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lb. At-s t r ac t This report describes a study to develop a detailed set of guidelines

and equipment r e c ornrnenl ations to be used as a guide for mine operators,
mine inspectors, and equipment manufacturers in implementing the emergency
escapeway standards for metal and nonmetal underground mines. It was
sponsored by the United States Bureau of Mines.

The first part of this report reviews the historical background of metal
and nonmetal mine fires and the development of present and proposed mandatory
standards. This is followed by a discus sion of the survey of representative
mines and how the proposed standard effects these mines. The remainder of
the report covers technical discussions of each escapeway component including
a comprehensive computer simulation of mine evacuation. Following the
technical discussion of each group of escapeway components is a list of the
pertinent guideline s.

The major escapeway components discussed are the following:

Escaperoutes
Refuge Chambers
Hoisting System.
Escapeway Signs

Ventilation
Fuel Storage
Fire Retardants
Warning Systems
Auxiliary Transportation

17. Or1sic31n "s ~ey vo r d s Computer Simulation of 18. Availability S.tate",ent

081 Mine Evacuation.
Escape Routes, Fuel Storage, Release unlim.ited by NTIS.
Refuge Chambe r s , Hoisting Systems

Secondary Escapeway, Emergency Hoists,
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FORWARD

This report was prepared by Foster-Miller Associates, Inc., , Waltham,

Massachusetts under USBM Contract Number J02550l7. The contract

was initiated under the Metal and Nonmetal Health and Safety Research

Program. It was administered under the technical direction of SMRC

with Mr. D. E. Nicholson acting as the Technical Project Officer.

Mr. B. G. Horton was the contract administrator for the Bureau of

Mines.

This report is a summary of the work recently completed as part of

this contract during the period April 1975 to May 1976. This report

was submitted by the authors on 28 May 1976.
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SUMMAR Y AND CONCLUSIONS

This report describes a study to develop a detailed set of guide­

lines and equipment recommendations to be used as a guide for mine

operators, mine inspectors, and equipment manufacturers in implementing

the emergency escapeway standards for metal and nonmetal underground

mines. It was sponsored by the United States Bureau of Mines.

The first part of this report reviews the historical background

of metal and nonmetal mine fires and the development of present and

proposed mandatory standards. This is followed by a discussion of the

survey of representative mines and how the proposed standard effects

these mines. The remainder of the report covers technical discussions

of each escapeway component including a comprehensive computer sim­

ulation of mine evacuation. Following the technical discussion of each

group of escapeway components is a list of the pertinent guidelines.

A study of past mine fires indicates that a serious commitment

by operators to the proposed escape standards would be instrumental

in saving lives in the future. The most significant event in a recent

mine fire, in which no deaths resulted, was the very early discovery

of the fire. The evacuation was orderly thanks to careful preparation

by the mine personnel. However, the mine was possibly only spared

a real disaster because of the discovery of the fire almost at its

inception. Installation of automatic fire and smoke warning devices

may be the single most important step in preventing future disasters.

The self-rescuer has saved many lives in mine fires. Men have

also died while attempting to use them. The reason men died was

either because the unit was not working or the miner did not understand

how or when to use it. There is no good excuse for either of these

conditions occurring. Regular maintenance and inspection should prevent

unit failures. Frequent instruction on when and how to use the self­

rescuer would prevent confusion and potential fatalities. A means of
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detecting and ITleasuring carbon- rno noxide should be rna.de available to

all rnine r s so that the breathing units will be used when required.

The self -rescuer or Irnp r-overnents thereof such as oxygen breathing

units are. and probably always will be, the rno s t i mpo r ta.nt rneans of

saving lives when ITlinefires c ontarninate the air. Regardless of what

rules have been i mpo s ed on a rrrine , the ventilation controls installed

or other safety measurers taken, the possibility of s rnok e and carbon-

rnonoxide being liberated into the mine a trno sphe r e still exists. The

provision for personnel breathing apparatus and the training in its use

cannot be o ve r ernpha s iz ed ,

The survey of representative rrrine s and M. E. S. A. field offices

revealed that the rrrin e s will have great difficulty c orriplyirig with certain

sections of the proposed standards. The clause referring to environ­

rnental darnag e to one escapeway not effecting the other escapeway, if

strictly enforced, would shut down rn.any mines. Mines with large

stoppings have considerable recirculation. Leaks as srna.Il as 4 percent

of the airflow through the stoppings (rrio s t have considerably rno r e) can

contain enough carbon-ITlonoxide during a fire to create a lethal rrrixtu r e

t n the alternate escapeway. Lea} proof large stoppings are not possible

in the cur rent state -o f -the -a r t, Enforcement of this clause would be

very difficult since equipment to measure srnal.l leaks is also beyond the

state-of-the-art. Use of effective pe r s onrie] breathing apparatus is the

only sure method of ensuring breathable air during a fire.

The 45 minute time limit for evacuation is easy to rrie e t in SOITle

rnine s while othe r rnin e s , especially deep mines, rnav not be able to

comply. An alternate and possibly quite reasonable interpretation of

this could be: 45 minutes to a fresh air base. (see Section 3. 6. 1)

Most mines could comply with this interpretation without jeopardizing

the lives of the miners.
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The provision that escapeways must extend to within 1000 feet hori­

zontally and 300 vertically of a working place does not treat each situation

equally. The intent of the rule is to provide some maximum allowable con­

dition which ultimately relates to time required to reach a point where there

are two separate means of escape. A formula is presented which meets this

intent, but allows for all combinations of horizontal and vertical (ascending

or descending) distances.

The condition of secondary escapeways was found lacking in some

cases. To provide a safe escapeway the secondary route should be main­

tained in the original mined condition.

Fire retardants for timbered shafts are discussed. There are two

types, impregnation of various salt solutions or coating with fire resistant

paints. Fire retardants can have a remarkable effect in preventing the

spread of a fire. Fire retardants are only effective, however, when com­

plete coverage of the wood is attained. This makes treatment of existing

mines only partially beneficial. New mines or new sections of mines of

course can be treated during construction with very good re sult s ,

Warning systems used to notify miners of an evacuation are not

effective in many mines. Stench in the compressed air and/or ventilation

air often moves too slowly and becomes diluted. Phone systems are best

if they can be made redundant so that at least one set of line s can be expected

to be in working order following a fire or other disaster.

Escapeway signs are different in almost every mine. Likewise,

hoisting bell signals vary from mine to mine. Standard signs and signals

are recommended for the mining industry.

The computer analysis of mine evacuation shows that the mine

transportation and haulage system can be very effective in m lnirrriz ing

escape t.irrie s , Most transportation vehicles only require the addition of

oxygen breathing equipment for the operator to drive the vehicles through

s moke for the required number of trips to evacuate all the miners.
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Storage of fuel underground is a potentially dangerous procedure.

With proper valving, surface storage with fuel lines to the working levels is

a safer means of distributing fuel oil. Guidelines are provided for both

methods.

A computer program was written to simulate a mine evacuation under

a large variety of conditions. A specific mine was used for the model pre­

sented and the results are compared with a fire drill conducted at this mine.

The program analyzes the transient conditions of smoke, miner and hoist

movements and predicts escape time and smoke exposure of each miner.

The program can be adapted to any mine and 1S particularly suited for analyz­

ing various escape strategies to determine potential problems and to estimate

escape times under drill or fire conditions. The program assumes ventila­

tion flow patterns to be unchanged by the fire. Prediction of ventilation

changes under random fire conditions may not be possible.

Emergency hoists are evaluated and a substantial list of suppliers is

presented. The hoists discussed are for emergency escape use and should

be simple and dependable. The power for the emergency hoist should be

independent of all other mine equipment so that only a fire or accident in

the immediate vicinity of the hoist could make it inoperative.

Refuge chambers can be used in two ways.

a) Long term permanent use - to provide a life supoo rting

environment for the time it takes to be reachec1 by r e s cue

teams when escape is blocked due to cave -ins or fire.

b) Short term temporary use - to provide temporary

refuge and a supply of portable breathing units to enable

miners to escape through a toxic atmosphere.

Three basic types of chambers can be identified.

Type I - Outside au supply (borehole or dual compressed air)
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Type 2 - Internal oxygen supply and air purification equ.iprnent

Type 3 No outside air supply, oxygen source, or purification

equipment.

All c harnbe r s , regardless of how well built and sealed, will leak to

SOITle degree. This leakage rriu s t be taken into account in the design of the

c harnbe r ,

Type 1 c harnbe r s are the rno s t desirable, since this approach is the

s irripIe st way to guarantee a life supporting e rrvi r o nrrie nt , Due to large

distances f r orn the surface which frequently occur in rrie tal Zraorivrrietal rni.ne s

this approach is not always feasible.

Type 2 c harribe r s are a possible alternative. However, the hardware

for their i.mpleme ntat.i.on (particularly the r ernova.l of CO) has not been fully

developed and tested, and SOITle additional research and de.ve Ioprne nt effort

would be required before such a charribe r could be specified. (1)

Type 3 charnbe r s have Lirrri.ted applicability. It is difficult to con­

ceive of any method which can guarantee a life supporting atmosphere in

such a charribe r for rn ore than 24 hours. This Lirnitation rnu s t be considered

in te r m s of the potential applicability of the c harnbe r ,

Therefore, a rne arringfu.l refuge charnbe r r equi r erne nt p rornulgated

at this t irne would require each charnbe r to have either a borehole to the

surface or two independent cornpre s sed air lines to the surface.

SOITle areas touched on in this report require further in-depth study

and deveIoprrie nt before Irnplernentation could be required. A list of the

rno s t Irnpor tant subjects follows:

I) The autornati.c fire and s mo ke warning s y s t.ern s , w hen per­

fected, will largely increase the chances of a safe evacuation.

(See reference 14 for current work on this subject. )
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2) Itnproved c orrirnurric a ti.o n for control of evacuation.

A specific s c herne rnight be a low frequency signal

generator and a receiver. powered by a l arnp battery.

3) A carbon rno noxid e filtration s y s t e m suitable for

refuge c harnb e r use.

4) Rec orrrrrrende d fire resistant t r e atrn ent and tougher

rules requiring the use of fire resistant rnate r i a l s

in rrririe s ,

5) A rne arrs of preventing " e n virontnental darnag e "

between escapeways.

6) Irnp r o ved visual inspection rriethod for self-rescuer units.

Positive d eve l oprrie nt s in the above list of topics would undoubtably

contribute toward inc reased safety of the m irie s in the future.

Due to the difficulties in c ornplyi.ng with all of the proposed

standards at this t irne , especially the I'environtnental darnag e!' clause

and refuge c harnb e r s in some rn i ne s , it is r e cornrnend ed that efforts be

inc reased to i.rnp r o v e self -rescue equi.prrient for escape in c ontarrrinated

air. As de veloprnent progresses in the area of ventilation stoppings for

escapeways and refuge chambe r s , enfo r-c e m ent of these standards can occur.

The standards as written should not be static, continual upgrading should

be undertaken as our knowledge and technology i.rrip r o v e ,
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1. Introduction

This report is submitted in fulfillment of the requirements of

USBM Contract No. J02550 17, "Devel.opment of Emergency Escape

Systems Guidelines for Underground Metal and Nonmetal Mines ".

Under this contract the history of past mine fires was studied.

Representative metal and nonmetal mines were surveyed and escapeways,

refuge chambers, life support, and emergency hoist requirements

were studied to determine the problems in complying with the proposed

regulatory standards and their enforcement by MESA Mine Inspectors.

In addition, a computer program was written to evaluate mine

evacuation performance. The completed progr arn is included in the

appendix.

1. 1 Historical Review of Metal and Nonmetal Mine Fires

Early records of mine fires are poorly documented

because there was no statutory provision for reporting fires to the

Bureau of Mines. The survey of representative mines during the

course of this contract indicated that many small fires still go

unreported even though they are now required to report all fires.

A recent report survey approximately 80 disasters in metal and

nonmetal mines. (6) Table I is a summary of some of these fires.

Historically most metal and nonmetal mine fires have been caused

by electrical problems. Spontaneous combustion and the use of

welding equipment are the other major causes of mine fires (14).

Although not documented, many mine personnel agree that 30 percent

to 40 percent of underground metal and nonmetal mine fires have their

origin from cigarettes and other smoking related materials. The

number of fires related to spontaneous combustion is decreasing and

equipment fires are on the increase. The reduction of spontaneous

combustion fires can be attributed to the use of sandfill in more mines

and the increase in equipment fires to the increased use of LHD

equipment.
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TABLE I - SUMMARY OF MINE FIRE FATALITIES IN U. S.
METAL/NON -METAL MINES~~

Date Fatalities Name Location Description of Disaster

8 June ' 17 163 Granite MONT. Fire (Shaft)

27 Aug. ' 22 47 Argonaut CALF. Fire (Shaft)

24 Nov. ' 27 7 Magma ARIZ. Fire (Shaft)

1 June '59 6 Sherwood MICH. Inrush of hot gas and steam

14 Nov. 160 1 (boy) Pere ILL. Fire in storage materials
in abandoned mine

27 Aug. 163 18 Cane Creek UTAH Gas explosion

8 July I 64 1 Climax COL. Fire and Explo sion
I
J-I

5 Mar. 168 21 Belle Isle LA. Fire (Shaft)U"1,
20 Jan. ' 70 2 Star IDAHO Fire in vent tube (welding)

2 May 172 91 Sunshine IDAHO Fire

25 Aug. f 73 2 Lakeshore ARIZ. Muck slide and fire

9 May 175 0 Home stake S. DAK. Fire - spontaneous combustion

*Taken in part from "Rescue Shelter Analysis for Metal/Nonmetal Mines II Pittsburgh Technical
Support Center by Ward, D. C.; Dalzell, R. W.; Nagy, J.; Kloos, E. J.; Myers, C. H. and
Harris, E. J.



The intil"oduction of the self-rescuer has been instrumental

in saving many lives, however, there have been cases where presumeab1y

good units have not worked or the individual did not know how to use it

causing a fatality.

Improvements in warning systems and mandatory evacuation

drills have been responsible for saving many lives. The Homestake fire in

May, 1975 resulted in complete evacuation without loss of life(16). The

successful evacuation was due to some conscientious planning by this mine,

the effective use of the phone system, and the good fortune on the early

discovery of the fire. Even though no lives were lost, a very serious situa­

tion existed and it may have been only luck which prevented loss of life.

A significant amount of time was lost in notification

of the danger after the fire was discovered. Evacuation was started

46 minutes after the initial discovery. Fifteen minutes were wasted

trying to operate a disconnected fire hydrant. Twenty -two minutes

were spent by the men travellirg to the nearest phone and there was

a nine minute gap between the time the men who discovered the fire

called the mine superintendent and the first evacuation calls were

made to the mine personnel. Stench was not used for eight more

minutes after the evacuation was started.

This delay could have been disasterous if the fire had

developed to a greater extent prior to being discovered. It took

fully 2 1/2 hours from the time of the initial fire discovery until

all were evacuated (not counting two men who did not get notified

nor did not smell the stench and were brought out later unharmed).

The referenced MESA report (16) tabulates the times

etc , , as discussed above, but does not emphasize the seriousness of the

delays. The situation had the potential of being one of the country's

worst disasters, but because no lives were lost, no issue was made

over the lengthy and unnecessary warning delays.
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Past history of rnine d'i s a s te r s can be a urnrried up in the

following quote, f'r orn Robert Barrett in MESA Magazine, April 1976.

llHard- rock rrrine s are reaping the positive effects of the
Sunshine disaster - increased safety legislation on their behalf. That
disaster was responsible for rnany rnandatory standards as well as increased
inspections. •• There is rnuc h to learn f r orn the past, for those who
do not learn f'r orn the past are condemned to relive their rrii s take s , II

1.2 DevelopITlent of Present and Proposed Mandatory Standards

The accident and disaster record of the rnetal and nonrne tal

rrrine s was recognized at the Federal level in 1961 when Congress passed

Public Law 87-300. This law authorized and directed the Secretary of the

Interior to study health and safety conditions in noncoal rrrine s , the causes

and rne ans to prevent injuries and other health hazards. This study by the

Secretary of the Interior resulted in a report to Congress with recoITlITlenda­

tions for legislation pertaining to health and safety in rne tal and nonmeta.I

rnine s , Public Law 89-577, The Federal Metal and Norrme ta.I Mine Safety

Act, was pas sed in 1966 as a result of the report to Congress. This law

gave the Secretary of the Interior authority to p r ornuIgate health and safety

standards "for the purpose of the protection of life, the p r ornotion of health

and safety, and the prevention of accidents in "rni.ne s for rni.ne r a l s other than

coal or lignite. Those standards dealing with conditions or practice s which

reasonable could be expected to cause death or serious injury are mandatory,

Others are advisory standards. The Secretary or his authorized representa­

tives is given authority to inspect any rni.ne subject to the chapter to dete r m irie

if the regulations are being rrie t, The proposed rnandator-y and advisory stand­

ards were published in their entirety in the Federal Register, Vol. 35, No. 11,

Jan 16, 1969. After review and publication in the Federal Register, rno st of

the standards were adopted and bec arrie effective July 31, 1970. Additional

rules were adopted and published in the Federal Register on Feb. 25, 1970

which b e c arrie effective Feb. 25 1971.
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The following paragraphs review the chronologie steps that

take us to the current standards.

On February 25, 1970, the following mandatory standard

was promulgated:

57.11-50 Mandato!:'y Every mine shall have two

separate properly maintained escapeways to the surface

which are so positioned that damage to one shall not

lessen the effectiveness of the other, or a method of

refuge shall be provided when only one opening to the

surface is possible.

This standard left room for debate over what was

"possible"; quite obviously, two _separate escapeways were not required

in all cases, even when the mine was in full production. To solve

these problems, a revision was published on June 24, 1970, as

proposed rule making:

57. 11-50 Mandatory Every mine shall have two

separate properly maintained escapeways to the surface

which are so positioned that damage to one shall not

lessen the effectiveness of the other.

This revision clearly required two independent escapeways in all cases,

which in turn prompted a further revision, published on December 17,

1971, as propo s ed rule making:

57. 11-50 Mandatory Every mine shall have two

separate properly maintained escapeways to the surface

which are so po sitioned that damage to one shall not

lessen the effectiveness of the other. A method of

refuge shall be provided while a second opening to the

surface is being developed.
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In July of 1972, the Federal Metal and Nonmetal Mine

Safety Advisory Committee recommended promulgation of this standard

(the 12/17/71 revision). However, the recommendation of the

Director's Review Panel was not to promulgate the 12/17/71 revision

but to retain the standard promulgated 12/24/70. On April 27, 1973,

MESA distributed an interpretation of the existing standard, as follows:

"Two separate escapeways to the surface" shall rnean
that there shall be two entirely independent escape routes including
levels, drifts, cross-cuts, raises, and shafts from each working
area of a mine to the surface.

Working areas are the places where rrreri are actively
engaged in rni.ni.ng work (or work related activities) other than raises,
shaft or drift development. A work area rna y be a group of working
places but common to each other.

"Properly rriairrta.ined " rne an s that all standards for safe
travelways shall be adhered to.

"Two escapeways --which are so positioned that damage
to one shall not lessen the effectiveness of the other" means that any
damage to one escape route shall have no effect on the other route.
This will include all pos sible damage such as fire, explosion, or
mechanical failure. 1£ damage by fire would contaminate the other
escape route, provision must be made to isolate one route from the
other.

IIA m ethod of refuge shall be provided when only one
opening to the surface is possible" rneans that a refuge chamber
shall be provided until a mine goes into production stage of operation,
at which time two separate escapeways shall be required; work
toward establishment of a second escapeway shall commence
Irnrnedfately, The production stage is when the mine begins to produce
ore other than development ore. A refuge chamber shall also be
provided at all new areas within a mine where a second escape is not
possible, and shall be permitted as an alternative only until the second
escapeway becomes possible and during its construction. Construction
of the second escapeway shall commence immediately and shall proceed
simultaneously with other development work. As an example, this will
apply to such cases as new level development from a shaft after the
shaft station has been completed.

Boreholes are acceptable escape routes but hoist and
conveyance must be on the property and operational.
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To summarize, it is standard 57.11-50, as originally

promulgated 12/24/70, together with the application note just quoted,

which is the current law on escapeways by which all underground

U. S. metal/nonmetal mines must abide.

In December of 1973, MESA drafted a new, more

comprehensive revision of 57. 11 -50, which was subsequently sub­

mitted to the Advisory Committee for evaluation. This revision

is as follows:

Suggested Revision of Mandatory Standard 57. 11-50

57.11-50 (a) Except as provided in subparagraph 8 of

this paragraph:

1. Each mine shall have at least two separate and

properly maintained escapeways from each working place to the

surface which are so positioned that physical or environmental

damage to one will not l e s s en the effectivene s s of the other, and

which meet the requirements of travelways and man hoisting standards.

These escapeways shall reach to within 1000 feet horizontally or 300

feet vertically of each working place. *

2. In mine accessed by vertical or inclined shafts,

raises, or winzes, more than 300 feet in vertical extent, hoisting

facilities shall be provided in e s c apeways , **

3. When levels are driven from the shaft, a refuge

chamber shall be constructed at the shaft station before development

exceeds 300 feet in horizontal distance.

*

**

Subparagraph 1 has been amended by the advisory committee to
stipulate that if men cannot reach the surface from a working place
in one hour then a refuge chamber must be within 1/2 hour of that
working place. For the purposes of this report, the original sub­
paragraph will be used - not this recent ammendment.

Subparagraph 2 has been approved by the Advisory Committee.
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4. Horizontal openings either from the surface or

from existing rrrme openings shall not be advanced more than 1000

feet from a set of escapeways.

5. At least one of the escapeways shall be on

intake air and separated from the other escapeway by solid ground,

fire doors, bulkheads or ventilation control doors to prevent

environmental damage of the escapeway if fire, smoke or combustion

gases make the other escapeway impassable.

6. Exit from the mine shall be pos sible from any

working place within 45 minutes when travelling in normal mine air.

7. In mines accessed by vertical or inclined shafts,

raises, or winzes, a suitable refuge chamber should be provided at

each shaft station. These chambers may be utilized for other

purposes providing that material stored in the chamber does not

restrict access or reduce the volume of contained respirable air to

an unacceptable quantity.

8. The District Manager of the district in which a

mine is located may approve exceptions to the requirements of

subparagraphs 1 through 7 of this paragraph in mines where fire,

inundation, or other entrapment hazards are minimal and only one

escape route is available and refuge chambers are provided if the

operator can satisfy the District Manager that such escape route and

escape facilities will enable miners to escape quickly and safely to

the surface in the event of an emergency.

57. 11 -50 (b) The operator shall, within 90 days from

promulgation of this standard, submit to the District Manager for the

district in which the mine is located for approval a plan containing

descriptions, maps, and diagrams accurately describing and depicting

the escapeways and escape facilities from each working place. Such

plan shall be updated by the operator as necessary and each revision
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shall be submitted to the District Manager for approval. Each

escapeway shall be inspected and escape facilities shall be tested

frequently by competent persons, and properly maintained by the

operator to insure that all persons, including disabled persons are

properly protected or safely evacuated in the event of an emergency.

The plan shall include the following:

1. An up-to-date mine map at a scale of not less

than I" - 300' showing:

a. All mine openings (drifts, raises, shafts,

and cross -cuts, et.c,.}, working areas, and

all boreholes open to the surface.

b. Method of isolation of escape routes.

c. Location of refuge chambers and their

service lines.

2. Description of the method of mechanical

transportation assistance provided in each escape route.

3. Description of hoisting facilities in shafts and

raises used as escape routes, including cage capacity and time

involved for hoisting complete crew expected to use each facility.

4. Description of total evacuation time of total

crew by each escape route.

5. Description of each refuge chamber or area as

to location, capacity and service available.

6. Description of testing or inspection methods

and frequency for all aspects of the plan.
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7. Description of fuel storage areas, type and

number of pieces of diesel equipment, type of shaft, and escape

route ground control.

It is this set of revisions which Foster -Miller has used

as a basis for this report, in both the evaluation of current escapeway­

conditions and in recommendations of other guidelines. Accordingly,

it is necessary to provide an interpretation of several key points in

the proposed revisions:

Subparagraph 1: !IEnvironmental damage" includes not

only physical damage (roof falls, muck slides) but

contamination, such as ventilation, leakage which could

permit smoke (or CO) laden air in an intake escapeway

to short -circuit to an adjoining return -air escapeway.

It is also assumed that subparagraph 1 shall not apply

to development or exploration.

Subparagraph 7: Note that the language of this sub­

paragraph says "should ' ! rather than "shall ": in other

words, it is advisory rather than mandatory. The

intent of this subparagraph is to say to an operator:

"Subpar agr aph 3 required a refuge chamber at the

shaft station while the level was being developed.

Therefore, even after the level has been cut through to

provide a secondary escapeway, it would be a good idea

to leave the refuge chamber intact and maintain it

properly.

The remainder of this report deals with these standards, how

representative mines currently comply, the problems with meeting the stand­

ares, technical analysis of the source of the problems envolved, equipment

recommendations, and guidelines for compliance with the standards.
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2. Survey of Representative Group of Metal and Non-mental Mines

Before proceeding to develop and analyze Emergency Escape

System Guidelines, it was necessary to obtain a broad range of

information, including both fact and opinion. Although there were

many areas to consider, the surveys had three primary goals:

1. To determine the current state of underground escapeway

planning and execution in American, m etal and non -metal

mines.

2. To determine, for a wide range of mining conditions,

what difficulties can be encountered in complying with

present and proposed escapeway regulatory standards.

3. To determine what improvements could be made and

what equipment and technology was available to aid in

implementing these improvements.

To accomplish these goals, three major surveys were undertaken:

1. Survey of MESA and State Mining officials, discussed in

Section 2. 1.

2. Survey of representative U. S. metal and non-metal rnirie s ,

discus sed in Section 2.2.

3. Survey of manufacturers supplying equipment, primarily

hoisting, suitable for use in escape systems; the product

information which was obtained is discussed in Section 7.
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2. 1 Survey of MESA and State Mining Officials

Discussion with government mining officials included a

broad range of topic s , including --

discussions of the mines to be visited.

impact of current and proposed standards.

com.m.ents on major areas of concern in escapeway

planning, including ventilation. hoisting. communications,

refuge shelters. warning systems, and escape time

(Sections 3. 1. 2 through 3. 1. 7)

2. 1. 1 Government Offices Contacted

The MESA Inspection Offices, MESA Technical

Support and Management Centers, and the State Offices contacted are

listed in Appendix F.

2.1.2 Ventilation

Consensus: Ventilation and a complete

understanding of the systems are the most important elements in an

emergency escape plan. Where primary fans are iocated underground,

remote control for stopping and starting the fans should be located on

the surface.

Varied opinion on reversible fans: Some

felt primary fans should be reversible and used only when the location

of all personnel underground was known and they had been notified the

fans were to be reversed. Some with this viewpoint indicated that any

mine with reversible fans should have determined the effect of fan

reversal (by actual testing) on the ventilation system prior to an

emergency.
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Others felt that fans should not be reversed

under any condition. The basis of this opinion was that the fire could

have destroyed some of the ventilation stoppings and therefore it would

be impossible to determine the effect in the mine.

Consensus: The requirement for the construction

of stoppings and bulkheads that would prevent environmental damage of

one escapeway from another was of great concern. In those districts

with large room and pillar mines it was the opinion that construction of

such a stopping was not within the present state -of-the -art.

2. 1.3 Hoisting

Consensus: Secondary hoisting must be provided.

Most discussion on this subject related to the need and amount of safety

equipment that should be required on an emergency hoist. A majority

felt that emergency hoists should comply with the standards of regular

hoists, if possible, but in some cases where standard regulations would

affect the reliability of the hoist, they should be neglected. The most

mentioned areas of deviation from the standards where overtravel for

slow hoists, fleet angle for hoists in restricted areas, sheave diameter

and the need for guides. Simplicity and reliability were the most

important elements.

2. 1.4 Communication

Consensus: Communication is especially

important in those districts with deep multi -level mines. Where refuge

areas cannot be accessed by a borehole from the surface, two independent

communication systems are essential.



shelters.

2. 1. 5 Refuge Shelters

Varied opinion on the need and use of refuge

1. Those who did not like the use of refuge

shelters felt that escape plans should provide for exit under all

conditions. Additionally, there are environmental conditions (L e. ,

high rock tan peratures, excessive water, etc.) which will not allow the

construction of a refuge shelter that can provide the needed life support

r eqinr errient s ,

2. Those that agreed on the use of refuge

shelters felt they should either be connected to the surface by a

borehole or contain two separate compressed air sources. The main­

tenance of life support systems such as food and water were considered

to be necessary only in a few cases; for these cases, concern was

expressed on how pilferage could be controlled to assure that the

necessary supplies would be available when needed.

2. 1. 6 Emergency Warning System

Consensus: Emergency warning systems that

rely on stench are inadequate due to the slow and unpredictable flows

in the compres sed air and ventilation circuits. Phone lines, blinking

lights, or a siren-equipped vehicle travelling to the working places is

adequate if.. these systems will reach even the most remote workers.

Long range research might yield better systems, such as radio

signals transmitted through the ground or underground openings to all

miners.

2. 1. 7 Escape Time

Consensus: The most important factor in any

emergency is getting everyone out of the area of imminent danger within

the 45 minute time limit. Once that is accomplished, unnecessary speed

in final exit from the mine could create an additional accident hazard.
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In some districts, it was felt that some operators

would be able to comply with the 45 minute proposed regulation only by

abandoning portions of the mine or by developing a new mine. While a

new mine development is a large capital investment, it could be a viable

economic alternative because these properties are also contending with

extremely inefficient operating costs due to poor crew transportation.

2.2 Mine Surveys

Results on the surveys of nine representative mines

are included in this report. Each mine survey consisted of three parts:

Interview with MESA official in the respective

mine district.

- Interviews with responsible mine officials.

- On-site visits, both surface and underground.

Data collected during each visit included the following:

Maps on mine ventilation system.

Maps on mine electrical system.

- Details on mining plan.

- Location and concentration of people underground

for each shift.

Detailed information on all mine hoists, fans,

trips, materials handling systems, environmental

and space constraints.

Personal visit to the most remote site(s) in mine.

- From personal observations, representative travel

times.
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The on-site surveys were supplemented by a review of two

reports covering more than twenty mines including some of the mines

visited. The reports were the result of studies by Theodore Barry and

Associates under U8BM Contract 80241085 and the University of Idaho

under USBM Contracts S0220131 and S0230037.

Table IX - XVII in Appendix G contain thumbnail

sketches of each mine visited. As agreed at the program's inception,

the mines shall remain anonymous, identified only by letter, The

following sections contain a brief discussion of each mine; for brevity,

most of the information contained in the Tables is not repeated in the

text.

Included in the discus sion of each mine is an analysis of

whether or not each mine complies with the proposed revisions to the

standards (Subparagraphs 1 through 7) contained in Chapter I, To

simplify this analysis, the seven standards have been grouped as follows:

Subparagraphs 1 and 5: Requirements for dual escape­

ways, one on intake, within 1000 feet horizontally and

300 feet vertically of working places, Prohibition of

"environmental damage"; i. e., fire in one escapeway

contaminating the other.

Subparagraph 2: Hoists required in any escapeway

shaft deeper than 300 ft.

Subparagraphs 3, 4 and 7: Requirements for

escapeways and/or refuge chambers during development

drift advanc e merrt.

Subparagraph 6: 45 minute time limit for evacuation.

For a more complete analysis on how each Subparagraph

might be applied to the mines as a group, the reader is referred to Chapter 3.
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2. 2. 1 Mine "A"

Mine "A" is a single -level, room-and -pillar

copper mine. Depth varies from zero at one end of the mine to over

1000 feet at the other extreme. The underground area encompasses

about 20 square miles of area.

Subparagraphs 1 and 5 (Dual escapeway

requirements): Mine "All uses a ventilation and escapeway plan very

similar to coal mines, providing an intake and a return-air escapeway

from each working place. However, the "intake" air for some working

places is the air which has already been used by another section.

That is, not every working place is on a separate split of air. Further­

more, some of the return-air escapeways parallel the intake -air

escapeways. Because of the inevitable leakage through stoppings, these

parallel return-air escapeways could become contaminated by a fire

on the intake side. Therefore, a very strict reading of the "environ­

mental damage" clause would negate the acceptability of these return

escapeways. In other areas of the mine, the two escapeways led in

opposite directions to different portals, and could therefore withstand

even the most rigid interpretation of "environmental damage".

From a physical structure point of view, the

return air escapeways, although not regular travel routes, are very

well maintained and easily travellable by vehicles at moderate speeds.

The escapeways were better marked than any

other mine surveyed. Signs are made by fluorescent spray paint on

the walls at every intersection. Approximately every fifth inter­

section, the sign included not only the escapeway symbol but also a

legend indicating to which portal the escapeway was leading.
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Subparagraph 2 (Hoist in 300 -foot -vertrcal

e s capeways}: This mine complies totally, including the use of an

emergency hoist and torpedo capsule in one return air shaft designated

as a secondary escapeway.

Subparagraphs 3, 4, and 7 (Escapeway and

refuge chamber requirements during development work): Parallel

drifts are driven during all advancement work, so that the intake­

return dual escapeway system is always maintained. The one

exception was several years ago when an experimental piece of

equipment was used to drive a single drift through to a new shaft.

For this effort, a refuge chamber was constructed. Now that the

entry has been cut through, the refuge chamber has been left in

place, 90 percent intact.

Subparagraph 6 (45 minute time limit): Fire

drills are carried only as far as as sembling the work crews in the

lunch rooms, so an official time is not available. However, based

upon travel times recorded from the most remote working places, it

is felt that the entire mine could be evacuated easily in 45 minutes.

2. 2. 2 Mine liB"

Mine "B!' is a deep, multi -level, lead -zinc

mine, with the lowest levels approximately 5400 feet below ground. As

shown in an elevation view of the mine, (Figure 1) there is a downcast

incline (about 45 0
) at each extreme of the mine. This arrangement

provides for two truly independent escapeways in virtually all parts of

the mine, as discussed in the following paragraphs:

SUbparagraphs 1 and 5 (Dual escapeways): This

mine is extremely fortunate in having a main shaft (actually incline)

at each end of the mine. In most instances, the men will always have

a choice of which shaft to go to; because the inclines are in opposite

directions from any working place, the escapeways are truly independent.
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Furthermore, the upcast shaft (used for hauling muck) could also be

used as an escape center, although it is not included in the present

escape plans.

Escapeways are not very well marked. However,

escapeway maps are maintained in many locations. These maps are

detailed enough to be accurate and yet simple and small enough to be

easily understood, in fact, they were the test maps seen on the surve y,

Subparagraph 2 (Hoists in 300 -foot-vertical

escapeways): All of the mine below the main tunnel complies with

this standard. To pursue the secondary escapeway instead of taking

the horizontal tunnel out of the mine would involve some climbing.

Subparagraphs 3, 4 and 7 (Escapeway and Refuge

chamber requirements during development work): Like many of the

multi-level mines, this mine's problems of complying with these

escapeway standards are not acute when sub-levels are being established.

Typically, a ramp is driven up or down from a main level and forms

the only means of escape. Alternatively, development may include a

blind raise. To comply with the horizontal distance requirement, this

mine would have to close some sub -levels or else bore a raise which

would make contact with another level.

Subparagraph 6 (45 minute time limit): Fire

drill evacuations have been timed in 80 minutes. This includes

waiting for the train in the main tunnel and the 12 minute train ride

to the outside. It is possible that all men reach the main level in

45 minutes, perhaps by adding capacity to the two main rnanvhoist s

(assuming of course that loading/unloading facilities were available to

accommodate the added cars). The possibility of equipping and

designating a main level as a "fresh air base" is discussed more

fully in Section 3. 6.
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2.2.3 Mine "C II

Mine "C II is a multi-level, lead-zinc mine, with

a maximum depth of 7,700 feet. Primary access is along a two mile adit,

vertical travel downward is then provided by two separate hoisting systems.

This mine was chosen as a model for the computer simulation studies,

discussed in Appendices A and B.

Subparagraphs 1 and 5 (Dual escapeway requirements):

This mine can be envisioned as a ladder, the two rails being the shafts

and the rungs the underground levels. One shaft is downcast and contains

a single hoist. The other escapeway is upcast and consists of two shafts

offset on the 4, 000 level or at approximately one half the depth of the

mine. This arrangement provides for two totally separate escape routes

from every level.

Subparagraph 2 (Ho ists in 3 OO-foot vertical

escapeways): The two main escape shafts are provided with complete

hoisting facilities, with shafts stations on the main levels, 200 feet

apart (vertically).

SUbparagraphs 3, 4 and 7 (E scapeway and refuge

chamber requirements during development work): This mine currently

has a minimal amount of development work.

The sub-levels in this mine have vertical distances

of less than 200 feet and horizontal distances less than 1, 000 feet.

Subparagraph 6 (45 minute time limit): Fire drills

for this mine have been timed in 43 minutes, which gets all the men to

the main level, but does not include the 15 minute train ride to the out­

side. To get everyone outside in 45 minutes would be essentially

impractical at this time. The shaft station on the main level is near

the end of the two mile untimbered adit supplying the fresh air to the

mine.
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Mine "D"

Mine "D" is a medium-depth, multi-level lead-zinc

mine, with the deepest levels approximately 2, 900 feet below ground.

However, this mine is unusual in that the 2, 900 level has an adit

leading directly to the outside. This arrangement greatly simplified the

hoisting problems, especially in an emergency, because there is no area

in the mine in which a man would have to travel up to reach the surface

(although in many cases travelling up would be the fastest way out).

Subparagraphs I and 5 (Dual escapeways): In most

areas of this mine, there are two different escape routes. As usual,

the question of how "i.ndepende nt " the routes are leads to a discussion

of the ventilation system. This mine has a great deal of recirculation;

furthermore, the ventilation system is complicated by old workings and

stopes which have caved to the surface. It is therefore probable that

smoke in one airstream would quickly contaminate the other airstreams.

Partially offsetting this disadvantage is the mine layout which has two

independent intake air portals at the mine extremities.
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Subpar~g:taph 2 (Hoists in 300 -foot -vertical

escapeways): All of the main vertical shafts have rnanho i sting

equipment installed. In addition, this mine has raises and slopes as

high as 800 feet which are provided with hoisting equipment. The

major problem for these areas is that there are very few types of

hoisting equipment, suitable for use in raises, which are m.an-rated by

the manufacturer.

Subparagraphs 3, 4 and 7 (Escapeway and refuge

chamber requirements during development work): All of the active

areas within this mine would com.ply with the proposed standards, with

one possible exception. There is one working area accessed by a

single drift; a refuge chamber has been constructed at the end of

this drift.

Although the areas are not now being actively

worked, there are at least seven development drifts which extend

several thousand feet past a point of dual escapeways. If work is

re -established in these areas, refuge chambers would be required;

furthermore, if these areas went into production, dual escapeways

would be required - presumably provided by raises between the levels.

Subparagraph 6 (45 m.inute time limit)

This m.ine can be evacuated in 45 m.inutes.

2.2. 5 Mine "E"

Mine "E" is a single -level, m.odified room-and­

pillar mine. The depth averages about 1300 feet; the m.ine is serviced

by one main shaft and seven five -foot diameter ventilation shafts, one of

which is equipped with an emergency hoist.

Due to the radon problem, Mine "E" has a

ventilation system substantially above -average for a hard -rock mine.
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Subparagraphs 1 and 5 (Dual escapeway

requirements): The current escape plans provide for two separate

escapeways, one to the regular hoist and one to an emergency hoist 600

feet away. It is quite possible that a fire could contaminate both shaft

stations, in which case the escape plan calls for retreating to one of

the ventilation boreholes, which are well-situated at every extremity of

the mine. However, these other boreholes are not equipped with hoists,

and the plans call for the men to barricade themselves next to the

shafts until help arrives.

In addition to the above provisions, several of

the other mines in this area are connected, allowing escape through

an adjoining mine.

Becauae of the proximity of the two main escape

shafts, the dual escapeways (as they are currently designated) are

not truly independent, because a fire near one shaft could contaminate

the other. The ventilation boreholes at the mine extremities would

provide an excellent secondary escape route, if they were provided

with escape hoist facilities. 1£ this were the case, this mine would

not only comply with the letter of the proposed regulations; it would be

a model of compliance.

escapeways) :

Subparagraph 2 (Hoists in 300 -foot -vertical

See the previous paragraphs.

Subparagraphs 3, 4 and 7 (Escapeway and refuge

chamber requirements during development work): Development work

is accomplished by advancing the room-and -pillar system and/or sinking

a ventilation hole ahead of the working areas. There are no single -drift

developments more than a thousand feet from dual escapeways.

Subparagraph 6 (45 minute time limit):

can easily be evacuated in 45 minutes.
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2.2. 6 Mine "F"

Mine "F" is essentially a single-level modified

room-and-pillar lead-zinc mine, approximately one-thousand feet in

depth. Ore -passes lead from the main mining level to a small

haulage level. A plan view of this mine can be visualized as star-

shaped, with two hoisting shafts near the center of the star, and the

tips of the star approximately two thousand feet from the center.

Subparagraphs 1 and 5 (Dual Escapeways):

Single -drift travelways lead to each working place, at the tips of the

star-shaped mine. There are no crosscuts and stoppings; ventilation

is carried to the places by vent tubing. As such, this mine could

not comply with the dual escapeway requirements. To comply with the

strict interpretation of the proposed standards, two major efforts would

be required:

Cut through parallel drifts to some

working places

Erect air -tight stopping s , with man door s,

between some rooms. In some instances,

these stoppings would have to be at least

100 feet wide.

Subparagraph 2 (Hoists in 300 -foot -vertical

escapeways): This mine currently has a hoist in each of the two

main shafts, leading to the surface.

Subparagraphs 3, 4 and 7 (Escapeway and refuge

chamber requirements during development work): Application of these

requirements to Mine "F" would depend primarily upon the exact

definition of "development". For the most part, the level of effort

required for compliance has already been covered in the discussion

of Subparagraphs 1 and 5.
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Subparagraph 6: Mine "F" can be easily

evacuated within the 45 minute time limit.

2. 2. 7 Mine fIG"

Mine fIG" is a deep, multi -level, iron mine,

with the lowest levels currently 2500 feet below the surface. The ore

body is approximately 2000 feet long, and 400 feet thick, so that this

is truly a three dimensional mine. A simplified three -dimensional

perspective of this mine is shown in Figure 2.

Subparagraphs 1 and 5 (Dual escapeways): This

mine is a classical case of the problems of providing truly independent

escapeways, perhaps because it is so typical of a complex, three

dimensional mine. As shown in Figure 2, men in the 11 sarnple"

working place" have two distinct methods of escape: out the intake

to Shaft No. 1 or out the return to Shaft No.2.

However, how separate are these two escapeways

relative to contamination of the ventilation system? 1£ a fire breaks out

at the "hypothetical fire location," the intake entry could become smoke­

filled very rapidly. Furthermore, short circuits along the drift may

well fill the return -air drift long before smoke (or stench) has reached

the sample working place. (For simplicity, the case of smoke propagation

to upper or lower levels through raises and active and worked-out stopes

will not be considered at this time). Of course, the crosscuts shown in

the figure are not in reality so simply, and may include worked -out

areas, faults in the strata, etc.

This mine, like a majority of those surveyed,

have provided two entirely separate escapeways, but there is an ever­

present danger of a fire in one escapeway contaminating the other.
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Shaft 2

f

Shaft 1 -----...._.. Air Flow

Hypothetical Fire Location

Level 2

Figure 2 - Simplified 3 -Dimensional Perspective of Mine "G"
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One possible safeguard is to provide a refuge

chamber at the shaft station(s). These chambers would serve a very

special function - to provide a livable atmosphere for a short period

of time; I. e., long enough for the hoist to evacuate all waiting men.

The chamber must provide for a positive -pressure atmosphere to

insure that any leakage in the chamber is outward.

escapeways) :

Subparagraph 2 (Hoists in 300 -foot -ve r ti c al

This mine is in compliance with this standard.

Subparagraphs 3, 4 and 7 (Escapeways during

development work): Like the other multi -level mines, Mine "Gil

would have to change their mining plan when establishing sub -Levels, A

level-by -level analysis of this mine established that six sub -levels had

been driven more than 1000 feet from dual escapeways. It is noteworthy

that although the 1000 foot requirement is not now the law, the maximum

distance from dual escapeways was 1400 feet. To follow the letter of

the proposed standard would require either closing the affected sub -levels

or else driving an additional opening.

SubEaragraph 6:

in less than 45 minutes.

This mine can be evacuated

2. 2. 8 Mine "H"

Mine "H" is a single level room-and-pillar

limestone mine. Underground area is approximately four square miles

and averages two hundred feet in depth. Ventilation is both natural

and forced, by a combination of fans and 45 vent holes to the surface.

SubEaragraEhs 1 and 5 (Dual Escapeways): The

concept of dual, independent, escapeways depends strongly upon the

ventilation system. The ventilation system in this mine varies

significantly depending upon location, and also with time -becaus e of

frequent changes to take advantage of natural ventilation. In addition,
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there are no stoppings, ventilation doors, air locks or other ventilation

control devices. On the other hand, the huge volume of the mine

(drifts and crosscuts 80 feet high and 50 feet wide) means that

contaminated air, altht)ugh free to flow in any direction, will move

very slowly.

To comply with the strict interpretation of

"environmental damage", this mine would have to install hundreds of

air -tight stoppings 80 feet high. Alternatively, ladderways and/or

escape hoists could be installed in the vent holes to qualify as secondary

e s capewaya, (careful planning would be required because of the 80-

foot roof). Although this latter step would fulfill the letter of the law,

it is difficult to foresee an occasion which would make the secondary

escapeway safer or more desirable than driving out the primary

escapeway.

escapeways) :

SubparasraEh ? (Hoists in 300 -foot -vertical

Both of the main exits from the mine are short ramps.

