hoods that have been produced in quantity. Therefore, no problems are
foreseen in this area.

Accesgories

All accessories {filter, hose, clamps, etc) are standard items and pre-
sent no problems.
PBA Assembly

The joints between breathing bags, hoses, mouthpiece, and canister are
cemented (leak tight), tied with wire {strength), and taped {safety}. The
joint between the breathing bag and the canister, which carries the canister
lead, is made by bending over tabs onthe canister and passing them through
grommets on the bags. The canister is secured by hanpers riveted to the
canister and straps welded to the candle case. The straps are secured to
the hangers by self-tapping screws that also hold the shroud. The other
end of the shroud is secured by taba to the canister. The carrying case
snaps are secured by heating and compressing lugs provided with the snaps.
Table 2-6 lists component weights for the PBA,

As part of the degign, a preliminary cost analysis waa conducted, based
upon production lots of 15, 000. The atudy concluded the $35 to $40 per unit
would be possible, It appears that there will be. some 1ncrease in the hocd
cost, but the target $50 per unit is still very likely.

AUXILIARY SURVIVAL CHAMBER {ASC)

The following paragraphs contain descriptions and discussions of the
selections and decisions made that led to the ASC supplied in protetype to
the Bureau of Mines,

Structural Concept

The ASC must withstand hydrostafic or uniformly distributed pressure
of from -5 to 420 pai and the end bulkheads must withstand -5 to +20 psi
uniform dynamic pressure. It must provide 80 cubic feet of space for
each of the 15 mgn in addition to the 120 cubic feet of space filled with
equipment. It must be movable through 3. 5x9-foot openings and capable
of assembly in areas 6 feet high and 10 feet wide. In movement, the towing
load limit is 4, 000 pounds per module, and the wheel load limit is 5, 000
per moduale,

Four basic designs were evaluated for the ASC structure. These are
shown in figure 2-4. Each is a series of rnodules latched together to form
.a ¢losed chamber.

Concept A is composed of five identical corrugated shelle braced in-
ternally at each end by two compression members and five tensicn members.
Longerons were to be.used to transmit longitudinal loads and to previde
sealing surfaces and structural continuity., Bulkheads are latched to each
end of the agsembled chamber.

Concept B is essentially of six flat-bed cars with flat walls and curved
roofs, The floor and sides are standard I-beams, channels, and Flates,
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TABLE 2-6
OVERALL PBA WEIGHT {POUN'DS]

) Actual Estimated
ltem Onaatity Weight Weight

Canister Assembly (1} 6,200 --
Body {1} 0, 520
Cooling Fins {5) 0.416
Exhaust Plenum {1} 0.018
Exhaust Screen {1) 0. 051
Intake Screen i1} 0. 057
Heat Exchanger (L) 0.210
Ports (2} 0.054
End Cleosure (1} ¢.071
LiCH -- 1. 480
Candle and Filter {1l each) 3,100
Heat Shroud {1} 0. 102
Solder and Shroud Assembly 0. 300

Clips .

Carrying Case (1) 1.400 --
Carrying Case {Redesign) (1) 1.437
Straps (1 0. 060

Man-Apparatus Interface {1} 0.120 0.120

Breathing Bégs and Hoses {1 set} 0. 450 0.400

Carrier Bag (1} ‘ ¢. 070 0. 063

8. 280 8.459

The roof is a single corrugated panel, preloaded with tension ties to the
floor. Bulkheads at each end of the shelter are braced by the side walls
and by A-frame bracing to the floor.

Concept C is similar to concept A, except that the sheet consista of two
pairs of identical corrugated panels; top and bottem are one pair, two sides
are the other pair. For height variation, the side panels can be replaced,
but this also requires different members for internal bracing. This bracing
consists of four compression members and four tension members at each
end of the module.