SubEa:t'aira2~Jt,"3J"4~ntl.~'t (Eaeapeway and refuge

chamber requirements during development work); "Deveh,pnient11work

in this mine is essentially justa combination of the standard room.-

and -pillar mining plan, VIIi th additional vent hotes drilled as needed.

Therefore,escapeway requirements foi' advancing sections of the

mine are really rio different than those abe§dy presented under the

discussion of Subparagraphs 1 and 5.

SUbEarag1'a;Eh.6:

e\raciiatea Hi 45 ffiinutesi

This mine could be easily

Mine Il.l,i

Mine "111 is a single -l.eval , r oorn.varid -pillar

salt mine. The salt vein is mas sive with dd£ts 30 feet in height.

The underground area enccmpassea about 500 acres.
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Subparagraphs 1 and 5 (Dual Escapeway

requirements): Mine "I" has its two shafts within 100 feet of each

other, one is fresh air the other exhaust. The two air passages are

separated by brattice cloth stoppings, 30 feet by 60 feet. There is

only one route for the air, that is, not every working place is on

a separate split of air. The large size of the stoppings make leakage

unavoidable which creates severe recirculation. Therefore, a strict

reading of the "environmental damage" clause would cause a violation

of the standard.

The travelways both primary and emergency

are wide and provide good conditions for vehicle travel at moderate speeds.

The escapeways, although marked, were not

particularly easy to read.

Due to the large volume of air III the mine and

slow movement of the air (1 mph) contamination due to fire would spread

slowly, possibly allowing escape for some miners in uncontaminated air.

For Mine "Ill to comply completely to the

environmental damage, leak proof bulkheads would be required at all

stoppings which separate the fresh and return air passages.

Subparagraph 2 (Hoists in 300 -foot-vertical

escapeways): This mine complies since it is a one level mine to

which it has two shafts with hoisting facilities.

Subparagraphs 3, 4 and 7 (Escapeway and refuge

chamber requirements during development work): Parallel drifts are

dri ven during all advancement work, so that the intake -return dual

escapeway system is always maintained.

Subparagraph 6 (45 minute exit time): This

can easily be met. Truck with a siren is used for warning and all

men ride out on the rubber tired vehicles, requiring approximately

15 minutes to reach the hoist.
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s: Application of Proposed Revised Standards 57.11-50 to Mines
Surveyed

3. 1 Subparagraph (a) 1

"Eaoh mine shall have at least two separate and properly

maintained escapeways from each working place to the

surface which are so positioned that physical or

environmental damage to one will not lessen the effective­

ness of the other, and which meet the requirements of

travelways and man hoisting standards. These escape­

ways shall reach to within 1000 feet horizontally or 300

feet vertically of each working place. !l

DiscuSsi'on

This section will deal with the 1000 and 300
feet di~tance requirements; Section 3~5 will deal with the "environmental

-damage" provisions.

During the course of the mine surveys, it
became obvious that one mine's 1000 foot distance was nowhere near
equal to another's--not in the actual distance but in the time required to
traverse that distance. This is true for the 300 -foot requirement as
well. The most obvious example is that one could traverse down a
300-foot raise much faster than climbing up the same distance:-

'. The temptation is strong to recommend that the
dl~tance requrrement be changed to ~ ravel times instead. However,
th IS. approach woul~ unfortunately lead to a lot of subjective evaluations.
Ha~Tlng a h~e re.qulreme~t for an entire mine evacuation (Subparagraph
6) IS one thing; time requirements and the reguisite inspection proce­
dures for each working place are quite another.
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For whatever its failure to recognize different

mine conditions, the distance requirement is straightforward and can

be enforced by reference to mine maps alone. However, if the

distance requirement, instead of time,. is retained, there should

definitely be a distinction between vertical travel upward and downward.

A further area of confusion in the distance

specifications is as follows - escapeways must extend to within 1000

feet horizontally or 300 vertically. For example, a working place

800 feet horizontally and 800 vertically from any escapeway would

appear to comply because it is within 1000 feet horizontally. Further­

more, no hoist would be required because the raise is not part of the

escapeway (which starts 800 vertical feet away). If a distance

requirement is to be retained, it is recommended that the last sentence

of Subparagraph (a) 1 be amended as follows:

These escapeways shall be within one travel unit

of each working place. A travel unit, TU, is defined as

TU = H
1000

Vu
+ 200

Vd
+ 400

where

from working
place to
escapeways

)

vertical distance, upward, in feet )

vertical distance, downward, in feet)Vd

H = horizontal distance, in feet

Vu =

3. 1. 2 Application of Mines Surveyed

Mines "A", "D", "E", "H", and "III have two

escapeways within 1000 feet horizontally and 300 feet vertically of

all working places. Mines "B", "C!", and "Gil have sub -Leve l s ,

driven off of main levels, which exceed the distance requirements.

It is noteworthy that, although these distance requirements are not

currently the law, no areas were found which exceeded the limits by
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more than 300 or 400 fel'lt. However, to comply with the letter. of the

proposed law, these three mines must either abandon the relevant

sub -levels or else bore a raise through to the nearest main level in

order to provide a second means of escape. Mine "F" has several

working places accessed by a single drift. To comply, this mine

must in some cases drive a second drift up to the work area. In

other places, long stoppings across pillared-out areas would have to

be constructed to provide two separate escapeways.

3.2 Subparagraph (a) 2

"In mine accessed by vertical or inclined shafts, raises,

or winzes, more than 300 feet in vertical extent, hoisting

facilities shall be provided in e scapeways, II

good sense.

3. 2. 1

3.2.2

Discussion

This standard is quite straightforward and makes

Application to Mines Surveyed

All of the mines surveyed presently provide

hoisting facilities in at least two vertical escapeways.

3.3 Subparagraph (a) 3

lIWhen levels are driven from the shaft, a refuge chamber

shall be constructed at the shaft station before development

exceeds 300 feet in horizontal distance. II
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3. 3. 1 Discussion

In principle, this standard is desirable, but it

appears to conflict slightly with Subparagraph 1. For example, it may

be that a small sub-level is driven 500 feet from the shaft and that a

secondary escape is possible by traversing that 500 feet and travelling

up 100 feet to a main level where another escape route is available. If

a refuge chamber is desirable, perhaps the development distance which

would mandate the chamber should be made to coincide with the require­

ments of Subparagraph 1.

Furthermore, if standards are to be promulgated

which require refuge chambers, some definitions and guidelines for

refuge shelters must be established. A f';111 discussion of this problem

is contained in Section 3.8.

3. 3. 2 Application to Mines Surveyed

At the time the mines were surveyed, there

were no 300 -foot blind drifts driven off shafts.

3.4 Subparagraph (a) 4

"Horizontal openings either from the surface or from

existing mine openings shall not be advanced more than

1000 feet from a set of escapeways. "

3.4. 1 Discussion

This standard is straightforward and coincides

with the provisions of Subparagraph 1.

3.4. 2 Application to Mine s Surveyed

The problem of sub -levels which extend more

than 1000 feet has already been discussed in Section 3. 1.2. In addition
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to that, Mine "D" has a number of blind development drifts not currently

being worked. To comply with (a) 4, parallel drifts would have to be

driven, raises bored to connect the drifts (within 1000 feet of the dead

ends), or the drifts would have to be sealed off. Several of the other

mines have single drifts leading to other mines or old workings.

These drifts would have to be sealed or at least "dangered II off.

3. 5 Subparagraph (a) 5

"At least one of the escapeways shall be on intake air

and separated from the other escapeway by solid ground,

fire doors, bulkheads or ventilation control doors to

prevent environmental damage of the escapeway if fire,

smoke or combustion gases make the other escapeway

impassable. r r

3. 5. 1 Discussion

This standard is a further delineation of the

"environmental damage" provision of Subparagraph (a) 1. A s mentioned

in Section 1.2, I'physical or environmental damage" can be defined to

include contamination of the ventilation system. For example, assume

an intake escapeway and a return air escapeway are parallel, as shown

in Figure 3. If the pressure differential between the two drifts is

only 1 II water gauge, the leakage rate from the intake to the return is

approximately 25 CFM per square inch of leakage area. Stoppings with

leakage areas as small as one square inch are rare indeed. Therefore

if a fire starts at point A and a rnari is working at point B, both of

his escape routes will rapidly become contaminated.

For a rnin e to comply with the definition of

"environmental darnage " as stated above, the rnirring plan would have

to provide a ventilation system similar to either Figure 3 (A) and (B).

In Figure 4 (a), the addition of a third drift is ventilated to provide

-48-



Pillar

/ / Stopping

Return Air Seco~y~6cape~y / /...

~ Intake Air t) ---- ®Primary Escapeway

Figure 3 - Simpbfied Plan View of Typical Mine Drift,
Showing Ventilation and Escapeways (all working places within 1000 feet

horizontally and 30u feet vertically of escapeways)
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.. Return Air

•
Intake Air

(a)

Drift #3

Drift #2

Drift #1

3 Drift Ventilation System

Secondary Escapeway--

--Primary Escapeway

Down Up

Cast Air Flow Cast
~

Shaft Shaft

(b) Two- Shaft Mine, with Shafts Located at
Opposite Extremes of the Mine

Figure 4 - Simplified Plan View of Mine Layouts
(all working places within 1000 feet horizontally

and 3 00 feet vertically of main drifts)
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a pressure equal to or greater than drift no. 2; this guarantees that

there will be no leakage from no. 2 to no. 3. Another alternative is to

locate a shaft at each extreme of the mine, as shown in Figure 4 (b). In

this instance, men outby the fire area can travel to the downcast shaft;

men inby the fire can travel ahead of the contaminated air - -there is no

risk of starting out in safe air and having to travel through contaminated

air to get to the surface, as was the case in Figure 3.

However, if the fire occurs in the main intake

shaft or tw.nel, all bets are off: the entire mine will eventually become

contaminated. The question then becomes whether the men can evacuate

by the return -air side before it too becorrie s : contaminated. The only way

to guard against this contigency is to provide two totally separated intake

air supplies which lead all the way to the surface.

A second contingency which can damage even a

very good ventilation system is the thermal effect of a fire. The heat

produced and resultant convective currents could change the ventilation

dramatically; prediction of the ventilation would be virtually impossible.

3. 5. 2 Application to Mines Surveyed

The biggest problem in applying subparagraph

(a) 5 to any mine is not the ability of the mine to comply but rather

the difficulty of enforcing the standard. For example, mines "H" and

"I" technically could not comply with the environmental damage provisions.

These mines are essentially wide open, with a minimum of "solid ground,

fire doors, or ventilation control doors" to isolate one escape route

from the other. However, these mines are so massive, and the

ventilation air flow is so slow, that it could be argued that one escape

route could not be contaminated by the other before the men had been

abl e to escape. For cases like these two mines, how is the standard

to be interpreted? Are air velocities required to evaluate the time it

takes to pollute both escapeways? If this is the case, what consideration

is given to the change in air £lows created by the convection currents of

a fire.
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If Subparagraph (a) 5 is to be enforced

literally, mines such as "Hit and "1'1 must provide two physically

separated escapeway systems; this would necessitate the construction of

many (perhaps a hundred or more) large stoppings, these stoppings would

often be so large as 100 feet high and 100 feet wide.

A second problem is applying subparagraph (a) 5

to specific mines is the relative difference between the mines. Again an

example taken from the mines surveyed will best illustrate this point.

Both mines "FlI and IIG" would not comply with this standard. In the

case of mine II F", single drifts 2000 -3000 feet long lead to some working

places, ventilated by vent tubing. However, if the single escapeway

were contaminated, the men could travel through the contaminated air

in a matter of minutes. Mine "G", on the other hand, technically has

two separate escapeways. However, bad air on the intake escapeway

would rapidly short-circuit to the return escapeway, and men would

have to make a trip through contaminated air in either escapeway. In

these examples, the mine which appears to be closer to being in

compliance (since it does have two escapeways) might actually require

men to travel a longer distance through contaminated air then the mine

which has but a single escapeway.

Of the other mines, "A", "B!', "C" would

be mostly in compliance. Mine "D!' has some areas with two distinct

escapeways and other areas where recirculation and short -circuits

would negate the value of the second escapeway. Mine "E" would be

in full compliance if hoisting facilities were available at the ventilation

boreholes.

3. 6 Subparagraph (a) 6

"Exit from the mine shall be pos sible from any working

place within 45 minutes when travelling in normal mine

air. II
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3. 6. 1 Discussion

This standard is perhaps the key to the entire

proposed revision of Section 57.11-50. Regardless of mine size, numbe r

of e scapeways, or any other factor, all rnen have to be able to exit the

mine in 45 rrrinute s when travelling in nor ma.l :mine air. The rrrine ' s

ability to corn.ply can be det.e r mi.ned by t.irrring the fire drills which

are currently required.

As discus sed in the next section, there are many

mine s in the countr y which could not COITlply with thi s standard. A s one

would expect, the rrrine s which have the most trouble are the deep,

multi -level rni.n e s , Even in the biggest rrrine s , the majority of the men

can be evacuated in 45 minutes or les s , but for SOITle of the rrien, the

t'i.rrie is longer.

A very cornplet.e discussion of the travel times

involved in evacuating a specific deep mul.ti -level rrrine is contained in

Appendix A of this report. However, for the purposes of this discussion,

we can refer to a sdrrrpl.ifie d case, shown in Figure 5. There are six

rn.ajor t.irrie s involved in getting fr orn a working place to the surface:

travel t'irne fr orn working place to rnain drift

travel t irrie along rria.in drift to shaft station

waiting tirn.e at shaft station

travel time of hoist, including loading t irnes

at each station and unloading t irrie at the collar

waiting time in rnain tunnel

travel time of train out main tunnel
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15 min.• • Unload - 4 min.

Main Tunner
(Horizontal Travel Only)

I
(Jl

~
I

3 min. to 5 min.
Travel Loading

5 -10
min.

1DO' ­
200'

Wait up to 25 min.

2000'

4 - 5 min.

Kigure 5 _. Simplified View of Travel Times Involved In Mine Evacuation
(Travel And Waiting Times Are Far Worst Cases)



Typical travel distance and travelling and waiting

t.irn.e s for the worst case are shown in Figure It can easily be

seen that the waiting t.irrie for the hoist is one of the rnajo r t irrie >

stealers. This wait represents rno r e than just one cornplete hoisting

cycle. For exa.rnple , if the cage(s) is (are) already full when reaching

a given level, men at that level will have to wait through another

cornplete hoisting cycle. Increasing the hoist capacity is therefore a

very good way to reduce evacuation time, However, increases in

capacity are usually a.c c orrrpl.i s hed by stacking rno r e cages. If this is

dane, then the shaft stations (rno st specially the collar) rnust be rebuilt

to per rrrit loading/unloading more than one cage siITlultaneously- -other­

wise the increased capacity will be largely. offset by the added t'irne

needed to succes sively jog each cage into position at a given station.

Another factor which has a rnajor i rnpact on

total travel time is the phrase "exit from the rrririe ". This discussion

so far has assumed that this phase means exit from underground.

However, many of the large multi -level mines can get all of the men to

the main tunnel level in 45 minutes. (Main tunnel level is defined as a

drift requiring only horizontal travel to reach the outside. This is

usually the level at which the rnain underground shafts have their collar.

It is quite pos sible that SOITle portion of this level could be established

as a fresh air base, so that once the men reached that level they

would be out of danger. Figure 6 shows three different pos sibilities for

establishing such a fresh air base. A fresh air base would be s irnilar

to the concept of a refuge chamber, but would require two positive

sources of fresh air, uncorrtarrrinated by contact with any other portion

of the rrrine ' s ventilation or compressed air system. Additionally, a fresh

air base would have to be located such that final exit from the mine can

be made by horizontal travel only.

If this concept were accepted, then Subparagraph

6 could be amended to read ItExit from the mine or travel to a designated

fresh air base.•.. ".
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Main Tunnel
(lntaking)

Intaking Borehole

Secondary Tunnel
IIntaking)

Fresh Air Base

Compres sed Ai r Line,
Buried or Otherwise Protected.
(Not Part of Mine I 5 Standard
Compressed Air System)

.t'lgure 6 - Cross Section of Mine,
Showing Establishment of-Xresh Air Base
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3. 6. 2 A pplication to Mines Surve yed

Mines "B" and "C II cannot be evacuated in

45 rrrinute s , There are two possibilities to pe r mit cornplfance with

these proposed standards:

1. Close off areas of the rrrine and l i rrrit the

nurnb e r of rnen underground at anyone t irne ,

2. Impr-ove the hoisting facilities to increase

hoisting capacity. This might permit the

men to reach the main level, but not get

out of the mine, in 45 minutes. If this

is the case, then fresh air bases could

be established on the main level, as

discussed in 3. 6. 1

3. 7 Subparagraph (a) 7

"In mines acces sed by vertical or inclined shafts, raises

or winzes, a suitable refuge chamber should be provided

at each shaft station. These chambers may be utilized

for other purposes providing that material stored in the

chamber does not restrict access or reduce the volume of

contained respirable air to an unacceptable quantity. II

3.7. 1 Discussion

As discussed in Section 1, this subparagraph

is interpreted to be a recommendation, rather than a r equir errierit , that

any refuge chambers built to comply with Subparagraph 3 should be

left in pl.ac e even after they are no longer required.

-57-



3.7.2 Application to Mines Surveyed

Only one of the mines visited had installed a

refuge chamber during drift development. Ground shifting and

concussions from blasting had necessitated frequent repair; once the

drift was cut through to a second shaft, maintenance of the chamber had

ceased. It was still 90 percent intact during the mine visit.
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4. Guidelines for Implementing the Emergency Escapeway
Standards for Metal and Nonmetal Mines

The technical discussion of each escapeway component precedes

the specific guidelines for the component. Generally, the technical dis-

cus sion provides the background and reasoning behind the guidelines.

Section 5 is a discussion of general escapeway requirements,

including the escape route, fire retardants, warning systems, ventilation

systems, escapeway signs and signals, auxiliary transportation and fuel

storage. The discussion is followed by a list of guidelines pertaining

to the escapeways.

Section 6 is a summary of the computer simulation of an

escapeway system for Mine "0'. A complete documentation of the

simulation is included in Appendix A and B.

Section 7 covers emergency hoisting requirements and concludes

with the guideline, for emergency hoists, their inspection and use.

Section 8 is a discussion of refuge chambers and life support

and is concluded with guidelines for the application 0 f this equipment.
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5. General Escapeway Requirements

5. 1 Escape Routes

Present escapeway regulations state "Every mine shall

have two separate properly maintained escapeways to the surface

which are so positioned that damage to one shall not lessen the

effectiveness of the other, or a method of refuge shall be provided

when only one opening to the surface is pos s ibl.e, II

"Escape routes shall be:

a. Inspected at regular intervals and maintained in

safe, travellable condition.

b. Marked with conspicuous and easily read direction

signs that clearly indicate the ways of escape. II

"Application: "Regular" intervals means at intervals

no greater than monthly where conditions are stable and oftener where

conditions may change."

"Designated escapeways inclined more than 30 0 from

the horizontal shall be equipped with stairways, ladders, cleated

walkways, or emergency hoisting facilities."

As can be noted in present and proposed regulations

there must be two separate properly maintained escapeways. In most

operations, the escapeways will consist of one route that is the normal

travelway used in day to day operations. The second route is usually

a return airway through old work areas. Based on this generally

accepted practice, we will designate the two types as primary and

secondary.

-60-



The primary escapeway is defined as the normal route

that is used in travelling to and from working places. A secondary

escapeway is one which is used for emergency use only. It is

possible for a mine to have more than one primary or secondary

escapeway.

The primary route is generally on intake air with

good vertical and horizontal transportation. Due to constant use the

drifts, shafts, raises and winzes are usually observed daily. Therefore,

recent falls, slabbing, squeeze and ditch problems are corrected by

on-shift utility crews. The resulting maintenance will allow fast and

safe exit in a minimum of time.

Secondary routes encompass a wide range of conditions.

In most mines, the secondary route is through worked out areas and

in most cases, on return air. In deep multi-level mines, the

secondary escapeway may be through heavily timbered drifts with a

minimum area. In room and pillar operations, the secondary

escapeways are usually in the return airways which are larger and

in general, better condition than those in vein type mines.

In most mines, maintenance of secondary escapeways

is a problem. Equipment and services that were used for original

mining are usually removed as mining progresses. In many cases,

it is no longer possible to get mechanized equipment in the drifts,

or raises. In those areas with high extraction, the escapeways are

subjected to squeeze and poor ground conditions, therefore, they are

maintained at a minimum size. It is our feeling that more attention

must be given to the condition of secondary escapeways.

Present and proposed regulations state that escapeways

must be maintained in a safe and travellable condition. Our definition

of a safe and travellable escapeway is one that is maintained in its

original mined condition. The drifts that were originally driven eight

feet wide and nine feet high, should be maintained to that dimension.
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For operations that experience very poor ground conditions the drifts

should be maintained to a minimum width of four feet and height of

five feet inside the supports. Unless the original drift size was less.

Where water is a problem, ditches should be

maintained to keep the level below track or road level. In very wide.

escapeways, consideration should be given to the need for guide ropes

that miners could use when travelling in dense smoke.

5. 2 Fire Retardants

Many mines have timbered shafts and drifts. These

wood lined passages can contribute to the rapid spread of what might

have been a localized fire. Many mines are now using diesel

powered equipment which create an additional fire hazzard. A non­

flam:mable passage becomes a very important means of localizing

those fires which may occur.

Some new mines use non-combustible materials such

as steel or concrete, however, timber remains the primary material

in the majority of mines. (12) Various treatments are available to

reduce the flammability of wood. The treatments fall into two

catagories, impregnation with salt solutions and surface coatings.

Five retardants work in one or more of the

following ways: (13)

a. The retardant decomposes at a temperature below

that of the temperature of wood; it gives off

non-flammable gases which inhibits flame

propagation on the material surface.

b. The retardant decomposes and absorbs heat which

may extinguish the flame.
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c. The retardant melts at a lower temperature than

would ignite the wood, covers the surface with

a glaze which seals the material from the air.

It also holds any charcoal which acts as an

insulator.

d. The retardant induces a rapid formation of a

heavy layer of charcoal, which by excluding air.

prevents further combustion.

A list of several types of coatings is given in Appendix D.

Impregnation of the salt solution may be done by

soaking at atmospheric pressure or at high pressure. It can only be

done prior to installation. Impregnation is a more permanent method

of fire resistance since it reaches the inner fibers and cannot be chipped

off as can a surface coating.

Surface treatment is the only method possible on

existing timbered passages. For this reason it is especially important

as a means of providing fi re resistance to the older mines which have

not had any fire retardant materials used in the wood construction.

Most fire resistant points consist of potassium or

sodium silicate with an inert filler such as kaolin or asbestos. Cement

coatings, lime wash and calcium sulphate have also been used.

The fire resistant paints may be brushed or sprayed

on the surface. The backside of the timber may be coated by

spraying through systematically drilled holes. The major problem

with coating material surfaces in place is the ability to attain 100

percent coverage. Without complete coverage, a fire would spread,

although undoubtably at a slower rate.
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A Russian repor~(15) indicates good results with a

mixture of sodium silicate and asbestos powder. A test fire burned

for 1.5 hours with temperature exceeding 1300 0 F and left the coated

wood undamaged.

Salt solutions may be painted or sprayed on, but due

to poor penetration, it;' s fire retardant capabilities will be questionable.

5. 3 Warning Systems

An effective system of notifying miners is es sential to

an effective escape system. The ideal warning system would allow

two way comm.unication between the surface and each point within the

mine where miners would be located. This, of course, would allow

information on the disaster situation to be transmUted so that the

proper escape plans may be used. Where possible, TIline s should be

equipped with telephones.

An alternate warning system rnust be available to

backup a phone system. The rno st cornrnon warning system is the

use of stench (ethyl mercapton -freon mixture). Stench is released into

the compres sed air and/or the ventilation system and ideally spreads

throughout the mine. This method, when used only in the ventilation

air, moves very slowly and in many cases too slow to be effective.

In addition, most metal and non-metal mines have a great amount of

recirculation and or dilution that results in the stench being unnoticed

by the time it reaches the miners. For those rrri.rre s that inject the

stench into the compressed air line, the travel time is greatly improved.

A serious problem with this system is that the miners may not be using

compressed air at the time of the emergency and therfore will not

receive notification. The computer simulation described in this report

shows that many miners are notified by smoke, not the stench. Overall

the best rrrethod would be the requirement that stench be released in

both ventilation and compressed air. Even though the same problems

are encountered the overall chances of notification are improved.
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One po s sibility of improving this method of warning would be to

locate the dump stations on each individual level and have the dump

system activated remotely by the hoistman upon his notification of an

emergency. An alternate warning method could be a surface located

low frequency signal generator and a receiver powered with a lamp

battery that could give both a visual and audio signal. The receiver

could be attached to a roof bolt or wedge driven into the rib to pick

up the signal. A small receiver could easily be carried by each

crew during their shift and recharged in the same manner as the lamp

battery. Where the mining plan permits, blinking lights or siren

equipped vehicles are desirable alternatives.

An automatic warning system is under development in

the U. S. Bureau of Mines Contract H0242016. The goal is to

develop and demonstrate a reliable mine shaft fire and smoke control

system~14) Initial tests of the system have proved successful.

5.4 Ventilation Systems

In most mines effective ventilation is a difficult

problem in respect to escapeways. Most mines have a large amount

of recirculation, e. g. Leakage of intake air into exhaust air through

stoppings. This problem, which may be relatively minor during

normal operation, can become a critical one if a fire occurs. With

recirculation, smoke can spread rapidly from the primary to the

secondary escapeway. The mines' ability to comply with the rule

"environmental damage to one (escapeway) will not lessen the

effectiveness of the other!' may be difficult in many mines. Typical

leakage rates on well constructed new stoppings range from 5 CFM/I00

ft
2

for foam coated to 35500 CFM/I00 ft
2

for brattice cloth at I"

water pressure difference assuming no leakage at the junction of the

mine surface and the stopping.(8) A fire in one escapeway producing

1 percent carbon monoxide will contaminate the other escapeway to

a dangerous level if the stopping leakage is only 4 percent. A problem

in evaluating a ventilation system for leakage and recirculation is that
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of proper instrumentation. Present equipment is adequate to determine

volume and flow direction at any one point within a reasonable degree

of accuracy. Equipment to measure the amount of leakage within the

limits required to determine environmental damage does not exist

today. Equipment will be required not only to measure the leakage

through stoppings and bulkheads, but also to measure leakage through

the strata around the stoppings and into or out of old workings.

5. 5 Escapeway Signs and Signals

The type and size of escapeway signs should be

standardized. At present, each individ~al mine uses escapeway signs

which are purchased or made to their own specifications. In some

mines they are painted on pillars or timbers and tend to become

covered with dust. We feel it is important to standardize the size,

shape and color of signs for the entire industry including coal. Such

a change would mean that when a miner moved from one mine to

another or from one type of mining to another, he would always be

familiar with the e s c apeway s ,

The signs should have a particular shape to designate

primary and secondary escapeways. The shape should be such that

a color blind person would not have to rely on colors. In addition

to shape, the signs should also have individual colors for primary

and secondary routes. Large signs should be placed at all major

intersections and stations, smaller reflectors should be placed in

primary and secondary escapeways so that one is always in view.

Suggested escapeway signs are shown in Figures 7 and 8.

Bell signals used in hoisting operations are not, at the

presen t , consistent throughout the mining industry. A standard signal

code should be adopted to avoid serious delays during an emergency

caused by personnel not familiar with the particular code of the mine.

This subject has been approached before, but due to complex

problems in arriving at acceptable signals with all Federal and State

agencies, it has always been dropped. This a very important area

and an effort should be made for standardization if effective escapeway

systems are to be developed.
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1. Primary escapeway sign to be placed at major intersections,
shaft s ta t ion s , raises, etc.

Reflective

Red Reflective
Material

2. Secondary escapeway sign to be placed at major intersections,
shaft stations, raise, etc.

~__ Green
Reflective Material

N
......

White Reflective
Material

Figure 7 - Escapeway Signs
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3. Primary Escapeway Reflectors

I..

4. Secondary Escapeway Reflectors

Figure 8 - Escapeway Signs
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5. 6 Auxiliary Transportation System

Transportation systems in metal and non-metal mines are

as varied as the nurnbe r of mines. Present methods of moving miners

include hoisting, rail, rubber tired vehicles and walking.

Rail systems range from slow units operating on 18 gauge

track to large high speed units on standard rail. In vein type mines the

units are generally small and slow due to the many curves and narrow

drifts. These units are usually battery powered. In large operations,

such as block cave mines, it is pos sible to drive large straight drifts.

This allows the use of large high speed units. These units are either

powered by diesel, electric trolley or battery-trolley combination.

If the rail system is to be used as part of the emergency

evacuation system, self-contained breathing aparatus should be provided

for the operator. The system could be similar to those now required

for underground hoist operators, but limited to two hours. This would

be extremely important to operators on production levels who would be

required to make several trips in smoke. 1£ the operator had only his

self -rescuer, it could create enough discomfort that he may not be able

to make all the required trips.

The use of rubber tired transportation during an

emergency has some advantages and disadvantages when compared to

rail. It has the advantage of not being restricted to one travelway.

In many mines this would allow several routes to the working places

to pick up men and additional ways to exit. This flexability also

creates a disadvantage. Unlike the locomotive operator travelling in

heavy smoke who does not need good vision to follow the rail, the

rubber tired operator needs to see where he is going at all times or

slow down. Again, as in the case of the locomotive, the rubber tired

vehicles should be equipped with self -contained breathing units.
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Other possible methods of emergency transportation which

should be considered are conveyor belts, rope tows and man lift belts.

Many mines use conveyor belts for the transportation of

ore. These systems in many cases would only require minor modifications

such as a shut down bar at the point of discharge. This type of bar

would stop the conveyor if a person failed to get off at the correct

location. A simple restart switch could be located at the same point.

The use of this system would require that all employees be trained in

the proper methods of getting on and off a moving belt. In many mines

this would provide the fast and safe method of exit.

The second method would be the use of a conventional

rope tow or chain tram similar to those used at ski areas. They

would be useful on ramps or inclines and would not require a straight

drift.

The computer simulation of a mine evacuation included

in this report shows that auxiliary transportation can be very effective

in substantially reducing the time of evacuation. All mines should

consider adapting their current transportation systems to be used as

emergency escape facilities.

5. 7 Fuel Storage

Fuel storage in underground mines entails greater risks

than surface storage of fuel. The contents of a typical 500 gallon

fuel tank, if burned, could create over 100, 000 cubic feet of carbon

monoxide and carbon dioxide, enough to contaminate the escapeways

of most mines. Therefore, if fuel must be stored underground,

extreme care must be taken to prevent spillage and fire.

In many situations a fuel line from the surface would

provide a less hazzardous means of delivering fuel to vehicles under­

ground. Surface storage of fuel with lines to the required levels would
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limit the amount of fuel in the mine to the capacity of the vehicle fuel

tanks. A pipeline from the surface without pressure limiting devices

could develop very high pressures, in excess of 3000 psi, at the filler

nozzle. Therefore, a safe fuel line must have pressure regulation and

flow limiting devices which will prevent high pressure fuel delivery and

accidental spillage.

The refueling area in a mine should be located in a safe

area out of the main stream of traffic. Figures 9, 10 and 11

show recommended ways of providing safe ventilated refueling areas

for in mine fuel tanks and lines from the surface.

5.8 Escapeways - Guidelines

1. Except in situations where ground conditions will

not allow, escapeways should be at least 6 feet

high (excluding necessary roof support) and the

travelway in such escapeway should be maintained

at a width of at least 4 feet.

2. All escapeways shall be well drained or provided

with walk boards.

3. In shafts, raises, winzes, or inclines, landing

openings will be large enough to pas s a litter.

4. Equipment for transporting men up ramps will be

available within the length of time required to

assure escape within the 45 minute time limit.

5. Inspection of escapeways by a qualified person

shall be made every 14 days.

6. A record of escapeway conditions shall be main­

tained at the mine office.
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Fuel Tanks

Auxiliary Exhaust Fan~

Auxiliary Vent
Tube

Exhaus t Air

~ Fire -proof Door With

~---== ~_=---=~-------------------r,rr==~IJt+-i[ Reg ulato r

I

-J
N
I

Shaft

Figure 9 - _-- Fuel Storage A rea



Shaft

~ Fuel Tank
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Figure 10 - Fuel Storage Areas
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7. Escapeway signs shall be provided and maintained

at all intersections and every 500 .feet in long drifts.

8. At least 4 square inches of reflective material

must be included with each escapeway sign.

9. All escapeway reflectors shall be 4 ft. above the

floor and perpendicular to the wall.

10. All escapeway maps and plans shall show primary

and secondary escapeways.

11. Emergency escape maps ("you are here" type)

shall be posted to all major intersections, hoist

locations, and shaft stations.

12. Evacuation warning systems shall be capable of

notifying all personnel in time to allow escape

in 45 minutes.

13. Normal position of air doors shall not be changed

without instructions from the person in charge of

the emergency evacuation.

14. Refuge chambers shall be provided at a distance

of no more than 1000 ft. horizontally or 300 ft.

vertically from development and exploration areas.

15. All vehicles used for mine emergency escape

shall be equipped with a two hour self-contained

breathing unit.

16. Fuel tanks may rest on foundations on the ground,

or in mines not subject to squeezing ground, rna y

be buried.
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17. Fuel tanks not buried shall be located in a cross -cut

or recess where vehicles travelling in the haulage­

way cannot collide with them. Such a cross -cut or

recess shall be ventilated by a separate split of

air to a return or by auxiliary ventilation to a

return. Air volumes should not be large,

approximately 20 CFM(4) per man working in the

fuel storage area. Such a cross -cut or recess

shall also be equipped with metal doors between

the tank and haulageway, which shall remain

closed except during fueling operations.

18. Buried tanks shall be located in a cross -cut or

recess, or the area above them protected by a

beam or barrier, so that vehicles cannot drive

over them. If located in a cross -cut or recess,

such a cross -cut or recess shall be ventilated as

in (17) above, except that doors shall not be

required.

19. No tank shall be located in an intake airway.

20. Stoppings and regulators used in ventilating

fuel storage areas shall be of fireproof construction.

21. The fuel tank should not be located less than 100

feet to intake air shafts, magazines, "s hops where

welding is done, or electrical switching gear.

22. The distance between any two flammable or

combustible liquid storage tanks shall not be less

than 5 feet.

-75-



23. Exces sive amounts of fuel shall not be stored under­

ground, the amount should be limited to a one week

supply. Hoisting of fuel should be done during a

single non -production shift each week, when the

number of personnel in the mine is at a minimum.

24. Spillage shall be controlled by a non -flammable

absorbent material which shall be periodically

collected and disposed of outside the mine.

25. Fuel oil storage tanks shall be constructed of

steel and designated as atmospheric tanks, i , e.

designed to operate at pressures not greater than

. 5 psi gage.

26. Tanks shall be welded, riveted and caulked, brazed,

bolted, or constructed by a combination of these

methods. Filler metal used in brazing shall be

nonferrous metal or an alloy having a melting

point above 1000°F and below that of the metal

joined.

27. Tanks shall be designed according to:

a. Underwriters' Laboratories, Inc., Subjects No.

142, Standard for steel aboveground Tanks for

Flammable and Combustible Liquids, 1968, or

b. American Petroleum Institute Standards No. 12A,

Specification for Oil Storage Tanks with Riveted

She11s , Seventh Edition, Sept. 1951, 0 r ,

c. API Standards, No. 650, Welded Steel Tanks

for Oil Storage, Fifth Edition, July 1973.
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28. Venting for tanks:

a. Atmospheric storage tanks shall be adequately

vented to prevent the development of vacuum

or pressure sufficient to distort the roof of

a cone roof tank or exceeding the design

pressure in the case of other atmospheric

tanks, as a result of filling or emptying,

and atmospheric temperature changes.

b. Normal vents shall be sized either in accordance

with: (1) the American Petroleum Institute

Standard 2000 (1968), Venting Atmospheric

and Low-Pressure Storage Tanks; or (2)

other accepted standards; or (3) shall be at

least as large as the filling or withdrawal

connection, whichever is Larger but in no case

less than 1 1/4 inch nominal inside diameter.

29. Tank openings other than vents:

a. Connections for all tank openings shall be

vaportight and Liquid -tight.

b. Each connection to an aboveground tank through

which liquid can normally flow shall be provided

with an internal or an external valve located

as close as practical to the shell of the tank.

Such valves, when external, and their connections

to the tank shall be of steel except when the

chemical characteristic s of the liquid stored

are incompatible with steel. When materials

other than steel are necessary, they shall be

suitable for the pressures, structural stresses,

and temperatures involved, including fire

exposures.
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c. Each connection below the liquid level through

which liquid does not normally flow shall be

provided with a liquid-tight closure. This

may be a valve, plug, or blind, or a combination

of these.

d. Openings for gaging shall be provided with a

vaportight cap or cover.

30. Supports, foundations, and anchorage for all tank

locations.

31. Buried tanks:

a. Tanks shall be lowered into the excavation

with care to prevent puncturing, shall be

backfilled with fine material tamped in layers

to prevent settling, and shall have at least

one foot of cover.

b. When the vertical length of the fill and vent

pipes is such that when filled with liquid the

static head imposed upon the bottom of the

tank exceeds 10 psi, the tank and related

piping shall be tested hydrostatically to a

pressure equal to the static head thus imposed.

a. General: Tank supports shall be installed on

firm foundations. Tank supports shall be of

concrete, masonry, or protected steel. Single

wood timber supports (not cribbing) laid

horizontally may be used for outside above­

ground tanks if not more than 12 inche s high

at their lowe st point.
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b. Fire Resistance: Steel supports or exposed

piling shall be protected by materials having

a fire resistance rating of not less than 2 hours,

except that steel saddles need not be protected

if l e s s than 12 inche s high at their lowest

point. Water spray protection or its equivalent

may be used in lieu of fire-resistant materials

to protect supports.

c. Load Distribution: Every tank shall be so

supported as to prevent the excessive con­

centration of loads on the supporting portion

of the shell.

d. Foundations: Tanks shall rest on the ground

or on foundations made of concrete, masonry,

piling, or steel. Tank foundations shall be

designed to minimize the possibility of uneven

settling of the tank and to minimize corrosion

in any part of the tank resting on the foundation.

e. There should be voice communication between

personnel at the in-mine tank and personnel

at the surface tank when the in-mine tank is

being filled.

f. Wherever possible, the filler pipe should be

located in a separate utility borehole rather

than in a shaft that is used for the hoisting

of personnel.

32. Lines from surface storage tanks used for direct

filling of vehicle tanks must have flow and pressure

limiting devices which insure a maximum delivery

pressure no greater than 10 feet level.
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6. Computer Simulation of Mi.ne Evacuation

Analysis of mine evacuation involves manipulating a large number

of interacting variables, such as mine passages, hoist movements,

miner position etc., which makes the problem very difficult to solve

without use of a digital computer. Therefore, under this contract, a

computer program is written to simulate evacuation of a mine under

different configurations. The simulation input variables include

characteristics of the mine, expressed in the form of a network of

passages, properties of hoists and hoisting strategies, initial miner

positions, ventilation and compressed air velocities, stench warning

system and self-rescuer capabilities. The simulation can be carried

out for cases in which there is no fire, i. e., fire drill simulation,

or for cases in which there is a fire at any arbitrary location. The

fire is assumed to generate gases which impede movement of miners

in the gaseous region. However, the thermal effect of the fire on

ventilation or on the miners is not considered. The simulation

output includes the evacuation time for each miner, movement of the

hoists, propagation of smoke through the mine passages and smoke

exposure time of the miners.

Details of the mine evacuation program are summarized in

Appendices A and B. Appendix A describes structure of the program

and its capabilities. The flexibility of the program and its suggested

uses are demostrated by a number of illustrative examples. Appendix

B is a user's manual for the program which includes instructions for

program use and explanation of the logic employed in the program. A

computer listing and printout of a typical output are also included in

the Appendix B.

The ten illustrative examples summarized in Section A. 4

(Appendix A) provide proof of validity of the program and help make

certain inferences about mine evacuation. The first example, which

is simulation of an actual mine fire drill conducted in a mine, has

predicted evacuation time within 5 percent of the actual evacuation time

in the fire drill, demonstrating thereby, the ability of the program to

make accurate predictions.
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The illustrative simulations have indicated that increasing hoisting

speed and cage capacity and decreasing loading and unloading times

result in a significant reduction in evacuation time. The cage capacity

can easily be increased by additional man cages or levels to the

existing configuration.

In certain cases, the program has predicted that the smoke notifies

some miners before the stench warning system can.

The illustrative simulations also include cases where the hoisting

strategy has been altered. If hoisting priority is given to miners on

the fire level, total evacuation time increases, but the miners in the

greatest danger are evacuated to a safe level sooner. If the simulations

are to be carried out for a mine with downcast shafts on the main

hoist, such alternate strategies will result in a reduction of smoke exposure.

Importance of providing miners with a secondary escape route

in case the main escape route is found to be blocked, is demonstrated

by two of the cases considered. These cases indicate that it may be

possible to save a large number of miners by such a route, even

though it is downstream of the fire.

In some cases it may be advantageous not to use the clutched

hoist in a double drum configuration. If the miners are dispersed on

different levels, as in the cases considered, the clutched hoist is used

only for one or two trips before it has to be declutched.

These cases point out the applicability of the program to

analyze a large number of situations. The tremendous flexibility

built into this program allows evacuation of a mine to be simulated

for any variation of ventilation, hoist speeds and capacities, stench

warning systems, self-rescuer capacities, travelling rates, miner

instructions, etc. By careful use of this program, a realistic

assessment of an emergency evacuation can be made and the fire

escape procedures may be optimized.
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7. Hoisting Systems

Hoists used solely for emergency escape use should above all,

be simple and dependable. The hoist systems' motive power should be

independent of all other mine equipment so that only an emergency in

the immediate vicinity of the hoist will render it inoperative. The

hoist should receive the same high level of inspection as is normal

with any other man hoisting system. It should be oper ated at regular

intervals, and must include sufficient safety devices to ensure safe

operation when hoisting men. Of equal importance, however, safety

devices must be included to safeguard the hoist system from in­

advertant damage due to inspection, maintenance or operator error.

In an emergency situation the hoist operator will be under considerable

stress and the system must be simple and foolproof to operate.

Under normal circumstances the hoist will only be operated

during the regular inspection cycle. Because of this very low

operational use rate, certain requirements, normally associated with

man hoisting, can be relaxed. In particular the wire rope installation

requirements, in terms of drum and sheave diameter and fleet angles,

can be reduced provided that rope inspection during the system life is

maintained at a high level.

The following section includes recommended guidelines for

emergency hoist system design, installation, operation, maintenance

and inspection. A summary of available hoisting equipment and

components is included in Appendix C.

Emergency Hoist Guidelines

All hoists designated as part of a mine emergency

escape system shall meet the requirements of the Emergency Hoist

Guidelines. Where these hoists are also utilized for hoisting other

than emergency hoisting, the requirements of Title 30, Code of
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Federal Regulation, Chapter I, Part 57, also apply. In areas of

conflicting requirements, the Federal Code shall take precedence.

The following Emergency Hoist Guidelines are based

on 30 CFR Part 57.19.

Emergency Hoist Guidelines

1• 57. 19 -1 a pplie s •

2. 57. 19 -2 applies.

3. Rope shall not be used to connect driving

mechanisms to emergency hoists. Belt, gear or

roller chain drives are acceptable. Drive

selection shall be in accordance with source

manufacturers recommendations.

4. All hoists shall be equipped with two independent

braking systems. Each braking system shall have

a rated capacity of at least 150 percent of the

maximum load. At least one brake shall be

installed on the winch drum. The winch drum

brake shall be spring or gravity set, and operated

by the emergency stop control, the overspeed and

the over and undertravel sensors.

5. 57. 19. 5 applies.

6. Hoists shall be provided with devices that automatically

apply the brakes in the event of power failure.
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7. All emergency escape hoists shall be provided with

devices to prevent overtravel and undertraveL When

utilized in shafts exceeding 100 ft. in depth, such

hoists shall also be provided with overspeed devices.

Overspeed sensing devices shall be directly driven

off the hoist drum.

8• 57. 19. 8 a pplie s .

9. The hoist operator shall have an accurate and

reliable indicator which shows the cage position

at all loading and unloading stations. The

accuracy of the indicator shall be sufficient to

ensure safe loading and unloading of the cage. The

indicator may be a linear or rotary pointer device,

a digital readout or identifying marks on the wire

rope.

10. 57.19.10 to 13 inclusive apply.

11. All hoists powered directly or indirectly by

internal combustion engines shall ha ve the coolant

or lubricating oil maintained to at least 60 0 F.

Where heaters are required they shall be

permanently installed. fillip -stick" heaters are

not permitted. Batteries, where required, shall

be equipped with trickle chargers and capable of

three 30 second engine cranking tests (at 1

minute intervals) without stalling the starter motor.

12. All hoists, using a fuel powered engine, shall be

provided with a fuel tank. The quantity of fuel

stored shall be adequate for 1 hour of continuous

operation with the cage fully loaded. The mine
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operator shall determine the fuel consumption/

lifting cyc1 e from an average of five continuous

cycles with a fully loaded cage. The calculation

and tank size estimate should be submitted to the

District Manager (MESA) for approval. Fuel tanks

shall be equipped with a measuring stick or gauge

which indicates the fuel quantity stored (accuracy

shall be + 5 percent). Tanks shall be equipped

with a glass bowl (or equivalent) in wh Lch water

or sediment will collect and be discharged. A

drain petcock shall be provided. Tank access

points shall be fitted with highly visible seals

which when broken will highlight the fact that

fuel has been removed from the tank. Above

ground fuel tanks shall not be located i.n direct

sunlight. Tank installation shall conform to the

requirements specified in Paragraph 5. 8.

13. Each emergency escape hoist shall be powered

from a power source that is independent of both

the power source, and the power source routing,

that supplies the other emergency escape hoist

that services that level.

14. All electric hoists provided with auxiliary power

shall be provided with two circuit brea ker com­

bination type starters (NEMA Part ICS-2 -327A)

with interlocks, or an automatic transfer switch

(NEMA Part ICS-2-447). All electrical

connections for the auxiliary power supply

shall be clearly labeled.
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15. When any junction with the main mine power

distribution is made, suitable circuit protection

shall be provided for the branch going inby

the emergency escape hoist branch. This

protective equipment shall prevent loss of power

to the mine power circuit serving the emergency

hoist.

16. Suitable overvoltage protection shall be provided to

prevent sufficient damage to the operating system

to render it inoperative. This protection shall be

located within reach of the hoist operator so that

it can be reset by the operator.

17. An undervoltage relay shall be provided to prevent

the hoist from starting unexpectedly if the operating

controls are left in the operating position after a

power failure. This relay may be set at the

minimum value required to raise the hoist.

18. Alternating current electric motors shall be

provided with open phase or phase failure and

reverse phase protection to prevent the possibility

of motor reversal.

19. Adequate ground protection shall be provided for

each conductor, pair of conductors, (or more) from

the hoist to the nearest outby circuit protection.

The ground wire shall be equal to half the size of

the largest conductor and shall be monitored

continuously. The ground monitor wire shall be

at least equal to a No. 8 A WG wire or larger

where used.

-86-



20. To increase the operational potential of the system

in the event of dire emergency, manual overrides

should be provided for overload protection, under­

voltage protection, ground monitoring protection,

overtravel, undertravel and ove r s peed, This

manual override should consist of positive action.

required by the operator such as breaking a glass

window (similar to those used in fire alarms) and

pulling a lever down. One window should be

provided for each function. In es sence the pro­

tective devices ensure that the hoist is protected

from damage during the regular maintenance and

inspection cycles, thus maximizing its effective

availability.

21. When power from more than one major branch

circuit or source is readily available for 12 months

or more, facilities for connecting each circuit or

source, including isolaring switches, shall be

provided so that a maximum number of power

sources are available for the hoist.

22. The United States of America Standards Institute

specification cited in "Wire Ropes for Mines ",

MIL 1 -1960, or the latest revision thereof, should

be used in the selection, installation and main­

tenance of wire ropes used for hoisting. Where

the Mf l r I -1960 requirements conflict with the

Emergency Hoist Guidelines, the latter shall

apply.

23. 57.19-21 to -27 inclusive apply.

24. 57. 19 -35 applies.
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25. Head fraunes should be high enough to ensure

that the clearance between the bottom of the sheave

or drum and the uppe r mo st part of the rope

connection to the cage exceeds 3 ft. The cage

position for this requirement is the position at

which the cage stops when an empty cage is driven

at maximum speed into the overtravel limit sensor.

26. Fleet angles between the headsheave and the d r urn

shall be such that the rope winds consistently on

the hoist d r urn, The angle shall be such that rope

wear is not excessive when the s y st.ern is operated

at a duty cycle specified in 46.

27. The rrrirrirnurn di.arnete r s of headsheaves and hoist

drums should conform to the rrrirrirnurn requirements

specified by the wire rope manufacturer. Rope

duty cycle should be based on the operational

inspection cycle specified in 46.

28. 57. 19 -40 applies.

29. All cages operating in shafts where the angle of

inclination to the horizontal is in exces s of 45 0

shall have a 1/8 in. thick steel bonnet. Cages

shall be designed to accommodate a 120 Ib/ft
2

live floor loading. Cages in inclined shafts shall

be designed to accomodate a 50 Ib /ft
2

internal

side loading. Vertically operating cages shall

be designed to accommodate an internal loading of

50 Ib /ft of side horizontal perimeter.

30. Cages unsupported by guides shall be fully enclosed

with a door that can be operated from inside and

outside the cage. Free -hanging cages should have
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all top and bottom edges tapered or bevelled for a

minimum of 6 in, of vertical height to prevent

hangups on the shaft wall.

31. Cages shall be of sufficient size to accommodate

a Loaded litter or stretcher.

32. When a manually operated emergency hoist is

installed, a minimum of one trained operator

must be availabl e to operate the hoist within 5

minutes of the emergency escape initiation. The

hoistman must be available on the same level as

the hoist at all times that men are protected by

the emergency escape hoist.

33. 59. 19 -56 to -63 inclusive apply.

34. Provided the cage is empty it is permissible to

lower the cage using only the hoist brakes.

35. 59.19 -67 to -76 apply.

36. 59. 19 -81 applies.

37. Two communication systems shall be installed

within easy reach of the hoist operator and at least

one system shall be in reach of those In the cage.

The operating code and directions for its use shall

be posted at the hoist control, at all stations, and

within the cage. Any sound signals shall be

audible to the hoist operator during the hoisting

operation.

38. Simple step-by-step directions for operating the

hoist shall be posted at the hoist.
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39. An eight hour supply of bottled air shall be

available for the hoist operator at the hoist station.

This air supply should include a 2 hour portable

air supply.

40. 57. 19 -100 applies.

41. The shaft designated as the Emergency Escape

Shaft shall be free of all obstructions except

those explicitly permitted in these guidelines.

42. Any shaft not sealed from ground water shall be

maintained free of any ice buildup which could

prejudice the operation of the hoist.

43. 59. 19 -120 to 128 inclusive apply.

44. Where internal combustion engines are used they

shall be started on operating days and run until

they reach normal operating temperature.

45. A qualified person shall inspect the hoist on

operating days to ensure that all equipment is in

proper working order.

46. Each hoist shall be operated for one complete

lifting cycle every 7 days. Every 28 days the

cage shall be Loaded to capacity (Live or dead

weight) when the lifting cycle is performed.

47. All fluid levels shall be inspected and maintained

every day.
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8. Refuge Chambers

8. 1 Refuge Chambers - Technical Discussion

8. 1. 1 Introduction

As a part of the overall escape system, refuge

chambers can provide a last resort when existing escapeways are

blocked. These chambers are intended to provide both protection from

toxic gases and a life supporting environment for a period of time

before external rescue or further escape efforts can be carried out.

Escapeways may be blocked physically (due to

cave -ins, etc), by fire, or by the presence of a toxic or oxygen

deficient atmosphere. In the first two cases, the trapped miners would

most likely await external rescue efforts, and hence the design of the

chamber will have to consider the time durations that such efforts may

take. It is also possible, in the second case, for fire fighting and

fire protective equipment to be stored in the chamber so that miners

may attempt their own escape. In the third case, it should be

recognized that a compact, beltmounted I-hour self-contained breathing

apparatus has been developed(9), and that other, less compact equipment

is available for up to 4 hours of self-contained breathing supply. If

such equipment were stored in the chambers, then miners could escape

by travelling from chamber to chamber, taking temporary refuge in

each before proceeding to the next.

s, 1, 2 Background

The concept of "bar rd cading " has long been

recommended for those emergencies where miners are trapped

Inby a fire. Barricading, which is the construction of a makeshift

shelter in a crosscut or deadend, protects the entrapped miners from

toxic gases and enables them to conserve a supply of air. In this

manner, they can survive two or three days - -hopefully enough time for

them to be reached by rescue teams. In the past, many lives have been

saved with this technique.
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A modern outgrowth of the barricading concept

is the establishment of pre -existing chambers. These chambers would

be situated at critical locations throughout the mine, such that they

would provide readily accessible refuge for entrapped miners during

an emergency. The concept of an emergency shelter can be implemented

by sealing off a section of a drift with bulkheads, each fitted with a

door. Only one bulkhead would be needed at a dead end. The shelter,

which is the space between the bulkheads, could be equipped with

emergency provisions capable of sustaining a number of men for several days

The bulkheads themselves would serve to prevent the contamination of the

supply of fresh air within shelter by toxic gases on the outside.

There are some important questions which

must be addressed before the emergency shelter concept can be

practically implemented. These can be summarized as follows:

1. Placement - where shall the shelters be

located, and how many are required?

2. EquiEment - what supplies and equipment

shall be provided in an emergency shelter

to maximize the chances of survival of

entrapped miners.

3. Refuge Chamber Design - what kind of

chamber structure would most efficiently

satisfy the sealing requirements.

The problem of placement must consider the

basic emergency escape plan of the mine. Shelters can be placed

near each working place, at shaft stations, or at intermediate

locations. It is important that the shelters be placed not only where

they will be accessible during an emergency, but also where miners

are likely to be when they realize that they must seek refuge in a

shelter.
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Based on these considerations, MESA has

proposed regulations which would require refuge chambers at the

following locations:

1. At all shaft stations, before development

of the level has exceeded 300' horizontally.

2. In areas which are greater than 1000'

horizontally and 300' vertically from two

independent e s c a.pewa y s ,

Because of the large variation in mining methods within the category

of metal and non -metal mines, methods for satisfying requirement (2)

will have to be designed to suit the particular mining situation (
6).

Consideration must be given to the fact that miners may travel good

distance from their working place before the decision is made to take

refuge in a chamber (7).

The equipment as sodated with a shelter has

received considerable attention in a recent U. S. Bureau of Mines

program carried out by the Westinghouse Corporation (1). This program

included the development of a completely self-contained explosion-

proof chamber for coal mine applications. All life support provisions,

including air purification, food and communication equipment were

developed with the chamber. In the subsequent paragraphs of this

section we shall review the general life support requirements for

chambers in metal/non-metal mines, and various methods of

implementing these requirements.

The construction of rescue chamber bulkheads

for metal and non -metal mines is considerably simpler than for coal

mines due to the absence of gas and the associated explosion hazard.

The primary requirements will be resistance to static pressure levels,

and a minimization of leakage. The configuration of the chamber as

a whole will depend on chamber location and life support equipment.
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The following sections will deal in greater

detail with the questions of chamber configuration and construction,

life support requirements, and potential life support systems.

8.1.3 Rescue Chamber Configuration and Construction

8.1.3.1 Chamber Types

The type of refuge chamber design

depends upon the conditions in the mine at the required location. The

ideal chamber would have a borehole to the surface through which air,

water and food could be passed to the trapped miners. A slight

positive pressure could be maintained to ensure no leakage of con­

taminated air into the chamber. The second best design would have

a dual source of compressed air to the chamber. If conditions prevent

boreholes or air lines to the chamber there are other options. A

chamber can be made large enough to hold a volume of air sufficient

to keep miners alive for considerable periods of time without any

other atmospheric conditioning equipment. If a large chamber is

impossible or if the mine is hot, atmospheric conditioning equipment

will be necessary to sustain life.

This section on refuge chambers

treats three basic variations of refuge chamber designs:

1. Chamber with outside air source

(minimum volume).

2. Chamber with self -sustained

atmo spheric conditioning

equipment (moderate volume).

3. Chamber with no air source and

no atmospheric conditioning

equipment (maximum volume).
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The type of chamber selected for a particular application will depend

on the type of mine and the location of the chamber within that mine.

For example, it would be wise to consider a chamber with a borehole

at shallow depths, but it would not be practical to consider a borehole

(or compressed air) at chamber locations remote from the surface.

Other variables, such as surface power supply, available space, and

alternative usages of the chamber must be considered in the ultimate

selection of chamber type. If a tail drift is used as a shaft station

refuge chamber for example, then it will likely be used for storage as

well, and hence the bulkhead must be designed for the frequent passage

of material handling equipment. Also, it is unlikely that a tail drift

will provide a large volume chamber. On the other hand, it may be

possible to have dual power supplies and compressed air lines at such

a location.

8. 1. 3. 2 Leakage

The question of leakage concerns

the contamination of the chamber by external toxic gas (primarily CO).

Pressure differentials across the bulkheads resulting from changes in

atmospheric pressure or other sources will cause leakage into and out

of the chamber to occur. Unless the chamber is internally pressurized

from an external source (Type 1), it is not possible to completely

prevent such leakage. Even in sophisticated structures such as aircraft,

a positive air flow is required to maintain pressure differentials. The

completely enclosed chamber designed by Westinghouse exhibited a

leakage rate of 8 cfrn at 26" of water pressure differential (1). A

bulkhead s ea.led against the rough rock surfaces will undoubtedly

experience greater leakage. For example, tests of a 900 cu. ft.

chamber formed by sealing a crosscut with a urethene foam ventilation

stopping leaked at a linear rate of 5 cfm per inch of water pressure

differential (8). Leaks through the strata will also contribute to the

larger leakage rates.
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In any event, rescue chamber design

must consider the leakage pos sibility. For Type (I; chambers, the

outside air source will have to supply sufficient air to insure that

leakage is out of the chamber (Figure 12 ). The blower or compres sor

must be capable of developing a measurable positive pressure inside

of the chamber within its flow capabilities. It is anticipated that this

requirement will be well within the capacities of conventional air

supplies for a reasonably sealed chamber.

For Type (2) chambers we can

consider three possibilities (Figure 13). The first type is one in

which an external pressure differential is vented directly into the CO

scrubber system, (see Figure 13a). This venting would short circuit

all other leakage paths, and thus a pres sure balance would be maintained

inside and outside the chamber. In order to make this venting effective,

the leakage rate for a given pressure differential through the chamber

must be negligible compared to the flow rate through the scrubber.

This can be determined by comparing the pressure flow characteristic

of the scrubbing system with that of the chamber itself.

1£ the above requirement can not be

met, an alternative is to maintain a positive pressure within the

chamber by drawing in air from the outside using a fan (see Figure

13b,). The air flow rate must be within the capacity of the scrubbing

equipment. The chamber must be sufficiently sealed so that a positive

pressure will be developed at that flow rate.

The third option is simply to

continuously purify the contaminated air as it develops due to chamber

leakage (Figure l3c). In terms of leakage rates vs scrubbing capacity,

this approach is equally feasible as the two mentioned above. The

only difference here is that a circulation must be maintained within the

chamber so that the air is uniformly purified.
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Borehole

(a)

To Compressor
- :::t::±=:::::--...._- Air Supp1y

Figure 12 - Type (l) Chambers - Lea~e Considerations
~ External Air Supply Through A Borehole

(b) External Air Suppty Through Composite Air Lines (Dual Suppl~)
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(a)

(b)

(c)

Figure 13
(a)

_Type (2) Chambers - Lea~e Considerations
Pas sive, ventin~throuf£~crubbi-!2E. nni!-­
external leakage rn.i n i rn i z e d ,

(b) Positive venting with fan. I,eotkagc-52u t
of the chamber guaranteed.

(c) Internal filtration. Overall CO level due------to leakage is -tab i l i z ed ,
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For Type (3) chambers, leakage will

gradually contaminate the chamber air until CO concentrations will

become intolerable. The tolerable leakage rate will depend on the

chamber volume, the CO levels in the nearby atmosphere, and the total

time of entombment. This figure can be on the order of small fractions

of a cfrn, * The maximum leakage into the chamber will be associated

with the equalization of pressure inside and outside the chamber. This

can be on the order of 1 to 2 cfrn, * The sealing of the chamber

provides a time delay on the leakage into the chamber due to an

external pressure rise. This is illustrated in Figure 14. ** The extent

of the time delay can be estimated from the parameter V /14. 7A, where

V is the chamber volume, A is the chamber leakage coefficient, and

14. 7 is the nominal atmosphere pressure. For chamber volumes

ranging from 10,000 to 70,000 cu. ft., and for the range of leakage

data available, this time delay can range from 7 minutes to 10 hours.

One solution to this leakage

problem is shown in Figure 15. 1£ there is a pressure increase outside

of the bulkhead, the duct will short circuit any leakage that may have

otherwise occurred through and around the bulkhead. The gas flow in the

duct expands the bladder, and this expansion equalizes the pres sure

inside and outside the chamber. This eliminates the pos sibility of

further leakage. The fan shown in the figure can be used to guarantee

a slight positive pressure inside the chamber. In this latter con­

figuration, one must consider the possibility of leakage in the duct and

bladder connections.

8.1.3.3 Chamber Construction

The principal structural element

of a chamber is the bulkhead. The bulkhead should be designed and

built with the following criteria in mind.

* See Section 8.1.5

** See Appendix E for the supporting analysis
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1. Ca:eable of withstanding the static

Eres sure drop as sodated with

natural Eressures as well as fan

~r~ssures. These can be mea­

sured by erecting a temporary

stopping and rneasuring the

pressure differential with a man­

ometer or altirneter(4). In the

absence of such a rneasurement,

a rnaxirnurn pressure differential

of 1.5 psi is reasonable to

as surrie , This figure covers the

maximum expected barometric

change as well as rriaxi.rnurn

expected fan pressures.

2. Best possible air seal.

3. Acces s appropriate to chamber

function. If the charnber is used

as a storage area, access doors

rnust be large enough to

accomodate the passage of

material handling equipment, and

must be sturdy enough to resist

damage to mechanical functions

or to sealing functions due to such

usage. Where this is not the case,

simple hatch-type rnan doors

should be sufficient.

A lthough items land 3 introduce a

certain arnount of variability into the bulkhead design, the r e qui r ernent s

suggest that they be constructed along the tines of a permanent stopping.
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Suggested materials include prefabricated sheet metal sections, masonry,

poured concrete, or gurrite , Previous investigations of such stoppings

is available for reference(7,8). Difficulties in meeting pressure require­

ments may be encountered in mines where drifts or entries are

extremely high (15 1 +). In these cases it is possible to pile loose

material on the floor, and build the bulkhead above the material pile.

It will be necessary, then to seal the loose material pile, either by

grouting or overing with impermeable sheeting.

Sealing of the bulkhead, particularly

between the bulkhead and the rock, should be carried out with a seal

which is fl e xible , and can resist slight ground movements. Urethane

foam has such properties, and has been demonstrated to be one of the

most versatile sealants for stoppings. Although it has come under

criticism due to its flammability, judicious use of foam in the critical

sealing areas should not pose a fire hazard. Other inorganic sealants

are also available on the market, and these may also perform adequately.

Because of the sealing requirement,

bulkheads should have steel doors. These will not warp, and are

less likely to be damaged during handling and normal use. The type

and size of door, and whether it is manual or mechanically operated,

will depend on the shelter application. Mechanically operated doors

should be easily operable manually if there is a loss of power.

8.1.4 Chamber Ambient Conditions - Human
Requirements

To specify the chamber ambient conditions,

certain information on human respiration must be considered. Table

II indicates the air and oxygen consumption of persons under different

degrees of activity. It should be immediately apparent that the activity

must be restricted in a shelter to preserve vital air supplies in a

shelter which does not have an external air source.
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TABLE II

OXYGEN AND AIR INHALATION RATES IN HUMAN BREATHING*

Activity At Rest Moderate Very Vigorous

Respiratory Rate 12-18 30 40

per minute

Air Inhaled per 23-43 90 -120 150

respiration in
3

Air Inhaled it
3/day 335 2,625 5,000

day (it
3/min.

) (. 23) (1. 82) (3.47)

Oxygen Consumed:
3 14.4 100.8 144it /day

it
3/min 0.01 0.07 O. 10

Respiration .75 .9 1.0

Quotient

* Mine Ventilation and Air Conditioning, Howard L. Hartman, The Ronald
Pres s , New York, 1961
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In normal air, (21 percent oxygen, 79 percent

nitrogen), human exhalation contains approximately 16 percent oxygen

(CO
Z),

79 percent nitrogen (N
Z)

and 5 percent carbon dioxide (COZ).
The amount of COZ generated is a function of the activity leveL The

actual amount of COZ expelled is determined by multiplying the 0z
consumed by the Respiration quotient found in Table E.

In order to determine the ventilation criteria

the ambient limits which humans can endure must be established. The

conditions which can be expected to occur in the use of an emergency

shelter are:

1. Low oxygen level

2. High carbon dioxide content

3. High temperature and humidity

4. Presence of carbon monoxide

5. Other toxic gases

Changes in 02 and CO
2

levels will result due

to human breathing in a confined space. Table III indicates the

effects observed (2) in an oxygen deficient atmosphere. These conditions

will vary in different individuals. Table iV indicates the effects of

carbon dioxide on humans.

The temperature/humidity which humans can

endure for long periods without ill effects is about 84 cF and 100

percent humidity. These values were considered safe by Westinghouse

in their Coal Mine Rescue and Survival System report(l).
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TABLE III

EFFECTS OF OXYGEN DEFICIENT ATMOSPHERE*

Oxygen Content 17
Percent By Volume

17 percent

15 percent

13 percent

9 percent

7 percent

6 percent

Effect on Humans

Faster, deeper breathing

Dizziness, buzzing in ears,

rapid heart beat.

May lose consciousness if

exposure prolonged

Fainting, unconsciousness

Life endangered (equivalent

to 5 1/2 miles elevation)

Consulsive m.ovements, death

* u. S. B. M. Miners Circular No. 33 (1954) p.2
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TABLE IV

EFFECTS OF CO
2

LEVELS ON HUMANS*

Carbon Dioxide
Content Percent By Volume

O. 5

1. 0

2.0

3.0

5. 0

10 00

12.0

Effect on Humans

MAC -no effect in 8 hours **

Slight increase in lung­

ventilation rate

Lung - Ventilation rate up

50 percent

Lung -ventilation rate up 100

percent, headaches appear

Lung -ventilation rate up 300

percent. Severe headaches

and breathing is laborious.

Can be endured for only a

few minutes.

Quick loss of consciousness

* Fire and Noxious Gases - Effect on lnternai Environments of Protective
Shelters - J. Enoch Johnson, and Eugene A. Ramskill, U. S. Naval
Research Laboratory

* * MAC is the Maximum Allowable Concentration as recommended by the
American Conference of Governmental Industrial Hygienists, U. S. Public
Health Service, and U. S. Bureau of Mines
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In addition to the atmospheric requirements

of the chamber as a closed unit, consideration must be given to the

potential pollution of the chamber environment due to the leakage of

toxic gases from outside of the chamber. This will be the case when

an independent source of positive air pressure can not be supplied

within the chamber (chamber types 2 and 3).

The most serious, and most likely pollutant in

the mine atmosphere during a fire will be carbon monoxide (CO). The

concentration will vary with the type of fire, with time, and with other

ambient conditions. Some data along these lines has been generated

for timber logging fires (1 0). The gas analysis of a number of

different fires of different intensity and duration inidcated a maximum

CO concentration downstream of the fire of 0.96 percent. In addition

to CO, a maximum of 6. 9 j.e r cent of CO
2

was also produced. Since

these values are for fuel rich fires, the concentrations given can be

assumed as conservative estimates for the atmosphere outside of the

chamber.

Table V shows the effects of various levels

of carbon monoxide on humans (3). As can be seen, chamber-air

purification requirements must be such that the concentration of CO

in the chamber due to leakage does not exceed something less than

O. 01 percent.

8.1.5 Chamber Atmospheric Requirements

.As discussed in the previous section,

atmospheric needs are generated due to depletion of oxygen and

generation of CO
2

due to respiration, and due to leakage of CO and

CO 2. Specifications for atmospheric control based on the above needs

are discussed below in terms of the 3 basic types of chambers.
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TABLE V

EFFECTS OF CO LEVELS ON HUMANS*

Carbon Monoxide Concentration
Percent By Volume

C.Ol

<.02

<.04

0.08

O. 16

0.32

(.64

Effect on Humans

MAC -no effect in 8 hour s

Headaches In 2-3 hours

Headaches and nausea in

1 -2 hours

Headaches and nausea in 45

minutes and collapse in 2 hours

Headaches and nausea in 20

minutes and possible death

in 2 hours

Headaches and dizziness in 5-10

minute s and po s sible death in

30 minutes

Headaches and dizziness in 1-2

minutes and possible death in

10 -15 minutes

* Fire and Noxious Gases - Effect on Internal Environments of Protective
Shelters - J. Enoch Johnson, and Eugene A. Ramskill, U. S. Naval
Research Laboratory
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8. 1. 5. 1 Type 1 Chamber - Independent Air
Supply

An independent source of air supply is

the most desirable method for atmospheric control. The 02 supply /

CO
2

removal requirements discussed in the previous section can be

translated to an air flow rate of approximately 3 cfm per man. This

volume of air (3 cfrn) flow will rnaintain the CO 2 level below the . 5

percent by volume shown in Table 8 -III if the chamber occupants are

at rest. A 20 rnan chamber, for example, would require 60 cfrn,

If CO filtration equipment is not pr e s ent , such srna.Il rates will be

secondary to the r equi.r ernent that leakage be out of the charnbe r , rather

than into the chamber.

An independent source of air supply is

most effectively and reliably achieved by a borehole to the surface. A

small blower at the surface should have no problern supplying the

required volume of air. In addition, the borehole rnay be used to

supply food, water and cornrnuni.cati.on, At greater depths, where it

is i.mpracti.cal or i.mpo s s ibl.e to reach the chamber with a borehole,

c orripr e s s e d air may be used. Two completely independent cornpr e s s ed

air sources from the surface should be supplied. 1£ this is not

possible, then the chamber should contain an air purification system

as a backup (see Section 8.1.5.2).

The required volume of such a chamber

is rrrirrirni z ed by the fact that air sources are external. One can

estimate a volume need by a s surnirig that there will be a 4 hour delay

in the startup of the air supply system. Assuming l5 rrien , and using

the figure of 500 cu. ft/m n/day (computed fr om the data of Section

8.1.4), one computes 15 x 500 x 4/24 = 1250 cu. ft. This is an

extremely small volurne , and space considerations for comfort would

prevail.
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8.1.5.2 Type 2 Chamber - Air Purification
System

In situations where it is not possible

to provide an independent supply of air, it is possible to provide air

purification equipment which is capable of supplying oxygen and reducing

carbon dioxide and carbon monoxide to acceptable limits. A rescue chamber

air purification system of this type was designed and partially tested

with satisfaction by Westinghouse (1). Similar systems and components

have been designed for the space program, for submarines and small

manned submersibles, for fallout shelters, and for pollution control.

Requirements for the air purification

system can be obtained from the data of Section 8. 1.4. Considering the

flat rest " figures of Table 8 -I, at least 14.4 cu. ft. of oxygen must be

provided per man per day. In addition, the resulting CO
2

level due to

the expiration of 10.8 cu. ft. /man/day and leakage from the outside

must be kept below 1. 0 percent. ALso, CO levels due to leakage

must be kept below. 01 percent. These requirements are discussed

separately below.

a. Oxygen Supply

Practical sources for oxygen

supply are bottled 02 and chlorate candles. The volume of oxygen

required by one man in a day (14.4 cu. ft.) can be bottled at 2200 psi

in a volume of ~io~ x 14.4 = O. 10 cu. ft. A standard cylinder

(6 5/8" x 43") equals 0.86 cu. ft. Therefore, support for 15 men for

d I S x 10 x 0.10 =
10 ays requires 0.86 18 bottles.

Chlorate canc'Les have been

used as an oxygen supply for submarines, and were specified in the

Westinghouse system. Based on the Westinghouse figures, approximately

61 candles would be required for 150 man days of life support.
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b. CO
2

Removal

CO 2 can be removed from the

air by passing it through a d e s s i c arrt, . A special unit was designed by

Westinghouse using bar alyrrie, This unit had the capacity for removing

312 cu. ft. of CO
2

per day, which is more than enough to handle 15

men. The air flow was forced by a hand crank blower.

Another method for CO 2
removal involves bubbling the air through MEA (monoethantamine) After

absorbing the CO 2, the MEA is circulated into a vaporizer which boils it

off and discharges the CO 2. The MEA is continuously recycled. This

method is used on submarines.

CO 2 scrubbers are available

commerically for diving and submersible applications. These use

S odazo rb f and are capable of removing 2 liters /minute (96 cu. ft/day).

This capacity is somewhat less than required. In addition, the

filtration canisters are small, and would require frequent replacement.

These limiations are simply due to the market being served. The units

could easily be scaled up to meet refuge chamber requirements.

c. CO Removal

CO can be removed with a flow

through filtration using hopca.Ii.te , the same material used in standard

self rescuers. Hopcalite loses its effectiveness at normal temperatures

in the presence of moisture. Hence, the air to be filtered must either

be heated and then cooled, or itrnust be dehumidifed.

CO removal requirements can

be determined from expected leakage rates into the chamber and

expected CO concentrations in the leakage gas. For calculation

purposes, we shall use the following notation:
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v = chamber volume (cu. ft.)

q = leakage flow rate (cfm)

x = CO concentration

t = time (min.)

p = external pres sure rise rate (psi/min)

Neglecting the damping effect

of the chamber seal~ the leakage rate into the chamber will be approxi­

mately,

q = -L V cfm
14. 7

The flow of CO into the

chamber will be

Xq = .-t...
14. 7 VX cfm

Using representative numbers

x = .01

p = .1 psi/hr = .0017 psi/min

V = 10,000 cu. ft •

* See Appendix E

Xq = . 0017 x 10,000 x .01
14.7
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Equipment with such

capabilities has been designed on a prototype basis (1, 11) but testing

has been limited. Such equipment is not commercially available.

Further development effort would be required before such equipment

could be specified for a refuge chamber.

Type 3 Chamber - Use of Available
Air Volume

If there is no air purification system,

and there is no external air source, then the chamber must supply

sufficient volume for Oz requirements and .minimum COZ contamination.

This figure is approximately 500 cubic feet/man/day, so 150 man days

would require 75, 000 cu. ft , or a drift 100 ft
Z

x 750 ft. long.

The contamination of the chamber

due to leakage of CO can be computed from the discus s ion in Section

7. 1. 3. Z and the analysis in Appendix E. The criteria for the CO

level to be less than. 01 percent can be stated as

where

QX
V < . 01

Q = total leakage (cu. ft.)

X = percent CO outside of chamber

V = chamber volume (cu. It.)

A representative calculation will be made with the following assumptions

Pressure rise of 1 psi in Z4 hours

Chamber volume - 75, 000 cu. ft.

1 percent CO

Referring to Equation (E. 7)
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Q = ..E.Y.
p [

t - V(1-_
pA ,

-pA
V (E. 7)

p = 1
24 x 60

= 6.95 x psi/min

p = 14. 7 psi

A = 100 cfm/psi (8)

t = 24 x 60 = 1440 minutes

Substituting into Equation (E. 7),

Q = 4925 cu. ft.

and therefore,

QX
V

_ 4925
- 75000 = .07

Evidently the survival time in this chamber under the above conditions

is much less than 24 hours.

The expandible bladder- discussed in

the previous section will equalize pressure and minimize leakage.

Assuming, however, that a 0.1 11 of water differential exists, using the

stopping leakage rates determined in reference (8) (5 cfm at III of water),

and an outside CO concentration of 1 percent, the CO percent increase

per day will be

C.l x 5.0 x 60 x 24 x 1 percent=
75,000 .0096 percent CO/day

In other words, the CO limit will be reached in 1 day.

8. 1. 6 Cooling of Refuge Chambers in Hot Mines

High temperatures may be encountered in

some areas of deep mines requiring some form of cooling in a refuge
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chamber. Some areas where refuge chambers would be required may

have rock temperatures of 120 0 F. Prolonged exposure to this condition

would be fatal. The maximum condition humans can endure for long

periods of time is reported by Westinghouse Electric Corp. (1) to

be 84 0 F and 100 percent humidity.

Mechanical refrigeration is probably the most

effective and available means of cooling a refuge chamber. The size

unit required depends on several factors. The major factor is the

heat flow from the mine rock. An accurate calculation of the cooling

requirements is difficult because the heat flow varies with time. Figure

16 shows this heat flow decay with time for an arbitrary refuge chamber

1, 000 ft. long with a 10 ft. x 12 ft. eros s -section for assumed conditions

of 120 0 F rock and cooling to 84 0 F within the refuge chamber. A 10 HP

cooling unit with a six to eight ton refrigeration capacity would be

required to maintain t ernper atur e s at a rriaximurn Iimit, Each specific

refuge chamber would require engineering analyses to det.e r mine the

cooling r equt r errients, The above conditions are maximum conditions. It is

possible that the mine would have less than 100 percent h urriid i t y and higher

design temperatures could then be used safely. The cooling equiprnent could

be installed in conjunction with other air cleaning equi.pm.ent or separate if

cleaning equipment is. not used. It either case, no air leakage can be allowed

between the contaminated mine air and the chamber.

8. 1. 7 Power Sources

There rna y be several options on providing power

for the refrigeration unit. Ideally, electric power should be available.

To insure that it would be available in an emergency, two separate

routings for the cable should be provided. Air lines ITlay be available

which could provide power enough to operate an air rnoto r to drive the

cooling unit. If this air was from an uncontarrrinated source such as

the surface, it could also be used as a fresh air source for the

charribe r , This power source also must be redendant to insure that
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at least one is operating during an emergency. Another source of power

for the refuge chamber could be a small one or two cylinder diesel

engine. A unit of 10 HP would be sufficient for most applications.

There are many small diesel power units on the market such as:

Kohler, Onan, Slavia, Deutz, Honda, Wisconsin-Hartz, etc. A small

diesel is the most efficient method cf providing remote power available

on the market. Most of these units could be provided with a hand

starting system which would eliminate a need for a battery and its

associated maintenance.

8.1.8 Other Life Support Considerations

The previous sections have discus sed

equipment and facilities for providing the atmospheric conditioning

in a refuge chamber neces sary for life support. Other materials

and facilities for an acceptable refuge chamber are food, water,

first aid materials, blankets, bunks, toilet facilities, and

communication equipment.

Drinking water must be supplied in quantities

of at least 2 quarts per day per man. The best system for storage

of water is in 5 gallon plastic containers (1). The Westinghouse

report (reference 1) suggest one teaspoon chlorox per container to

assure long storage life.

Food requirements are generally agreed upon

by all references to be 1740 calories per day per man. In the

Westinghouse report referred to in this section the rni.l.i.ta r y ration (MIL-F-4323l),
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Food Packet, Survival, General Purpose) was chosen as the best

choice. In hot mines consideration will have to be given for a

possible limited storage life.

Specifications of the refuge chamber should

include first aid equipment to treat wounds, bunks and blankets.

Regardless of the provisions for fresh air, unless possibly a borehole

to the surface is provided, physical activity must be kept to a

minimum to conserve oxygen. Therefore, the trapped miners

should spend most of the time on the bunks.

A toilet which uses disposable plastic bags

such as supplied for camping should be provided.

Communication with the surface is very

important. Information can be supplied to the surface to identify and

number the miners trapped and their condition and location. The

rescue teams can keep the trapped miners informed on the progress

of the rescue efforts. The telephone can be a very important means

of providing the encouragement the miners most certainly will need.

Ideally the phone system should be a redundant one (lines taking

separate routes to the chamber).

To assure that the equipment provided in a

refuge shelter will be available a means of enclosing and locking should

be provided. One possible scheme could be to store all food, water,

first aid and all other critical equipment behind a glas sed in enclosure

which would require breaking for access by the miners. The glass would

also make the periodic visual inspections convenient.

8.2 Refuge Chamber - Guidelines

1. All refuge chambers shall provide per man day

expected to us e the chamber;
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2.

3.

4.

5.

6.

7.

8.

9.

a. 1740 calories food (MIL-F-43231)

or equivalent.

b. 2 quarts water.

All refuge chambers shall provide an atmosphere

with the following limits CO 2 max per c errt-i L, 5;

CO max percent -0. 01; 02 rrii.n percent -19.

Refuge chambers in hot mines will provide an

assured means of cooling to 84° F /l00 percent

humidity maximum condition for the length of

time necessary to affect an escape.

All refuge chambers shall have dual communication

systems to a safe area or the surface.

All refuge chambers located on escapeways to

which persons may have access in an emergency

shall be inspected daily. The inspection shall

ensure that all life support equipment and

supplies are in working order and available.

All refuge chambers shall have a permanent

bulkhead.

All refuge chambers shall have escapeway maps

and instructions po sted,

All escapeway maps and instructions shall have

the latest date of revision.

All refuge chambers shall have sufficient first

aid supplies, bunks, blankets, and sanitary

facilities for the maximum number of persons

expected to use the chamber.
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10. Refuge chamber shall be supplied with portable

breathing units which will enable individual

miners to travel through a toxic atmosphere

as far as

a. the next refuge chamber in the direction

of escape.

or b. the nearest dual escapeway. whichever is

closer.
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APPENDIX A

MINE EVACUATION SIMULATION PROGRAM

A. 1 Introduction

A computer program has been developed to simulate evacuation

of a mine in case of fire. In the following, the capabilities, operations

and structure of the program are described with illustrative examples

to demonstrate usefulness of using the program. A detailed description

of the program with sufficient information to make use of the program

appears in Appendix B.

A. 2 The Need for a Computer Program

The computer program has been developed in conjunction with the

rest of the pr oject to evaluate evacuation capabilities of the mines and

develop guidelines for the escape systems.

There are several problems as sodated with predicting

evacuation performance of a mine.

First, the mine has many interconnected passages, shafts, hoists

and a number of miners in varying positions. To be able to predict

evacuation time requires processing a hugh amount of data. A

simplistic approach of determining the miner farthest from. the exit

and calculating evacuation time for him knowing his walking speeds and

hoisting times is not realistic, since the waiting time for the hoist is

neglected.

The second problem is being able to repeat the calculations for

a number of configurations. It may be possible to spend enough time

to hand calculate the evacuation parameter s for a single mine for a

single configuration, but to evaluate capabilities of the evacuation
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system, a large number of possible configurations, e. g., miner positions,

fire position, etc., have to be considered. Such a largely repetitive

task is best handled by a computer program.

Finally, as mentioned in Section A.4, it is envisioned that in

the future such a program may provide a real time option evaluating

capability in the event there is a real fire in the mine. Clearly no

program can replace the experience the mine supervisors may have in

determining the best way to evacuate a mine in such an event, but a

program which can compare different options quickly, can be a

valuable tool in making the decisions.

Therefore, a computer program has been developed, whi ch at

this stage can help evaluate evacuation capabilities of the mine. assist

in making specific recommendations to improve evacuation and

demonstrate usefulness of the re commended improvements. Although

care has been taken to introduce a large number of parameters

which may be considered in evacuation of a mine, the program is not,

and can not be, all encompas sing. Also, the program involves pre­

dieting behavior of the miners, regarding their travelling speeds, the

directions they will take and the way they will be hoisted. In a real

situation such predictions may not entirely be true, since human beings

are prone to exhibit apparently unexpected behavior, particularly under

stress.

A. 3 Program Description

The computer program developed to simulate events in the case

of fire in the mine is described in this section. The description is

divided into three parts:

1. Program Capabilities:

inputs can be changed,

demonstrates program

This part summarizes what

what outputs can be obtained and

flexibility through suggested uses.
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2. Principle of Operation: This subsection describes what

will happen in case of a fire; as as sumed by the program.

It serves as a bridge between the computer program and

real life, by translating the logic used in the program to

the as sumptions in a real situation.

3. Structure of Program: The main program, the various

subroutines and their interconnections are described by

this part. A flow chart is used for explaining the basic

structure of the program.

The description of the program is only an overview of the main

features of the program. A detailed explanation of the data cards,

subroutine logic, program nomenclature, etc , , can be found in the

User's Manual in Appendix B.

A. 3. 1 Program Capabilities

The computer program can be used to study the emergency

escape system of a mine. It has a flexibility to include practically

any mine configuration with any passage network and a variety of

hoisting capabilities. The evacuation time for the mine is predicted

for the users' selected positions of the miners and any arbitrary

location of the fire. The program predicts the manner in which the

smoke spreads in the mine and it also includes a simulations of a

stench warning system and the use of self rescuers to provide improved

realism.

A.3.1.1 Variable Parameters

The parameters which can easily be changed

in the program are summarized in Table VI. As demonstrated by

this Table, the program is capable of simulating a vast number of

different cases just by simple data card changes. In addition to these

changes, even complex parameters, such as an alternate hoisting
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TABLE VI

VARIABLE PROGRAM PARAMETERS

Mine Characteristics:

Hoisting:

Miners:

Fire:

Stench Warning System:

Self-Rescuer:

Branches

i , e. Passages
Shafts
Stopes
Raises

Miner speed in each branch.
Ventilation air velocity in each branch.
Compressed air velocity in each branch.

Hoisting Options

Location
Capacity
Stops
Speed
Operational status
Delay time for changes
Loading, unloading times
Initial positions
Breakdowns

Nurnbe r
Initial position
Evacuation instructions
Initial delay time

Location

Durnp Location
Delay in activation

Time Iirrrit
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option, can be included with relatively little programming, since the

program has a modular structure. The program structure, described

later in Section A. 3. 3, consists of a number of subroutines, each with

a specific function. Therefore in most cases a programming change

can be accomplished by just introducing a new subroutine, or modifying

an existing subroutine, with the rest of the program left intact.

A. 3. 1.2

includes the following:

Program Output

The program output consists of three parts:

a. A chart of chronological events. This

1. Time for a branch to be filled with

smoke.

2. Time for a branch to be filled with

stench.

3. Time of notification for each miner

and how notified.

4. Time for a miner to be evacuated

and position at which evacuated.

5. Time and position of death of a miner.

6. Clutching and declutching of double

drum hoist and the reason for

de clutching.

7. Hoisting results. How many miners

hoisted by which hoist at what time.
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b. A summary of the results. This includes:

1. Number of miners in the mine.

2, Number of miners evacuated.

3. Number of miners lost.

4. Evacuation time for the last miner.

5. Delay in stench activation.

6. Delay in notifying the last miner after

the stench has been activated.

7. Number of miners notified by stench.

8. Number of miners notified by smoke.

9. Number of miners exposed to smoke.

10. Average smoke exposure, taken over the

total number of miners in the mine.

11. Average smoke exposure, taken over

the' number of miners exposed to smoke.

12. Maximum individual smoke exposure.

13. Man minutes of smoke exposure.

c. Plots: The following plots are generated.

1. A plot of miners evacuated v s , time.
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2. Plot s of hoist position v s, time,

including the levels at which the

hoist stops.

The program output also can be changed to

include more (or less) parameters by locating the required parameters

in the program and inserting (or deleting) the output statements.

A. 3 0 1.3 Suggested Application

The program can be used in many different

manners for studying the emergency escape system of a mine. A

suggested manner of utilizing the program is summarized in the

fo Llowirig steps:

a. Study Miner Evacuation for the Existing
Configuration and Strategy:

Obtain all data of the mine, e. g.

Mine passages

Hoist data

Ventilation

Mirier. position

Stench system

Hoist man's instructions

Miner's instructions, etc.

Then simulate key cases to evaluate

the evacuation strategy and the mine configuration, eo g.

1. How long does it take for the miners

to be evacuated (evacuation time) of the

notification is instantaneous.
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2. Time taken for the stench to reach

the miners.

3. Sm.oke propagation patterns.

b. Identify Problem Areas:

From studying the mine data and results

of the simulations carried out in Step a, the problem areas and "bott'le

necks It in the mine can be identified.

Probable problem areas may be:

Bad warning system,

Bad ventilation strategy,

Hoisting strategy wrong,

Instructions to miners inappropriate,

Insufficient hoisting capacity,

Insufficient escapeways.

c. Suggest Strategy Change and/or
Configuration Change:

Once the problem. area has been identified,

various options can be evaluated using the computer program, e. g. :

1. What happens if the hoisting strategy

is changed. i. e., clutched hoist used

or not. Three cages used or not.

2. Increase size of cage or speed.

3. More hoists.

4. More passages.
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5. Different ventilation scheme.

6. Different stench scheme.

7. Different miner instructions.

8. Different hoisting options.

Suggestions can be made based on this

study.

d. Demonstrate Improvement Ihe to the
Suggested Changes by Comparing
Simulation Results with Those for
the Original Scheme:

Various possible scenarios can be

simulated for both the original evacuation scheme and the suggested

scheme, e. g. :

1. Various miner locations.

2. Various fire positions.

3. Breakdowns of the hoists.

A. 3.2 Principle of Operation

The approach selected for representing a mine in the

computer program is similar to a network approach used in electrical

engineering. The mine is divided into a network of branches, with

each branch representing a rrririe passage, drift, stope, raise, shaft,

winze, etc. Wherever two or more branches intersect, in any plane,

a node is said to exist. The advantage of using such a network

approach, instead of, say, an approach using three dimensional
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coordinates, is that the exact geometry of each branch in the mines

does not have to be known for an accurate representation.

The dynamic part of the simulation considers four

interacting components:

a. Stench

b. Smoke (carbon monoxide)

c. Miners

d. Hoists.

The simulation algorithm essentially consists of determining

motion of each component along the mine branches, taking into

account the constraints imposed by the mine characteristics and the

components interactions.

a. Stench

The simulation sets the time to zero when the fire

has been detected, or the hoistman is notified of the fire drill, if there

is no fire. The stench is dumped at a pre -set point in the compressed

air, after a certain time delay, and it travels in the compressed air

duct in each branch, at the speed of the air in the duct. The miner s

who are not hooked directly to the compressed air may still get the

benefits of an early stench warning due to, say, leakages in the air

duct. In branches where the compressed air is not available, the

stench may travel in the normal ventilation air. In any case, the

user is allowed to select the stench dumping position, initial delay

and the stench velocity and direction in each branch.

During the stench propagation along a branch, if

a node is encountered, the stench propagates in the branches where the

compressed air assists the propagation.
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A miner is considered notified after the first time

he encounter s stench.

b. Smoke and Carbon Monoxide

Although, presumably, the smoke and the CO

may propagate separately in a real fire, in the simulation they have

been assumed to travel together. The smoke (and CO) start moving

from the fire position in the direction of ventilation air and whenever

a node is encountered, the smoke propagates in the branches where the

ventilation as sists the propagation. No consideration is given to

possible ventilation flow reversals due to the fire or caving.

Whenever a miner is in a smoke filled region, he

uses his self-rescuer and his walking speed reduces to half, due to

lack of visibility. The miner is considered dead if the time limit on

the self-rescuer is reached.