Concept D is 2 modified concept B. Each module has a volume of 230
cu ft and is a flat-bed car with curved panels that form walls and ceiling
like a quonset hut. The fleor is I-beams, channels, and plates, with wheels
or skids for movement. Two identical corrugated curved panels, hinged
along the ficor, form the sides and roof. For stowing or movement, the
panels are disconnected and folded down onto the flooer, To vary height,
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Figure 2-4. Candidate ASC Structures
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different panelsa are used.” Bulkheads are attached at each-end of the assembled
chamber, braced by A-frames either internally or externally. Internal brac-
ing is attached to the floor. :

Table 2-7 summarizes the tradeoff study conducted te select the ASC
structure. Assembly and disassembly were rated on number of operations
.and man-hours required, Cost estimates were based uponthe assumption
that all material was structural steel. Portability was rated by man-hours
and other equipment required to move the shelter. As can be seen, concept
D was selected. A more complete diagram of this concept is shown in
figure 2-5.

The material used is low carbon steel in standard structural shapes,
Welding is used extensively to connect structural members, The panels are
6 feet long, with a radius of 53 inches and have an arc of 93.5 degrees.
Each panel is reinforced to support the hinges.

The floor is standard I-beams welded to a flat plate, 6x9 feet, The open-
beam construction is used as storage space. Axle supports installed at the
open ends allow for wheel and axle assembly installation prior to towing

. operations, ' '

Agsembled, the panels are pinned together at the top with four detent
pins for an erect height of 68,5 inches. Disagsembled, the panels can be
foclded down onte the floor for low-profile movement. '

Bulkheads are flat reinforced corrugated sheet steel and consist of the
bulkhead, -a platform, and braces. Reinforcing is by rectangular tube
beams at four verticallocations. One bulkhead has a hatch that can be
sealed from either side and that opens inward for rapid entry. {Production

.
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Figure 2-5. Selected ASC Structure
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ASC's would have hatches in each bulkhead.} The bulkheads are shaped to
fit the modules and are hinged to the platform. The platform is secured
to the mine floor with roof bolts. Braces (3-inch steel tubea) are installed
between the platform and bulkhead to provide a closed end and are secured
by detent pins. Thes¢ braces are installed with one end at the tap of the
vertical bulkhead beams and the other end an the platform, opposite the
anchor bolts, so that most pressure loading transmits tc the anchor bolts.

Each module, including the bulkhead assemblies, can be towed like a
two-wheel cart. Towing lugs are included, and the axle supports accept
stud axles and wheels. Equipment is stowed in the modules so that they can
be towed fully loaded. With the shells folded dewn, height iz 37 inches, with
2 nominal 2-inch ground clearance.

Internal Volume Regquirementsa .

An integral part of the internal volume requirements for the ASC is the
heat created in the chamber over a l4-day period and the chamber ability to
handle it. A complete mathematical analysis of heat transfer characteristics
of the chamber was performed as a part of the program. Data used in this

_analysis are as follows:

a. Chlorate candles generate 70 cubic feet of oxygen every four hours
and produce 100 Btu of heat per cubic foot of oxygen.
b. Carbon dioxide removal canister produces 1, 240 Btu of heat per