Since no thermal effects of the fire are considered,

the miners are allowed to pass through the point of origin of the fire.

c. Miners

The miners stay in their as signed initial position

till they receive notification by either stench or smoke. After re ceiving

the notification, they start moving in the direction recommended by

the evacuation scheme.

When a miner encounters a node, he starts

traveling on a branch which he has been instructed to select and when

he reaches a shaft station, he waits to be picked up by the hoist. The

miner is considered evacuated if he reaches a node so designated.

As mentioned earlier, the miners use their

self-rescuers whenever they are in a smoke filled region. A miner

is considered lost if his usage of the rescuer exceeds his time limit.
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If he dies, while waiting for a hoist, he is left at that station, and if he

dies while in the cage, he is left at the top level.

It is also possible to instruct the m.iners to use

a secondary route in case the rriain escape route is blocked. They

can be instructed to try to escape via the rna.in escape route only for

a certain length of time. If they are then convinced that the escape

via the main route is not po s sible, they try to escape using a

secondary route.

The general rules governing evacuation of the

miners do not apply to the hoistman. The program allows for one

internal hoistman who stays at his post till one of the following

happens:

1. There is no call for hoisting at all. In a

case where the miners are using -an alternate

route, the hoistman waits for a certain length

of time and then departs.

2. There is no call for hoisting, for a certain

length of time, after the last load of miners.

In that case the hoistman presumes his duties

to be over and departs.

3. The hoist breaks down irreversibly, in which

case the hoistman departs immediately.

It is also assumed that the hoistman does not use

his self-rescuer until he leaves his hoist position, having used bottled

air while he was at his station.

d. Hoists

The program allows for one double drum hoist,

where both the hoists are used, and eight single drum hoist (or the
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double drum hoists for which the clutched hoist is not used). The

hoisting of the miners is carried out according to one of the three

options:

1. 0Etion No.1

According to Option No.1, the hoist starts

moving down when a miner reaches one of the stations served by the

hoist. If, however, a miner on one of the levels below the above

miner reaches the shaft station, the hoist changes its destination so

that it reaches the lowest level where a miner is waiting. The hoist

waits for a time, proportional to the number of miners being picked

up, and then moves to the next higher level where the miners are

waiting, if additional room is available. Finally, the hoist reaches

the main level, discharges the miners and waits for the miners to

reach the shaft stations again.

2. Option No. 2

In hoisting Option No.2, the hoist is

directed to a priority level, e. g. the level where the smoke originates,

if any miners are waiting at that level for the hoist. After picking

up the miners from this priority level, the hoist moves up and, if

more room is available, it stops to carry additional miners from the

levels above the priority level.

3. Option No.3

Hoisting Option No. 3 requires selection of a

level, which is above the level where the smoke originates. The

hoist starts moving down, just as in Option No.1, whenever a miner

appears at a shaft station. The hoisting, however, is switched to an

intermediate haul after the first time the hoist goes below the selected

intermediate level. Then the miners below the intermediate level are

hauled to that "safe l ' level, and not to the top. After the intermediate
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haulage is completed, as indicated by a selected waiting period for

the hoist, the miners on the intermediate level are hoisted to the top

level. The miners on the other levels are hoisted afterwards.

The double drum hoist has two drums, called

the main or the master hoist, which is directly connected to the drive

and the clutched hoist or the slave hoist, which may be clutched in

or decIutched,

The slave hoist is clutched in after the first

time the master hoist reaches a selected level, called the· master

level. After being clutched in, the slave hoist picks up miners from

the master level when the master hoist reaches the top and discharges

the miners to the top level when the master hoist reaches the master

level. The process continues till one of the three events occur which

necessitates declutching of the slave hoist:

1. Master hoist goes below the master

level, in which case the slave hoist is

declutched and left at the top.

2. Slave hoist does not find any miners at

the master level, in which case it is

kept at the master level.

3. Master hoist does not find any miners

at the master level, in which case the

slave hoist is declutched and kept at the

top.

In case hoisting Option No. 3 is used, the

slave hoist is not clutched in till the intermediate haul is completed.
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If there are miners in the slave hoist, and

the master hoist does not have to go to the master level, it is forced

to go there, so that the slave hoist can reach to the top and discharge

its miners.

When the fire is detected, the hoists are

brought to the top level from whatever initial position they are at.

If any configuration changes, such as changing the cage capacity,

etc., are required, a certain time is spent before the hoist is ready

to haul the miners.

During the hoisting operations, a breakdown

can occur. Such a breakdown is assumed to occur only when the

hoist is at the top level, and it may be simulated to last for any

preselected time. If the hoist breakdown is temporary, the hoistman

does not leave his post. However, if the breakdown is irreversable,

the hoistman immediately departs.

The above discussion is summarized in Figure

A -1. The figure has the description blocks distributed in five vertical

groups:

1. Mine Characteristics

The blocks under this heading represent

parameters which are basic to the mine.

2. Evacuation Strategy

The blocks covered by this group are

the parameters relatively easy to change.

3. Fire Circumstances

The initial conditions in the mine and

the position of the fire are described in this group of blocks. These

parameters are uncontrolled and depend on chance.
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4. Evacuation Progress

Events taking place during the

evacuation are described by the blocks under this heading.

5. Results

Some of the results which can be

derived from the simulation are represented by these blocks.

The blocks are interconnected according to

influences each of them have on the other.

A. 3. 3 Program Structure

The computer program structure is shown in Figure

18. As shown in the figure, the program consists of a main program

and thirteen subroutines. The subroutines have been programmed to

perform specific functions and the main program coordinates the

complete program execution.

The main program commences the program execution

by initializing several indices used in the program and by calling

subroutine PROGIO. Subroutine PROGIO reads and writes the input

data and performs initial plotting calculations. It also assigns default

values to the variables not specified in the input data.

The main program, then, initializes several other indices

and sets appropriate initial values to the arrays describing various mine

and miner characteristics. Subroutine LEVEL, which stores the

information about the level the hoists have stopped at, is called for the

hoists which are at the top level initially.

After performing the initial functions, the main program

calls subroutines MINER, HOIST, SMOKE, and STENCH. These
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subroutines determine positions of the rrrine r s , hoists, smoke and stench

as a function of time and are called at every time step from the rnain

progr arn, Subroutine STENCH is called only after an initial delay

period, TSTEN, is over.

In addition to the above four subroutine s, the rnain

prog r arn also calls subroutine PSTORE, which stores the data for the

plots. Subroutine PSTORE may not be called every time step if the

simulation is lengthy and the data is expected to exceed the allotted

array size.

The proces s of calling the subroutines MINER, HOIST,

SMOKE, STENCH and PSTORE ends when the time, T, exceeds the

simulation t irrie limit FTIME.

There are six supportive subroutines including sub­

routine LEVEL rrienttoned earlier, which are called from the sub­

routines MINER and HOIST.

Subroutine MSTNCH, called from subroutine MINER for

each miner, determines if the stench has reached the miner. Sub­

routine MSMOK, also called from subroutine MINER for each rnirie r ,

determines if the miner is in smoke filled region.

Everytime a new target mine level is decided, sub­

routine HOIST calls subroutine TSRARC to calculate time required to

reach the target level. The subroutine TSRARC is also called by

subroutine DDR UM to det.e r-mine the last branch in the clutched

(slave) hoist's travel to the top.

Subroutine XSTAR is called, along with subroutine

LEVEL everytime a hoist stops at a mine level in subroutine HOIST.

Subroutine XSTAR stores the information which plots stars in the

hoist plots (see Figure A-9), and subroutine LEVEL stores the

i.nfo r rnation which draws the dashed level lines and writes the level

identification in the hoist plots.
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Subroutine DDR UM is called from the subroutine HOIST

for the clutched (or slave) hoist in a double drum arrangement. The

subroutine calculates movement of the slave hoist and determines when

it has to be declutched. Clutching in of the slave hoist is, however,

determined by the subroutine LEVEL.

Finally, after the iteration has ended, the main program

calls subroutine VPLOTS. Subroutine VPLOTS includes standard

DISSPLA (a plotting software package) subroutines and it produces

plots using the information stored by the subroutines PSTORE, LEVEL

and XSTAR. The simulation is then terminated.

A.4 Illustrative Simulations

The capabilities of the program are demonstrated by simulating

various evacuation cases in different situations for a particular mine.

The mine selected for the illustrative simulations is the mine I C', as

described in Section 2, chosen particularly because of availability

of mine characteristic data and mine evacuation results for test

drills. These evacuation results can be used to verify validity of

the predictions made by the program.

A. 4. 1 Mine. Characteristics

A schematic diagram of the mine is shown in Figure

19. The figure shows all the major shafts, drifts, raises and stopes

of the mine in the form of a network. There are four hoists, Hoist

No. 1 and Hoist No. 2 are as sumed to be single drum hoists and Hoists

Nos. 3 and 4 form part of a double drum hoist, with Hoist No. 4

being the main hoist (master hoist).

The positions of the 133 miners, typically working in

a day shift of the mine, are also shown in the figure. The miners

are identified by a miner number, and their total number on each

level is chosen from the data on the fire drill simulated as Case No.

1 in the illustrative simulations.
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The hoistman for the main hoist (No.4) is assigned

No, 133, according to the convention defined in Appendix B. The

position of the hoistman is above the main hoist on the main level.

The initial positions of t he other miners on their levels is selected

arbirtarily.

Each branch of the mine, which includes the shafts,

drifts, stopes and raises, is assigned an identification number, as

shown in Figure 20 and each node (where two or more branches

meet) is also assigned an identification number, as shown in Figure

21. There are thirteen levels of the mine used in the simulated

configurations and they are also assigned identification numbers, as

shown in Figure 20.

Each branch of the mine is assumed to have ventilation

air, with air velocities obtained from the available mine data, and

compressed air with a constant air velocity (generally used in the

mines). The srn oke travels at the velocity of the ventilation air from

the point of origin, where as the stench travels at the velocity of the

compressed air from its point of origin, situated at the top of the

main hoist (Hoist No.4). It is also assumed that hoists no. 3 and 4 have

three man cages attached initially in all cases, except case 10.

The detailed properties of the mine, including the

ventilation data, lengths of the passages, characteristics of the hoists

and initial positions of the miners are summarized in Appendix B.

A. 4. 2 Simulation Cases

The simulations have been carried out for the following

ten cases. The first case duplicates an actual fire drill as closely

as possible, so that the results can be compared. The other nine

cases predict what may happen in different selected situations and

help substantiate some of the suggestions which may be considered

while planning evacuation strategies. The cases are:
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1. Simulation of an Actual Ere Drill Conducted In

the Mine

This case can also represent normal evacuation

of the mine, as different from the emergency

evacuation.

2. Emergency Evacuation of the Mine

Under emergency evacuation, these parameters

are changed:

a. Hoists Nos. 3 and 4 speeds are increased from

1500 ft/min to 2000 ft/min.

b. Hoist loading and unloading times are changed

from 4 minutes to 2 minutes and from 2.5

minutes in the case of No. 1 hoist to 1. 5 minutes.

c. Capacities of the hoists Nos. 3 and 4 are

increased from 27 miners to 30 miners.

3. Emergency Evacuation of the Mine, with Usage

of Trains in the Drifts

In addition to the parameter changes mentioned in

Case 2, the trains in the drifts are also used to

haul miners to the hoist stations.

4. Emergency Evacuation in Case of a Fire

With parameters as in Case 2, the evacuation is

simulated for a case when there is a fire in a

branch (Branch 83 in Figure 20 .),
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5. Emergency Evacuation in Case of a Fire Using

Hoisting Option No.2

According to this option, the miners on level 10

are given a priority in evacuation. The fire is

at the same place as in Case 4.

6. Emergency Evacuation in Case of Fire Using

Hoisting Option No.3

According to this option the miners on and below

level 10 are hoisted to level 9 in an intermediate

haul. Then all the miners on level 9 are evacuated

along with those on the other levels. The fire is

at the same place as in Case 4.

7. The Main Hoist Inoperative

The fire is simulated to occur in the main shaft

and consequently the main hoists (Hoists Nos.

3 and 4) can not be used for evacuation. The

miners have been instructed to wait for the main

. hoist and no secondary exit is available.

8. The Main Hoist is Inoperative, but Secondary

Exit is Available

The situation is similar to Case No. 7 but the

miners have been instructed to proceed to a

secondary exit, in this case to the hoists Nos.

1 and 2, after waiting for the main hoist for a

reasonable length of time. The "reasonable

l ength" of time has been assumed to be 30

minutes after the fire has been detected or about

20 -25 minutes after the miner has been notified.

-148-



9. Normal Evacuation Without the Clutched Hoist

The Case 1 simulation is repeated for a situation

where the clutched hoist is not used.

10. Normal Evacuation with Low Capacity Cages

The Case 1 simulation is repeated for a situation

where the capacities of Hoists Nos. 3 and 4 are

reduced to 9 men from 27 men each.

The above cases have been simulated on a CDC 6600

Computer at the Cybernet Center, Waltham, Ma.s s ; , and the results are

summarized in the following section.

A. 4. 3 Simulation Results

The results of the simulation are summarized in Table

VII and Figures 22 - 29. Detailed outputs of the simulations

have not been included in this report because of the bulk, but a

typical simulation output is shown in Appendix B.

The following describes salient points of the results

for each case:

Case 1: As mentioned earlier, this case simulates a

fire drill in the mine I C' • The result of the evacuation time obtained

in the simulation is 83.8 minutes. If the 15 minutes of the train ride

to the surface and 10 minutes of the hoistman waiting time are sub­

tracted from 83.8 minutes, the answer comes to 58.8 minutes for

all miners to be on the top level, after the fire drill has been initiated.

This compares extremely well with 56 minutes reported by the mine

J C' :in actual fire drills.
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TABLE VII

COMPARISQN OF SIMULATICJ1'\ RESULTS

No. Parameter Case 1 2 3 4 5 6 7 8 9 10- - - - - - - - - -
1 Total number of miners in the mine. 133 133 133 133 133 133 133 133 133 133

2 Total number evacuated 133 133 133 133 133 133 25 76 133 133

3 Total number lost a a a a 0 a 108 57 a a
*4 Evacuation time for last miner (minutes) 83.8 67.2 61.3 64.0 72.1 82.2 27.1 83.4 90.6 124.2

5 Delay in stench activation (minutes) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

6 Delay in notifying last miner after stench 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8

activation (minutes).

7 Total number of miners notified by stench. 132 132 132 129 129 129 127 127 132 132

8 Total number of miners notified by smoke. a 0 a 3 3 3 5 5 a a
9 Total number of miners exposed to smoke. 0 a 0 16 16 16 110 110 0 a

I
I-' 10 Average smoke exposure, (minutes) (taken 0 0 0 1.4 1.4 1. 4 48.4 44.0 a a
1Jl
0

over the total number of miners).I

11- Average smoke exposure, (minutes) 0 0 o 12.1 12.1 12.1 59.2 53.2 0 a
(taken over the number exposed to smoke~.

12 Maximum individual smoke exposure (minutes). 0 0 o 15.8 15.8 15.8 60.0 63.9 0 0

13 Man minutes of smoke exposure. 0 0 0 193 193 193 6508 5848 0 a

* Includes the train ride to the surface and the delay time of the hoistman.
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Such a good prediction by the computer program

substantiates its validity.

The stench warning system is predicted to alert every

miner within 3.8 minutes after it has been activated, which also is

in general agreement with the fire drill results. The results also

reflect rather good performance of the stench warning system, at least

as far as its dispersion in the mine is concerned. If compressed

air usage was down, such as during lunch break, the stench warning

may be ineffective.

Since the hoistman is assumed to be notified in the

beginning of the simulation, he is not included in the notification

results.

The plotted results for Case I are shown in Figures

22 - 25. The plot for miners evacuated v s , time shows big steps,

since a number of miners are brought up by the hoists at the same

time. The last miner to be evacuated is the hoistman who waits for

10 minutes after the last load of miners are in the hoist, before

travelling to safety.

Hoist No. 2 makes only one trip to evacuate the three

miners near that hoist on level 5. The x axis also shows the distance

travelled by the hoist in feet.

Hoist No.3, the clutched hoist, is clutched in at II. 9

minutes. After making one trip it is declutched at the time of 27.6

minutes, since the main hoist does not find any miners at level II.

The main hoist, Hoist No.4, makes 4 trips stopping

at 9 levels for a total of 18 times. (The slight departures of the

I stars' from the intended levels is due to the numerical error, which

can easily be reduced by reducing the simulation time step).

-155-



Case 2: By increasing the hoist speeds and capacities

and by reducing the loading -unloading times, the evacuation time can

be reduced by 16. 6 rrrirrute e to 67. 2 minutes. In that case the time

required for all the miners to be on the top mine level is 42. 2 rrrinute s ,

Case 3: A further 5. 9 minutes is saved if the rni.ne r s

on the rnirie drifts can ride the trains instead of walking. In that case

the evacuation time is predicted to be 61. 3 rrrinute s and the time

required for all the miners to be on the top level is 36. 3 rni.nute s ,

Case 4: Presence of the fire has a side effect which

results in an evacuation time which is smaller than that for Case 2

where there is no fire. The side effect is warning of some of the

miners due to smoke, instead of stench, which results in an earlier

hoisting.

It should be noted that the fire is as sumed not to have

any thermal effects so actually it is more aptly described as a large

and continuous discharge of smoke and carbon monoxide. Due to lack

of the thermal effects the miners are allowed to walk through the

branch where the fire is present.

Sixteen rnirie r s get exposed to an average of 12. 1 rrrinute a

of smoke, with the maximum exposure being of 15. 8 rrrinute s , However,

the fire results in no deaths. Figure 26 shows the movement of the

main hoist during the evacuation.

Case 5: When Option 2 is used in hoisting the rrrine r s ,

level 10 is given a priority. If any miner is waiting for the hoist on

that level, he is evacuated before a miner on a level below him.

The results can best be shown in Figure 26. The

priority given to the level 10 results in a delay in ma.king the last

trip to level 11. In fact, it can be calculated, from the detailed

results not shown, that the miners on the level 10 are evacuated

earlier by using Option 2 than by using Option 1.
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However, the fire is located in such a way that the miners

waiting for the hoist are not subjected to the smoke, at least in the

model used to simulate the fire. Therefore, the smoke exposure in

both Case 4 and Case 5 occur only when the miners are walking from

their initial positions to the hoist station. This results in identical

smoke exposure results for Cases 4, 5 and 6. The total evacuation

time for Case 5 is higher than that for Case 4 (72. 1 v s , 64.0 minutes).

Case 6: In Case 6 the miners on or below level 10 are

hoisted to level 9 before being hoisted to the top. The intermediate

hoisting is evident in Figure A-IO, where the hoist is shown to make a

large number (fourteen) of short trips before going to the top level.

Using hoisting Option 3 increases the evacuation time

by 18.2 minutes over the Option 1 time. Also, since the smoke is

exhausted in the opposite direction from the shaft station, the sm.oke

exposure results do not change by using hoisting Option 3.

Case 7: The fire is sim.ulated to occur in one of the

worst places, i , e., in the main shaft on branch 5 (see Figure A- 4).

Due to the fire location the m.ain hoists (Nos. 3 and 4) are not used

and the miners keep waiting at the hoist station, since they have not

been instructed to use a secondary exit.

The sm.oke spreads all over the m.ine in due tim.e,

resulting in the death of 105 miner s on the levels below level 1. The

sm.oke exposure time count stops when the self-rescuer limit is

exceeded, therefore the m.axim.um sm.oke exposure tim.e is 60 minutes.

Five of the miners exposed to the smoke escape, two

of them. through the exit at node 97 and three of them. using the Hoist

No. 2 at node 95 through node 1.

Figure

tim.e for Case 7.

27. shows a plot of the miners evacuated v s ,
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Case 8: The fire is again in the same position as for

Case 7. However, the miners have been instructed only to wait about

20 -25 minutes at the main hoist station and them move to the secondary

exit which uses Hoists Nos. 1 and 2.

Figure 28 shows the hoisting carried out by the two

Hoists Nos. 1 and 2 which is initiated at about 45 minutes and com­

pleted at about 70 minutes after the fire has been detected.

Due to usage of the secondary exit, an additional 51

miners are evacuated, bringing the total evacuated to 76. This

evacuation of the additional miners is apparent in the plot for miners

evacuated v s , time in Figure 27._

Case 9: The clutched hoist, i. e., Hoist No.3, is not

used for evacuation in Case 9. There is no fire in the mine and the

results are to be compared with Case 1 results to assess usefulness

of the clutched hoist.

Comparing the results, the clutched hoist is found to save

only about 6.8 minutes in the evacuation time.

Case 10: If the capacity of the main hoist (No.4) and

the clutched hoist (No.3) is reduced to 9 miners from 27 miners the

evacuation time increases substantially, as illustrated by Case 10.

A plot of movement of the Hoist No. 4 and therniner evacuation plot

are shown in Figure 29.

As shown in the Figure, the main hoist makes 11 trips

(compared to 4 trips in Case 1) with 20 stops (compared to 18 stops

in Case 1). The total evacuation time increases from 83.8 minutes

to 124. 2 minutes, an increament of 40. 4 minutes. The miners are

also evacuated in smaller batches, compatedto the batches in Case 1.
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A. 4.4 Discussion of the Results

The results of the simulations summarized in Section

A. 4. 3 can help to rna.ke certain inferences about the mine evacuation.

These inferences are made only for the mine characteristics and the

miner configuration considered and they may not be necessarily true

in general. However, they provide a guideline in preliminary con­

siderations of a mine evacuation.

A significant reduction in the evacuation time can be

made by increasing the hoist speed, hoist capacity and reducing

loading -unloading time. The time saving i s about 20 percent in

the cases considered.

The evacuation time can be further reduced by using

trains for transportation on the mine drifts. For the cases considered,

the time saving is about 27 percent, compared to the normal evacuation

time.

As far as total evacuation of the mine is concerned, the

hoisting Option 1, i , e., giving priority to the miners on the lowest

level, is the best among the three options considered.

Hoisting options 2 and 3 are better than hoisting option

1 only in the cases where the shaft stations are expected to be smoke

filled. In those cases the Options 2 and 3 may result in reduced

man-minute exposure to smoke.

If the mine has a secondary exit and the miners are

instructed to use it after they have waited for a certain length of

time at the main exit hoist, the improvements in evacuation are

considerable. In the cases considered, where the fire is in the main

hoist shaft, 51 additional miners are saved through the secondary

exit, even though it lies in the exhaust air path.
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In certain cases it may be advantageous not to use the

clutched hoist in a double drum configuration. If the miners are

dispersed on different levels, as in the cases considered, the clutched

hoist is used only for one or two trips. before it has to be declutched.

The t irne savings, assuming it doesn't take any t.irne to clutch or

declutch the hoist, is only of the order of 7 minutes in the cases

s irrrulated,

It is of advantage to increase the hoist capacity by

attaching additional man cages, even though it may consume some

ttrne initially. The evacuation time difference between the cases

where the capacities are 9 miners and where the capacities are 27

rrrine r s is almost 41 minutes.

A.5 Conclusions and Recommendations

The illustrative simulations in the previous section have

demonstrated:

1. Flexibility of the program to simulate a wide variety

of configurations and cases.

2. AbiHty of the program to predict evacuation time within

a srnaIl margin of error (5 percent in a case considered).

3. Usefulness of the program in making some of the

evacuation decisions.

The above leads to a conclusion that the computer program can

provide a useful tool in evaluating mine evacuation in the event of a

fire.

At present the program can be used to make decisions re­

garding evacuation scheme iznproveznent, while the scheme is being

studied. However, significant software and hardware developments are
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necessary to m.ake the program. available on a real tim.e basis. It is

envisioned that if such a real tim.e simulation capabilities are

achieved, the program. can help evaluate various evacuation options in

a very short tim.e when there is a fire in a rrrine , The program., of

course, can not replace a person in the m.ine with mine evacuation

experience in m.aking decisions, but it can provide concrete predictions

which rnay greatly assist the decision m.aking process. An im.plem.entable

schem.e, which can provide a real tim.e evacuation option evaluation

capabilities is described in the following;

REAL TIME ESCAPE OPTION EVALUATION USING A COMPUTER

Schem.e

The source program., i , e., the m.ine fire sim.ulation program.

with appropriate additions (ventilation routines, for exam.ple), is stored

in a centrally located cornputer ,

The data fed by each m.ine fall into one of the two categories:

1. Norrrinal data

2. Variable data

The nom.inal data is not changed significantly in day to day

operation, where as the variable data is dependent on the day, shift,

etc.

Nom.inal Data

Mine passages

Nominal rrrine r speed

Ventilation

Hoist data

Self-rescuer data

Stench location, etc.
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Variable Data

Branch a rnirie r is on

Distance along that branch

Hoist operation status, etc.



The nominal data is updated periodically, whereas the variable

data is gathered at each shift. Each miner punches in his probable

position when he enters the mine. The hoist status data is supplied

by the hod strnan,

The variable data is fed to the centrally located computer via

a teletype and the telephone line.

In case of a fire, the fire location is supplied to the computer,

which evaluates several options in real time and makes recommendations.

Typical recommendations may be:

1. Hoist strategy, I, e. :

Use the clutched hoist.

Change over to cages from skip.

Clutch the hoist at level "X".

Hoisting option to be employed.

2. 1£ ventilation should be changed to reduce smoke

propagation.

In addition, probable evacuation time and number of fatalities

may be predicted.
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MINE EVA eUA TION

B. 1 Introduction

APPENDIX B

SIMULATION PROGRAM - USER'S MANUAL

Appendix B documents information necessary to use the emergency

escape simulation program and to make modifications if necessary.

For a user interested in using the program as it exists, Sections

B. 2, B. 5 and B.6 are particularly useful. The program listing (B. 6)

can be used to prepare a card deck and the data cards can be punched

from the directions given in Section B.2. Typical input data and output

printout summarized in B. 5 provides guidelines for the program use.

Sections B. 3 (Program Nomenclature) and B.4 (Subroutine

Description) describe, in detail, the inner workings of the program and

are particularly useful for a user interested in modifying the program.

B.2 Program Use

Instructions neces sary to execute the program, after the card deck

has been prepared, are summarized in the following.

B. 2. 1 Input Data Format

Input data is supplied to the program in two ways:

a. By data cards that are read in after program

compilation.

b. By data specifications that are included within

the program.
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Method a. is used primarily to specify the parameter

which constitute the mine characteristics, miner placement, fire

position, etc , , and are expected to be changed frequently. Method b.

is used for parameter which are likely to be changed less frequently

(e. g. the time hoistman waits before starting to move, etc.).

B. 2. 1. 1 Data Cards

The data cards required to execute the program

can be divided into the following subgroups.

a. Mine characteristics

b. Initial position of the miners

c. Point of origin of the fire

d. Stench dump position

e. Time limit of the self rescuer

f. Simulation data

The mine characteristics includes the

properties of the branches and nodes into which the mine network

has been divided, properties of the hoists and properties of each

level of the mine. The simulation data includes the time step, time

limit for the simulation, and information regarding the plots.

The program obtains the data through the

following data cards.
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No. of Cards

1

1

lMAX (one for
each branch)

1

JMAX (one for
each node)

1

KMAX (one for
each miner)

1

LMAX sets (one for
each hoist)

1

MMAX (one for
each level)

1

1

1

1

1

One for
each plot

Variable

TITL(K), K= 1,8

lMAX (total no. of branches)

II, IB(I), JB(I), ALB(I), VB(I),
VENB(I), VENC(I)

JMAX (total no. of nodes),
TSWITCH

II, MN(J), NN(J), IN(J), IN(J),
KN(J), LN(J), MN2(J), NN2(J)

KMAX (total no. of miners)

II, JM(K), XM(K), KM(K),
TDM(K)

LMAX (total no. of hoists)

I II, MH(L), IH(L), VELNH(L),
TDELA Y(L), IHOIST(L),
MSLAV(L), MALEV(L)

I XHSTI(L), THSCH(L),
NOPT(L), NODFI(L),
TDELS(L), TDELF(L)

I (more if needed) LH(L,LL),

1.1. = 1, MH(L)

MMAX (total no. of levels)

LEVN(M), LEVA(M, MM),
MM= 1,5

IBFIR, XBFIR (Fire data)

IBSTN, XBSTN, TSTEN
(Stench Data)

TSRMAX (self-rescuer data)

DTIME, FTIME, (Time data)

JPLT(K), K= 1,40, TPLSTR,
TPLSTP (plot card)

LTITLE(K), K=I,3,
LYNAME(K), K= 1,3, LXNAME(K),
K= 1,2 (Title card)

Format

8AIO

IlO

3110
4FIO.3

110,
FlO.3

7110,
215

UO

2110, FIO.3,
110, FIO.3

UO

3UO, 2FIO.3
3110

2FIO.3,
2110,
2FIO.3
8110

IlO

6UO

UO, FIO.3

Il 0,
2FIO.3

FIO.3

2FI0.3

4011 ,
2FIO.3

8AIO

Explanation of Symbols

TITL(K), K= 1,8 Title of the simulation run. The title

is printed at two places in the output, in

the beginning of the printout and above

the result summary
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II Index used for numbering purpose.

VENC(I)

VENB(I)

lMAX

IB(I)
JB(I)

ALB(I)

VB(I)

Branch Properties

Total number of branches

The nodes ith
branch joins

Length of the branch in ft.

Speed of travel on the branch in ft/min. under normal
circumstances

e. g., = normal walking speed if the miners walk on
that branch

= normal hoist speed if the miners ride a hoist
on that branch

= normal climbing speed if the miners climb
on that branch, etc.

Speed of smoke propagation on the branch in ft /min

Positive if from IB to JB
Negative if from JB to IB

Speed of stench propagation on the branch in ft /min

Positive if from IB to JB
Negative if from JB to IB

1£ VENC (I) is not specified, it is as surned to be equal
to VENB(I)

Node Properties

JMAX

TSWITCH

MN(J)

NN(J)

Total number of nodes

Time at which the alternate escape route instructions
come into effect. It is assumed to be a large number
(10000) if not specified.

Type of Node

= 1 If a miner selects a new branch when he encounters
that node

= 2 If a miner is considered evacuated when he r eacbe s
that node

= 3 1£ a miner waits for the hoist at that node (hoist node)

Instruction regarding branch to take when a miner reaches
the jth node.

= 1 1£ IN(J) is the selected branch

= 2 1£ IN(J) is the selected branch

= 3 1£ KN(J) is the selected branch

= 4 If LN(J) is the selected branch
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IN(J) 1IN(J)
KN(J)
LN(J)

MN2(J)

NN2(J)

Branches which the jth node joins

The branches to be specified starting from
IN(J)

The node type (MN(J» for the alternate (secondary)
escape route instructions. It is as sumed to be
equal to MN(J) if not specified.

Branch selection (NN(J» for the alternate escape
route instructions. It is as sumed to be equal to
NN(J) if not specified.

Miner Properties

KMAX
JM(K)

XM(K)

KM(K)

TDM(K)

Total number of miners in the mine

Branch number on which the kth miner is po sitfoned
initially

Distance, in ft., at which the miner is positioned on
the branch.

a. from IB (JM(K» node if KM(K) = 0

b. from JB(JM(K) node if KM(K) = 1

Direction of motion along the branch JM(K).

= 0 If he moves from IB(JM(K») to JB(JM(K»

= 1 If he moves from JB(JM(K» to IB(JM(K)

Initial delay time for the miner

Hoist Properties

LMAX

MH(L)

IH(L)

VELNH(L)

TDELAY(L)

1HOIST(L)

Total number of hoists. The double drum hoists are
considered as two hoists, and separate sets of cards
are required for the main (master) hoist and the
clutched (slave) hoist.

Total no. of nodes that the lth hoist connects

Capacity of that hoist (maximum no. of people)

Normal speed of that hoist in ft/minute

Maximum delay at a stop in minute
Either in filling completely or emptying completely

Initial status of the hoist

= 1 Inoperative

= 2 Operating

= 7 Operating (only for clutched hoist)
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MSLAV(L)

MALEV(L)

XHSTI(L)

THSCH(L)

NOPT(L)

NODFI(L)

TDELS(L)

TDELF(L)

LH(L, LL), LL
- 1, MH(L)

Hoist number (i. e. L) of the main hoist in a double
drum. (To be punched only for the clutched hoist).

Identification number of the master level at vh ich the
clutched hoist operates. e. g., 7500. (To be punched
only for the clutched hoist).

Initial distance of the hoist from the top level, in ft.

Delay time in implementing changes in the hoist.
e. g., Replace skip by a cage.

Hoisting option selected for the hoist. It is assumed
to be option 1 if not specified.

The priority node if option 2 if used for hoisting.
The intermediate level node if option 3 is used for
hoisting.

= C If option 1 is used.

The time, in mtn; , at which the hoist breaks down.
It is assigned an arbitrary high value (10000) if
unspecified

The time, in rnin , , at which the hoist is back in
operation after the breakdown. It is as signed an
arbitrary high value (10000) if unspecified.

The node number of the nodes connected by the hoist,
starting from the bottom.

Level Properties

MMAX

LEVN(M)

LEVA(M, MM)
MM= 1,5

Fire Data

IBFIR

XBFIR

Total number of mine levels serviced by the hoists
specified in the hoist cards.

Identtfi.catdon number of the Mth level (e. g. 7500).

Node numbers of the hoist nodes on the
Mth level.

Branch on which the fire starts

Distance on the branch IBFIR where the fire starts,
in ft.,

a.

b.

from IB if smoke propagates from IB to JB

from JB if it propagates from JB to IB
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Stench Warning System Data

IBSTN

XBSTN

TSTEN

Branch on which stench is dumped.

Distance on branch IBSTN where the stench is dumped,
in ft.,

a. from IB if stench propagate s from IB to JB

b. from JB if it propagates from JB to IB

Delay in dumping the stench, in minutes.

a. after the fire has been detected, or

b. after the hoistman has been notified in case
of a fire drill simulation

Self Rescuer Data

TSRMAX

Time

DTIME

FTIME

Plot Data

JPLT(K)

TPLSTR

TPLSTP

L TITILE(K),
K= 1,3

LYNAME(K),
K= 1,3

LXNAME(K),
K= 1,2

Time limit of self rescuer in minutes (say 60.0)

Time step of simulation in minutes (say C.05)

Time limit for simulation

Variables to be plotted.

= 1 if Kth variable is to be plotted

= 0 otherwise

The variable number is decided in subroutine PSTORE and
can be changed. Normally variable No. 1 is the total
no, of miners evacuated and 2, 3 etc , , are the hoist
positions for hoist no. 1, 2 etc.

Plot start time - normally = 0.0

Plot stop time - normally = FTIME

The title of the plot (First 30 columns)

Label of Y axis (next 30 columns)

Label of X axis (last 20 columns)
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NOTE:

The following should be noted:

1. Miner No. KMAX is the hoistman of the internal hoist.

For him TDM(K) is arbitrary set to a high value

(say 1000).

He starts moving only after he waits for TPA T minutes

after the last load of miners in the hoist came ;Up, or

after he waits for TPAS minutes if the hoist remains on

the top level throughout the simulation. Values of TPA T

and TPAS are defined in the main program.

1£ there is no internal hoistman, the value of TDM(L) is

set appropriately, but values of TPAT and TPAS are set

to a high value (say 1000).

2. Hoist number LMAX is the hoist for v.hich KMAX is

the hoi s trnan,

3. Only eight (8) plots can be drawn.

Plot No. 1 is reserved for the total miner evacuated v s ,

time plot. Subsequent plots are motion of the hoists.

i. e,. , plot No. 2 is motion of hoist No. 1 drawn as a

function of time.

4. Only one double drum hoist can be simulated.

5. The initial delay for a miner (with exception of the

hoistman), TDM(K), provides an easy way of taking into

account various stopes and raises without making the

mine network unnecessarily complex. Instead of including

all the stopes and raises in the network, the estimated
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time for the miner to walk on the raise from the working

face and down the ladder can be specified as the delay

time and the initial miner position can be specified as

the place on the drift where he finds himself after the

delay time.

6. The secondary hoists in the mine, which haul only a

limited number of miners through a limited distance,

need not be specified in the hoist data. They can be

incorporated in the data as branches with higher speeds.

7. If both the fire data card and the stench warning system

data card are left blank, the miners are assumed to be

notified at time T; O.

B. 2. 1: 2 Internally Specified Data

The following three variables are not likely

to be changed frequently and are therefore internally specified in the

program.

TPA T = The time, in rrrin,.; for W1. ich the

hoistman must wait, after the last load of miners, before starting

to move to safety. (say 10.0)

TPAS = The time, in min, for which

hoistman must wait, if there is no call for hoisting at all (miner s

using an alterrate route to escape), before starting to move to

safety. (say 60.0)

TPAR = The time, in rnin , , to wait, after

the last load of miners, before the intermediate haul is considered to

be terminated in option 3. (say 7.0)
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The parameters TPA T and TPAS are

specified in the main program whereas TPAR is specified in the

subroutine HOIST.

B. 1.2 Diagnostic Mes sages

The program may terminate prematurely due to several

reasons, for example:

1. Incorrect data format

2. Missing data card

3. Incorrect data value

In case of premature termination, it is advisable to

recheck all the data cards, since an error in one data card may generate

more errors as the program execution progresses, causing a termination

at an apparently unrelated part of the program.

At several places in the program, diagnostic message s

are written if the execution is improper and the program is terminated.

Due to the above mentioned error generating effect of the initial error,

it is not possible to pinpoint the cause of the diagnostic message,

however the following list summarizes pos sible causes.

a. Hoist nodes improperly specified in the hoist data.

b. The number of hoist nodes specified for the lth

hoist is less than MH(L).

c. Data regarding the branches connecting the hoist

nodes incorrect.

d. Value of NODFI(L) or MALEV(L) incorrect.

176



e. The hoist nodes specified in the level data are

incorrect.

Causes (a~ (b), (d) or (e) may generate the following

error message:

t1ERROR IN FINDING NODEA IN SUBROUTINE TSTARC"

Cause (c) may generate:

t1ERROR IN FINDING BRANCH IN TSTARC'I

Cause (a) or (b) may generate:

t1ERROR IN TERMINATING TSTARCtI

and cause (a), (b), or (c) may generate:

"ERROR IN MINER SEARCH WHILE GOING UP ROUTINE"

B. 3 Principle Program Nomenclature

The principal. variable names used in the computer program are

defined below. The following dimensions are applicable, unless otherwise

indicated.

Distance - :Ft.

Velocity - Ft , /Minute

Time - Minute
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(JB(I) is the

ALB(I)

AVSMO

BVSMO

DTIME

FTIME

IB(I)

IBFIR

IBSTN

ICOUNT

IDISC

IERROR

IFORCD

IFORCE(L)

IH(L)

IHOIST(L)

Length of the i th branch

Average exposure to smoke by the miners, the average
having been taken over the total number of miners (KMAX).

Average exposure to smoke by the miners, the average
having been taken over the total number of miners
exposed to smoke (NMSMO).

Simulation time step.

Simualtion time limit.

One of the two nodes for the ith branch.
other ).

Branch number of the branch where the fire started.

Branch number of the branch where the stench is dumped.

Counter used to limit calling the subroutine LEVEL only
once, when it is called from the subroutine HOIST.

Index used to determine if the clutched (slave) hoist
should be declutched.

IDISC = 1 If the slave hoist is to be declutched the
next time it reaches the top.

IDISC = 0 Otherwise.

Program error index

I ERROR = 0 If no errors

IERROR = 1 If certain errors exist

IFORCD = 1 If the main (master) hoist is being forced
down to the master level, MALEV(L), so that the
slave hoist can discharge the miners.

IFORCD = 0 Otherwise

IFORCE(L) = 1 If the Ith hoist is being forced down to
the intermediate node, despite the pr esence of miners
at nodes below that node (hoisting option 2).

IFORCE(L) = 0 Otherwise.

The maximum number of miners lth hoist can carry
in a trip.

Status of lth hoist.

I HOIST(L) = 1 Inoperative, either during the entire
simulation or during part of it.

= 2 Waiting at the top, or at the intermediate node in
case of the intermediate haul (hoisting option 3).

= 3 Moving down towards a target node.

- 4 Picking up miners.

= 5 Going up to the top level or the intermediate node
in case of the intermediate haul (hoisting option 3).
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= 6

= 7

= 8

= 9

= 10

HoistIMAST

IMAX

IMINER(K)

IMINS(K)

Going up to a target node

Unclutched (slave hoist).

Clutched (slave hoist).

Miners being picked up (only for the slave hoist).

Miners being discharged (only for the slave hoist).

number of the master hoist (double drum hoist).

The total number of mine branches.

Status of the kth miner

IMINER(K)

= 1 Dead

= 2 Travelling on foot

= 3 Evacuated

= 4 Waiting for the hoist

= 5 Riding up any hoist except the clutched (slave hoist)

= 6 Waiting in the hoist (when it is picking up other miners)

= 7 Riding up the clutched (slave) hoist

= 8 Riding up the hoist engaged in an intermediate haul

(hoisting option 3)

Smoke index for the kth miner

IMINS(K) =

IMINS(K) =

o The miner out of the smoke filled region

1 The miner in the smoke filled region

LMINT(K)

IN(J)

INDEX

INL(L) .

INSTRCT

INX(L)

IOPT(L)

Stench index for the kth miner

IMINT(K) = 0 The miner out of the stench filled region

IMINT(K) = 1 The miner in the stench filled region

The first branch the jth node joins (must be nonzero)

Index used to determine MH2(L)

The total number of levels at which the Ith hoist makes
a stop during the simulation

Index used to execute the instruction switch.

INSTRCT = 0 1£ the instruction switch has already
taken place

INSTRCT = 1 Otherwise

Total number of stops Ith hoist makes during a
simulation

Index used to monitor progress of the intermediate
haulage in the hoisting option 3.
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IRD

ISCOB(I)

ISLAVE

ISTNB(I)

IWT

IXT

JB(I)

JH(L)

JM(K)

JMAX

IN(J)

JPL

JXT

KGHOST

KM(K)

KMAX

KN(J)

KNOTF(K)

IOPT(L) = 0 Before the intermediate haulage

= 1 During the intermedi ate haulage

= 2 After the intermediate haulage

Device number for the card reader

Smoke status of the ith branch

ISCOB(I) = 0 Clear of smoke

= 1 Partly smoke filled

= 2 Completely smoke filled

Hoist number of the slave (clutched) hoist in the double
drum hoist.

Stench status of the ith branch

ISTNB(I) = 0 Clear of stench

= 1 Partly stench filled

= 2 Completely stench filled

Device number of the printer

Index for counting plotting points in a plot

IXT maxrn, = JPL

The second node for the ith branch
(IB(I) is the first node)

Total number of miners riding in the lth hoist

Branch number of the branch the kth miner is on

The total number of nodes in the mine

The second branch the jth node joins

Total number of data points to be plotted in a plot.
Must be less than LIMP.

Index used for skipping points when storing plot data.

The miner number for the "ghost" created to direct
the hoist motion, in case there is no miner alive
when the hoist reaches the target node.

Direction of motion for the kth miner

KM(K) = 0 If he moves from IB(JM(K)) node to
JB(JM(K))

KM(K) = 1 If he moves from JB(JM(K) node to
IB(JM(K))

The total number of miners in the mine.

The third branch the jth node joins

Notification index for the kth miner
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LGHOST(L)

LEVA(M, J)

LEVN(M)

LLEP(L, I)

LH(L, LL)

LIMP

LMAX

LN(J)

LSLBR

MALEV(L)

MANOD

MDE(K)

MDEAD

MH(L)

MHI (L)

MH2(L)

MINH(L, K)

MMAX

MN(J)

KNOTF(K) = 0 If the miner is not yet notified

KNOTF(K) :::: 1 If the miner is notified

KNO TF(KMAX) is always 1

The number of "ghosts II riding up the lth hoist. The
ghosts are created to direct the hoist motion in case
there is no miner alive when the hoist reaches the
target node.

Node number of the jth node on the mth level at which
a hoist can make a stop. J can be maximum 5.

Identification number of the mth level of the mine
(e. g. 2200 etc.)

Identification number of the ith level at which the lth
hoist stops

I = 1, INL(L)

The node number of the 11th node at which the lth hoist
stops, counting from the bottom. LL = 1, MH(L)

Limit on the total number of data points that can be
plotted in a plot

The total number of hoists in a mine, (The double
drum hoist is counted as two hoists).

The fourth branch joined by the jth node.

The branch number of the branch joining the top two
nodes of the slave hoist.

The identification number of the master level at which
the slave hoist operates. It is non zero only for the
slave' hoist.

The node number of the node on the master level at
which the slave hoist can stop.

MDE(K) = 0 Do not print if kth miner safe or dead

= 1 Print number safe or dead

= 2 The kth miner is riding a hoist and can not go to
MDE(K) = 1 without going through MDE(K) = 0

The total number of deaths in the simulation

The total number of nodes the lth hoist connects

Used to store MH(L) if the lth hoist is operated in option 3

The total number of node s the lth hoist can stop during
the intermediate haulage in option 3

The miner number of the kth miner riding the lth hoist

The total number of levels in the mine

Type of the jth node
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MN2(J)

MNP(J)

MNSMOK

MNSTEN

MSAFE

MSLAV(L)

NMSMO

NMT(K)

NOPT(L)

NN(J)

NN2(J)

NODEA

NODEB

NODEFI(L)

MN(J) = 1 If the miner does not wait at that node

= 2 If the miner reaching that node is considered
evacuated (safe node)

= 3 If the miner reaching that node has to wait for a
hoist (hoist node)

Type of the jth node(MN(J)) after the instruction switch

The total number of miners waiting at the jth node
(valid only for MN(J) = 3)

The total number of miners warned by smoke

The total number of miners notified by stench

The total number of miners evacuated

The hoist number of the master hoist for the lth hoist,
if the lth hoist is a slave (clutched) hoist

The total number of miners exposed to smoke

The node number of the last node passed by the kth
miner

The hoisting option being used by the lth hoist

NOPT(L) = 0 Option 1 in which preference is given to
the bottom mo st miner s

NOPT(L) = 2 Option 2 in which preference is given to
the miners on the intermediate node (NODFI(L))

NOPT(L) = 3 Option 3 in 'Which the miners below the
NODFI(L) node are hauled to the NODFI(L) node
before being hoisted to the top

Instruction given to the miners on which branch to take
at the jth node

NN(J) = 1 If the IN(J) branch is to be taken

= 2 If the IN(J) branch is to be taken

= 3 If the KN(J) branch is to be taken

= 4 If the LN(J) branch is to be taken

Instruction to the miner reaching the jth node (NN(J))
regarding which branch to take, after instruction
switch

The Lower node in calculations of estimated time to
reach the target node for a hoist

The upper node in the calculations of estimated time to
reach the target node for a hoist

The intermediate node for the lth hoist if option 2 or
3 is used.
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NOODL

NPLT(I)

NPLTM

NSTAR(L)

NXT

PLT(I, J)

T

TDEL(L)

TDELAY(L)

TDELF(L)

TDELS(L)

TDHD(L)

TDM(K)

TENOT

TEVAC

THSCH(L)

THSRH(L)

TITL(K)

TMAXSMO

TMOVE(L)

TOTSMO

TPAR

The node at which the hoist has stopped

The variable number for the ith plot

The total number of plots

The target node for the lth hoist

The number of data points to be skipped while
plotting

The jth point in the ith plot

Time

Delay in loading or unloading the lth hoist with
JH(L) miners

The maximum delay time for loading or unloading
of the lth hoist

The time at which the lth hoist is back in operation
after a breakdown

The time after which the lth hoist breaks down when it
reaches the top

Total initial delay time for the lth hoist. This delay
time includes the delay for bringing the hoist to the
top level (THSRH(L)) and for configuration change
(THSCH(L))

Initial delay time for the kth miner. Changed to the total
time elasped, before the miner gets moving on a branch,
later in the program.

Time taken by the stench to reach the Iast miner, who
h a s n! t alrea dy been warned by the smoke.

Evacuation time. i , e., Time taken by the last miner to
reach safety after detection of fire or beginning of a
fire drill.

Delay time for the lth hoist in implementing configuration
changes e.g., changing cages.

Time taken by the lth hoist to reach to the top from
i t ' s initial position.

Array storing the simulation title

The maximum individual smoke exposure

The time for which the lth hoist has been travelling
when moving towards the·target node NSTAR(L)

Man minute of smoke exposure

Time to wait after the last load of miners before the
intermediate haul is considered terminated, in option 3.
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TPAS

TPAT

TPLSTP

TPLSTR

TSELFR(K)

TSRMAX

TSTAR(L)

TSTEN

TSWITCH

TTRAV

TWAIT(L)

TUP(L)

VB(I)

VELM(K)

VELNH(L)

VENB(I)

The time for which the hoistman must wait before
starting to move to safety. This is used only in case
the hoist hasn't been called to evacuate any miners.

The time for which the hoistman must wait, after
the last load, before starting to move to safety.

The final time for the plot, Normally equal to
FTIME.

The initial time for the plot. Normally equal to
zero.

The accumulated time for which the kth miner uses
his self-rescuer during the simulation.

Time limit of the self-rescuer.

Estimated time to reach the target node while moving
down, for the lth hoist.

Delay in activating the stench warning system after
the fire has been detected.

Time at which the second set of instructions for the
miner become effective.

The time for which the hoist has been travelling
between NODEA and NO DEB.

The time for which the lth hoist has been waiting at
a level.

The time for which the lth hoist has been moving
towards the top.

Speed of travel on the ith branch under normal conditions
e. g. VB(I) = Normal walking speed if the miners walk
along that branch.

::: Nor-rnal hoist speed if the miners ride on the hoist
along that branch, etc.

Speed of the kth miner at any instant.

Normal speed of the lth hoist.

Smoke propagation speed in the ith branch.

VENB(I) is positive if the smoke propagates from IB(I)
node to JB(I) node.

VENB(I) is negative if the smoke propagates from JB(r)
node to IB(I) node.
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VENC(1)

XBF1R

XBSTN

XHMAX

XHST(L)

XHSTI(L)

XLEP(L, I)

XM(K)

XMAST

XSMOK(I)

XSTN(1)

XXP(L, J)

XYP(L, J)

Stench propagation speed in the ith branch.

VENC(1) is positive if the stench propagat es from 1B(1)
node to JB(1) node.

VENC(I) is negative if the stench propagates from JB(I)
node to IB(I) node.

Distance of the fire on IBF1R branch, from IB(IBF1R)
if VENB(IBFIR) is positive.

From JB(IBFIR) if VENB(IBFIR) is negative.

Distance at which the stench has been dumped on 1BSTN
branch, from IB(IBSTN) if VENC(IBSTN) is positive.

From JB(IBSTN) if VENC(IBSTN) is negative.

The maximum distance travelled by any hoist from the top.

Distance of the lth hoist from the top at any instant.

Distance from the top to the intermediate haulage level
for the Ith hoist, if hoisting option 3 is used.

Negative distance of the ith level, from the top, at
which the Ith hoist stops.

Distance on branch JM(K), at which the kth miner is
located,

From IB(JM(K)) node if KM(K) = 0

From JB(JM(K)) node if KM(K) = 1

Distance of the master level from the top
(double drum hoist)

Length of the smoke filled section on the ith branch.

Length of the stench filled section on the ith branch.

The time at which the lth hoist makes the jth stop.

Negative distance from the top at which the lth hoist
make s the jth stop.

B.4 Description of Subroutines

There are thirteen subroutines in the program:

PROGIO

HOIST

MINER

SMOKE

STENCH

MSMOK
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MSTNCH

TSTARC

PSTORE

VPLOTS

XSTAR

LEVEL

DDRUM

A description of the functions of each subroutine along

with a flow diagram representing their interactions with the program

and between each other is given in Section A. 3. 3. However for some

of the subroutines a more detailed explanation is necessary to show

how the program logic is translated to specific program statements.

These subroutines, along with the main program are described in the

following. The part of the subroutine being discussed is referenced

through a location number (left side column of numbers in the listing

Appendix B. 6), and it is identified by paranthesis.

B.4.1 Main Program

The initial part of the main program is

devoted to acquiring data from the data cards through subroutine

PROGIO and setting the arrays to zero or initial values. The parts

which need explanation are:

(162) If the hoist is not at the top initially,

subroutine LEVEL should not be called.

(217) - (253) The first DO loop determines

the level number of the master level and stores it as M. The second

DO loop determines the specific hoist node on the rna ster level and

stores it as MANOD.

(267) -(306) When the miner instructions

are changed, INSTRCT makes certain that the part which implements

the change is not repeated at every time step after T> TSWITCH.
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Values of MN(J) and NN(J) are changed to new values, if necessary,

using two DO loops.

(306) - (326) The data for plotting is stored

only if the following three conditions are satisfied simultaneously.

1. The user requires plots (NPLTM f 0)

2. The time is within the plot "time window",

L e. TPLSTR< T < TPLSTP.

3. The value of IT is zero. IT becomes

zero at every NXT steps.

(332) - (445) The hoistman leaves the post if

any of the following four conditions are satisfied.

1. The hoist, LMAX, has not been used

(INX(LMAX) = 1) and the waiting time

TWAIT (LMAX) is greater than TPAS.

2. The hoist, LMAX, has been used

(INX(LMAX» 1) and the waiting time

is greater than TPAT.

3. The hoist, LMAX, is inoperative

throughout the simulation L e .•

IHOIST(LMAX) = 1, and the breakdown

times are left unspecified.

4. TDELS(LMAX), i. e. the breakdown

starting time, is specified but break­

down end time, TDELF(LMAX) is not

specified, making the breakdown

irreversible. Then the hoistm.an then

leaves the post when T> TDELS(LMAX).
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The hoistman is made to leave the po st by

resetting his delay time from initially specified high value, e. g. 1000,

to 0.9* T. When he leaves the post, IHOIST(LMAX) is made equal to

1, thereby making his hoist inoperative.

Rest of the main program deals with cal­

culating the simulation summary parameters, and is self-explanatory.

B. 4. 2 Subroutine Hoist

Subroutine HOIST determines status and

position of each of the LMAX hoists as a function of time. A DO

loop which envelopes the subroutine from beginning to the end executes

the subroutine for each hoist.

Initially the control is passed to statement

No. 8 when the hoist is moving up from its initial position and to

statement No. 9 when it is delayed for configuration changes. When

the control is directed to No.8, only the hoist position is up-dated,

but when it is directed to No. 9 _LEVEL is called to store the

information about the top level. Index ICOUNT makes sure that LEVEL

is called only once.

After T becomes greater than TDHD(L), the

control is directed to statement No.1, 2, 3, 4, 5,6 or 7 depending on

the value of IHOIST(L). For IHOIST(L) equal to or greater than 7,

subroutine DDR UM is called because IHOIST(L) assumes such values

only for the clutched part of the double drum hoist. For other

IHOIST(L) values, the control is passed to the statement number

equal to the value of IHOIST(L).

1. Hoist Inoperative

This part of the program is executed

when IHOIST(L) = 1.
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If IHOIST(L) is equal to 1 in the input

data (I, e. the hoist is inoperative throughout the simulation), a message

"HOIST NO. L INOPERA TIVE" is printed in the output. If IHOIST(L)

is made 1 due to a breakdown at T> 0, such a state:me nt is not printed

and value of time is checked to determine of the breakdown period is

finished ((55) - (61)). At T> TDELF(L), the breakdown period is

considered completed, a message "HOIST NO. L BACK IN OPER A TION

A T TIME T" is printed, and IHOIST(L) is made equal to 2.

An exception to the above is a case

when the hoistman for the hoist No. LMAX, (the only hoist which can

have a hoistman according to the program constraints), has left the

position due to any of the reasons mentioned earlier in B. 4. 1. Then

the hoist does not come back in operation even after T> TDELF(L)).

2. Hoist Waiting At Top

Initially it is determined whether the

waiting period for the hoist, TWAIT(L) has exceeded the time necessary

for unloading the hoist, TDEL(L). TDEL(L) is determined from

TDELA Y(L) according to the fractional capacity of the hoist occupied

by the rrrine r s , and it is set to zero initially. For TWAIT(L)<

TDEL(L), the following is accomplished.

1. TWAIT(L) is increased by a time

step (77).

2. If TDELS(L)< T< TDELF(L), i., e.

if the hoist is inoperative, IHOIST(L)

is rriade equal to 1 and a statement

regarding the breakdown is printed.

3. The value.s of XHST(L), GHOST(L),

NSTAR(L), TMOVE(L), JH (L) and

MINH(L, I) are set to zero.
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An exception to the rule is the case

when the hoist L is undergoing the

intermediate haul in hoisting option

3, as indicated by the value of

IOPT(L) = 1. Then XHST(L) is

not set to zero, but to XHSTIN(L),

which is the distance of the inter­

mediate level from the top level.

When TWAIT(L).2: TDEL(L), the hoist is

made ready to move. Under normal circumstances the control is

passed to statement No. 25 (306). The logic used from (306) to

(340) is devoted to determining the target node for the hoist to head

down to and it is best explained by a flow diagram in Figure B. 1.

The hoist generally (option 1 and option 3 for most of the time) selects

the bottom most node where there are miners waiting, L, e. MNP is

non zero. This is accomplished by starting from node LH(L, 1) (the

bottom most node., checking for value of MNP and going to the next

higher node (LL= LL+l) if the value is zero. If values of MNP for

all the nodes are zero, the control is pas sed to the end, i. e.

statement No. 20, and the search is resumed at the next time step.

When the target node, NSTAR(L) is

finally selected, IHOIST(L) is made = 3, and estimated time to reach

that node, TSTAR(L), is determined by calling subroutine TSTARC.

There are three exceptions to the rule,

when TWAIT(L) > TDEL(L):

1. (207) - (221) If hoisting option 2

is used for the hoist L, i , e. NOPT(L) = 2, MNP for NODFI(L) is

checked. If it is found to be non zero, NODFI(L) is made the

target node and IFORCE(L) is made 1 to indicate that the hoist is

being forced down to the priority level.
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2. (223) - (246) If the hoist L is

the master hoist (L= MAST), and there are miners in the slave hoist

(JH(ISLAVE)iO), the master level node, MANOD, is made the target

node and IFORCD is made 1 to show that the hoist is being forced

down to the master level.

3. (262) - (306) If the hoist is

operating in option 3 intermediate haul, as indicated by value of

IOPT(L)(= 1), the value of TWAIT(L) is compared with the selected

waiting time TPAR. If TWAIT(L» TPAR, the intermediate haulage

is considered finished, and the hoist is prepared for regular haulage

status. This is accomplished by making IOPT(L)= 2, MH(L) =

MH1 (L) (Total nodes served by the hoist expanded to the initial number),

IHOIST(L)= 4 (The hoist in waiting node. before moving up), NSTAR(L)=

NODFI(L) (The priority node assigned the target node status) and by

making TWAIT(L) and TMOVE(L) zero. The control is then passed to

statement 4, in the hoist -waiting -at -target -node part of the program.

If both exceptions 1 and 2 exist

simultaneously, exception 1 is given a priority.

3. Hoist Heading Down

When IHOIST(L)= 3, this part of the

subroutine is executed. Normally the hoist stays in status 3 as long

as TMOVE(L), which is increamented at every time step, is less than

TSTAR(L) - the time necessary to reach the target node.

To determine if any miners exist below

the target node to which the hoist is heading down, the target node

selection loop (Figure 30 ) is executed at every time step (400). In

the selection loop the search again begins from the bottom most node,

and if the target node already selected is re -selected, no changes are

made (statement No. 26). If however a node MMM, lower than

NSTAR(L) is found to have miners waiting, NSTAR(L) is rnade equal
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to MMM, a new value of TSTAR(L) is calculated and TMOVE(L) is

set back to zero.

If the hoist is being forced down to

either the priority level in option 2 (366) or to the m.aster level (314),

the selection loop is not executed from. this part of the progr arn,

When TMOVE(L) becom.es > TSTAR(L),

IHOIST(L) is m.ade = 4 and the hoist passes to the next status.

4. Hoist Waiting At Target Node

The purpose of this part of the sub­

routine is to load the m.iners in the cages and to prepare the hoist

for m.oving up after waiting for the loading tim.e. Under norm.al

circum.stances the sections of the part 4 of the subroutine executed are:

(407) - (417) Index IFORCE(L) is m.ade

zero if it is 1. The control is passed to statem.ent No. 41 if this

part has been executed once (411).

(456) - (460) Subroutines LEVEL and

XSTAR are called to store the inform.ation about the level, to be used

later in plotting.

(502) - (507) Param.eter XHMAX is

used to specify length of the Y axis in hoist displacem.ent plots. The

largest value of XHST(L), for any hoist, is stored as XHMAX.

TDEL(L) is m.ade zero, because it m.ay

vary for every loading, depending on the nurnb e r of m.iners loaded.

(511) - (561) The m.iner loading is

best explained by the flow diagram. in Figure 31. The criteria for

an eligible m.iner is that he should be on the sarne hoist node as the

hoist (512) and that he is not dead (IMINER(K)j 1). The m.iners
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rDEL(L) = TDEL(L) + TDELA Y(L)
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JH(L) = JH(L) + 1
MNP(NSTAR(L) = MNP(NSTAR(L)) - I
MINH (L, JH(L») = K
MDE(K) = 2

etc

Figure 31 - Flow Diagram For Miner Loadin~
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already in the hoist also satisfy these two criteria, so they are

separated by checking if IMINER(K)= 6. 1£ IMINER(K)= 6, the next miner is con­

sidered for. loading. If IMINER(K)j6, the miner is "loaded!' by increasing

JH(L) by one, reducing the number of miners waiting on the node by

one, storing his number in array MINH, making MDE(K)= 2 (making

him immune to death while riding), and increasing value of TDEL(L)

by a fraction TDELAY(L) jIH(L). It is then checked if the hoist is

full (JH(L)= IH(L)). If it is not full, the miner number K is compared

to the total number KMAX, and if it is found to be smaller than KMAX

the next miner is considered for loading. The loading is completed

when either (1) all miners are considered (K= KMAX) or (2) the hoist

is full (JH(L)= IH(L)), and the control is passed to statement No. 41.

(562) - (565) The value of TWAIT(L)

is increased by DTIME and if it is greater than TDEL(L), the hoist

is prepared for the journey up.

(567 ) - (573) and (651 ) - (67 1 ) The

hoist status is changed to 5 for the hourney up, TWAIT(L) and TUP(L)

are set to zero, the status of all the miners in the hoist is changed

to 5 (except in the intermediate haul case where the status is changed

to 8) and the control is passed to the end of the subroutine, L, e.

statement No. 20.

The exceptions to the "normal

circumstances" are the following.

1. (421) - (456) The intermediate

haul, in hoisting option 3, commences if the target node NOODL

(NSTAR(L)) is below the intermediate level. This is determined by

comparing value of NOODL to all the nodes serviced in the inter­

mediate haulage (a total of MH2(L) nodes). 1£ NOODL is equal to

any of those nodes, the intermediate haulage is made to commence

by making MH(L)= MH2(L) (fooling the hoist into believing it has to

serve only MH2(L) nodes). If NOODL is the node on the intermediate
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level, then the status of the hoist is changed to 2, TWAIT(L), TDEL(L)

are set to zero and the control is passed to the end of the subroutine.

2. (462) - (502) If hoist L is the

master hoist, the level where the hoist has stopped is the master

level and the slave hoist is in going up status (IHOIST (ISLA VE)= 8), the

status of the slave hoist is changed to the miner discharge status

(IHOIST (ISLAVE)= 10).

3. (574) - (647) The position of the

hoists, with respect to the network, is determined by the position of

the miners riding the hoist. The node which the miner MINH(L, 1) has

just passed, is compared with the top hoist node to find out if the

hoist has reached the top. If there are no miners alive at the target

node when the hoist reaches there, MINH(L, 1) is zero and the above­

mentioned scheme stops working. Therefore in that case, a "ghost"

miner is created to guide the hoist up. The miner number for the

ghot, KGHOST, is initially set to KMAX, therefore the statement (574)

assigns a number KMAX + 1 or higher to the ghost. MINH(L; 1) is

assigned the ghost miner number and rest of the miner properties,

MDE(K), NMT(K), JM(K), KNOTF(K) and KM(K) are created appropriately.

If the hoist is the master hoist, in a double drum, IDISC is as signed

value 1 thereby signalling the clutched (slave) hoist to dec lutch,

5. Hoist Heading To Top

Everytime the hoist is in status 5, and

there is room in the hoist (JM(L) < IH(L)), a sequence ((1017) (1063))

is executed to determine if there are any miners waiting at the nodes

above who can be picked up on the way up. The sequence is explained

in Figure 32.

As shown in the Figure, initially the

value of LL is set to a value so that LH(L, LL)= NMT(MINH(L, 1)), i , e. the

value of LL is such that LH(L, LL) gives the node the hoist that has
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T

WRITE ERROR
MESSAGE

IERROR = I

RETURN

58

LL = LL + I

T MOVE (L) = 0
NSTAR (L) = MMM

IHOIST (L) = 6

T Go To 52

Figure 32 Flow Diagram for Miner Search Whi Ie Going Up

197



just pas sed. Then the values of MNP are checked for nodes LH(L, LL+l)

to LH(L, MH(L)). If a node where MNP is positive is found, it is

selected as the target node and the hoist status is changed to 6.

If there is no space in the hoist or

if no miners are found to be waiting on the nodes above, the values

of TUP(L) and XHST(L) are updated and NMT(MINH(L, 1)) (the node

the first miner in the hoist, and consequently the hoist, has just

passed) is compared with the top node LH(L, MH(L)) to see if the

hoist has reached the top.

When the hoist does rea ch the top,

IHOIST(L) is made equal to 2 (hoist -waiting -at -the -top status), the

total number of miners reaching the top is determined (JH(L) minus

the number of "gho st s ", if any), and a statement regarding the event

is printed. In addition TUP(L), TWAIT(L) are set to zero, a value

of time required for unloading (TDEL(L)) is determined from the

fractional capacity of the hoist occupied, and the status of the miners

riding the hoist is changed appropriately. 1£ the hoist has been

involved in the intermediate haul in option 3, than the "top!' is

actually the intermediate level, and so the miner status is changed

to the miner -waiting -for -hoist status and the number of miners

waiting for the hoist at NODFI(L) is increased by the required

number ((763) - (771)). For other cases, the miner status is changed

to 2, and MDE(K) is returned to zero value.

(732) - (745) 1£ the hoist is the master

hoist and the slave hoist is in going down status (status g), the slave

hoist status is changed to 9, i., e. miners picking up status.

6. Hoist HeadinK-U-.E. To A Target Node

The values of TMOVE(L) and XHST(L)

are updated everytime the subroutine is called and IHOIST(L) is 6.
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The node number of the target node, NSTAR(L) is compared to the

last node the hoist has passed, NMT(MINH(L, 1)) to determine if the

hoist has reached the target node.

When the hoist does reach the target

node, IHOIST(L) is assigned value 4, TMOVE(L) and TWAIT(L) are

set to zero and all the miners riding the hoist are assigned status 6

to distinguish them from the miners waiting for the hoist at the target

node.

B. 4.3 Subroutine Miner

The subroutine determines position and status of each

of the miners at every time step. A DO loop covers the whole

subroutine, so that the appropriate parts of the subroutine are executed

for each miner. The Limit of the DO loop index is set to KGHOST,

instead of KMAX so that the subroutine is executed even for the

flghosts" created to guide the hoists upwards.

Each miner k has his notification status checked

initially. If he is not notified yet (KNOTF(K)= 0), subroutines

MSMOK(K) and MSTNCH(K) are called. These subroutines determine

if the smoke has reached the miner (which makes IMINS(K)= 1) or if

the stench has reached the miner (IMINT(K) becomes 1) respectively.

In either case, KNOTF(K) becomes 1 and appropriate notification

message is written down. Variables MNSMOK, MNSTEN and TENOT

record the event for the summary of results at the end of the program.

Then the time is compared to the updated delay time.

If T< TDM(K), the control is directed to statement No. 4 where the

miner's smoke exposure is determined. However, if the miner is

the hoistman, the control is directed to the end of the subroutine,

since he is assumed to be safe from the smoke exposure until he

leaves his post.

199



When T> TDM(K), the part of the subroutine executed

is determined by value of IMINER(K). For IMINER(K)= 1,2,3,4 or 7,

the control is directed to the corresponding statement numbe r , however

for IMINER(K)= 5,6 or 8 the control is directed to statement No.2.

1. Miner Dead

The value of IMINER(K) must be 1 for this part

of the subroutine to be executed. Initially the node, from which his

present distance is rnea sur ed, is determined (130) - (134). An extra

index MDE(K) is employed to make sure that the data about his death

is written only once. It is set to 1 only at time of his death (or

evacuation) and then set to zero.

2. Miner Travelling

This part of the subroutine is executed for four

values of IMINER(K), as indicated in the comment cards. IMINER(K)

= 2 considered to be the base case in the structure of this part of the

subroutine, with appropriate modifications made for the other three

values of IMINER(K).

The execution begins with determining branch

velocity of the branch on which the miner is located at time T, i. e.

VB(JM(K)) ((166) - (170)). Subroutine MSMOK is then called to

determine if the miner is in smoke filled region or not. The index

IMINS(K) is set to 1 if he is in the smoke filled region and it is Kept

o otherwise. If IMINS(K) = 1 and the miner is travelling under his

own power (IMINER(K)= 2) his speed is assumed to be reduced by 50

percent due to lack of visibility (174).

The self-rescuer performance is checked next

((210) - (232)). The time for which the self-rescuer has been used

is increamented by the time step DTIME, if IMINS(K)= 1. If
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TSELFR(K), i , e. the time for which the self-rescuer has been used,

exceeds TSRMAX, the time limit, and the miner has not been riding

any of the hoists (MDE(K)7'2), the miner is assumed to die and his

status is changed to 1. To avoid printing the death data for the

"ghosts", which are created to guide hoists in exceptional cases (see

details of the subroutine HOIST)) MDE(K) is made 1 only if the miner

no. K is less than or equal to KMAX.

The value of miner displacement along the branch

is updated using the velocity information on that branch (255). For

a case when T< DTIME, the displacements are reset to the original

values to coordinate the values generated by subroutine MINER with

those generated by subroutine HOIST. (A problem can arise due to

the fact that the subroutine HOIST is called after subroutine MINER.

Therefore the positions of the hoists can be out of step with the miner

positions). Due to the same reason the displacements are reset in

case IMINER (K)= 6, i , e. the miner in the hoist has just arrived at a

higher level where the hoist is going to pick up additional miners (270).

If the total distance moved by the miner along

the branch JM(K) is less than length of the branch, the control is

directed to the subroutine end. If however the distance is more than

ALB(JM(K)), a new branch for travel has to be chosen. This is

accomplished in the following way.

First the node that the miner has arrived at is

determined from knowing the nodes which the branch JM(K) connect

(IB or JB) and the direction in which he has been moving (KM). That

node is stored as NMT(K). If NMT(K) is 2, thereby making the node

a "safe" node, the miner is considered evacuated by assigning a value

3 to his status variable, and if K < KMAX (he is not a "ghost"),

MDE(K) is made 1, so that 1he event can be printed in the output

((341) - (347)).

201



If NMT(K) is not equal to 2, the branch on which

the miner is going to travel is found from the value of NN (miner

instruction) for the node NMT(K) and from the branches connected to

the node (IN, IN, KN, LN) ((314) - (341)). The direction parameter

KM(K) for the miner travel in the new branch is found from determining

whether he is on the IB or JB node of the new branch ((350) - (354)).

If the node NMT(K) is a "hoist node", the miner

is not allowed to travel on the new branch until picked up by hoist.

This is accomplished by changing the miner status to 4 and increasing

the number of miners waiting at that node by 1 (MNP(NMT(K))= MNP

(NMT(K)) +1. If the miner is in status 5 (riding a hoist) or 8 (riding

a hoist in intermediate haul), he doe sn! t wait at the hoist node. If

the miner is in status 6 he is expected to exit from this part of the

program at (276).

3. Miner Safe

This part of the subroutine is executed only when

IMINER(K)= 3, i , e. when the miner is evacuated. The information

about the event is printed only when MDE(K) is 1, and after printing

MDE(K) becomes 0 to avoid repeated printing. Values of MSAFE

and TEVAC are updated.

4. Miner Waiting For Hoist

This part of the subroutine is executed for two

cases.

1. IMINER (K)= 4, 1. e. the miner is waiting for

the hoist.

2. T ~ TDM(K) and K =I KMAX, i , e. the miner

has received the notification but is delayed

before moving (not true for the hoi strnan ).
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Subroutine MSMOK is called to determine if the

miner is in smoke filled region. If he is, IMINS(K) is set to 1 and

TSELFR (K) is updated. If TSELFR (K) exceeds the self -rescuer time

limit TSRMAX, several events may happen.

1. If MDE(K) is not equal to 2 (miner is not

riding the hoist), the miner is assumed to

die and his status number changes to 1 (477).

2. If the miner is not a "ghost" miner

(K < KMAX) MDE(K) is set to 1 so that the

event can be printed when the subroutine is

called at the next time step (514).

3. If IMINER (K)= 4, the number of miners waiting

at the node is reduced by one, since the dead

miner is left at the hoist station ((437) - (454)).

If the miner instruction switch takes place when the

miner K is in status 4, it may result into MN(NMT(K)) no longer being

3, i , e. the hoist node may no longer be the hoist node and the miner

has to turn back and seek the alternate escape route. This requires

the miner status to be changed to 2, his direction reversed (556) and

his displacement adjusted according to the convention ((543), since

now the displacement has to be measured from the other node).

7. Miner Riding In The Slave (Clutched) Hoist

A special status no,.; IMINER(K)= 7, is assigned

to the miner when he is riding the clutched hoist, because in that

case his position is determined not by the branch velocities, but by

what the main (master) hoist does. The only action to be taken in

status 7 is to determine if the instruction switch has taken place

(T> TSWITCH). Because if it has taken place, the miner should get

out of the clutched hoist and start travelling, this being accomplished

by changing his status no. to 2, and changing his direction and dis­

placement values.
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B.4.4 Subroutine Smoke

Subroutine SMOKE determines progress of smoke in

different branches. The logic used in the subroutine is illustrated

by a flow diagram in Figure 33.

As shown in the subroutine, a DO loop envelopes the

complete subroutine so that it is executed for each branch. If ISCOB(I)

r 1, the branch is either completely full of smoke or it :is clear of

smoke, in either case the progress of smoke is not to be determined.

So the control is passed to the end of the subroutine and the next

branch is selected.

If 1SCOB(1)== 1, the smoke filled region is advanced, as

determined by the velocity VENB(I). If the length of the smoke filled

region, XSMOK(1), is less than the branch length, the control is again

directed to the end of the subroutine. If XSMOK(1) > ALB(1), the

branch is considered filled with smoke and data of the event are

printed in the output. An exception is the case of the branch where

the fire has started (1= 1BFIR) which is not completely filled with smoke

filled even when XSMOK(I) > ALB (I) (The region from distance 0 to

XBFIR is clear of smoke).

Variable JFIR stores the node number of the node the

smoke has just reached. The branch where the smoke will spread next

is determined in the following way.

1. The branches connected to the node JFIR are

determined ((40) - (60)).

2. The branches, where the ventilation air if

flowing from node JFIR to the other node, are

isolated by knowing whether JFIR is IB node or

JB node and whether VENB is positive or

negative.
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T

T

F

T

ISCOB(I) = 2
WRITE BRANCH I
FILLED WITH SMOKE

T

Figure 33 Flow Diagram For Subroutine SMOKE
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IBRF =

z
JJ =

3

IBRF = KN(JFIR)

4

IBRF = LN(JFIR)

..

T

Figure 33 - Flow Diagram For Subroutine SMOKE (cant.)
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For those isolated branches ISCOB(I) is set to 1,

if it is not 2 already.

B. 4.5 Subroutine Stench

The logic used in subroutine STENCH is similar to

that used in subroutine SMOKE, with stench parameters substituting

the smoke parameters.

B.4.6 Subroutine MSMOK

_ 34.
A flow diagram of the subroutine appears in Figure

The subroutine is used to determine if the Kth miner is in the

smoke filled region or not. If he is not in the smoke filled region,

IMINS(K)= 0, if he is in the smoke filled region IMINS(K)= 1.

Variable JM(K) is the branch on which the miner

is located. If ISCOB(JM(K))= O,the branch is completely clear of

smoke (see description of the subroutine SMOKE), and IMINS(K)= O.

If ISCOB(JM(K))= 2, the branch is completely filled with smoke and

IMINS(K)= 1. In the case of partially filled branch, i , e. when

ISCOB(JM(K))= 1, the matter is a little more complicated.

When ISCOB(JM(K))= 1, properties of KM(K) and

VENB(JM(K)) are used to determine if the miner is walking in a

direction opposite to the smoke propagation, or in the same direction.

The miner is walking in the same direction if either,

1. KM(K)= 0 and VENB(JM(K))..:: 0 (both are

advancing from the I B node of JM(K) to the JB node, or

2. KM(K)= 1 and VENB(JM(K)) < 0 (both are

advancing from the J B node to the IB node).
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T

T

xxx =

T

T

IMINS(K) = 1
RETURN

F

Figure .34 - Flow Diagram For Subroutine MSMOK
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T

T

I\1INS(K) = 1
HETURN

IMINS(K)
RETURN

11

IMINS(K) = 0
RETURN

Figure -34 - Flow DiagraITl For Subroutine MSMOK (cant.
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In that case the miner is in the smoke filled region

if XM(K) < XSMOK(JM(K)) (statement No. 10).

If the miner is advancing in a direction opposite to

the smoke, I, e. propagation direction, if either,

1. KM(K)= 0 and VENB(JM(K)) < 0 or

2. KM(K)= 1 and VENB(JM(K) ::: 0 then the miner

is in the smoke filled region if

XM(K) + XSMOK(JM(K,)) > ALB(JM(K)) (location

No. (41)).

An exception to the rule is the branch where the

smoke originates (IBFIR branch), since in that branch the smoke is

present only after distance XBFIR (from IB node if VENB is positive,

from JB node otherwise). In that branch the miner is not in the smoke

filled region if the miner and smoke are advancing in the opposite

directions and,

1. XM(K) + XSMOK(JM(K)) < ALB(JM(K)) or

2. XM(K) + XBFIR > ALB(JM(K))

The second condition comes due to the fact that after

the miner passes the smoke origination point, there is no smoke in

the upstream direction.

If the miner and the smoke are advancing in the same

directions and

1. XM(K) > XSMOK(JM(K)) or

2. XM(K) < XBFIR
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then the miner is not in the smoke filled region. There again another

condition appears due to the fact that the miner does not encounter

smoke till he is in downstream direction from the point of origination

of smoke.

B.4.7 Subroutine MSTNCH

The logic used in subroutine MSTNCH is similar to

that used in subroutine MSMOK (and described in Section B. 4. 6), with

stench parameter s replacing the smoke parameter s ,

B. 4. 8 Subroutine T STAR C

~ 35

The subroutine, represented by a flow diagram in Figure

has two functions,

1. Supply value of TSTAR(L) (estimated time needed

to reach the target node from the present position

of hoist L) to subroutine HOIST.

2. Supply branch number of the top branch, LSLBR,

in the hoist shaft, whenever needed by the

subroutine DDR UM.

The information supplied to the subroutine include

hoist No. (L), the lower of the two nodes between which the hoist

is travelling (NODEA), the upper node (the top node - NODEB), and

the time for which the hoist has already been travelling between

NODEB and NODEA (TTRAV).

The NODEA is first identified in the array LH(L, LL)

which contains all the nodes served by the hoist L.

When NODEA becomes equal to LH(L, LL), it is stored

also as NODEC. If the node cannot be identified in the array LH(L, LL)
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T

WRITE ERROR
MESSAGE

IERROR = 1
RETURN

T

NODEC = NODEA
LL = LL + 1
NODED = LH(L, LL)
ALEN = 0

WRITE ERROR
MESSAGE

IERROR = 1
RETURN

T

F

Figure 35 - Flow Diagram For Subroutine TSTARC
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T

T

T

T

T

figure 35 - Flow Diagram For Subroutine TSTARC (cant.)
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NODEC = NODED
LL = LL + 1

NODED = LH(L. LL)

6

T

WRITE ERROR
MESSAGE

IERROR = 1
RETURN

Figure 35

SUB = TTRAV* VELNH(L)
LSLBR = I

TSTAR(L) = (ALEN-SUB)/VELNH(L)

RETURN

- Flow Diagram. Far Subroutine TSTARC (cant.)
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an error message is written and the program terminated as something

is definitely wrong in the data cards. The next higher node, i. e.

LH(L, LL + 1) is stored as NODED. Distance between the nodes

NODEA and NODEB is stored as ALEN, and it is initially set to zero.

Next, each branch is tested to determine the branch

I for which either,

1. IB(I)= NODEC and

JB(I)= NODED or

2. JB(I)= NODEC and

IB(I)= NODED.

This is accomplished by ((45) - (76)).

If 1= lMAX and such a branch is not found, an error

message is written and the program is terminated. When the branch

I is found, ALEN is increamented by the branch length ALB(I). Then

NODED is stored as NODEC and a new NODED stores node number of

the next higher node (LH(L, LL+l)). The process of finding branch I

is then repeated.

When NODED= NODEB, all the branches between NODEA

and NODEB have been included in the iteration and the iteration is

terminated.

Finally TSTAR(L) is found from the total distance

between the nodes NODEA and NODEB (ALEN) minus the distance

already travelled by the hoist (TTRAV * VELNH(L)) and dividing the

difference by the hoist speed (VELNH(L)). LSLBR is equal to I

since at the end of the iteration I represents the top branch in the

shaft branch chain.
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B.4.9 Subroutine LEVEL

There are two functions of subroutine LEVEL, a flow

- diagram for which is shown in Figure 36.

1. Store information about the level at which the

hoist has stopped. The information consists of

the identification number of the level (LEVN) and

the distance of the level from the top (XHST(L)).

2. Determine if the slave (clutched! hoist in the

double drum should be clutched in.

_The information given to the subroutine includes NOODL,

the node number at which the hoist is located and L, the hoist number.

Initially all the hoist nodes on different levels (LEVA

(M, MM)) are compared to NOODL to find a hoist node for which LEVA

(M, MM) = NOODL ((5) - (12)) when that node is found, M is the level

number on which the hoi st is located. IDEN stores the identification

number for the Mth level, i , e. LEVN(M). If IDEN is found equal to

any value already stored in array LLEP(L, I), the value is not stored

again, otherwise LLEP(L, INL(L))= IDEN where INL(L) is a counter

which is increamented everytime the hoist stops at a new level.

Similary XLEP(L,INL(L)) stores the value of XHST(L) (with a negative

sign to produce plots right side up).

There is no need to determine whether the slave hoist

should be clutched or not if any of the following three conditions exist.

1. ISLA VE= 0, i. e. no double drum hoist included

in the input.

2. IHOIST(ISLAVE)= 1, i , e. the slave hoist is

inoperative.
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DO 10 M I, MMAX

DO 10 MM . I, 5

CONTINUE

'----------...--------oL ZO

IDEN = LEVN(M)

INLL = INL(L)

CONTINUE

I, INL(L)DO 30 I

T

LLEP (L,INL (L)) = IDEN

XLEP (L,INL (L)) = -XHST(L)

INL (L) = INL (L) + 1

Figure 36 - Flow Diagram for Subroutine LEVE L
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T

T

T

T

1 HOIST (ISLAVE) = 8
XMAST = XHST (lMAST)
WRITE SLAVE
HOIST CLUTCHED

31

Figure 36 Continued - Flow Diagram. for Subroutine LEVEL
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3. NOPT(IMAST)= 3 and IOPT(IMAST)f 2. When the

main hoist is in option 3, the clutched hoist is

not called in till the intermediate haul is completed.

If none of these three conditions exist, the slave hoist

is clutched in if the following is true:

1. L = lMAST and

2. IDEN = MALEV(ISLAVE)

i. e. the hoist being considered is the master hoist and

it has stopped at the master level.

If the slave hoist is clutched in, IHOIST(ISLAVE) becomes

8, XMAST (sum of the distances, from the top, of the master and the

slave hoist, which should remain a constant) is set equal to XHST(IMAST),

and the event is printed out.

B. 4. 10 Subroutine DDR UM

Subroutine DDRUM is called from subroutine hoist when

the (slave clutched) hoist in a double drum hoist is being considerd,

i. e. when L= ISLAVE. Subroutine DDR UM determines status and

position for the slave hoist, with an algorithm which is quite different

form that employed in subroutine HOIST, since the position and status

of the slave hoist are largely dependent on the position and status of

the master hoist.

The part of the subroutine executed depend on value

of IHOIST(L):

7. Unclutched Slave Hoist

The contr ol is returned to the end of the subroutine.
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8. Clutched Slave Hoist

When the slave hoist is clutched, it's distance

from the top (XHST(L)) i's found by subtracting the value of XHST(L)

of the main hoist from XMAST, since the sum of the XHST for the

two hoist has to be equal to XMAST

If NSTAR(IMAST) equals the hoist node on the

master level, MANOD, the master hoist is heading towards the master

level and the rest of this section of the subroutine is skipped.

Otherwise, the value of XHST(L) is checked, and

if found to be negative, meaning thereby that the master hoist is

heading to a node below the master level, XHST(L) is set to zero and

IHOIST(L) is set to 10 so that the miners can be discharged, and the

slave hoist can be declutched.

9. Miners Picked Up By Slave Hoist

This section of the subroutine is executed if

IHOIST(ISLAVE)= 9 (set by the master hoist in subroutine HOIST at

location No. (733)).

This section needs to be executed only once,

everytime the slave hoist is on the master level, so IHOIST(ISLAVE)

is made 8 in the beginning. Subroutines LEVEL and XSTAR are then called

to store information about the level, and the value of XHST(L) is

checked with XHMAX, to make sure that XHMAX is the largest value

of XHST(L) for any L.

The next part, i , e. ((57) - (Ill )), selects the

miners for loading in the same manner as that explained earlier in

B. 3. 1 and shown in Figure B-2. If there are no miners alive at the

master node, MANOD, (JH(L)= 0), the slave hoist is declutched, and

the event is printed in the output. If JH(L)j: 0, all the miners loaded
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in the hoist, as identified in the array MINH, are as signed a special

status No. 7 and their node values, NMT(K), are set to zero.

10. Miners Discharged By Slave Hoist

When IHOIST(ISLAVE) is set to 10 (subroutine

HOIST (463)), this part of the subroutine is executed. Since this

part of the subroutine is executed only once, everytime the slave

hoist reaches the top level, IHOIST(L) is converted to 8 in the

beginning.

If IDISC equals 1, meaning thereby that the

master hoist has found no miners at the master level (see subroutine

HOIST, location (644)), IHOIST(L) is set to 7 and the declutching

event is printed in the output. One more way declutching can take

place is if the master hoist is heading below the master level. The

necessary conditions for that to happen are,

1. IHOIST(IMAST)= 3, i , e. the master hoist

is moving down

2. NSTAR(IMAST)f MANOD. These conditions

are not sufficient, since the master hoist

can be heading to a level above the master

level. However if JH(L)= 0, the slave hoist

must have been at the master level and

therefore the master hoist must be beneath

the master level. In fact the events that

take place when the master hoist starts

going below the master hoist are the

following,

1. IHOIST(L) is set to 10 at (35) since

XHST(L) < a and NSTAR (IMAST)f MANOD.
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2. Since JH(ISLA VE)f 0, IHOIST(ISLAVE)

is set to 8 and not 7 when the part 10

is executed the first time.

3. The miners are discharged ((222) - (306))

and JH(L) is set to C.

4. IHOIST(L) is again set to 10 at (35).

5. This time IHOIST(SLAVE) is set to 7 at

(156) since all the conditions are met.

6. Since JH(L)= 0, the control is passed to

statement No. 1 from (220).

The rest of the subroutine deals with discharging

the miners. Initially IFORCD is reset to C, and the event of miner

haulage is printed in the output. Then subroutine TSTARC is called

to determine value of LSLBR, which is the branch no. of the top

branch in the hoist shaft.

Since all the miners riding the slave hoist have

.been in status 7, their distance, branch and direction parameters,

(XM(K), JM(K) and KM(K) resp.) have not been updated. The value of

LSLBR helps determine all three in the following way,

JM(K) = LSLBR

XM(K) = ALB(LSLBR)

KM(K) = O:if JB(LSLBR) = LH(L, MH(L)), = 1 otherwise

where LH(L, MH(L)) is the top node for the hoist.

Finally, status of all the miners riding the slave hoist

is changed to 2 and JH(L) is set to O.

222



B. 5 Typical Input - Ouput

The input data and the printed output for case 8 of the

simulations (Section A.4) are shown in the following. The branch,

level, node, miner and hoist numbers mentioned in the input and

output refer to the corresponding numbers in Figures A-3, A-4 and

A -5. The plotted ouput, already shown in Figures A ..ll and A-12 is

not repeated.

The input data shown does not include the fo Ilowing simulation

parameter s :

DTIME = 0.05

FTIME = 130.