hour based on 130 Btu/cubic feet of CO‘2 absorbed and 10.1 cubic feet of CO2

produced per hour by 15 men plus 0.9 cubic feet of CO2 per hour from one

CO removal canister.
c. Carbon monoxide removal canister produces 1.19 Btu of heat per
cubic foot of CO absorbed.
The 15 men at low metabolic rates produce 5,870 Btu of heat per
hour.
a. Other equipment in the ASC {light, batteries, communications)
generates 100 Btu per hour.
f. Total heat produced from all sources is 8, 578 Btu per hour.
Calculations established that, a3 configured, the ASC can maintain an
ambient temperature {cf 81° F}if the rmine wall has anambient temperature of 60° %,
and an emissivity of 0.88. This doea not constitute a stressful environment.
If actual metabolic rates or other factors re sult in higher temperatures, the
easiest way to correct this is to add fins to the outer surface of the
chamber to aid in radiative and convective heat conduction to the outside.
Kansas State University conducted a geries of tests to determine the
effect of relative humidity, temperature,and population density conditions
upon man's stress limits.is The results of tests of these parameters are
summarized in table 2-8. In these tests, 2 2-degree rise in rectal tempera-
ture or illness were used as the measures of stress,
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TABLE 2-8
NUMBER OF SUBJECTS EXHIBITING A 2°F-RISE IN RECTAL
TEMPERATURE OR SICKNESS IN LESS THAN 8 HOURS

PACK CONDITION

1 il n IV
Dry 8 subjects ‘18 subjects |32 subjects |48 subjects
Buik |RH [ ET 36 sq ft/man| 16 sq ft/man| 9 £q ft/man/| & 5q ft/man
Temp 288 cu ft/rman| 128 cu ft/man |72 cu ft/manl48 cu ft/man
of | % |of +2°F | Sick | +2°F | Sick | 42°F | Sick| +2°F | Sick
g5 60 |86. 8 1 0 0 4] o ] 0 0
95 | 70 {88, 8 1 0 0 0 0 0 6 | o
98 &0 (B9, 1 )] ¢ 2 ] 0 0 3 #]
95 80 190.8 0 0 1 ¢ i 0 30 s}
g8 70 (91,3 8 0 3 1 1 1 38 a
95 90 152, 9 7 1 6 1 1 2 44 1
g8 80 193.5 8 G 17 0 ) ] 46 2z
28 9G (94, 5 8 0 18 0 28 4 46 0

Data from reference 13 correlate well with data from other temperature-
humidity duration tests in which population density was uncontrolled and
which lasted up to 2 weeks. !0 This indicates that numbers of occupants has
little effect on temperature and humidity tolerance. In US Navy-conducted
tests of a 100-man shelter over a 14-day period, 12 gquare feet per man
was found adequate. 14 15 Civil defense authorities state that "At leaat
12.5 aquage feet and 80 cubic feet per person’ are adequate for fallout
shelters.” Based upon these results and a comprehensive comparisen
with known survival shelter parameters that have been shown to be livable,
the final choice of parameters for the ASC was 84 cubic feet per man,

21. 6 square feet per man, 81°F maximum temperatare, and 100-percent
maximum relative humidity.
Sealing and Reinforcement

The ASC must be airtight and maintain the airtight seals apainst blasts
from -5 to +20 psi. Since the six rmodules cannot accommmodate longitudinal
loads of this force, the brunt of the force ig absorbed by the bulkheads,
Each bulkhead iz anchored te the floor with 12 standard roof bolts, driven
at 45-degree angles as shown in figure 2-6. In this way, the bolts can
carry the load for either horizontal or vertical pressure and can evercome
moments of foree in both directions resulting from positive or negative -
prassure. ’

A variety of concepts wag explored for seazling the ASC, including com-
pressed rubber strips, zippers, inflatable seals, permanent adhesive, and
rubber seals with "Pull-a-Dot" fasteners. The last two of these were
selected to seal the 283 feet of seal required {gee figure 2-6),
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Seals are secured by permanent adhesive, or Pull-a-Dot fasteners, or
both. Permanent adhesive is used in hinge areas where seals are not re-
moved in disagsembly, The seals are bonded to the floar and ta the shell
segments, becoming permanent parts of the module. The Pull-a-Dot
fasteners are used where seals are removed in disassembly, for example,
inthe roof and module-to~module joints. Engaging the snaps with per-
rmanently installed mating parts compresses the rubber séal., The fasteners
can be oriented 6o that they can be opened from both inside and outside the
chamber, - : ,

Module roof joints are about 5 inches wide, with 6-inch gaps at each end.
The gaps are temporarily sealed with tape before installing the seals. The
seal used to seal the gap is shaped like a race track, providing a continucua
seal all arcund the opening. Continucus seals are also used between modules.
The fasteners are secured to each module, and excess material between the
inrer rows of fasteners is provided to accommodate gapping, Nominal gap
ig 1 inch; the se¢al permits 1.5 inches. The fabric connecting the seals is
¢ut on a bias to allow for vertical and side mismatch up to 0.5 inch,

Bulkhead-to-module seals use a combination of snaps and adhesive.

One edge of the seal is bonded to the bulkhead and secured with retaining
plates. The other edge ig held by the Pull-a-Dot fasteners when the bulk-
head is joined to the module. The hatch seal is a soft rubber strip built into
the hatch that compresses when the hatch is closed,

In the axle support area, a wing nut is tightened againat a bearing plate
that is supported by the irner axle lug. A rubber lined aeal plate is then
screwed tight overthe opening, compréssing the rubber to form the seal,
Another soft rubber strip is secured to the outer edge of each module hinge
so that it is compresased when the shell section is erected so as to protect
the inner hinge seal againat overloading when exposed to sudden high
pressures. .

Atmogphere Conditionhing Unit (ACU)

1wo atmosphere conditioning units are included in each ASC to produce
oxygen, remove carbon dioxide, remove carbon monoxide, and circulate
internal air. The ACU also prevents inward leakage of poisonous gases
by maintaining a slight positive pressure in the chamber by drawing in
some outside air through leakage control hoses.

The design parameters for the ACU are listed below:

a. Inlet CO concentration of 1,000 ppm; outlet less than 50 ppm
b, Imlet CDZ concentration of 1 percent; cutlet Iess than 0.1 percent

. Inlet air flow of 15 SCFM or more

Inlet humidity of 80 percent

Inlet temperature of 50 to 80°F: outlet less than 100°F

Control of seal leakage

. Manually operated and easy te assemble

. Built-in-breathing (BIB) system with mask outlets for 8 men each,

FR OO A0
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Oxvgen Supply

The objectives of the oxygen supply were capamty for 210 man~days, easy
assembly, low-cogt, portability, minimum development time, and high safety
and reliability., There are four basic practical methods of supplying oxygen
in this kind of application; high pressure storage, cryogenic storage, elec-
trolysis of water, and chemical reactions that give off oxygen (ref. 5, 9, 11,
and 16},

Cryogenic methods were rejected on the basis of cost. Electrolytic
methods were not safe enough for the ASC. High presaure storage does not
afford enough portability, reliability, or safety.

Among chemical reactions, potassium superoxide and sodium chlorate
were considered most applicable. Potasaium superoxide was eliminated
on the basis of inordinate development time required. Therefore, the ACU.
uses chlorate candles to produce oxygen. Each of the candles used produces
70 cubic feet of oxygen., Seventy (70} candles will be required based on nor-
mal oxygen consumption rate of 1.78 pounds per man-day for 210 man-days,
plus 46 pounds of oxidation of CO, Assuming the worst case for the surround-
ing atmosphere (ho oxygen in the mine) 14 more candles would be required.
The candles are connected to the ACU s¢ that if the built-in-breathing mani-

fold is in use, oxypen in the system is increased by 10 percent.-
Carbon Hoxide Remaoval

The ACU must temove 90 percent of the CO

5 produced by 15 men, and

each unit must be capable of accomplishing this alone, in case one unit
breaks down. The same general design objectives apply here as applied
for the oxygen supply. The three most likely candidate methods of remov-
ing the COZ are chemical absorption, crycgenic condensation, and osmotic

diffusion (ref. 5, 9, 14, 16, 17, 18). All will handle the CO2 generated

by 15 men.

Cryogenic condensation and oamotic diffusion were rejected on cost,
safety, and portability. Chemical reactions considered were potassium
superoxide, baralyme sodasorb, and lithium hydroxi