JPLT(K) = 1 for K = 1,2,3

= 0 for other K

TPLSTR = 0.0

TPLST P = 130
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MINE C SIMULATION

·~24

CASE 8



INPUT nATA

BRANCHES

r I9U) 13111 ALaU) V:J(H IIENB(IJ liEN:: II)

1 3 I> 1900.000 26,...000 -107.0~a -172".000
i- 1 2 1900.000 926.000 514.00 .. -1720.000
3 2 4 200.000 1000.000 375.000 1720.000
4 1 3 200.ilOO 25. a 00 40.000 1720.000
5 2 5 500.000 21;00.000 1015.00G 1720.000
I'> 99 I'> 80".GOO 200e.ooo 987.0Jll 1720.UOO
7 & 7 500.1l00 2~00. 000 9&2.li"" 1721l.,,00
8 7 a 23~0.(j00 2GOO.iiIlO 919.000 1720.000
I) 42 .5 200.000 lJ.ilOO loa. GilD 1720.000

10 8 9 400.000 2000.000 778.000 1720.000
11 ') 10 200.000 2000.00il 7at.000 1720.ilOO
12 10 11 200.000 200 ... 000 &52.000 1720.000
13 11 l2 200.000 2000.000 ft85.0il~ 1720.000
14 12 13 200. a aa 2000.000 230.000 1720.000
15 13 l4 200.aoo 2..30.000 4a.OilO 1120.000
1& h l5 200.000 lJ.ilOO 20.GOO 1720.00~

17 1& 1 500.0ilO 1000.000 ... .)1 1720.000
18 17 10 a 800.GOO 1000.000 822.ilOO 1720.000
19 111 17 500.QilO 1000.000 795.0." 1720.000
20 19 18 4eO.ailO 264.£lO~ 1aOQ.OG~ 1720.000
21 20 19 23D0 • OliO 800.000 669.0UO 1720.0ll0
22 21 20 200.ilOo 8ao.00u 63lt.OJO 1720.000
?3 22 21 200.000 ae a, au;; &11.00ol 1120.JOO
21t 23 22 200.000 80G. uOG 558.,,0" 1720.00G
25 21> ~J 20e.ooo 800.~Oil 508.0J" 1720.il~u

26 25 24 200.000 800.000 '057.000 1720.00u
27 26 25 4ofl.GOO 2&4. 000 1<51.000 11'20.(;00
28 27 2& 20".000 13.000 743000il 1720. 000
29 5 16 1900.000 2&4.0 Oil 36.0ilO 1720.000
30 i> 17 1900.00u 2&4.000 3&.GuO 172:).000
31 7 ?8 200.000 2&4.0 UO 57.000 1720.iJOO 225<
!? 23 ?9 325.,,00 2610 ... ,,0 51.000 H20.GOe
33 d 3u 325 ... 00 2&10.000 51.lhiO 1720.uOO
310 30 31 325.000 26".0011 51.000 172J.uilO
35 31 32 275.000 264. a 00 57.000 1720.000
3& 32 33 25.000 264.;;00 57.000 172,).000
37 28 34 180.000 25.000 15.000 1720.000
38 3. 3_5 325.000 200.. 1100 15.000 1720.00 ..
39 29 15 lBO.OOu 25.1)00 i5.DilD 1720.000
e.G 3<; 'J? :!OC.GOC 2{lO.COO 15.0G~ 1720.JO:



1t2 3& 37 325.000 200.09u 15.000 1720.0011
103 31 31 190.000 25.IlOO 15.0flll 1723.000
104 37 93 3111...~OO 2.Da.110a. 15-.illll.Q 1720.000
\5 32 38 195.000 25.000 15.000 1721l.000
Itt; 33 39 25.000 201J.oao 15.0110 1720. 000
!t7 33 39 190.000 25.UOO 15.000 1720.000
48 39 9.. 350.JOO 20G.aao 15.0030 1120. 000
.. 9 8 ItO 200.000 264.)00 105.000 1720.000
50 40 1t2 300.000 264.ilOil 105.llilll 1720 • ..lila
51 43 20 850.000 2610.000 14.000 1720.000
52 "0 +1 H5.1100 25.1l 00 15.000 1720.000
53 H 90 310. 000 200.000 15.000 1720.000
510 43 44 170.000 25.0lJO 15.000 1120.000
55 44 91 315.000 200.0030 15.000 1720.000
56 45 21 1000.,,00 2&4.ililO 31.ilOC 1720.000
57 9 '+6 200.000 264.000 11.aoo 1720.0ao
58 46 !t8 450.000 264.00li 71.000 1720.000
59 Ita 22 850.000 264.0ao 71.000 1720.000
60 4& '+7 172.000 25.000 15.0ao 1720.000
,,1 47 88 35".00a 200.00J 15.000 1720.':;00
62 46 +9 160.000 25. il 00 15.00~ 1720.000
63 1t9 69 335.000 200. 000 15.00G 1720.000
54 10 50 2£.0.000 2&4.000 67.000 1720.JOO
'>5 5il 52 410.000 264.CuG 61.000 1720.000
&& 52 51t 1020.,)00 264.000 67.GOO 1720. 000
07 5'+ 23 1t70.000 264.000 57. a 00 1720.000
08 50 51 185.ooa 25.0 0" 15.GOO 1720."00
&9 51 85 315.000 200.000 15.000 172iJ.OOO
70 52 53 168.00" 25.000 15.000 1720.000
71 53 66 400.000 200.ao. 15.000 172J.JuO
12 5lt 5" 175.000 25.000 15.000 1720.,)00
73 55 37 400.00':; 20[,.000 15.G1l0 1720. JOO
74 11 5& 200.000 26 It. 0 OJ Zl3.001l 172ti.uOO
75 5& 58 415.000 264.0UO 223.000 1720. GOG
76 58 60 420.000 264.000 223.000 1120.000
71 60 24 4;5.000 2&4.000 223.000 1120. 000
76 55 57 110.000 25.00,) 15.030 1720.000
79 57 82 390.00G 200.£.Ou 15.0UO 172D.OIlO
80 58 59 155.COO 25.000 15.UO)O 1120.000
'H 59 83 385.JOO 20u.000 15.0 00 1720.0JO
82 61 31t 430.000 200.(OOu 15.000 1720.GOli
83 12 52 200.00,) 254."00 245.000 1720.000
Sit 52 54 415.000 26,+.000 245.01:0 1720.ilOO
85 5,+ 66 Itlto.ooo 26:..000 245.0,,0 1720.00C
86 &5 2& 1t5.u':;0 4&4.[,00 245.000 1720.0uO
'17 &2 1>3 llt5.000 25.000 15.000 1720. GJO
88 &3 19 400.000 20O.00u 15.CilO 1720.000
89 &4 05 150.000 25 • .:IJO 15.001i 1720.000
90 &5 6il 420.JOO 20.l.iJOu 1S.COil 1720.000
'H &7 81 41il.iiOO 200.00il 15.000 1720.000
92 13 08 200.00G 264.000 15b.ilOO 1720.000
93 &8 75 400.000 26,+.0')0 156.0.:iG 1723.000
94 70 27 3:;0.000 264.000 212.0UO 1720.000
95 &8 69 130.000 25.0110 15.0ao 172il.OOO
96 &9 77 360.000 2J;;.000 15.uOO 1720. uOu

:c.::Zb'l~97 71 76 355. ooa 200.000 15.00C 1720.000
38 14 12 200.000 264. c aa 5<>.ua.. 112"."0"
39 12 14 ltOO."oo 26 ... cue :i4.GJQ 172u.GilG

laO 7 .. 76 250. coo 264.0;)0 15.000 172J.000
101 72 73 1aa.uOil 25.000 15.000 112J.OOO
102 73 90 31>5.000 20 ... 000 15.000 1720.000
103 rv 15 21l0.1l00 25.000 186.000 1720.000
134 1 95 12000.000 926.000 -514.0ilO 1720.000
115 33 19 25.000 264. OilS 57.000 H20.DilO

!,:' :.. " 1 ::; :1 • n ;~ ?I; '.... _ ? ... ,r. "[ -17 ?;", r- r, f.



US 70 71 125.000 25.0ijij 15.000 1720.000
109 6& &7 155.000 25.000 15.0110 1720.000
11D 75 70 150.000 264.040 212.0'00 1720. 00,0
111 ' 101 2 to.OOO 2&4.000 15.lltlO 1720.000
112 5 97 2000.000 264. OliO SOil. 0110 1120.000
113 110 98 600.000 100 0.000 -40.0ilO 1720.000
114 98 11 to.OOO 264.000 -Ito. 000 172Q.000
115 99 100 1900.(100 264.000 3&.00~ 1720.000
116 100 16 211 0.000 11l0il.ilOO 822.0110 17211.0110
111 S 99 200.0011 2000.000 987.000 1120.000

~O()ES

TSWYTCH = 3a.OaO
J MN (Jj ~~ (J) IN(J) IN(JI KtHJI LN tJ) I1N2(JI ~~2(J)

1 1 4 2 4 11 104 -0 -0
2 1 1 2 3 5 111 -0 -0
3 1 2 1 4 -a -0 -0 -~

4 1 2 1 3 -0 -u -0 -0
5 :'I 1 5 117 29 112 1 3
6 3 1 6 7 30 -0 1 3
7 :'I 1 7 8 J1 -Q 1 3
8 :'I 1 8 10 49 -0 1 3
'3 3 1 10 57 11 -0 1 2

10 3 1 11 12 &4 -~ 1 :'I
11 3 1 12 13 7.. 114 1 3
12 3 1 13 14 83 -~ 1 -0
13 :'I 1 14 15 92 -J i -J
14 1 4 15 1& 98 113 -a 3
15 1 1 1& -0 -c -0 -0 -J
10 3 1 11 11& 29 -~ -0 -a
17 :'I 1 18 19 30 -0 -0 -n
18 3 1 19 20 -0 -0 -0 -0
19 1 1 20 21 105 -0 -0 -J
20 3 1 21 22 51 -i, -!j -0
21 3. 1 2Z 23 56 -0 -] -0
22 3 1 23 2/0 59 -0 -0 -J
Z3 3 1 24 25 &7 -0 -0 -0
210 '3 1 25 2& 77 -0 -0 -J
25 :'I 1 26 27 -0 -~ -0 -0
26 1 1." 27 28 66 -0 -3 -J
27 1 1 28 94 -0 -G -0 -0
28 1 1 31 32 37 -G -G 2
29 1 3 33 39 32 -Q -0 1
30 1 3 34 41 33 -c -0 1
31 1 3 35 43 34 -u -~ 1
32 1 3 36 45 35 -~ -0 1
33 1 3 105 47 36 -u -0 1
310 1 2 38 37 -y -~ -0 -a
35 1 2 100 39 -0 -J -J -J
3& 1 2 1t2 .. 1 -0 -~ -0 -)

37 1 2 44 43 -J -~ -0 -)

38 1 1 itS 4& -oj -" -0 -)

39 1 2 I,a .. 7 ..6 -u -0 -]

~O 1 3 50 52 .. <3 -. -" t
;'?':2(~::

!+1 1 2 53 52 -0 -G -0 -J
42 1 3 10E> 9 5' -0 -3 1..
~3 1 3 51 5', 106 -0 -0 i
104 1 2 5'5 54 -0 -i.I -0 -0
..5 1 2 56 '3 -0 -0 -0 -J
46 1 3 58 &iJ 57 -ij -a 1
H 1 2 &1 &0 -0 -0 -u -0
1<,8 1 3 59 &2 58 -Q -0 t
~'3 1 2 63 62 -0 .... c -G -J

-.~~._--_._,_.~.- - .



51 1 2 6'1 &8 -0 -0 -0 -3
52 1 3 &6 70 6S -0 -0 1
53 1- 2 11 111 -- __ .,,-ll -0 -0 -!l
54 1 3 67 72 6& -0 -0 1
55 1 2 73 12 -.0 -0 -[j -3
;6 1 3 75 78 74 -0 -0 1
57 1 2 79 78 -0 -0 -0 -0
58 i 3 7& 80 75 -ll -0 i
59 1 2 81 80 '"-0 -0 -0 -0
&0 1 3 77 107 1& -0 -0 i
51 1 2 82 107 -0 -0 -0 -J
&2 1 3 81+ 87 83 -0 -0 i
&3 1 2: 88 87 -0 -0 -0 -0
01+ 1 3 85 89 84 -0 -0 1
35 i 2 90 89 -0 -~ -iJ -0
&6 1 3 8& 10'l 85 -u -0 1
67 1 2 91 1119 -0 -1.1 -0 -0
&8 1 3 93 95 92 -ll -0 -0
59 1 2 9& '15 -0 -D -0 -J
70 1 3 94 108 110 -0 -0 1
71 1 2 97 108 -0 -0 -0 -J
72 1 3 99 101 98 -a -0 1
73 1 2 102 101 -0 -~ -0 -0
7,. 1 3 iOO 103 99 ~O -0 2:
75 1 3 110 103 93 -w -0 1
7& s 1. 100 -0 -0 -0 -0 -0
77 1 1 '36 -0 -0 -0 -0 -J
78 1 1 97 -0 -0 -0 -0 -0
79 1 1 ae -0 -0 -0 -0 -J
80 1 1. 90 -0 -0 -~ -0 -0
81 1. 1 91 -0 -0 -0 -0 -0
82 1 1. 79 -0 -0 -0 -0 -J
83 1 1 81 -0 -0 -y -0 -J
64 1 1 82 -0 -0 -u -0 -0
'15 1 1 69 -0 -0 -0 -) -J
8& 1 1 Ti -0 -0 -0 -0 -0
87 1 1 73 -0 -0 -~ -0 -)

88 1 1 61 -0 -0 -0 -0 -J
89 1 1 &3 -0 -0 -0 -Q -0
'l" 1 1 53 -0 -u -0 -J -0
91 1 1 55 -0 -0 -.. -0 -J
'l2 1 1 40 -0 -0 -ij -0 -J
93 1 1 1+ .. -0 -0 -[j -0 -J
94 1 1 1+8 -" -G -0 -0 -J
95 2 1 10 .. -0 -0 -0 -0 -J e:'l& 1 1 102 -0 -0 -Q -Q -J
'l7 2 1 112 -0 -0 -~ -:J -J
38 1 1 11 .. 113 -0 -0 -) -0
;19 ~ 1 117 liS & -" 1 2

100 3 1 11& 115 18 -u -J -J
111 1 1 111 -0 -0 -Q -0 -0

11I'lERS

K J!HKI X'4(l l(M(I() TO'4 (1(1

1 1 :'00.000 J -.QiJO 22·5<
2 1 .OO.JOO 0 -. uuQ
:3 1 'l00.000 0 -. ti 00
It 1 9QO.ilOQ il -.000
5 1 1&00.ilI10 a -.QuO
(; 1 1&00.000 0 -. Ii 00
1 10 .. .001l 0 - ... 00
8 101+ .)i) G 0 -.000

"',C:;11 -, ..,- _. "i 1'"



.·4'

11 2 1750.I1OG 1 -.000
12 2 1&50.600 1 -.Goa
13- 2---~16-11n .IUUl 1 -.Ollll
14 2 ~OO.OOG 1 -.GOG
i5 111 5. 00 0 0 -.GOO
16 111 5.3~0 Ii -.liOO
17 111 5.000 0 -.liGO
18 111 5.000 0 -. a 00
19 111 5.0uO 0 -.000
20 115 1J00.0~0 1 -.G 00
21 115 1000.000 1 -. 000
22 112 500.GuO 0 -. OliO
23 112 500.000 0 -.GOO
::>4 30 1400.lol0 1 -. ol 00
25 30l 1400.l0u 1 -. JOO
2& 33 215.0~0 1 -. a olO
z.T 33 215.000 1 - ... 00
~8 48 175.00& 1 -.GOO
Z9 48 lT5.lOli 1 -. Ii ~O
30 48 1T5.3~G 1 -.0 lolO
31 48 115.00u 1 -.000
32 44 100.0ao 1 -. aDo
33 41t 10G.lilO 1 -. &00
34 42 215.0uO 0 -.UilG
35 42 215.000 0 -. a 00
36 ltD 150.0liO 1 -.000
31 40 150.0GO 1 -.000
38 38 200.000 0 -.000
39 38 200.000 0 -.OilO
40 20 300.000 0 -.000
41 ZO 300.lilO 0 -.000
1t2 20 300.000 0 -.iloa
1t3 51 600.JilO 1 -.000
1t4 51 !i00.1GO 1 -. ilOO
itS 5:; 5li.ilOO 1 -. 000
46 55 50.0ilO 1 -.000
'+1 55 50.000 1 -.OUO
48 53 15.000 1 -.OOu
49 53 75.000 1 -.000
:;0 58 150.000 1 -.000
51 58 15a.QilO 1 -. a 00
52 63 100.JOO 1 -. a 00
53 63 10C.0~0 1 -.0 IJ0
51t &3 10u.jOO 1 -.0 a0
55 &3 200.300 1 -." Q 0
56 63 200.000 1 -.OUO
H 63 200.QOO 1 -.000
58 H 250.1100 1 -.0 OC
59 01 250.001i 1 -.00.
!'oO 61 250.l00 1 -. ~ 00
51 &1 100.000 1 -. aao
02 61 100.000 1 -. a00
&3 &1 100.000 1- -. a 00
&10 &1 100.300 1 -.0 ilO
:i5 6& 240.aOG 1 -.GOu
&f> 60 240.0ilO 1 -.GOG
&7 1'>5 2z ... aoo 1 -.0 CJ 229<
68 &5 2Z0.JOu 1 -.000
(,9 73 20.l0O 1 -. 0 ~ 0
10 7J Zll.OOfi 1 -.000
71 13 20.000 1 -. u 00
72 11 20.000 1 -.000
73 71 20.00ll 1 -. DuO
7.. 71 20.000 1 -.0 ao
T5 (,q 210.0Qll 1 -, CO 0



17 es 210.000 1 -.IlOO
78 69 Z1lJ.ilOO 1 -.1100
79 &8 -·9jJ.. J-OO-· 1 -. 000
80 17 350.JOO 1 -. aDo
81 77 350.000 1 -.000
6Z 81 i50.JOO 1 -.000
63 81 150.JilO 1 -.000
81+ 61 150.000 1 -. e00
65 61+ 60.JOO 1 -.oao
66 81+ 80.000 1 -.il 00
87 91 350.0ao 1 -v auu
88 91 350.0&0 1 -. II 00
69 911 50.000 1 -.000
90 90 5O.JOO 1 -.000
91 9. 50.0Dil 1 -.000
'JZ 90 360.000 1 -. 000
93 90 360.000 1 -. iJ DC
91+ 90 360.olOO 1 -.GIlO
,}5 86 6J.OuO 1 -.000
96 86 60.000 1 -.000
97 86 60.0011 1 -. 000
96 88 220.000 1 -.000
'19 88 Z2il.000 1 -.000

laO 89 75.000 1 -.000
101 93 200.00u 1 -.000
ta2 93 ZOO.OOO 1 -.OilO
103 97 15.DilO 1 -. 000
104 97 15.000 1 -.0 00
US 97 15.DilO 1 -.000
136 97 175.000 1 -.000
lJ7 97 175.000 1 -. 000
108 97 175.JuO 1 -.GilO
1il9 97 321).000 1 -.000
110 97 320.JO. 1 -. 000
111 97 320.000 1 -.000
HZ 96 30.000 1 -.000
113 % 30.000 1 -.OOC
114 92 16il.OOO 1 -.uiJO
115 96 160.DilO 1 -. \iJC
11& 96 160.000 1 -. a 00
117 9& 34u.oao 1 -. oau
118 9& 340.000 1 -. J 00
119 106 50 ... 0;; 1 -.O~O

120 108 50. JOO 1 -.0 JG
121 95 70.ailO 1 -. ila a
122 99 300. HO 1 -. UyO
123 99 300.) 00 1 -.00';
124 10il .000 1 -.0 a 0
125 loa .il!l~ 1 -. CJO
126 100 .0 00 1 -. a 00
127 10 :3 18J.OOO 0 -. J 00
121\ 1" 3 180.JilO 1 -., DuO:
129 10l 150.000 1 -.000
130 102 150.000 1 -. C00
131 102 .JJ" 1 -. a 00
132 102 .) 00 1 -. 000
113 2 .• 0Ca 1 10ao.ooa

HOISTS

L MHILI IH III VELNHfL) fOEL~VfLI ItlOISHL.J MSLAVfLI MALEV(LI
xasr ICLI THS::KU.) NO'"TlU NODFIIL) fOELSILI fOEL.FIU

LHIL,LLI,L.L=l,HHtLI ••• 230<

- 'l



J

25 24 23 22 21 ~u .i,':J

2 5 18 lllDO.OOO 1.500 2 -0 -0
• 000 .JOO -0 -0 10000.000 10000.00G

18 17 100 16 1

3 12 3li 2000.000 2.000 7 '+ 11
.Ollo .000 -0 -0 10000.000 10000.QuG

14 13 12 11 10 q 8 7
6 99 5 2

It 12 311 2000.000 2.0 00 1 -0 -J
.000 .0011 -II -0 IDliuu.uOO 10000.000

14 13 12 11 10 q 8 7
6 99 5 2

ItI~E LEVELS

LEVNCH' LEVA(HtM"Jt1~=1t5 •••

1 2 1 -0 -0 -0
2 s 16 -0 -0 -0
3 99 luO -0 -0 -0
It Ii 17 -0 -0 -0
5 7 19 18 -0 -0
6 8 20 -0 -0 -0
7 9 22 -0 -0 -0
8 1:) 23 -0 -0 -0
9 11 21t -0 -0 ·Ii

10 12 25 -0 -0 -0
11 13 -0 -0 -0 -0
12 14 -fj -0 -Il -0

FI RE POSITION

BFIR XBFI~
231<

5 10u.00O
STE~CH H~RNI~G SYSTEM

BSTN XBST~ TsrEN
111 .JOoJ 5.0GO

SELF RESCUER

TSR'1AX
60.000
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..CJtR.ON!lLO.li.Ic.AL. E\fENTS

HOISTN'" ~ IN3PERATIVE

BRAN:M 117 fIL~D CO~PLETELY WITH SMO~£ Ar TINE
~l~ER ~~ NOTIFIEO AT TIHE 1.400 av SMOKE

• 551 IH~UTES

~!~ER 23 MOTIPIEB AT TIME l.ltllO BV SMOKE

233<

1 ...al'lI/IlUTES
1.'BU "'INUTES
".331 HnUTES
1t.4Ju MINUTES
It.quO IUlolUTES

5.35J KI"lUTES
5,'3501HLHES

5. 350i1NIJTES
5.4111 ItlIfUI'E.S

5.151 MINUTES
5.2aQMItUTES

6.2"JUlfJTES
6>.20a1DIJTES

6.,1l0UIIJTES

5.3JO 1'I!/IlUTES
&.3;;0 IiINUTES

5. 3';0'4I~JTES
:;.3ll0i'lINJiES
" • 35Hl~J TES
6.I.;&il;lPUTES
& 511"iI~iJTE:S.

6> sa1tDIiHES

,'lINER
"'HER

~l:NEr«

IH '4ER
"lUER
ItINER
'1I'lER

'H~ER

I<\INER

BRAN=~ & FILLEO COaPlETElY WIT~ SHJK£ AT TIHE
BRAH::lt 7 FILLED CmtPLETELY \tITI+ S}\3KE At TIKE
BRANCH l1Z FilLE] CO~'LETElY WITH SHJKE AT TI~

BRAN:K 8 FILLEO CGMP\ETELY WITH SHJKE AT TIHE
BRAN;H 10 FILLED COMPLETELY WITH SH)(E At TIME

15 NOTIFIEil Al TIKE 5.100 BY STENCH
10 NOTIFIE3 AT TIME 5.100 BY STENCH
17 NOTI~lEu AT TINE 5.100 BY ST~NCH

16 NOTI~IEa AT TIME 5.1UO BY STENCH
~3 NoTI.IEa ~T TIME 5.1DO BY STENCH

BRAN~H 11 FILLED COMPLETELY ~lTH SHJKE AT TInE
B~A~CH 3 fILLE~ COMP_ETElf WITH STENCH AT Ti~E

IHNER 13 NOT!~IEO AT ,IHE 5.350 BY STENCH
HINER 1~ NOTIFIED AT T~ME 5.350 BV STENCH

BU'tCH s FILLED :;OHP_ETEL Y IHTK STENCH H THe.
BRAN::" 31 FILLED COMPLETELY WITH SMJKE AT T~NE

5 NOTIFIEll AT TIMe 5.450 BY STENCH
3 NOTIFIED AT fI"F 5.45D BY STENCH

RRA.loI:::H 12 FILl.EtI COMPLET::LY KITH SM31<E 41 TIME. 5.ft.5il PlINUfES
qRA~CH 117 f!LLEO :OMP_ETELY WITH STENCH \T TliE 5~45D~IloIJTES

BRAN::H 11ft. FILLEO GDMPLETEL V If I TH SM3KE AT n:1i1: 50651} ItlltUTES
3 NOTIFIE9 AT TIME 5.850 BY STENCH
~ HQTl~IEn AT TIME 5.850 BY STENCH

8RAN:::H 13 FILLE~ CQ~PLETELY WITH SH)(E AT lIKE
q~A~CH 5 FILLED :::OH~_ETElY ~ITH STENCH AT TIie

HI~ER 20 NOIIFIE~ AT TIME 5.35D av STENCH
~I~ER Zl NOTIFIED AT TIME 5.050 BY STENCH
~INER 12 NOTI;IEQ AT TIME 6.10D BY STENCH
~INER t NOTI;IEa AT TIKE &.15D 3'1 STENCH
HI~EP 2 NOTIFIED AT TIME 0.150 BY STENCH
~I~E~ } N01IFIEJ AT TIME 6.15u BY STENCH
HINER 1cr NOTI~IEJ AT TIME 6.150 BY STENCH
HHER 11 NOTFIElI AT TIMt 0 ••5U ~ "':ll':~r~

llRA:-lCH ? FILLEO :::OI1P1..ETEL'I WITH STEMCHIH THE
n~A~CH 7 FIL~Ea COM~LEtELY ~ITH STENCH ~T TItE

~I~ER 7 NOTI~rE~ 4T TIME 6.250 BY STENCH
1I~ER ! NOTIFIE1 AT TI"£ 6.250 BY STENCH
~I~ER 2~ ~QTI~IE3 AT TIME 6.2;~ BY ST~NC~

'l!':ER 25 "I()Tr;IEiJ· AT TIME:. ".2511 BY STE.NCrt
8RAN~H 4~ FILLEJ CQ~PL£TEL~ WITKSH3<~ ~T TIKE
BRAN:1i ]10 fILlt.1J COMPL£fEL'l WITH SH3KE AT rrse

B~A~CH It FrLLEO COI<\?_ETELY HTM STO:NCH H HiE
BRA~CH 31 FIL~EO COK~~ETELY WITH STENCH AT TIi£
9RA~CH 1 FILL~G ;OHP~ETELY ~ITH STENCH aT TI~E

6RA~CH 37 FILLED ~OHPLETELY WITH STENCH AT TtiE
8KA~CH 23 FILLED ~OKP_ETELY ~ITH STENCH AT T11£
9~ANCH 32 fILl.EO COMPLETELY WITH STENCH ~T T11E

MI~ER 25 ~OTI=IEil AT TI~E &.5un BY STENCH
HI~ER 27 NOTIFIEil AT TIME &.5sn BV STENCH

BRA~CH l1Z FILLEO ~OMPLET£LV ~ITH STENCH aT TI1E
I<\I~ER 36 NOTI~IEO AT TI~E 6.,50 BY STENCH
~T~~O 7'1 'l:lTT=TE.l AT TT"" <'.55J 13V STENCH



I
BRAIICH 33 FILLED GOHP_ETEl~ WITH STE~CH ~r TI1E 6.550,~nWTES

BRA'lCH 33 FILLED COK?ETELV WlfH SfE~CH AT T11E &,&GOi'lIMlriiES
BRA'lCH 115 FILI.En COMP.;.ETEi.V,!>lITH STEUCH AT THE &.6u::i'UNJIfES

i
MINER 3& NOTIFIEB A1 TIME &.&50 BY STENCH
railER 3r NOTIFrE~ AT TIME &.&50 BY STENCH

BRANl:H 83 FILLED COHPlEfELV wITH SM3KE AT TIME &.&50 HHWTES
B~ANCH 1~ FILLED COMPLeTELY WITH SH3KE AT TIHE &.7J1 MHIUTES

,J '3~A'lCH 40 FILLED COMPLETELV WITH STENCH AT T11E &.7nO~INJTES

BRANCH ~1 FILLED GOHP~ETElY WITH STENCH AT TliE c.7GOHNllTES
B~A'lCH 115 FILLED COMPLETELY WITH STENCH AT TI~E 6.1UOMINUfES
!'RA"lCK 17 FILLED ~OMP~ETElY WITH STEMCH AT TliE o.750'1I\I!JTES
GRA'lCH 3~ FILLED COMP.ETELY ~ITH STENCH AT TI~E &.750'1INJTES
BRA'lCH ~2 FILLeD ~OMPL~TELY WITH STENCH AT Tl'1£ o.&50~INJ!ES

9~A~CH ~3 FILLED ~OMP.ETELY ~ITH STENCH AT TI~E o,850HNJrES
MINt:R 3+ NOTI.IEO AT TIME &.903 BY STENCH
MIrIER 35 NOTIFIED AT TIME 6.90G BV SfENCH

RRA'lCH 3, FILLED GOMP~£TElV WITH STENCH AT TI1E &.9ilOllINLH£S
RRA'lCH 36 FILLED ~OMP.ETELY WITH STENCH AT TI~E 6.900'HNJTES
ARA'lr.H 105 FILLED COMP_ETfLY WITH STENCH AT TI~E &.900MINJTES

MINER 3? NOTIFIED Ai TIME 7.000 BV STENCH
MI'lER J3 NOTI=IEO AT TIME 7.000 8V STENCH
~INlR 11~ NOTIFlta Ai TIME 7.000 BV SMKE

fJ~A"jCH 4~ FILLED ~OMP_ETELY WITH STENCH IT rliE 7.CCQ'HNHES
fJRIl.'/CH 45 FILLED COMPLETELY WITH STENCH ~J TliE ,.OGOMIN'HES
"~A'lGH 4~ FILLED ~OM?ETELY WITH STENCH AT TI~E 7.0GO~HUTES

fJRIl.'/CH 47 FILLED COMP_ETELY WITH STENCH AT Tl1E 7.000i'iII'lJrES
'1RA"lCH 3D FILLED ~OMP_ETELY nITH STENCH ~f rliE I' .050i1INnES

ItI'lER 2B ~OTIFIEO Ai TIME 7.Ha BY STENCH
ItINER 29 NOTIFIED Ai TIME 7. H 0 B'I' STENCH
MI~ER 30 ~OTI~IEO AT TIME 7.150 BV STENCH
HI~ER 3t ~OTIFIEO AT TIME 7.150 BY STENCH
liINER ~o NOTI=IEJ AT TIME 7.150 BV STENCH
tUNER ~1 ~OTIFIEO AT TIME 7.150 BV STENCH
ItHER 42 NOTIFIED AT TIME 7.HO BY STENCH

'1RAIICH 20 FILLED ~OMP.ETELf WITH STENCH AT TliE 7.150HNHES
'1RANCH 4S FILLED COH~_oT£LY ~ITH STENCH AT TliE 7.200HINHES
'IRA II::'i 19 FILLED COMP~ETELY ~lTH STENCH AT TIi£ 7.450'1INLlHS
'lRAIiGH 3 FILLED ~OHP.ETELY WITH STENCH AT Tli£ 7.5UOH:-JHES
BRA'lCH lS FILLED COMP_ETELY WITH STENCH AT TIiE 7.55C1INUrES
F\~A'lCH 4~ FILLED ::OHP.ETELY ~ITH STENCH AT TIiE 7.603'1INUTES
9~A'lCH 52 FILLED COHp~ETELY ~ITH STE'lCH AT TI1£ 7.&50 "iINUTES

BRAN:;ii 57 FILLED COMPLETELY WITH SHJKE AT TIME 7.7;) HI'lUTES
'lRA'/CH 1J FILLED ~O~P_ETELY WITH STENCH AT TI1E 7.7~O'1INJTES

BRA'lCH 50 FILLED COMP_ETELY WITH STENCH AT TI~E 7.75HINUTES
i1I~ER ~~ NOTI=IEO AT TIME 7.600 BY STENCH
ItINER ~~ NOTI=IEJ AT TIME 7.800 BY STENCH

F\RA'lCH 11 FILLED COMP_ETElY ~ITH STENCH ~T TI1E 7.6COH'IJTES
B~A'lGH 53 FILL~D ~OHP_oTELY ~ITH STENCH ~T TI~E 7.800H'lJTES
"RA'lCH 57 FILLEO COMPLETELY ~ITH STEIICH AT TI1E 7.800 'HNJTES
BRA'lCH 10& FILLED ~OMP~ETELY WITH STENCH ~T TI~E 7.8JOH'lJT£S
8RA'lCH 60 FILLED ~OMPLETELY ~ITH STE'ICH ~T TliE 7.S5G'H'lJTES
BRA'lC'i 9 FILLED ;OMP.ETELY ~IrH STENCH AT TIiE 7.9CO'iINJTES
gRA'lCH 12 FILLED COMP_ETELY WITH STENCH AT TI1E 7.900'1INJTES
9RA'lC"! 5+ FILLED ~OMP_ETElY WITH STENCH ~T TIiE 7.900 H~<JTES

BRA'lCH 6. FILLED ~OMP.ETELY ~IrH STENCH ~T TIiE 7.900'1INJTE.S I) I) •.._

'1I'l ER 58 NOTI=IEJ AT TIME 7.95" BY SENCH ,_ ,)-f '
..HER 59 NOTI=IEO AT TIME 7.950 BY STE'ICH
'1I'l FR 60 NOTIFIED AT TIME 7.950 ElY STENCH

BRAN;H 92 FILLED G3MPLETElY WITH SMOKE AT TIM~ 7.950 MI'lUTES
'tI:iER ~3 NOTI~IEO AT TIME 6.000 BY STENCH
HINER ~~ ~OTIFIEij AT TIHE 8.000 BY STENCH
'1I'l ER 50 ~OTIFIEa AT TIHE 6.000 BY STENCH
MI'lER 51 NOTI=IED AT TIME 8.030 BY STENCH
~r~c" ~~ NOTI=IE~ ~T TIM~ 6.000 lV SF"~'"



~IHER &3 HOTI~I£G AT -TIHE 8.000 BY STENCH
KI1ER &~ NOTIFIED AT fIME 8.000 BY STENCH
HHER79 NOTIFIED AT TIltE 8.1100 BY STENCH

BRA\lCIt 15 FILtEO COl1l".EJELY Ifnw ,STENCH H THE
8RAHCH 68 FILLED COH~ETELY NITH STENCH IT TI1E
BRANCH 7~ FILLED ~OHl"_ETELY IfITH STE1CH It TI1E

HIllER 67 NOTI~IEO AT TIME 8.050 8Y STENCH
KINER 68 NOTI~IEO AT TlltE 8.U50 8Y STENCH
ItINER 8:> NOTIFIED AT TIHE 8.050 BY SHOKE

8.000 '!INUTES
8.000ltINUTES
6.000UNUTES

HI1ER 8& NOTiFIED AT TIHE 8.0S0 BY SMOKE

BRA1CH 55 FILLED COHP~ETEL' IfITH STEIICH AT TI1E
8RA1CH 58 FILLED ~OHP_ETEL' NITH STENCH IT TI1E
BRANCH 61 FILLED ~OHP~ETELY ~ITH STENCH IT TI1E
BRAHCIt 78 FILLED :OKP.ETELY ~ITH STENCH AT TI1E

HINER ~5 NOTIFIED AT TIltE 8.100 BY STENCH
HINER 4& NOTIFIEB AT TIME 8.1GO BY STENCH
HINER 41 NOTI=IED AT TIHE 8.lao BY STENCH
MINER 75 NOTI~IED AT TIME 8.100 BY STENCH
HINER 7& NOTIFIED AT TIHE 8.100 BY STENCH
HI1ER 71 NOTIFIED AT TIKE 8.100 BY STENCH
MIllER 78 NOTIFIEJ AT TIKE 8.100 8Y STENCH

gRAN~H 64 FILLED COMPLETELY WITH SHlKE AT TIHE
BRAIICH 14 FILLED COMP.ETELY WITH STENCH AT TI1E
DRAIICH 65 FILL£D COKPLETELY WITH STENCH AT TI1E
BRAIICH 83 FILL£O COMPLETELY WITH STENCH AT TI.E

B~AN:H 75 FILLED COMPLETELY WITH SM)~E AT TIHE
BRANCH 6Z FILLED COMP.ETELY WITH STENCH AT TI1E
BRANCH 87 FILLED CO"P~ETELY NITH STENCH AT TI~E

RRA~CH 1:> FILLED :OKP~ETELY ~ITH STENCH AT TI1E
BRA~CH 63 FILLED :O~~~ETELY IfITH STENCH IT TI~E

BRANCH 7~ FILLED COMP_ETELY WITH STENCH AT TI1E
BRA~CH 75 FILLED CD~p_ETELr IfITH STENCH ~T TI~E

BRANCH 92 FILLED :OMPLETELY WITH STENCH AT TI1~

~INER 5; NOTI~IED AT TIKE 8.250 BY STENCH
KI~ER 5& NOTIFIED AT TIKE 8.2;0 BY STENCH
~INER 57 NOTIFIED AT TIME 8.250 BY STENCH
~IiER &S NOTIFIEO AT TIH( 8.25D BY STENCH
KI~ER 6& NOTIFIEO AT TIME 8.250 BY STENCH
HINER 121 NOTIFIED AT TIHE 8.250 BY STENCH

ARANCH 73 FILLED COMP_ETELY ~ITH STENCH IT TI~E

BRANCH 80 FILLED COHP~ETELY ~ITH STENCH AT TI~E

R~AHCH 95 FILLEO :OHP_fTELY ~ITH STENCH AT TI1E
HINER 52 NOTI=IEO AT TIME 8.300 BY STENCH
KINER 53 NOTIFIED AT TIME 8.3~0 BY STENCH
~I~ER 5~ NOTIFIED AT TI~E 8.300 BY STENCH
HINE~ 9~ NOTI~IE~ AT TI"E 8.3~~ 8Y STENCH
HINER 93 1I0TIFIEJ AT TIME 8.3eo BY STENCH
~INER 117 NOTI=IEO AT TIHE 8.3eo BY STENCH
~INER 113 NOTI~IEO AT TIHE 8.3eo BY STENCH

BRANCH 8~ FILLED COMPLEf~LY IfITH S"l~E Af TIKE
9~A~CH 1& FILLED :OHP_ETELY WITH STENCH AT TI~E

9RANCH 51 FILLED :OMPLETELY ~ITH STENCH AT TI1E
BRA~CH 63 FILLED COMP~ETELY WITH STENCH AT TI1E
BRANCH 66 FILLED ~OMP_~TELY WITH STENCH AT TI~E

BRA\lCH 8~ FILLED :OKP_fTELY WITH STENCH AT TI1E
BRAN:H 9' FILLED COHP.ETELY WITH STENCH AT TI1E

HINER 95 NOTIFIED AT TIME 8.3;0 BY STENCH
~INER 9& NOTI~IEa AT TIHE 8.35a BY STENCH
HINER 97 NOTIFIED AT TIME 8.350 BY STENCH
~IiER 100 NOTI~IEO AT TIME 8.350 8Y STENCH
HINER 101 NOT1:IEO AT TIHE 8.350 BY STENCH
HINER 102 ~OTIFIED AT TIME 8.350 BY STENCH

qRA~r,~ q3 FILtEn. ~nNp_~TrLY WIT~ STENCH ~T T!~E

8.0SJUNJTES
8.05DlINUTES
6.0S011NUTES
8. a50:tINUTES

8.100 IUNUTES
8.1liOJUNUTES
8.1001INJTES
8.l001INJTES

8.150 "INUTES
8.15011N"TES
8.150Il1NJTES
8.2.1 0lINJTES
8.20011NUTES
8.200ltINUTES
8.2001INJTES
8.2001INJTES

8.25011NJTES
8.250 ItINurES
8.25J1INJTES

8.30u ItI'fUTES
8.3001INJTES
8.3001INJTES
8.3ilOHINJTES
8.3QO~1'IJTES

8.Jil01INJTES
8.300'91'1UTE5

~.35n'lI·j~TES
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8RA~CH 101 FIllE~ COMP.ETElY "ITH STENCH ,r TI1E
~I~ER 82 ~OTIFIEO AT TIME 8.430 BY STENCH
litNER 113 NOTIFIElJ AT TIME d.4JiO BY STENCH
IHUR 84 HOTIFIEl) AT TIME 8.400 BY STENCH
HI~ER 92 NOTIFIEO AT TIME 8.400 BY STENCH
~I~ER 9~ NOTIFIEil AT TIME 8.400 BY STENCH
HINER q~ NOTIFIED AT TIME 8.4.0 BY STENCH
~I~ER 115 NOTIFIEO AT TIME 8.400 BY STENCH
MINER 115 NOTI~IE) AT TIME 6.400 8Y STENCH
~I~ER 122 NOTIFIED AT TIME 8.400 ay STENCH
III'HeR 123 NOTIqEll AT TIME 8.4GO BY STENCH

BRA~CH 71 FIllED COMPLETELY RITH STENCH ~T TI1E
BRA~CH 72 FIllED COMP.ETElY WITH STENCH ~T TIiE
BRA~CH 7& FILLED COMP.ETElY ~rTH STENCH ~T TI1E
9RA~CH 9J FIllED COMP~ETElY WITH STENCH ~T TIiE

~I~ER 72 NOTIFIElJ AT TIHE 8.450 BY STENCH
HINER 73 NOTIFIED AT TINE 8.450 BY STENCH
MI~ER 74 NOTFIEI1 AT TIME 8.450 BY STENCH
MT~FR 123 ~OTIFIEJ AT TIME 8.450 9Y STENCH
HI~ER 130 ~OTIFIED AT TIME 8.450 BY STENCH

BRANCH 5; FIllEll COMP.~TELY WITH STENCH ~T TI1E
ORA~CH 81 FILLED COMP~ETElY WITH STENCH ~T TIiE
RRA~CH 9& FIllED ~OH~_ETELY WITH STENCH ~T Tl1E
nqA~C~ 107 FIllED COMP~ETElY ~lTH STENCH AT TI1E
nRANCH 110 FILLED COMP~ETELY WITH STENCH AT TI1E

MI~FR 80 NOTIFIEll AT TIME 8.500 BY STENCH
MINER 81 NOTIFIEO AI TIME 8.500 BY STENCH
MI~ER 112 NOTIFIED AT TIME 8.500 BY STENCH
HINER 113 NOT1°IEO AI TIME 8.500 BY STENCH

BRANCH 53 FILLED COMP~ETElY WITH STENCH AI II1E
nRA~CH 93 FILLED COMP.ETElY ~lTH STE~CH AT TIiE
nRA~Ci 102 FILLED COMP.ETELY WITH STENCH ~I. TI1E
n~A~CH 113 FILLED COMP.cTELY WITH STENCH AT TI1E
BRA~CH 11~ FILLED COMP.fIElY WITH STENCH ~r TIiE

Hf~FR 113 NOTloIE~ AI TIME 8.550 BY STENCH
1I~ER 120 NOTI~IEO AT TIME 8.550 BY STENCH
HINER 126 NOTIFIEO AT TIME 8.550 BY STENCH
HI~ER 131 NOTIFIED AT TIHE 8.550 BY STENCH
HINER 132 ~OTI~IEO Af TIME 8.550 BY STENCH

~RA~CH 67 FIllED ~OMP.ETELY WITH STENCH ~T TI1E
BRANCH 85 FIllED COMP.EIElY wITH SIENCH AT TI1E
BRA~CH 8& FILLED COMPLETELY NITH STENCH ~T TI1E
n~A~CH 91 FIllED COHPLETELY ~ITH STENCH AT TI1E
9RA~CH 108 FILLED COMP.ETElY AITH STENCH AT TI1E

HI1ER 89 NOTIoIEO AT TIME 8.6.0 BY STENCH
MINER 90 NOTIFIED AT TIME 8.600 BY STENCH
1I~ER 31 NOTIoIEJ AT TIM~ 8.600 BY STENCH

gRA~CH 22 FILLED :OM~.ETELY ~ITH STENCH ~T TI1E
BRA1CH 73 FILLED COMP.~TELY WITH STENCH AT TI1E
BRA~CH lCD FILLED COHP.ETElY WITH STENCH AT TI1£
BRA~CH 103 ~ILlED :OMP.~TELY "ITH STENCH ~T TI1E
BRA~CH 103 FILLED :OMP.~TElY ~ITH STENCH AT TI1E

HINER 69 NOTIFIEJ AI TIME 6.650 BY STENCH
MINER 70 NOTIFIEJ AT TIME 8.650 BY STENCH
MI~ER 71 ~OTIFIEO AT TIME 8.650 BY STENCH
Mr~ER 109 NOTIoIEO AT TIME 8.650 BY STENCH
1I~ER 111 NOTloIEO ~I TIME a.65a BY STENCH
HINER 111 NOTIoIED AT TIME 8.650 BY STENCH
~INER 124 NOTIFIEJ AT TIME 8.650 SY STENCH
HINER 125 NOTloIEJ AT TIME 8.650 BY STENCH
~INER 12& NOTIFIEB AT TIME 8.650 BY STENCH
HINER 127 NOTIFIED AT TI"E 8.650 BY STENCH

B~ANCH 23 FILLED COHP_ErElY NITH STENCH AT Tl1£
BRA~CH 77 FIllEO COM~.ETELY wrTH STE~CH AT TI1E

l,~ "r \~:-" '" Q.., 10,1" T T::- T ... -, ~ T -e-r '" co Q,. r t.« '='V <:;Tr:-\J~Y

8.350IHNLlTES

8.I>OOHNJTES
8.4001INJTES
8.400'1INLJTES
8.4J01INLJIES

8.450ItINLJTES
8.4501INJTES
8.450'1INLJfES
~.450HNlJfES

8.450~nLJIES

8.5001HNUTES
8.5(jOHNJTES
d.500'1INJTES
8.500UNLJTES
8.500'1INlJTES

8.5501INJTES
8.550HNJrES
8.550HNJrES
a.550HNlJHS
8.550'1I'lUfES

8.&00ItINlJTES
8.&(jQ1INJTES
8.60 a'1I'lJr ES
8.&OOlINJTES
8.600MINJTES

8.&50ItINlJTES
8.&50'1PlJTES
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BRANCH 2~F1LLEO COMP.ETELY .ITH STENCH 'T TI~E 8.700~INJrES

BRAlfCH 8? FILLED COHP,-ETELY HTH STElfCH AT TI'IE 8.700llINaTES
_B1U"'CJL__9.lt_.£1lu:n_._COM.P~Ul.Y_-JllIJLSt£N.cH_U __ U.tE. ~8. 700IttIU n,s __

HINER 106 NOTI~IEm AT TIME 8.750 BY STENCH
IIIlfER107 NOTIFIEO AT TIME 8.750 BY STENCH
'UNER 1-08 NOTIFIED AT TIME 8.750 BY STENCH

BRA'fCH 25 FILLED :;OMP.ETELY IIHH STENCH. AT THE 8.800HNJrES
BRANCH 21 FILLED COHP.ETELY .ITH STENCH 'T TI'IE 8.80o'lIN~TES

alUNCH 91 FILLED COMI".ETELY IIITH STENCH III TUE . 8.80HINJTES
HI~ER 103 NOTIFIED AT TIME 8.850 BT STENCH
HINER 1010 NOTIFIEll AT TIME 8.850 BY STENCH
HINER 105 NOTIFIED AT TIME 8.850 BY STENCH

BRANCH 25 FILLED :;OHP~ETELY .ITH STENCH 'T rI1E 8.850HINJrES
BRA'fCH 91 FILLED COHP.ETELY ~ITH STENCH 'T TI1E 8.650'lINJrES
BRANCH 25 FILLED :;OMP.ETELY IIITH STENCH 'T 1I1E 8.950'lINJTES

BRAN:H 50 FILLED COHPLETELY WITH SMJK~ AT TIHE 9.150 HINUTES
BRA"CH 21 FILLED :;OMPLETELY ~ITH STENCH 'T TI1E 9.&50llINJTES

BRANCH 76 FILLED COHPLETELY WITH SMOKE AT TIllE 10.00] MINUTES
BRAN:H 85 FILLED COHPLETELY IlITH SM3KE AT TIHE 10.050 HINUTES
BRAN:H 8& FILL~D COHPLETELY WITH SMO(E AT TIME 10.200 IIINUTES
BRANCH 93 FILLED COMPLETELY IIIT~ SMJKE AT TIllE 10.500 HINUTES
BRAN:H 9 FILLED CO"PLET~LY IIITH SHJKE AT TIllE 11.050 HINUTES
BRANC~ 27 FILLED COHPLETELY WITH SMOKE AT TIME 11.10~ HINurES
BRANCH 32 FILLED COMPLETELY WITH SIlOKE .T rIHE 11.100 MINUTES
BRANCH 106 FILLEa COMPLETELY WITH SHOKE AT TIKE 11.150 III~UTES

BRAN~H 110 FILLED COHPLETELY WITH SHOKE AT TIllE 11.203 MINUTES
BRANCH 2& FILLED COMPLETELY IIITH SHOKE AT TIKE 11.553 HINUTES
BRANCH 15 FILLED COMPLETELY IIITH SMJKE AT TIKE 11.65J MINUTES

HOIST 2 REACHES NODE 1 WITH 3 HINERS AT TIllE 11.850

23'{~<

HI'IUTES
MINUTES
MI~UTES
HIltUTES

'UNUTES
NINUTES
HI'IUTES
HI~UTE S
MHlUTES
HI'IUTES
MINUTES
M!'lUTES
I1I'lUTES
MI'IUTES
MINUTES
111'IUTES
MINUTES
HI"IUTES
/'InurES

BRAN~H 25 FILLED COHPLETELY WITH SH3KE .T TIllE 11.950
BRAN:H 11 rILLED COHPLETELY WITH SHOKE AT TIKE 12.050
BRANCH 24 FILLED COMPLETELY IIITH SHOKE AT TIllE 12.353
~RANCH 23 FILLED CO"PLET~LY IIITH SHOKE AT TIME 12.703

MI~ER 22 EVACJATEI AT TIHE 12.800 ON NODE 97 TOTAL 1
MI~~R 23 EVACUATEI AT TIME 12.800 ON NODE 97 TOTAL Z

BRAN:H 910 FILLED COHPLETELY WITH SM3(E AT TIHE 12.9u) HI~UTES

BRAN:H 22 FILL~D COM?LETELY WITH SMOKE AT TIKE 13.053 MINUTES
BRA~CH 104 FILLED COMP_ETELY ~ITH STENCH 'T TI1E -13.150"I~JTES

BRAN~H 28 FILLED COMPLETELY WITH SHO(E AT TIME 13.200 HINUTES
BRAN:H 58 FILLEJ COHPLETELY WITH SM)(E AT TINE 14.0uG NI~UTES

BRANCH 65 FILLED COHPLETELY WITH SHOK~ AT TIHE 11t.2JJ MINUTES
HI~ER 133 EVACJAT~D AT TIHE 15.100 ON NODE 95 TOTAL 3

BRAN:;H 98 FILLED COMPLETELY ~ITH SNOKE AT TINE 15.350
BRAN~H 87 FILLED COHPLETELY IIITH SIlJKE AT TIllE 16.300
BRAN~H 21 FILLEa COHPLETELY WITH SHOKE AT TIHE 1&.400
9RANCH 95 FILLED COMPLETELY WITH SH3KE AT TIME l~.&OO

BRANCH 20 FILLED COMPLETELY WITH SMOKE AT TIME 1&.600
BRAN~H 33 FILLEO COMPLETELY WITH SMO~E AT TINE 1&.803
9RANCH 52 FILLED COMPLETELY WITH SM3(E AT TIHE 17.250
BRAN~H 37 FILLE~ COMPLETELY WITH SMOKE AT TIlll 17.350
BRAN~H 19 FILLED COMPLETELY WITH SMO<E AT TIME 17.45D
BRAN:H 78 FILL~D COMPLETELY WITH SMOKE AT TIHE 17.00)
BRANCH 69 FILL~D CO~PLErELY WITH SHOKE Ar TIHE 18.250
BRAN:H 1~ FILLED COMPLETELY WITH SH)(~ Ar TIME 18.~;O

8RAN:H 116 FILLEO COMPL~TELY WITH SMOKE AT TIH~ 15,&5J
BRANCH 60 'ILL~D ~~'IDLETELY WITH SH)K~ AT TI~E 19,1")
9RAN:H Dry FILLEl GJ~PLETELt WITH SMOKE AT TIHE 19,15)

7 EVACJATE~ AT TI~E 19,250 ON ~OD£ 9; TOTAL 4
8 EVACJAT£D AT TIME 19.250 ry~ NODE 95 TOTAL 5
9 EVACJ4JEJ AT TIME 19.350 ON NODE 95 roTAL &

1~ EVACJAT£J AT TI~E 19.350 ON NODE 95 TOTAL 7
11 EVACJATEG AT TI~£ 19.350 ON NODE 95 TaTAL 8
12 EVACUATED AT TIME 19.4JO ON NODE 95 TOTAL 9

qRa~"":..J I.:"" ~ r !_'=j r"''''~::J' t:'"T:-' Y io:TTY 'SMJKf er T fl'ir.: lCJ. ;::;1 ~I\f)'ffS

lI~ER

ItI'IER
1I~ER

H'IER
lII'tER
IHnER



'tINER 14 EVACUATeil AT TIME 20.000 ON NOilE 95 TOTAL 11
I'lI:1ER 15 EVACUATEO AT rI~E 2;;.250 ON NODE 95 TOTAL 12
HHER 16 E~ACJATEO Ai rJ~E -aol .. 2-50 ON NOllE 95 TOTAL --13
MnER 17 EVACUATED AT TIME 20.250 ON NODE 95 TOTAL 1't
'tIllER 13 EVACJATEO AT TIHE 26.250 ON NODE 95 rOTAL 15
'lI~ER 1~ EVACUATEm AT TIME 20.250 ON NODE 95 TOTAL 16

BRAN:H 109 FILLED CO~PLETElY WITH SH1KE AT TIME 20.35) MnfUTES
BRAN:H 63 FILLED COMPLETELY WITH SH)KE AT TIME 20."0) MINUTES
BRANCH 00 FILLED COMPLETELY WITH SMOKE AT TI~E 20 ...50 MINUTES
BRANCH 107 FILLED COMPLETELY WITH SMJ<E AT TIME 20.&50 MI~UTES

BRAN:H 113 FILLED COMPLETELY WITH SH3KE AT TIME 20.05) MHlUTES
BRAN:H 16 FILLED COMPLETELY WITH SH)KE AT TIME 21.&00 MHfUTES

'11'1 ER 5 EVACUATED AT TIME 21.9JO ON NODE 95 TOTAL 17
1I'lER 6 EVACJATEl AT TIME 21.900 ON NODE 95 TJTAL 18

BRANCH 1J1 FILLED COMPLETELY WITH SM)KE AT TIME 22.00) MINUTES
BRANCH 34 FILLED COMPLETELY WITH SMJKE AT TIME 22.500 MINUTES
BRAN':H 54 FILLED COMPLETELY WITH SHJKE AT TIHE 22.50) HINUTES
BRANCH 51 FILLED COMPLETELY WITH SH)KE AT TIHE 22.65) UNUTES
BRANCH 99 'ILLED COMPLETELY WITH SM)KE AT TIME 22.750 MINUTES
BRAN;H 3~ FILLED CO~PLETELY WITH SHlKE AT TIME 23.050 MINUTES
BRANCH 103 FILLED COH~LETELY WITH SHJKE AT TIMi 23.800 MINUTES

,11 ~ FR 43 EVACJAT£G AT TIME 24.650 ON NODE 95 TOTAL 19
MT~t.~ 41 EVACUATED AT TTHE 2".850 ON NODE 95 TOTAL 20
H~rR 4? EVACJATEO AT fIME 24.1i50 ON NODE 95 TOTAL 21
1INER 3 EVACJATEO AT TIHE 24.950 ON NODE 95 TOTAL 22
'lINER 4 EVACUATED AT TIME 24.950 ON "IOOE 95 TOTAL 23

BRANCH 59 FILLED COMPLETELY WITH SHJKE AT TIME 25.95J MINUTES
BRANCH 62 FILLED COMPLETELY WITH SMJKE AT TIME 25.950 MINUTES
"RANCH 70 FILLED COMPLETELY WITH SHJKE AT TIME 2&.700 MINUTES

'lINER 1 EVACUATED AT TIME 27.150 ON NODE 95 THAL 2 ..
'1TN"R ~ rVACJAT~D AT TIME 27.150 ON NODE 35 TOTAL 25

BRA N;H 35 FILLED COMPLETELY WITH SMJ{E AT TIME 27.3)0 MINUTES
9RANCH 67 FILLED COMPLETELY WITH SHJKE AT TIME 27.450 MINUTES
"RANCH 3& FILLED COMPLETELY WITH SHJKE AT TIME 27.700 MINUTES
BRANCH 105 FILLED COMPLETELY WITH SM)KE AT TIME 28.1u) MINUTES
BRAN':H .. 1 FILLED COMPLETELY WITH SHJKE AT TIME 29.450 MINUTES
BRAN::H 72 FILLED CO~PLETELY WITH SMlKE AT TII1E 32.1C) MINUTES
BRANCH .. 3 FILLED COMPLETELY WITH SM)KE AT TIME 35.150 MINUTES
BRANCH 53 FILLED COMPLETELY WITH SH)KE AT TIME 37.900 MI~UTES

BRANCH 38 FILLeD COMPLETELY WITH SMOKE AT TIME 39.0CO MI\lUTES
BRANCH 100 FILLED COMPLETELY WITH SM3KE AT TIME 39.4il) HINUTES
BRANCH 45 FILLED C01PLET~LY WITH SM)KE AT TIME 40.25) MINUTES
BRANCH .. 7 FILLED COMPLETELY WITH SH)KE AT TIME "u.35) MINUTES
BRAN:H .. & 'ILLED COMPLETELY WITH SHl<E AT TIME 41.900 MINUTES
BRAN;H 96 FILLED COMPLETELY WITH SHJKE AT TIHE '+1.9u) MINUTES
BRANCH 102 FILLED COMPLETELY WITH SMlKE AT TIME ..2.3(;) MINUTES
BRANCH 61 FILlEry COHPLETELY WITH SMlKE AT TIME ..2.45) MINUTES
B~ANC'i 88 .ILLED COMPLETELY WITH SMJKE AT TIME .. 2.95) MINUTES
BRANCH .. , FILL~J C01PLET~LY WITH SM)KE Af TIHE .. 3.0J) 'H"IUTES
3RAN::H 5& FILLED COMPLETELY WITH SH3KE AT TIME "3.300 MINUTES
BRANCH 55 FILLED COMPLETELY WITH SHJ(E AT TIME ..3.45) MI"fUTES
BRANCH 79 FILLED COMPLETELY WITH SM)KE AT TIME "3.55il MINUTES
BRAIi::H 97 FILLED caMPLEfELY WITH SH)KE AT TIME 43.9,,) HINUTES
BRAN::H 81 FILLED COHPL£TELY WITH SMlKE AT TIME .. 't.750 MINUTES
BRAIi::H &9 'FILLED COMPLeTELY WITH SM1KE AT TIME "5.35) '1I"IUTES

HOBT 2 REACHES NODE 1 WITH .. MINERS AT TIItE 40.200
235<::

BRAN::H 9) FILLED COMPLET~LY WITH SHJKE AT rIME 46.2Q) iH'IUTES
B~AN::H 91 FILLED COMPLETELY WITH SMJKE AT TIME 1>7.70) MINUTES
BRAN:H 63 FILLEJ COMPLETELY WITH SMJ(E AT TIME ,+8.250 MINUTES
'lRANCH 82 FILLED COMPLETELY WITH SMJKE AT TII'IE "9.35) MI'lUTES

HOrsT 1 REACHES "IOOE 19 WITH 16 HlliERS AT TIME 5(; .950

BRAN::H 42 FILLED COHPLETELY WITH SHlKE AT TIME 51. lOa MINUTES
l..!r'!'r:-'T .., QC" A. "" ,_~::,::, '1:1)i='" 1 ,;rTf; 14 ~!~F~~ aT rr~E 51.35a
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BRAN;K 2~ FILLED caMPLETELY WITH SMOKE AT TIME 53.100 MINUTES
BRANCH 71 FILLED CO~PL£TElY WITH SMOKE AT TIME 53.350 MINurES
BRANtH 1.15 FILLED COItPLET ELY WITH SM)I(E AT TIME- 53.350 MINUTES
BRANCH 30 FILLED COMPLETELY WITH SMJKE.AT TIME; 51t.15) MINUTES
BRANCH Itlt fILLED COMPLETELY !lITH SMJKE AT TIME'; 55.800 MINUTES
BRANCH 73 FILLED COMPLETELY WITH SMJKE AT TIME 58.753 MINUTES

/UNER 20 EVACUATED AT TIHE 59.200 ON NODE 95 TJTAL 26
/UNER 21 EVACUATEI AT TIME 59.200 ON NODE 95 TJTAL 27
UNER 24 EVACUATED AT TIME 59.200 ON NODE 95 TOTAL 28
!HilER 25 EVAC~ATE3 AT TIME 59.200 ON NODE 95 TOTAL 29

HOIST 2 REACHES'NOOE 1 WITH 18 MINERS AT TIME 59.600

HOIH 1 REACHES NODE 1'l WITH 18 MINERS AT TIME 61.900

BRAN::H "8 FILLED COItPLETELY WITH SMJKE AT TIME 63.650 IUNUTES
MINER 2~ EVACJAlED AT TIME ~4. 850 ON NODE 95 TOTAL 30
"IUER 27 EVACJATED AT TIME 64.850 ON NODE 95 TOTAL 31
MINER 28 EVACUATED AT TIME 64.850 ON NODE 95 TOTAL 32
!HilER 29 EVACUATED AT TIME &4.850 ON NODE 95 rOTAL 33
MINER 30 EVACUATEJ AT TI~E &4.850 ON NaDE 95 TOTAL 34
:11'I ER 31 EVACUATED AT TIME 61t.850 ON NODE 95 TOTAL 35
UNER 32 EVAeJATE) AT TIME &1+.850 ON NODE 95 rOTAL 36
KnER 33 EVACUATED AT TIME &1t.1I50 ON NODE 95 TOTAL 37
tUNER 3ft EVACUATE~ AT TIME 61+.850 ON NODE 95 TOTAL 38
"!HER 35 EVACJATEa AT TIME &4.8511 ON NODE 95 TOTAL 39
ttI'lER 36 EVACJATED AT TIME &4.850 ON NODE 95 TOUl itO
"UER 37 £VACJAIEI AT TIME 64.850 ON NOD£ <)5 TOTAL 41
ttUER 38 EVACUATEa AT TIME 64.85'; ON NODE <)5 TOTAL 1+2
~HER 39 EVACJATEI Ar TIME &4.850 ON NODE 95 TOTAL ..3
~IiER11~ DEAD AT TI~E &7 .111 0

ON BRANCH 19
AT OISTAN::E .000
FROM NODE 18

~IiER &7 DEAD AT TIME &8.750
ON BRANCH 24
AT OISTANC£ .~QO

FRO~ NODE 23

ttI~ER 68 DEAD AT TIME &8.750
ON BRANCH 24
AT ~ISTANCE .oco
FROM !'lODE 23

MI~ER 50 DEAn AT TI~E 68.950
O~ 3RANCH 23
AT DISTANCE .JOO
FRO"i "lODE 22

~IiER 51 DEAD AT TIME 68.950
O!i !3PA"lCH 23
AT DISTANCE .JOD
FRO" "lODE 22

ttI~ER ..3 DEAD AT TIME 6<).550
O!'f BRANCH 21
AT DISTANCE ouOO
f~O"l NOOE 20

239<



01'1 BRANCH 21
AT nISTANCE .000
F~OIl NODE 20·

MINER 66 DEAD AT TIllE 70.150
ON BRANCH 24
AT OISTANG£ .000
FRO'"' \lOD£ 23

70.450HOIH 2 REACHES !'fOa£ 1 WITH 17 /lINERS AT TIME

~I~ER 79 DEAD AT TIME 70.500
O~ BRAI'ICH 24
AT DISTAN:E .000
FROIi NODE 23

HT~ERi01 DEAD AT TIllE 70.550
O~ BRANCHi04
AT aISTANCE 46.300
FROI NODE 1

HINlRi02 DEAD Af TIME 70.550
'1"1 BRANCHi04
AT DISTANCE 46.300
FROI NoaE 1

~[~FR 4~ DEAD AT TIlle 72.200
O~ ~ RANCH 21
AT OISTANCE .000
F"ROI NODE 20

/lINFR .9 GlAD AT TI~E 72.200
O~ 3RANCH 21
AT f)ISTANGE .J CO
FROI NODE 20

HINER 58 DEAD AT TIllE 72.500
O~ BRANCH 23
AT DISTANCE .~OO

FRO" "JaDE 22

IlI~ER 59 DEAD AT TIllE 72.500
ON BRANCH 2.3
AT DISTAN:E .000
FRail NODE 22

/lINER 50 DEAD AT TIllE 72.500
O,~ BRANCH 23
AT DISTANCE .v CO
FRail NoaE 22

"HER 80 'ACJAfE~ AT TIllE
MINER 81 VAC~ATED AT TIME
'lINER 82 VACJATED AT TIHE
"" T -,J I':D ~< \}Ar_'l\rE~1 ~r TT.... c

72.61l0 ON NODE
72.600 ON !tOOE
12.600 ON NODE
72.51: 0'1 'lOOE

95 DTAL
95 TJTAl
95 rOTAl
35 T:JTAl

It4
1t5
4&
47

~~-iO<
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IU!>lER 85 EVACUATE~ AT TIKE rz, &GO ON NODE 95 f:HAL 49
KINER 86 EVACUATEB AT TIKE 12.600 ON. NODE 95 fOT Al- 50
ItUER .. .81. ..£.It.ACUU£ll ALIUlE-·· 72 .611.ll.... QlLJt.O.DE 95 DTAL 51
!tINER 8. E'ACUATEP AT TIME 72.&00 ON NODE 95 TOTAL 52
U1U 89 EVACJATEa AT TIME 72.600 ON NODE .95 fOTAt. 53
lUN£lt 90 EVACJATE3 AT TIME 72.600 ON NODE 95 fOTAL 54
/tnER 'It EVACJAfED AT TIME 12.&00 ON NODE 95 TOTAL 55
'lINER 92 EVACUATEa AT TIME 72.&00 ON NODE 95 roTAl 5&
tU!'fER 93 EVACUAJEB AT lIKE 72.600 ON NODE 95 TDTAL 57
ItINER 94 EVACUATED AT TI"E 72.600 ON NODE 95 foTAl 58
ItINER 95 EVACUATED AT TIHE 12.600 ON 'lODE 95 fOTAl 59
tUNER 9& EVACUATElI AT TIME 12.&00 ON NODE 95 TOTAL &0
lH'lER 97 EVACUATE~ AT TIltE 72.60" ON NOO£ 95 fOTAl 61

HOIST 1 ~EACHES NODE 19 WITH 18 MINERS AT TIKE 72.650

MI'lER &5 DEAD Al TI~E 72.950
ON BRANCH 20
AT DISTANCE &.&00
FROlt NODE 19

~INER116 DEAD AT TIME 72.950
ON ;JRANCH 20
AT DISTAN~E 6.&00
fRO" NODE 19

~INER117 DEAD AT TIKE 72.950
ON BRANCH 20
AT DISTANCE 6.&00
FRO" NODE 19

ltl'lERt18 OEAlI AT TI"E 72.950
ON BRANCH 20
AT OISTAN~E &.&00
FRO" NOO£ 19

"Y"'ER119 DEAD AT TII>IE 72.950
ON BRANCH 20
AT OYSTAN~E &.600
F!fOlt NODE 19

ltINER120 DEAlI AT Tl"E 72.950
ON BRANCH 20
AT DISTANCE &.~OO

FRO" I>IOOE 19

~I'lER121 DEAlI A TI~E 72.950
'011 6RANCH 0

AT GISTAMe 6.600
l-"ROtl NODE 9

~Y'lER122 OEA~ AT TI~E 72.350
O~ BRANCH 20
AT DISTANCE 6.&00
FR01 NODE 19

HINERt23 DEAB aT TI~E 72.950
ON qQ~NCI-l 20
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FRO" NODE Z3

~l~ER 77 DEAD AT TIME 73.350
ON BRANCH Z'
AT DISTANCE .000
F~O!i NODE Z3

!il~ER 78 DEAD AT TI1E 13.350
ON BRANCH Z"
AT DISTANCE .000
FRO't NO DE 2:J

MI~ER129 OEAO AT TI1E 73.950
Olf BRANCH ZO
AT OISTAN:E 138.500
FRO" NODE 19

MI~ER130 DEAD AT TI1E 73.Q50
ON BRANCH 20
AT DISTAN~E 138.&00
f~01 NODE 19

~liER ..5 DEAD AT Tl ..E 7"."50
ON BRANCH 21
AT DISTANCE .000
f~O" NonE 20

KINER ..6 DEAO AT TIKE 1.....50
OM BRANCH 21
AT DISTAN~E .000
FROit NDDE 20

1

I
HINER 1t7 DEAD Al TIKE 7.....50

ON BRANCH 21
AT nSTANCE .000
FROIt NOOE 20

"I~ER151 DEAD AT TIME 74.700
ON BRANCH 20
Al aISTAN~E 237.&UO
FRO"! NODE 19

!iI~ER132 DEAD AT TI"E 74.100
ON BRANCH 20
AT OISTANCE 231.&00
F~O'1 !'lODE 19

HI~E~ 55 DEAD AT Tl~E 75.450
ON 3RANCH 23
AT DISTANCE .aoo
FROIl NODE 22

HIiER 5& DEAD AT TT"o 7:;.4;0
2,13<
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FROl'i NODE 22

~I~ER 57 DEAD AT TIME 75.,.50
O!~ BRANCH 23
AT DISTANCE .1l1l0
FROlt NODE 22

HI~ER 52 DEAD AT TI~E 75.800
ON BRANCH 23
AT IJISTANCE .000
FRO"! MODE 22

~I~ER 53 DEAD AT TIME 75.80 0
ON 3RANCH 23
AT DISTANCE .Il 00
FROM NODE 22

MINER 5~ OEA~ AT TI~E 75.800
ON BRANCH 23
AT OISTANCE .ono
FROIt NODE 22

HINER 72 DEAD AT TlltE 76.600
ON BRANCH 21t
AT DISTANCE .000
FRO~ NODE 23

MINER 73 nEAD AT TIME 76.500
01'1 BRANCH 24
AT DISTANCE .000
FRO" NODE 23

HINER 74 DEAD AT TIME 7&.500
ON BRANCH 24
AT DISTANCE .il o.j
FROtt NODE 23

HOIST 1 REACHES NODE 19 WITH 3 MINERS AT TIME

HINER 69 DEAD AT TI~E 82.100
ON BRANCH 20
AT DISTAN:E 5.500
FRO." NODE 19

MINER 70 DEAD AT TIME 820100
ON BRANCH 20
AT DISTANCe: 5.5i.0
FROi NODE 19

KI~ER 71 DEAO IT TI~E 82.100
~u !:tOA .... ,.. ... ~n

82.000

;':·1·1<



1INE C SIMULlTIQN - CASE a

TOTAL M[NERS IN THE MINE :. 133
TOTAL ~[H£RS EVACUATED = 7&
TOTAL ~INERS L~ST :: 57
Ell AGU ATION TIH~ = 83.45) ItINUTES

DELAY I~ STENCH ACTIVATION :: 5.DDJ I4INUTES
DELAY Ii NOTIF1ING LAST
"IN~R A=rER STENCH A~ttVATtON 3.8;0 I1INUTES
TOTAL ~INERS NOTIFIED BY STENCH = 127
TOTAL MINERS NOTIFIED BY SMOKE - 5

TorAl ~INERS EXPOSED TO SHJKE ,. 110
AIIERAGE SMOKE EXPOSURE
(FOR TorAL NUMBER OF MINERS) = 43.911t ItINUTES
AVERAGE SMOKE EXPOSURE
(FOR "I~ERS EX~OSED TO SHO<£I = 53.1&9 MINUTES
HAxnUH INDIVIaUAL SHOKE El(POSU~E '" &3.9011 I1INUTES
MAN HINJTES OF SMOKE EXPOSURE = 5846.&QO

2-1-5<



~INERS EVACUATED VS TIME
HAS BEUI COMPl.ETEOUSIN<:; INTEGRATED SOFHIARE SYSTEMS COR? OISSPl!\, COC6&OO DAfACENTER iERSION 1.

DATA FOR PLOT

NO. OF ~URVES DRAWN 1

HOR!Z. ~XIS LENGTH
VERT. A(IS LENGTH

HORrz. JRIGIN .0

SeD INS.
7.11 INS.

VERT. ORIGIN .0

HORIZ. ~XIS LINEA~

STEP'SIZE 2.&000E.01 UNITS/INCH

~ERr. ~XIS LINEA~

STEP SIZE 3.DOOuE.Ol UNITS/INCH

.......................................
• l)~ATION OF CURRENT PHYSICAL O~IGIN •
• X= Z.OO Y: 1.&9 I~CHES •

FRJM LEFT LOWE~ CORNER OF PAGE
••• oc •••••••• e •••••••••••••••••••••••••
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uATA.FOq Pt.OT

NO. Of ~~RVES ORAMN 5

HORIZ. AXIS LENGTH
VERT. AXIS LENGTH

5.0 INS.
7.0· INS.------._---.--------.---------

HO~IZ. JRIGIN .0 VERT. ORIGIN-3.1Z00E+Ol
----------------.-.-----------
HORIZ. ~XIS LINEAR
SfE~SIZE 2.6000E.01 UNITS/INCH

~-----------------------------VERT. AXIS LINEAR
STEP SIZE4.4571E+02 UNITS/INCH
------------------------------

.....•.................................
• LlCATION OF CURRE~T PHYSICAL ORIGIN •
• X= 2.00 Y: 1.69 I~CHES •

FROM LEFT LOME~ CORNER IF ~~GE.............••.......•....•........•..

2·17'::



HOIST NO.2 ,
HAS BEE~ CO~PLETEO .USIN; INfEGRAfEO SOFTWARE SYSTEMS COR? OrSS'LA, COC6500 DATACENTER V~RSION 1.

~

DATA FOR PUH

~o. OF ~URVES DRAWN 5

HORIZ. AXIS LENGTH
VERT. A(IS LENGTH

HORIZ. lRIGIN .0

5.il INS.
7.1) INS.

VERT. ORIGIN-3.1200E+03

HORIZ. ~XIS LINEAR
STEP SIZE 2.6000E+01 UNITS/INCH

VERT. AXIS LINEAR
STE?SIZE 4.~571E+02 UNITS/INCH

.•..........................•..........
• LOCATION OF CURRENT PHYSICAL ORIGIN •
• x= 2.00 v: 1.69 I~GHES •

FROM LEFT LOWER CORNER OF ~AGE

O ••••••••••••••••••••••••••••••••• G ••••

2·18''::



....."" "' - "" "' DISS?LA INTERMEDIATE PLOT FILE POSTP_ESSJR " "'.... ..

FILE NAHE OF INTE~HEOIATE PLOT FILE

FILE NAME OF OUTP~T TAPE FOR PLOTTER

NO POSTPROCESSOR ~ONrROL DIRECTIVES.

PLTFILE

PLOT

(DEFAULT )

(DEFAULT.

THE I~rERHEDIATE PLOT FILE WAS GEN£R~TED BY RUN W1ABA~O AT a3/30/76 09.21
ALL ~lOTS HAVE BEE~ WRITfEN ONTO THE PLOTT APE

•••••••••••••••••••••••••••••••••••••••••••• END OF POSrPROc~SSOR ••••••••••••••••••••••••••••••••••••••••••••

~~:t:9<
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INFIlE

08/251753551)

CM CELLS USE!).
CP SEC. JSED.
10 SEC. JSEO.
SYSTEM SEC. JSEO.

Cit CELLS USE!J.
CP SEC. JSE1l.
10 SEC. JSED.
SYSTEM SEC. JSEO.

03130"1 OS SClPE 3.3
09.19.ij.5.WiABA~O

09.19.1~.IP 0000&2 INPUT UNITS USED.
09.19.1J.$SfQUENCE.1AB.
09.19.1a.$C~ARGE,a1591 -950.
U9.19.10.FIRE,C~13aooo,r20U.TP1.?4.

09.19.1~.RFL.1200QO.

09.19.13.CM 130000
09.19.13.CP 000000.038
)9.19.13.10 000000.600
09.19.13.S5 0000JO.244
09.19.13.HA?fPART)
J9.19.13.RUN,S.
~9.19.13.FILE O?E~EO - ourpur
J9.19.13.FILE OP£~ED - LGO
19.19.27.ATTACH,LFN,DISSPlA.
19.19.27.SA- CYCLE 01, DISSPLA
19.19.27.FILE ATTACHED
19.19.27.COPYLI8.GO.LGO,LFN.
i9.19.28.FILE OPE~EO - GO
jQ.19.23.FTlE OPENED - ~ANSCR

19.20.1~.FIlE OPE~ED - LIBIN3
19.20.1~.FILE aPE~ED - LIBIN4
J9.20.1~.FILf OPE~ED - LIBIN5
19.20.13.FILE OPENED - LIBIN6
19.20.13.:M 1200uO ~H CELLS USE).
19.20.13.CP uOOu09.813 CP SEC. USED.
19.20.13.10 GOOu85.000 10 SEC. USED.
i9.20.13.SS 000036.394 SYSTEM SEC. JSEO.
r9.20.22.CM 051600 CM CELLS USE).
9.20.22.~P 000011.087 CP SEC. USED.
9.20.22.10 OU0100.1~O 10 SEC. USED.
9.20.22.SS YOOO~O.130 SYSTEM SEC. JSED.
r9.20.22.ENO COPYLIB
9.20.22.REWIND,G1.
9.20.22.RETURN,LFN.
9.2G.22.RFl,130000.
9.20.2~.CH 1200~O

9.20.22.CP 000011.187
9.2u.2~.ro 000101.700
9.20.22.SS OOOu+u.417
9.20.22.GO.
9.21.32.BE~IN OF OISSPLA PLOT GENER4TION.
9.21.32.0ISSPLA INTERM~DIATE PLOT FILE IS
9.21.32. • •• PLTFILE •••
9.21.37.FILE OPE~ED - ~lTFILE

9.21.41.END FIRE
9.21.41.$SC D~~L ··45G; 5762
9.21.41. 5914 DIS5PLA VECTJRS ;ENERATEO.
9.21.41. I
9.21.41.END OF DISSPLA PLOT GENERATION.
9.21.41.ATTACH9PlOJT~R,OISSPLAPLOTTE~.

9.21.41.SA- CYCLE 01, )ISSPLAPLJTTE~

9.21.41.FIlE ATTACHED
9.21.41.REQUEST,'lJT,HI. IRI~;,NL.I=PLOT)

9.24.02. VS~PlT124

9.24.02.INFORMCPlOT.EH4·A)
9.24.03.FILE OPE~ED - INFIlE
9.24.U3.0P 000004 STO~AGE DATA BlO~KS ON FILE
).24.04.EXT 000009 SDB,CY01 INFORMS.IPFILE
).24.04.FILE OPE~EO - ~FNFILE

J.24.04.SET(OJ· •
l.~4,a4.Pl)TTER.



/
/

u9.2~.Jr.c~ 130000 CM CEllS USE).
09.2~.Jr.~p 0000;2.(75 G? SEC. JSED.
09.24.0r.IO 006112.100 10 SEC. JStD.
09.24.0r.SS O~0095.223 SYSTEM SEC. JSEO.
09.24.0r.~T42 ASSIGNED TO PLOT
09.25.00. VSNPLT124
09.25.1J. HT 42 V~N IS PlT124
09.25.2~.CM 030400 GM CeLLS USE).
Jq.25.2~.CP 000054.832 GP SEC. JSED.
09.25.?~.!O 000136.838 10 SEC. JStD.
09.25.~5.SS 000laQ.J47 SYSTEM SEC. JSED.
09.25.2~.ENO QUPOSf
09.25.25.I1T 42 BlKS W~!TTEN- 000122
Q9.2S.2;.!? 000052 STO~AGE DATA RLO~KS ON ~!LE IN~UT

09.25.25.0P 000090 STORAGE DATA OlO:KS ON FILE OUTPUT
09.25.25.CM 130000 CMCELLS USEJ.
09.25.2~.GP 000054.833 CP SEC. USED.
09.25.25.10 000137.285 10 SEC. JSEO.
09.25.25.55 000100.501 SYSfEM SEC. JSEO.
D9.25.25.AC - ENO OF JJB.

251<





The following is a listing of the Mine Evacuation Simulation

Program.
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(

u9.2~.~7.C~ 1300CO CH CEllS USE).
09.2~.)7.;P 0000;2.075 CP SEC. JSEO.
u9.2~.07.IO 000112.100 10 SEC. JStO.
u9.24.ry7.SS 0.0095.223 SYSTE~ SEC. JSEO.
09.24."7.~T42 ASSiGNED TO PLOT
39.25.00. VS~PlT124

09.25.1). MT 42 ViN IS PLT124
09.25.2j.~M 830400 CM C~LLS USE).
Jq.25.2j.~P 000054.832 CP SEC. JSEO.
39.25.25.10 080136.838 10 SEC. JScO.
09.25.25.S$ OuiltjQ.J47 SYSTEM SEC. JSEO.
~9.?5.25.END QQPOST
09.25.25.HT 42 Bl<S W~rTTEN- 000122
09.25.25.IP 00"0,2 SrO~AGE DATA ALO;KS O~ ~ILE INPUr
a9.25.2'.3P 000090 STO~AGE DATA BlO:KS ON FILE OUTPUT.
ij9.25.2'.CH 130000 CM CELLS USE).
09.25.2,.CP 0000,4.833 CP SEC. USED.
09.25.25.IO 000137.285 10 SEC. JSEO.
09.25.25.SS 000100.501 SYSTEM SEC. JSED.
09.25.Z5.AC - END 9F J)B.
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W2TCA16 RUN V2.3 PSR 380 nlt/D61T6 17.25.20

000003
000003

000003
000003

000003

000003
ll00003
000003

000003

0000 03
000003
000003

000003

000003
000003

PROGRAM FIRE(I~PUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT)C·· ..•..•••••• •.. ••••• ·• ••• ··,,· •••• ..•..••• ••• .
G \"livE !EVAtVA'TIOrV 5UfU1.,'ATION PROGRAM ••••.....• .
C·· · · ····.. ·· .. ·..····,,·····..· ..·~· ..············ ···· .
C DEVELOPED AT FOSTE~ MILLER ASSOCIATES, WALTHAM ,MASSACHUSETTS
C BY ASHOK B. 90GHA~I TEL.(617)6~O 3~OO

G
C
C

GOMMON/ICOUNT/ICOUNT
COMHON/CMINER/JM(200J.XM(200).KH(200J,~fLM(200),IMINERCZOO}.

lNMT(ZOO),MDE(200),KMAX.MSAFE,MOEAO.TD1(200J.KGHOST.K~OTF(lDO)
2.TEIIAC
COHHON/CBRN/I3(2001.JB(200).ALB(20a).~3(ZOO).IMAX

caM~ON/CNODE/I~(200).JN(200).KN(2Q01.L~(20al,MN(20al,NN(ZOO),

lMNP(ZODJ.JMAX.~N2(20J),NN2(lOO).TSwIT~~

COHMON/CHOIST/iHC101.LH(10,30),IH(10J.II£LNH(101,TDELAY(lDJ,JH(10),
lTSTAR(10).NSTA~(10).TMO\lEt10).TDcl(101.MINH(10.100J,IHOIST(lG),

2TWAIT(10I,TUPC10).XHST(10),LMAX,XHSTI(101.THSCH(10J.TOHO(10I,
3THSRH (10) • NOPTC 1il) • NODfI( 10" IF ORCE till) • TOE LSf1 0) ,TOELFUO)
4. IOPT UO). HHill 0) ,MHZ (10) • XHS TIN (10)

COMMON/TIME/T.JflME.FTIME
COHMON/IO/IHT,IRO.IERROR
COMMON/XYPL TIN' UH, NPL T(10) .PLf (10,500) , JPL. TPLSTP, TPLSTR,LI ItP, NXT

l,IXT
COMMON/LEV/LEV~(30',lEVA(3015),XLEP(10.20).LlEPC10.20).XXP(10.40),

lXYP(10,40).INL(10),INX(10).MMAX.XHMAX
COMMON/SMCO/IBFIR,XBFIR,ISCOB(ZOOI,XSMOKCZOOI.VEN8(ZOO •• IMINS(ZOOJ
COMMON/SElFR/r~ELFR(200J.TSRMAX

COMHONIDOUB/IOISC,LSLBR,HSLAV(10),MAl~V(10),ISLA\lE,IHA5T.XMAST,

1 MANOO.IFORCO .
COMMON/HARN'I95T~,XB5TN,I5TN8(2GO),XST~C200),IMINT(200),VENG(ZOOJ

1.TSTEN.TENOT,~~STEN.~NSMOK

COMMON/TTTLEITITL(8)
DIMENSION XPLGr(102~1

G·¥··········~···············~·········

000003
000004
000005
000006
000007
000010
000012
000013
000014
000015
0000 16
0000 17

c
c

c

INITIALIZATION

ICOUNT=l
HIT =6
IRD=5
LIMP=50o.
IERROR=O
TPAT=10.
TPAS=oO.
IOISC=/l
ISLA\fE=O
IMAST=O
I FORCD=O
INSTqCT=l

2S:i<

a0002G
C CALL INPUT DUToUT 3U~~8JTINE ,PRJGIU

CALL PROSIO
c



000021
000023
000024
000025
000{J2f)
000027
000030
000031
000032
000033
000034
000035
00003f,

c

FIRE

KGHOST=KMAX
MSAFE=O
HOEAO=O
XHHAX=O.
TEVAC=O.
ToTSMO=O.
MNSTEN=O
MNSMOK=O
NMSMO=O
TMAXSMO=O.
TENOT=O.
AVSMO=O.
BVSMQ=O.

W2TCA1& RUN V2.3 PSR380 04/08/76 17.25.20

000037
000040
aa0 041
0000'+2
000043
oa00 44
0000!+6
00 00 53

000056
00 00 57
000060

000062
a0 00 64
J00065
000067
000070
0000 i'1
000072
000073
0000 74
000076

0000 77
000101
000102
000103
000104
000105
000106
000107
000111
000116
000117
000121
000122
000124
000127
000130
000132

r:

C

DO 60 I=1,IMAI(
r scus r r i- n
XSMOK(I)=O.
ISTN3<II=O
XSTNIII=O.O
V::NCI=VENCIIl
IFIA3SIVENCII.~l.0.DOOlIVENCII)=VEN8(I)

,,0 COIHINUE

DO 50 J=l,JMAI(
M,',PIJ)=O

')0 CONTINUE

o0 20 K=1, <MAX
Nt1T(KI=O
IMINERIK)=2
M'JE (K) =0
I iHNS IK) =0
IMINTIKI=()
TSElFRIKI=O.
K'lOTFIKI=O

20 CONTINUE
KNOTF IKMAXl =1

00 10 L=l,LMAI(
JH{L) =0
TDEUU=O.
T"AIT{U=O.
XHSTINIL!=O.G
XHST (Ll=O.
rOPT ILl=O
DO 11 lP=l,Zn

11 LlEP{l,LPI=O
INULl =1
INXIL!=1
IFORCEfLl=O
THSRH(ll=XHSTI(LI/V~LNH{L)

TOHDiLl=XHSTI{_)/V~LNHIL)+THSCH{L)

XrlST(LI=x~srII_1

IF{NJ?T{LI.\jt:.~);;J 10 51
MH2{LI=~

25·1<-::



FIRE ".~ ,. _...... _-
000133
000135
000136
000137
000141
000143
000150
000152
000155
000155
000157
000162
000167

000172
000173
000174
000176
00017£,
000177
000201
000202

000202
000211
000213
000217

000217
000220
000222
00022<;
000221
000231
000233
000235
000243
000247
0002:;3

000253
000251,
000255
01]0256
000257
000260
(J00261
Oa0265

MHl {L}=MH(L)
INOEX=O
MHIl!=MH(L)
DO 52 ll=l~MHILI

IF(INOEX.EQ~l);O TO 52
IF(LHCl,LLJ.EQ.NOOFI(L)INOEX=1
MHZ (U=MH2(U +1

52 CONTINUE
51 CONTINUE

MH ILL= MH(L I
NOOOL=LH(L.MHILIJ
IF(XHST(L).LE.l.JCAlL LEVEL(NOOOL,LJ

10 CONTINUE
C
C
C FIRE AND STENCH S15T£M DATA REDUCTION

IF(IBFIR.EQ.O)GO TO 62
ISCOBCISFIRJ=l
XSMOK(I8FIRJ=~3FIR

62 CONTINUE
IF(rBSTN.EQ.O)~O TO 61
ISTNBCI6STNJ =1
XSTN(IOSTNJ=X351N

61 CONTINUE
c
C IF NO STENCH OR FI~E ,ASSUME MINERS N~TIFI~O AT TIME T=O.

IF(IdFIR.NE.O.JR.IBSTN.NE.QJGO TO &5
DO 65 K=l, KMlIX

66 KNOTF(K)=1
65 CONTINUE

c
C DETERMINE MASTE~ ~)OE (OOUBLE DRUM HOIST)

IFIISLAVE.EQ.OIGO TO 13
00 12 M=l,MMAX
IF(MAlEV(ISLAV:J.EQ.lEVNIM»GO TO 14

12 CONTINUE
14 00 15 MM=1,5

MHST=MHIIMASTl
00 15 LL=l,MHST
If (Ui UMAST ,LJ.1 .EQ.'I..EVA H1,I1MJ I GO TO 1~

15 CONTINUE
16 MANOD=LEVA(M,M~I

13 CONTINUE
C
C¥·~····#¥~··¥·~4~••. ~.~~~.+.~ *.
C OYNAMIC SIMJL~TION

C
T=O.
1XT='3
JXT=l

30 CALL MINEF
CALL HOIST
CALL Si-10K::
rFIT.Gr.TSrE~IGALL STENCH
IFlliKRO~.EQ.1IGQ TO 20G

2~;5<
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;';:<"

000267
000272
000273
000274
000275
000277
000301
000302
000305
00030f,

000306
000307
000312
000315
000317
000320
000322
000323
000324
000326

000326
000330

000332
.000347
000365
000403

.000422

000445

000470
000473
000473

000473
1100475
0005111
000506
000513
000514
000520
000522
000526
000540
0005"+6
000554

C
C SWITCH MINER INST~JCTION AFTER f:fSWITCH

IFIT.LT.TSWITCH)GO TO 304
IF(INSTRCT.EQ.OIGO TO 304
00 305 J=1,JM4X
IF (MN2 (J) • EQ. 0) GO TO 306
MNIJI=MN2(JI

306 IFINN2(J).EQ.0)GO TO 305
NNIJ)=NN2(J)

305 CONTINUE
INSTRCT=O

304 CONTINUE
C
C STORE VAR8S FO~ PLJT

IFINPLTM)301.300,301
301 IFIT .LT.TPL5TR) Go TO 300

IFIT .GT.TPLSTP) GO TO 300
IT=JXT-NXT
IFIITI302,303,302

303 IXl=IXT+l
CI\lL PSTOF::
JXT:O

302 JXT=JXT+l
300 CONTINUE
C

T=T+OTIM::
KTOTAL=MSA~E.~)EAD

c
C DETERMINE IF TH~ ~)ISTMAN SHOULD LEAVE THE POST

IFIINXILMAX).El.l.ANO.TWAIT(LMAX).GT.T~AS)IHOIST(LMAX}=1

IFIINXILMAX).El.l.ANO.rWAITILMAX).GT.r~AS)TOM(KMAX)=O.g.f

IFIINX(L~AX).Gr.l.ANO.TWAITILMAX) .GT.rPATlIHOIST(LMAXl=l
IFIINXILMAX).Gr.l.ANJ.TWAITILMAX).GT.r~Af)rOM(KMAX)=O.9.T

IFITDELF(LMAXI.GT.50JO •• AND.fOELS(LMAX) .GT.5000 •• AND.IHOISTILMAX)
1.EQ.1)TOMIKMAX)=O.9·T

IFITOELFILMAX).GT.50DO •• AND.T.GT.TDELS(LMAXl.ANO.IHOISTllMAXl
1.EQ.1)TOMI<MAX)=O.~·T

c
IFIT.GE.FTIMEI;O TO "+0
GO TO 30

40 CONTINUE
C
C

00 41 K=1,Kt1AX
IF nSELFR I K) .:; r •TMAX "MO) LlAXSMJ=rsE:LF;: (K l
IF(TSELFRIK).~r.o.O[l)NMSMO=NMSMO.l

41 TOTSMO:TOTSMO+fS~LFRIK)

AVSMQ=TOTSMOI=_OATIKMAXI
IFINMSMO.GT.Ol3VSMO=TOTSHO/FLOATINMSMJ)
fENOT=TENOT-TsrEN
\~R.ITE (IWT, 42)
w'HT" I HiT, 711 (T 1 TL (K) , :<=1,81
w~rT~IIWT,43)<~AX

W~IT~IIWT,44)~SAF~

WRITElIWT,451 ~)EAJ

2;-56<



f FIRE W2TCA16 RU~ V2.J PSR JaD U""YV,,,...,

./30X,·MINER AFT~R STE~~H A

= ·,110J
= ·,1101
= ·,110)
= .o,

= .,

IN NOTIFV1NG LAST
·,Fl0.3,. MINUTES·)
MINERS NOTIFIED BY STENCH
MINERS NOTIFIeD BY S~OKE

WRITEtIWT,4&)T~VAC

WR.ITE (IWT, 72)
WRITEIIWT,73)T5TEN
WRITEIIWT.74)T~NOr

WRITE(IWT.75)~~STEN

WRITE(IWT,761~~SMOK

WRITE (1\o1T. 72)
WRITE(IWT.77)N~SMO

WRITe(IWT,78IAVSMO
WRITE(IWT,79)3~SMO

WRITS(IWT,80)T1AXSMO
WRITE(IWT,61ITJTSMO

c······································C PLOTTING S::::TION
c

IF(NPlTM) 101.200,101
101 JPL=IXT

00 150 IPlN=l,~PlTM

CALL VPlOTS(IP_N)
CALL ENDPLl IPl'U

15(J CONTINUE
200 CONTINUE

42 FORMAT(lHl,IIIIIIII)
43 FORMAT(30X,.TJTAl MINERS IN THE MINE
4~ FORMAT(30X,·TJTAL MINERS EVACUATeD
45 fORMAT(30X.·TOTAL MINERS LOST
~6 fORMAT(30X,.EV~CUATION TIME

1F10.3,· ~INUTE5·)

71 FORMAT(3SX.8A131111)
72 FORI1ATtI/)
73 FORMAT(30X.·DE_AY IN STENCH ACTIVATION

1F10.3,· MINUTES·)
74 FO~MAT(30X,·DElAt

lCTIVA TION
75 FORMATI30X,·TOTAL
7& FORMAT(30X,·TOTAL

000700
0011700

000&&&
000667
060671
000672
000&73
000675
000700
000700
000700
000700
000700
000700

000700
600700
000700

IlOOnO

000562
000510
000574
illlD&OZ
000&10
000616
006624
000630
0011636
00661+4
000652
ODO&611

000700
000700

000700

00 aT co

000700
000700

77 FORMAT(30X,·TJfAL MINERS ~XPOSED TO S10KE
78 FORMAT(30X.·AVERAGE SMOKE EXPOSURE"/30X.

1 ·(FOR TOTAL NUMBER OF MINE~S)

lF10.3,· ~INUTE5·)

7g FORMAT(30X,·AVERAGE SMOKE £XPOSURS·I.~OX,

1 ·(FJR MINERS EXPOSED TO SMaKiB
IF1D.3,¥ MINUTE5·)

gO FORMAT(30X,·MAX1MUM INDIVIDUAL SMOKE ~XPOSUR:

IFI0.3,· MINUTES·)
81 FORMAT(30X.·M~~ ~INUTES OF SMOKE EXPOSURe

END
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000002
00 GO 0 2
000002

000002

000002
000002
000002

000002

000002
000002

C
000002
000011+
000022
000024
000050
00OOS7
000063
000065
000115
000122
000124
000141+
000151
000153

000176
000216
000221
001)225
000232
000236
000240
000Z53
000256
000263
000Z65

OOOOQ2

000002
01)0002

000002

SUBROUTINE PRO~IO

G OATA AGQUIZrrrON 5J6ROUTINE
GOMMON/CHINER/JH(2DD).X"t200),KMt200),~ElH(20DJ,IMINER(ZOD),

lNMT (200) ,HDE(Zll 0) ,KMAX,MSAFt:,MOEAO, TO'!( 200) ,KGHOST .K~OTf(2QO I
Z,TEVI\C

GOMMON/C8RNII31200I,JB(ZOGl,AL6(200J,V3(200J,IMAX
GOMH0N/CNODE/I~(200},JNl20U),KN(Zaa),_Nl200J,MN(200},NN{ZDOl,

lHNPI200I,JHAX,~N2(20U),NN2(20a},r$WITCH

COMMON/CHOISTf~H(10},LHllD,30},IH{10),VElNHI10),TDElAY(iO},JH(lDI,

lTSTA~(101,NSrA~(lD},TMOVE(10},rDEL(101,MINH(tO,100},IHOIST(10I,

2TWAIT(10),TUP(10}.XHST(10},LMAX.XHSTI(10J,THSCH(10J,rOHO(10),
3THSRH(10).NOPT(10),NODFI(10),IfORGE(10l .TOELS(lD),TOELF(10}
4, IOPT (10) ,MHU101 ,MHZ (10) ,XHSTHH 10)
COMMON/IO/IWT,IRO,IERROR
COMMON/TIME/T,JTIME,FTIME
GOMMON/XVPLT/N~lTM,NPlT(lD},PlTI10.500) ,JPl.TPLSTP,T?lSTR,lIMP,NXT

l,IXT
CaMMO N/LE VILEI.' ~ (J 0) .LEVA ( 30,5) , XlEP ltD, 20) , lL EP u e , 20) , XXP U 0,40) ,

lXYP{10,4D},INl(10l,INX(10l,MHAX,XHMAX
GOMMON/SMCO/I8~li<,XBFIR,I SGOB (ZOO), XSOK( 20 tn ,VENB(200J • IHINS( 2(0)
COHMON/S~lF~/r5ELFkC200l,TSRMAX

COMMON/DOUB/IDISC,lSl8R,MSlAV(10),MAL~V(10}.ISLAVE,IMASf,XMAST,

1 ~lANOO, IFORCO
GOHMON/WARN,r33TN,XBsrN,ISTNa(200),XST~(200),IMINT(200),V£NG(2001

l,rsrEN,TENOT,~~srEN,MNSMOK

COMMON/TTTLE/TITlIS)
DIMENSION JPLT(501

READING SE::TION
R~AO(IRO,101}(rITL(KI,K=l,61

READt IRD, 1) IMC,X
00 2 I=l,IMAX

2 Rt:AtHIRD,31 II,lBtI),JBn) ,ALIHIl,V8(l),\lEN3H) ,VENGIH
REAO(rRD,111IJ~AX,TSwrTCH

IF(TSWITGH.LT.O.1)TSWITGH=10000.
00 4 J=l,JMAX

It READ(IRD,7l 1I,'INIJ) ,NNIJ) ,IN(JI.JN(J),<NIJI,LiHJI ,HN2(J. ,NN2IJ)
REAOCIRo,UK'1Al(
DO ') K=l,K"IAX

S R::ADCIRO,&III,JMlKI,XM(K} ,KH(Kl ,TOM (/0
REAC){ IRo.ll U1Al(
00 ~ l=1,lM4X
REA 0 CIRO.:; 3) II, Hi-! I U , I HCL I , VELNH (Ll , DE lA '(( II , I HO ISH U ,MSLlW (Ll

1, MALEV (U
~EAlJ( IRG,r,/t IXH') TI III , THSCHCL) ,NOPT (lI, ~OOfI Cl..i , TO::LS(U, TtJ€LF( L)
IFIMSlAVIL}.~~.QlISlAVE=L

If CMS l AV (Ll • 'l E. G) 1M 1\Sr::MSl AV( I SlA VE)

IFITDElSll} .IT.O.OD1JTDELS(l)=1GOJO.
IFCTJElFClJ .~r.o.oulITO~LF(l}=10GJD.

MliILI =HH I U
~EAO(IkDt10) L-iIL,lU ,Ll=l.rlHILIl

3 CJNTINU'"
t< ': A;; 1I "'n• 11 ""1II (
DO 2') H=l,"'1I1)(
R.EACH 1;"'0,21) L:oVN( dl. CLEVA CH,M(~) ,i1i1=l,51

~?58'::



20 CONHNUE
REAO(IRD,30.13=IR,XBFIR
READIIRD,35l1B5TN,XBSTN,TSTEN
REAO(IRD.31)TS~MAX

R€AO(IRD,llJOTIME,FTIHE
REAO(5.9071'(J~LTIK'tK=1.40.,TPLSTR,TPLSTP

C INPUT PLOT INFJRM~TI0N

1=1
DO bl K=1,40
IF(JPLTIKIJ62,~l,62

62 NPLT (I l =K
1=1+1

61 CONTINUE
NPLTM=I-1
JR£G=IFIX«(TP~5TP-TPLSTRJ/OTIMEl

NXT=JREG/LIMP+ 1
C WRITI~G SE:TION

WRITE UWT,1 00)
WRITECIWT,103l
WRITE(IWT,102l(TITLIKl,K=1.8)
WRITE (IWT,1 00)
WRITE(IWT,103l
ifRITEIIWT,104'
W~ITE (IWT, 70)
WRITECIWT.200)
00 '30 I=l,IMAX
WRITE (IWT. 80) I, I ill Il ,JB( U. ALtHU ,VB(I) • ViNBI IJ .VENCC 1I

90 CONTINUE
WRITE (IWT. 71)
WRITEIIWT.107JTSWITCH
WRITE OWl. 20 it
00 91 J=l,JMAl(
WRITE(IWT,811J,Mi(J),NNIJ),IN(J),JNIJI ,KNIJ),LN(Jl,MN2IJ),NN2IJ)

91 CONTINUE
WRITe: IIWT, 72)
WRIEIIWT,2021
DO 92 K=1,K'1A)(
WRITEIIWT,82) K.J'1110 ,XMIKl.KMCKl.TDt1CKI

92 COIHINU[
WRITEIIWT,73)
W~lTt: I IHT. 2031
WRITE (HIT, 204)
W~ITE:(IWT,2051

DO 9S L=l,LMl\l(
WRIT E( I \-IT, 831 L, 'H (U , I HH.. ) , VEL NHIU • TJ E... AYI LI

1,IHOlST(LI,MSL~V(LI,'1ALEV(LJ

WRITEllwr.8J21l(HSTICLI.THSCHIL),NOPT(~).NOUFI(L).TOELSILl,TD~LF(L)

HHILI=MHCLl
WRITEIIWT,8311(Lrlll,LLI.LL=1.MHILI)
WRIT::(IWT,105l

93 CONTINUE
W'?IE(HH,7'tl
WRI TE ( HIT , 2 ;J " I
no g~ i~"'1, '1MAX
W~ITEIIWr.~~)L~V~{MI,ILEVA(H,MM),MM=l,j)

J
000301
000304
000313
000325
000333
000343

000301
1)003&2
000364
000305
000367
000371
000373
000375
0!H1401

000405
00041D
000414
000426
000432
000436
000442
000446
000452
000451+
lJ00475
000500
000503
000511
000515
000517
000544
000547
000552
0005%
000560
000575
000600
000603
000607
000613
000&17
000621

000644
000664
000666
000702
000706
000711
000714
000720
000722

Pt<Ul>10 1C2TGA10 RUN V2.3 PSR ~~U 01+/08/7& 17.~5.Z0

~5;}":·



PROGIO W2TCA16 RUN V2. 3 PSR 360 Olt/Oo176 17.25.20

00073b 94 C ONTlNUE
000741 ~HU flOl IWT, 75)
00074 .. WRIE<IWT,20n
000750 WRITEIIWT,85113FIR,X8FIR
000760 WRITE(I liT ,95)
00076/, WRITEnWT,208)
oaOllO WRITEIIWT,851IIBSTN,XBSTN,TSTEN
0010U2 \,'UTE (lwT, 761
001006 l'ie<ITEIIWT,2Q91
o(J 10 12 ~~ITEllwr,86)T3K~AX

001020 W;ZIElIWT,1001
0\l1024 WRlTEIHIT.1031
001030 WRITE (1WT, 1 Dol
001034 W'HTE (I1H, 100)
001040 WUTEIHIT,30il
001044 1 FORMAT(I10)
001044 3 FORMAT(3Il0,4F1U.JI
001044 (; FORHAT(2I10,FlJ.3,I10,F10.31
001044 7 FORMAT(7Il0,213)
001044 10 FORt1AT (8110)
001044 11 FORMATI2Fl0.31
001044 21 FURMLl.Tl5I10)
001044 30 F:)RMAT IIlO, Fla. 3)
001044 31 FJR:1ATlFlG.31
001044 35 FORMAT(Il0,2F10.31
001044 S3 F~RMATI3I1Q,2Fl0.3,3I1DI

001044 54 Fa~~Ll.T{2Fl0.3,~IlG,2F10.31

)01044 70 FJ~MAT(10X,~aR'NCHES·'11

001044 71 ~O~MAT{10X,~NO)ES"'111

001044 72 FORMAfll0X,"'H[~ERS·111

001044 73 F::JFMAT(1(JX, "'!-lJrSTS""tl)
001044 74 FORMATll0X,~Mli~ LEVELS"'/I}
an 11144 75 FO~MAT(10X,"'~r~f POSITION"I!)
1]01044 76 FJRMAT(10X,"SELF ~ESGU~2·111

orll0 44 dO FGR'1H(10X,3110,'tFl0 •.1)

001044 1"1 FJ?r111T(10X,7I1J ,215)
00 1(J 44 a 2 F J';: '1ATile X, 2 Ii1 , t: 1 0 • 5 , 11 a , F 1 (J • 31
001044 83 FOkMAT(1)X,3Il0,2FiJ.3,3Il01
OU1044 B4 FORMAT(10X,~rlJI

001044 85 FORMATllCX,llD,F1D.31
001044 86 FOC.:MATHQx,Fl0.SI
001044 -:JS FO"'.:1ATHOY,",>r::NC,1 '-:.:l.RNING SYSfEM"'/I)
001044 tDG FORt-IAT I1H1)
U010"4 lnt FO..;;MATI8Al0)
001044 102 FJ?Ml\T13JX,~l\1J/1l

001044 lU3 F0KMAT(II/IIIII/I/11
0010 '+4 10~ FOKMAT(50Y•• IN~ur DATA"IIII.
0010 ..4 105 F0Ri1ATl/1l
001044 106 FJRMATISQX,¥OVTPUT 0ATA"111111
001044 107 FORMAT(15X.·TS~ITCH = .,F10.JI
()01044 111 FORMATI11G,F10.31
031il4,+ 200 FJRM4Y(lJX,· I nUl Jj(T) Ai..J{I) v'3( I I 'J • \0::": '\ .. -

E'JdIIl v:: .~:; II) "'f) f~Od .

001344 201 FCRM4fllJX,· J M"l(JI ",. (J) 1"1 lJI J;il J J
1 KN(-Jl _ ~ (J I :1 N2 I J I NN 2 I J I "I )



PROGIO i/2TCA16 RUN V2.3 PSR 38U 04/08/7& 17.25.20

0(110,+4
0010'+4

001044

001044
001044
001044
0010'+4
0010'+'+
0010 '+4
001044
001044
0010'+4
00101.t4
001044
001045

202 FORMAT(10X,· K JM(KJ XM(K) KMIKl TOM(K).')
203 FORMAT(10X,· L MH(LJ IH(L) VElNH(Ll TOELAY(L) IH

10ISTil) MSlAV(Ll MALEVILl·)
204 FORMAT(10X,· X~STI(LJ THSCH(LI NG?T(LJ NOOFI(L) TQELS(Ll TO

lELFIL,·'
205 FORMAT(10X,· LHIL,LL),LL=l.MH(LI ••• ~/1

206 FORMAT(10X,· L~VN(MI L[VA(~,MHI.MM=1,5••• ·/)
207 FORMAT(10X,· IJFIR XBFIR·1
208 FORMAT(10X,. 18STN X~STN rSTEN·)
209 FORMATll0X,. TSQMAX·)
301 FORMAT(30X,· C~RONOLOGICAl EVENTS·//IJ
831 FORMAT(10X,8I1JI
832 FORMAT(10X.2Fl0.3,2Il0,2Fl0.3)
851 FORMAT(10X,Il0,2Fl0.31

9071 FORMATI40Il.2Fl0.31
RETURN
END

~~bl<
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000002
000002

000002
000002

000002

000002
00'1002
000002

000002

000002
000002
00000"

000005
000010

000012
000013

000030
000032
0000,+2

0000'+2
000055
;J000,,1
:JJ:1D73
01) 'JJ 13

'1'1O,l!L
'J'J 0') 7/

SUBROUTINE HOI:> T
C HOIST PROPAGATION SUBROUTINE

COMMJNiICOUNT/ICOUNT
COMMON/CMINER/JMIZOOI.XMIZOOl,KMI200l,VELM(ZDO),IMINER«ZOOI,

INMTIZOOI.MDE{ZOOl.KMAX,MSAF£,MOEAO,T01(ZOUI,KGHOST,KNOTF{2001
2.TEVAC
COHMON/CBRN/IS{2JDI.J8(20Jl~AL31200),~3l2001,IMAX

COM"lON /C N00 ElI'! rz 0 0l , J N12 G0 I , KN {2 0uI , _N12 'Jul , MN1200 I , NN1200 I ,
lHNPl2001,JHAX,~NZI20Ul,NN2(2001,TSWIT;rl

COHMON/CHOIST/~H(10) .LHI10,30l,IH(10),VELNHCI0),TOElAY(10l,JHII0),
1TS TAR I 10 I , NSTil <. ( 10 ) , TMa vE l1 0 I , TOE l( 101 , MIN H(1 0 , 10 0) , I Ha 1ST 110l ,
2TWAIT(10) ,TUPII0) ,XHSTI10J ,LMAX,XHSTI(10),THSCHI101 ,TDHOII01,
3THSR H(10) , NOP TIl 0 I , NOD FI( 10 ) , I FORCE (H I , TOE LS(10)> , TDELF <1i)
4, IOPT (10), MHl (10 I, MH2 I 10) ,XHSTIN( 10 I
COMMON/IO/lwr,IRo,I~RROR

COHMON/TIME/T,DTIME,FTIM~

COMMJN/LEV/LcV'11301,LEVAI30,S),XLEP(1D,20l,LLEP(10,ZOJ,XXPIID,401,
lXYPl10,4Ql,INLI10l,INX(10l,HMAX,XHMAX

CJMMON/OOU3/Ior sc , LSLBR,MSlAVUOI ,MALEV (li)) ,ISLAVE, IMAST, Xr1AST,
1 MANJD,IFOR.GO

OIMENSION LGHJSTI101
Tr> AR= 7•
OJ 20 L=l, LMI\)(

G
C DELAY IN GETTING ~JIST OPERATIONAL

IFIT.LT.THSRH(LIIGO TO 8
IFIT.LT.TOHD(L) IGO TO 9

c
C THE STATUS OF HOIST (IHOIST(lll DETERMINES WHICH
C PART OF THE SUBROUTINE WILL 3E EXECUTED

LHOST=IHOIST(LI
GJ TO (1,2,3,4,5,6,7,7,7,71,LHOST

C~~ •• ~¥¥~•••••• ~ •••••• 4~4.~+••• ~•• ~ •••• ~~.~••••••••• ~ ••••••••• ~.4~~•• ~•••••• ~ •••

C••• l HOIST INOPERATIVE
C

1 XX=O. 99"OTIME:
IFIT.LT.XXIWRITEIIWT,llIL

11 FO?MAT( 5X,"'HOISr NC.",SX,IZ," INOPLR~TIV~·/)

C
C HOIST INOPERATIVE ONLY FuP A LENGTH OF TI1:

IF(TDMIKMAX).LT.T.AND.L.EQ.lMAXlG0 TJ 20
IF(T.GT.TOELFI~lII~OISTIL;=2

IF (T • r, r •TC':: L;:- L I ) "' <1: r.: Iidr, 12) L , r
12 F.J;:'>1AT(~-X, 'f:..fJl::-lT ,~G.\'tIc;,~ ..Ji\C< .J.'-J :_):;:;_;·.,~T .... ,.: -l tr T1'1::: If.,F1Gt.)/)

G') TJ Z~,

~~~¥~~-~.~~.~4~~~*.~~•• ~.~~+~4~~~.~~.~~4~+.¥~~~~~~~~~~;~~9~•••• ¥ ••¥~~~.~.~..~¥.~~¥
(~ ••• ;; ,,':; I :) T h b l. T =:'\~ ~ T T'.')F-

:. IF ( T-,J :., I r (L ) - TJ ::L ( L... ) ) _·2? , :..: 1 ,:~ 1
'co T1,4 I ilL) = T ,; ;\ I T ( L) +')] 1'1

'J1Hu2
Uj~;11:-

q'. T

r·- i": •
F ( f.

• T:'
• T:';

I e> F
LS(_).~:'~~: • i. .T-J~L

lS(L).4~Q tT.L;.r0~L

I_)IHJ;,)T(U=:
( L ) li '( IT:: ( I Ii r , (' ,:, c, I L, r

~:6~:·--
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000136
000136

000150
000152
000156
000157
000161
000165
000167
000170
000172
000112
000174
000175
000176
000177
000201
000206

000207
000212
000213
000215
000221

000223
000224
000235
000246

000256
000257

000262
000274
000275
000277
000301
OOO~H2

000303
fJ00304
00Q30(,
000306

J0030;:,
i)00311
000314
000331

255 FOR~ATI5X, .HOIST NO. ·,15,· STOPS OP~~ATING AT TIM~·,FI0.3/)

IFCT.GT.TUELSCL).ANO .T.LT.TD£LFCL))GJ TO 20
C

YY=2. ·OTIME
IFITWAITCL).GT.YYIGO TO 20
NSTAR (U=O
IFIIOPTCL).NE.lIGO TO 281
IF(XHSTILI.GT.(HSTIN(LllXHSTINCLI=XHSTILI
XHST(Ll=XHSTINCLI
GO TO 282

281 XHST<L)=O.
282 CONTINUE

~~~~~~~)=o.
LGHOST (Ll =0
IHILI=IH(U
00 28 I=l,IHILt

28 MINHIL,!I=O
GO TO 20

c
C FORCE HOIST TO FI~E NOO~ IF OPTIuN2 IS USED

21 IF(NO~T(LI.NE.~IGO TD 221
NODFIL=NODFI(LI
IFtMNP(NOUFILI.NE.OINSTAR(LI=NODFIL
IFCMNPCNOOFILI.NE.O)IFORCE(Ll=1
IF(MNPCNOOFILI.NE.OIGO TO 211

c
C FORCE MAIN HOIST TJ MAST~R LEVEL, IF HINE~S IN CLU'CH~U HOIST

221 IFlISLAV£.EQ.O)GO TO 212
IFCL.EQ.IMAST.~NJ.JHCISLAVEl.N.0iNS'.RCl)=MANOD
IF(L.f.Q.IMAST.ANO.JH(ISLAVEJ.N .O)IFO(~O=l

IFIL.EQ.IMA5T.ANO.JHllSLAVEI.N .0IGO TJ 211
c
C SEARCH FOR NODE WH~RE MINERS ARE WAITING, I.E. MNP NONZERO

212 LL=l
T~AIT(LI=THAIT(LI+DTIME

c
C DETERMINE IF HOIST SHOULD STOP THE INfERMEJIATE HAUL.
e IF OPTIJN 3 IS US~)

IF(IJPT(Ll.EQ.l.AND.TWAIT(Ll.GT.TPARI ;0 TO 231
GO TO 232

231 IaPTlU=2
MH (L) =MH1 (L)

NSTAR(LI=NODF!(LI
T~A IT III ::0.
T ,jGV::: (L)::\j.

nOIST (L1 =4
GJ T') 4

232 CJilTINUE
c
r-

2S IF(~L.G~.l1 (L»GJ TO 20
r·i"~ ~-1:;; L ~1 ( l ,L )
IFI1~ORCJ. Q.1.A~O.M~M.EQ.HA~OO.AND.L.EQ.I~ASTIGO TJ 20
IF(MNP(MHM 127.27,2&

~~();3<
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000333
000335
000335

000340
000341
00 113 I.+j

000345
00034b
000347
000351

0003')4

000357

000360
000363
000366
000400
000403
000404
000406
00041)7

27 Ll'=Ll+l
GO TO 25

26 IF(NSTAR(U.EQ.MMI'1)GQ TO 20
C

NSTA~CU'=MMM

211 IHOIST (Ll '=3
TIRAV='TMOVE (L1
TMOV:::CU=O.
NOD'::A=NSTAR(L)
MHIL I=MH(U
NQD~3=LH(l,HHILII

G CALCULATE TIME REJJI~EU TO REACH TARGET NJDE
GALL TSTAKC(L,~OuEA,NODE8,TTRAVI

c
GCJ TO 20

C¥•• ¥ ••••••• ¥ •• ~•••••• + •••••••••• 4 •••~~••••••• ¥ ••• - ••••••••••• +¥ ••••• 4 ••••4.~•••

C••• 3 HCJIST HEADING JOWN
C

3 T'1CVE(LI=TMOVE(ll+UTIME
XHSTCL)=XHSTCU WElNH(ll""DTIME
IFCT:10VE(U .LT.T3TAR(U.AND.IFORCE(U.EQ.lIGO TO 20
IF<T'10VE(U.LT.TSTA;,>(UIGO TO 212
TMOVE CLl =0.
IHOIST CLl =4
TriAIT (U=O.
GO TO 20

c····~~·~·¥······¥····4¥••..•.~~ ••• ~.¥ •••••¥.+.¥ ••~¥.~.~ ~~ ¥.~~~..~..~

C••• 4 HOIST WAITING AT TARGET NODE
C

000407
000411
000414
000417

C
,~

C
000421
000430
000431
000433
000435
000441
0004'-.3
0004'+4
0001.+'-.6
i]OO450
000452
000453
000454
no 0,+ 5'3
un 04')(,

4 XX=O.99"'DTIME
If{fAAIHLl.GE.XXIGO TO 41
IFCIFODCECLI.EJ.lIIFORCE(l)=Q
"100Jl =r'iS TA't III

DeTERMINE IF I~TE~1i)IATE HAUL SHUULD COM1ENCE,
IF CPTIJN 3 IS USE)

IF C;'dr'T u i , £0.3 .!lNtI, IOPT(L) .EQ. I) GO TJ 45cJ
GJ T:) :.22

.. 50 MH2l=Mt12fLl
OJ .23 LL'"'l,Mi~l

IF(NJODl.~~.LH(L,LLI)GOTO 42~

'<23 CONTINUE
co TO 422

:.24 IJPTlLl=l
Mrl(L) ~i':[-i? (L)

IFCLL.~!L.:1H2Ll;O TJ .. 22
IHOI:;T<L! =2
TwAITCLl=U.
TOi::ULl=::J.
GO TJ 2:;

:....22 CJj\;TI-';U~

~6·1·-::

J00456
000460

c
-' STJI-.:~ ~:=':>'~ YI,JN '): t«. =T'~;~

CA L L~V L(·~10JL.l)

eA L XSf F(l)
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(J00462
000463

000502

000502
000507
000511
000512
000523
000526
000527

000530
000533
000535
000536

000537
000543
000545
000547
000551
000553
000556
000557
000561
000562
003565
000567
000571
000572
000573

000574
000575
0011577
o0 06 0 (j

aOO&02
000603
000&05
000607
On0616
000621
000621
000624
000624
0]0627
000027
000632

C
C CLUTCHEO(SLAVE) HOIST AT TOP LEVEL,IF MAIN (MASTER) HOIST IS AT
C MASTE~ LEVEL-MALEVCL)

IFCISLAVE.EQ.O)GO TO 421
IFCNOOOL.EQ.MA~OD.A~O.L.EQ.IMAST.ANO.IHOIST(ISlAVE).EJ.8)

1IHOISTCISlAVE)=10
421 CONTINUE

C
IFIXHMAX.LE.XH5TIL»XHMAX=XHST(L)
TDELIL)=O.
K=l

43 IF(NMT(K).EQ.~5TAR(L).ANO.IMINER(K).NE.1)GO TO 42
44 IF(K.GE.KMAX)J) TO 41

K=K+1
GO TO 43

c
C DISTINGUISH MINERS ALREAJY IN HOIST

42 IfCIMINE~IK)-6146,47,4b

47 IMINERlKI=4
K=K+1
GO T3 43

C
46 TDELlL)=TOELAYlL)/FlOATIIH(L»)+TD~LlL)

JH(L)=JH(L) +1
NSTARL=NSTAR(U
MNP(NSTARL)=M~PCNSTARL)-l

JHILI=JHll)
MINH(L,JHILIl =<
MOElK)=2
IF(JH(L).E1.IHlLI)GO TO 41
GO TO 44

41 TWAIT(L)=TWAITlLltOTIME
IF(TWAIT(L).LT.TnELlLI)GO TO 20
IHOISTlU=5
TWAITlL)=U.
TUP(l)=O.
If(MINH(L,ll.~~.O)GO TO ~g

c
C CREATE A GHOST IF THE LONE MINER DIES JEFJ~: HOIST AR~IVES

KGHOS T=KGHOST t1
MINHlL,1)=~GH05T

JH(L) =JHILl +1
>-111ElKGHOSTI=2
NMTlKGHOST)=NSTAR(L)
N'ITK=NMT IKGrlJST)
NNtm~NNINtHKI

GO TO (481, .. 82,433,40 ... 1 ,NNNN
481 JM(KGHOSrl=INl~MTK)

GO TO 48
482 JM(KGHOST)=JNI~MTKJ

GO TO 48
~b3 J~{KSHOSTJ=KNl~MTKI

GJ TJ l...~

4h~ J~IKGHOST)=LNI~HTK)

46 JIHKI=JMIKGHQSTl

~~\';J~._-
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000634
00 Of> 35
000637
000640
iHl0644
0006'+7

c
C

X:HKGHOSfl ::0.
KNOTF IKGHOS fl::1
KMIKGHOSTj=!
IFIIB(JIMKIJ~El.NMrKIKMIKGHOSTJ=O

IFIL.EQ.IMASTIIDISC=l
LGHOST(LI=lGH03T(L)+1

000651
000653
000655
000660
000662
000666
000671

'+9 JHILI::JHIL)
DO 45 I=!,JHILI
K=tHNH u., IJ
IMINER.(KI=5
IFCIOPT<Ll .0.1 I IMINER IKI =8

45 CONTINUE
GO TO 20

c·······¥··~¥··~·~··~········¥~·¥····4.. ¥ •••••••••• ~~+••• ~••• ~.~~.+.~~.~..~..~~~
C••• S HOIST HEADING TO TOP
C

000671
000b71~

000677
OU0702
oa0704
000705
000711
000713
00071')
000732

000732
000733
000745
0007'.5
001]747
0007::;0
000756
U00757
DOlJ700
000763
000167
000771
000776
001010
001014
001017

C
C

Olli017
001021
001022
001024
0010 32
001036
0010'.1
0010 ~1

S IFIJHll).LT.IH{llIGO TO 53
52 TUPIL)=TUPILJ+)TI~E

XHSTILI=XHST{Ll-Vi:.LNHILI'fDTHE:
MHILI=MHILl
K=MINHCl,11
IFILHIL,~HILI).Nc.NMT(KJjGO TO 20
IHOIST III =2
JHILI=JH(LI-LG~05T(L)

W~IT€IIWT,5221L,LHll,~HIlI),JHIlI,T

572 FO~MATI5X,·HOI3T ·,15,· REACHES NODE ·,15,· WITH ·,15,· HINE~3 AT
lTlME ·,FiO.31l

IFIISLAVE.EQ.OIGO TO 521
IFIL.EQ.IHAST.ANO.IHOIST(ISLAV£).E~.B)IHJISTIISLAVE)::q

521. CONTINUE
T~P ILl::O.
T ., AIT I t.) =G•
TOElILI=fOELAY(L)'fFLOAT(JHILIJ/FLOATIIH(ll)
JHILI=JHIll .
00 59 1=1, JHILI
K=MINHll,I)
IFIIMINt~(KI.E).3)IMINER{<1=4

NOOFIL=NOOfI III
IF(IMINE~IKI~E).4IMNPINODFIL)=MNPINOUFIL)+1

IF{1~INE~(KI.~E.3.4NJ.IMINE~IKI.N~.4I1MINE~{<1::2

IF(IHINE~«).~E.3)MDE(KJ::~

59 CONTINUE
GO TO 20

LOOK FOR OTHER MINERS IF HOIST HAS ROOM w~ILE GOING UP
53 ~1FM=~HNHIl.,11

LI..=Q
54 lL=lL+l

TF (ll •GT• ti H(Ll ) ,,'( I E {I WT , 35 J
IFILL.GT.~~h(Ll) ERROR=!
I F ILL. CT. i' HL ) I .", 1U'" I

55 F~2MAT(1GX·~~R)~ 1M MIN~~ S~A~~H ~HIL~ ~aI~G J~ ~CJTI~E.)

IFILrlll,LLl.'E.• N'HUIFtQlGO TO 5..

266<
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001046
001047
001052
001055
001056
0011160
001060
001062
001063

001065
001070
001073
001075
001077
001100
001101
001102
001104
001105
001110
001114

001115
001116

001117
001123
001124
001126
001131
001132
001135
001137
001140

001143
001143

LL=LL+l
56 IFlLL.GE.MHeL)IGO TO 52

MMI1=LHlL,lL)
IF lMNPlMMMI) 57,58,57

58 LL=lL+l
GO TO 56

57 TMOVElU=O.
NSTARlL)=MMM
IHOIST ell =&

c····················································· .
C••• 6 HOIST HEADING JP TO A TARG~T NODE
C

6 TMOVElL)=TMOVEIL)+OTIME
XHSTll)=XHSTILI-VELNHlLI·UTIME
K=I1INH Il.il
IFlNSTARIU.NE.NMTCK)IGO TO 20
TMOVElU=O.
IHOIST ell =!+
TWAITIU=O.
JHIU=JH u, I
00 61 I=1,JHILI
K=HINH u . Il

61 IMINERIKI=o
GO TO 20

c····················································· .
C••• 7.8.9.tO CLUTCH(5LAVE) HOIST IN A DQUBLE DRUM
C

7 CALL ODPUM
GO TO 20

G
c

8 XHSHl)=XHSTIU -IJELNH(U"rlTH1E
GO TO 20

9 X~SJ(U=O.O

IFIICOUNT.GT.1IGJ Ta 20
M'-1 IL I = ~lH I LI
NJODL=LH(L.M'-1I~II

GALL LEVELINOOJL,LI
ICOUNT=2

20 CONTINUE
C
C

,":::TlJ~N

EW

~_~bl-::~r'-
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000002
000002
000002

000002
000002
000002

000002
C
C

000004
000006
000010
000012
000024
000036
000042
000053
000057
000062
000062
000062
00 00 75
000076

000002

000002
000002

000002

000076
000111

000114
.000115

an 313(]
n00132
000134

SU8ROUTINE MIN~R

C MINER PROPAGATION SUBROUTINE
COMMON/CMINER/JM(200),XM(200.,KM(200.,~ELM(?OO),IMINER(200),

lNMT(200l.MDE(200),KHAX,HSAFE,MOEAO,TOH(ZOO,.KGHOST,KNOTF(20U)
2,TEVAC
COMMON/CBRN/IB(200).JB(ZOO),ALB(200),~3(200),IMAX

COHMON/CNOOE/I~(ZOC),JN(200),KN(200l,~N(200)~MN(200),NN(20U),

1M:lP(200). JMAX, '1 NZ (Z 00) , NN 2 (200 I ,TSWIT >1
CQMMON/CHO I STI '1 H(10) ,LH (10, .30) , Irl U 0) ,11 El NH (10 • , TGELAY(10) , J i1( 10) ,

1TSTAR UO) • Nsr e~ (10 l , H'1 0 VE (10) , TDEL (10 I • MINH (1 C,100) • IH OIST (l Q) ,

2 TIi AIT ( 10) , TUP{ 10) , XH ST(10 l • LMAX, XHS TI (10 I , THSCH (10) • TDHD (10) ,
3THSRH(10. ,N OP T{ 101 , NOOF [( 101, IF OReE U 0I ,T DE LS(10) , TOE LF (10)
4.IOPT(10) ,MH1(10) ,MH2(10) ,XHSTIN(10)

COMMON/IO/IWT,IRO.IERROR
COMMON/TIME/T.JTIME,FTIME
COMMON/LEV/lEV~(30),LEVA(SO,51.XLcP(10.20),LlEP(10,20l.XXP(lJ,40),

1XYP(10.40) , HIL ( 10 I , I NX (10 l ,MM AX,XrlMAX
COMMON/SMCO/IB~lR.XBFIR,ISCOdl200.,XS'10Kl2001,V2N8(ZOO •• IMINS(ZOO)
COMMON/S~LFR/TSELFR(2001.TSRMAX

CJMMON/WARN/I35TN,X8STN,ISTNB(200),XST~ (ZOU).IMINT{ZOOI,VENC(ZOO)
1,TSTEN,TENOT,~~STEN,MNSMOK

00 20 K=l,KGHOST

CHECK IF MINER NOTrFIED OF THE fIRE
IF(KNOTF(K i . EQ.llGO TO 12
CALL MSMOKIKl
CALL }lSTNCH(K)
IF ( I MI NS (K l • EQ. 1.0 R. HII NT (K) • EQ. U KNOTF (K) z: 1
IF(IMINS{KI.EQ.1.WRITE(IWT.13.K.T
!F(HlINS{KI .EQ.1I MNSMOK=MNSMOK+1
IFtIMINT<Kl .EQ.1I WRITElIWT.14)K,T
IF (PlINT (K) .EQ.ll TENor= T
IF(IMINT(K).EQ.1JMNSTEN=HNSTEN+1

13 FORMAT(10X,~MI~ER.,I3,+ NOTIFIED AT TIME+,F10.3.+ BY SMOKE./)
14 FORMAT(10X,+MI~ER +,13,· NOTIFIED AT TIME+,Fl0.3,+ BY STENCH·'

IFl I'lINS(Kl .EQ.l.0R. IMINT (K). co..1) TOMl< )=TDM(l() +T
GJ TJ 20

12 CONTINUE
C
C
C OllAY QEFORE MIN~R COMMENCES PROPAGATION

IF(K.~Q.KMAX.A~U.TUM(KI .GE.T)GO TO 20
IF(TDM(KI.GE.TIGO TO 4

c
C STATU OF THE MIN~~ (IMINER(Kll JET~~~INC5 ~H1~H PART
C O~ TH SUBROUTINE ~ILL QE EXECUTED

K INCR=IMINER«1
GO TO (1,2,J,4,2,2.7,21,KMINcR

c~.~••• ~~¥~•••• ~~~••~.~.~•••• ~.~••••••••~~ ••• ~.~•• ~ •••••• +•• ~.4~ +.~.. ~~ .
C••• 1 MINE~ DEAD

1. J "1'(1=J'''(
Ji3=I8 (JMIK.I1
F(KM(KI.EQ.1lrJQ=JB(JMIKII

f.?6S<::
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000140
000151

000157
000163
000165
000166

000166
000170

000172

000174

IF(MDE(KI.EQ.lIW~ITE(IWT~11IK,T~JH(K),XH(KI,LJB

11 fORHAT(10X,·HI~£R·tI3~· DEAD AT TIME.,~10.3",15X~·ON BRANCH.~I3,1

l,15X.·AT DISTA~CE.,F10.~~/,15X,·FROH~ODE·,I311)

IF(MDE(KI.EQ.1IMOEAD=MDEAO+1
MOE(K)=O
NMT (K )=0
GO TO 20

C·····················································...........•..............
C••• 2,5~6,8 MINER TRI"IV(;.lLING.
C 2 MIN R WAL~I~;

C 5,6 MIN R RIDIN; HOIST
C 8 MIN R IN INT~RMEOIATE HAUL
C

2 I=JM(K)
VELM(K)=VB(Il

c
C DETERMINE IF MIN~~ IN SMOKEY ~EGrON

CALL MSMOK(KI
C

IF(IMINS(KI .EQ.l.AND.IM1Nc.R(KI.tQ.2)VELM(KI=0.5·VELM{KI
C
C

000210
000215
000232

C
000255
0002",1
000262
000270
000276
000302
00 O,j:).)

000305
000310
iJ00312
000314

C
,-...

MINER DIES IF SELF R~SCUEP. USE EXCEEDS TI1£ LIMIT
IF(IHINS(K) .~Q.1ITS~LFR{KI=TSElFR(K)+)TIME

IF{TS£LFR(~J.GT.TSRM~X.AND.MDE(K).NE.~)IHINER(K)=l
IF(TSELFR(K).GT.TSRMAX.ANO.K.LE.KMAX.~~D.MOE(K).NE.2IHDE(K)=1

000316
000325
000330
000330
DOOB3
000333
000.3 .36
0003.36
000341
000341
000343
000347

J Qo350
OQ[)352
000354

c

XM(KJ=VELM(K)·JTIME+XM(KI
XX=O. g9·DTIM:::
IF(T.LT.XXIXM(J=XM(KI-V£LM(K)·OTIME
IF{lHINER(KI.El.6)XM(K)~XM(K)-VELM{KJ·JTIME

IF(XM(KI.LT.tlL3(I))GO TO 20
JMIKI=JM(KI
NMT (Kl =Ei (JMII(I)
IF(KM(K).EQ.O)~MT{K)=JB(JHIKI)

Ni1TK=NMT (KJ
IF{MN(NHTK).::~.21;O TO 25
rmNri=NN(NMTK)

DECISION ON R~AN~~ TO T~KE AT A NODE
GO TO (?1,22,~3.2~I.NNNN

21 JM{K)=IN{NHTKI
GO TO 26

22 JH(KI=JN(NMT(1
GO TO 26

23 JM(KI=kN(NHTKI
GO TO 26

24 JMIKI=LN{NMTK)
GJ TO 26

25 IMIN~R.(KI =3
IF(K.LE.KMAX)~)c(KI=l

GO TO 3

2b K'1I<I=l
J"'IKt=JH (U
IF(I3(JMI~I).El.NMrKIKM(KI=O

;~b~1<
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00043U
C
C

00043?
000437
00!J4lJ4

000477
000514

~

v

000357
000361
000370
000372
000373
oOOH':)
000400

000400
0004 aI,

000427

000422
000420
Oa043U

OOQ537
000541
000543
000556
000572
000605

XM(KI=G.
If(IMINE~{KI.El.5.0R.IMIN£R(KI.EQ.BIG) TO 20
IFIMNINMTK}.E:l.3IGO TO 27
GO TO 20

27 IMINER(KI =4
MNPtNMTKl=MNP(NMTKI+l
GO TO 2U

C4+~ •• ~ •••~.~~••• ~.¥~~•• ~•• ~~•• ~~~¥~4~.~~++~~•• ~.~~¥.~~~~ ~..~.~.+ ~ .
C••• 3 MINER SAFE
c

3 IFIMDE(KI.EQ.lIMSAFE=MSAFE+l
IFIMDEIKI.EQ.lIHRITEtIWT,31IK.T,NMT{KI.MSAF~

31 FORMAT{10X.~MI~ER ~,I3,· EVACUATEO AT TIME ·,Fl0.3,. ON NODE ••
113,· TOTAL ·,15)

IF(MOE(KI.EQ.l)TEVAC=T
MOE(KI=ij
GO TO 20

c···········~··~····~··························4..¥.,~¥.~¥~.~•••• + •• ~ •••¥ ••••••• ~
C••• 4 MINER WAITING =OR HOIST
C
C UETERMINE IF MINER IN SHOKEY REGION

4 CALL MSMQKIKJ

MINER DIES IF SELF K~SGUcR USE EXCEEDS rI~E LIMIT
1FIIHINS(KI.EQ.lITSELFR(K)=TSELfR(KJ+JTIME
IFITSELFR(KI.GT.TSRMAX.AND.IM1NER(KI.EQ.4INMTK=NMT{K)
IFITSELFR(KI.Gr.TSRMAX.ANO.IMINER(KJ.E1.4.ANJ.MUE(KI.~E.21

lMNPINMTK):MNP(~MTKI-l

I F I TSE lFR IK) • cr , TSR11 AX. AN D. MOEl KI • He:.21 1 MINER {K1= i
IFfTSELFR1K).GT.TSRMAX.AND.K.lE.KMAX._ND.MUEIKl.NE.2JMOE(KI=l

G INSTRUCTION SWITC1
N,'1TK=NMTlKI
JIMKI=JMfKI
IF I MN (NMTK I •cE. 3. ANO. 1M INcR IKI. cQ. 4 J X~ {KJ =ALB (J I;1K I1-)( M(KI
IF (MNHlMTKI .NE. J.AND.IM1Ni:R(Kl .EQ.4)KH K)=l-KM(KI
IF { HN (NMT KI • NE. 3. ANU • I MItER (I( I • .;:~. ,<) I:H NE Rf KI =2
G'J TO 20

c···~~······~·~······+·········~·~·~····+··.··+·+···~·~~.+....•......~.+ ..•..•..
C••• ? MINER RIDING I~ THE SLAVEIClurCHEOI H)!Sr
c

000606 7 NMT,(=NMTtKI
000610 JIMKI=JMIKI
000612 IFlT.GT.TSWIT
DD0627 IF IT.CT. TSWIT
000&:'4 IFlT.GT.TS"IT

C
C

·000660 20 GOtH INUE
000663 RETU'tN
000663 EtlO

-1.4[<0. HiO IS TCIMAS n •cO.lI XM(K I=AL 6 I J IdKI) -X/Hi< I
-I • AiO • I HO IS T( I HAS Tl •Et)•• 11 "M 1,() '"1-';1 (KI
-I .r:. i.;) • I H0 IS f( 1'111 S T1 • E0 011 I MIN f 9 I I( I ;: .::

i~~;~{}<:



HZTCA16 RUN '01<:.,) r -." ....v_

000002
000002

000002
000002
000002

. C
sue~OUTINE SMOKE

SMOKE PROPAGATIO~ SUBROUTINE
CO"HON/S"CO'IBFIR.XBFIR.ISC08(2aOl,XS~JK(200),VENB(ZOO).IHINS(ZOO)

COMMON/CNODE/I~(200).JN(200).KN(200),_N~ZOO),HNCZOOl.NN(ZDO).

lHNP(ZOO),JMAX,1N2(ZOO).NN2(ZOOJ,TSWIT:H
COMMON/CBRN/I3(200),JB(200).ALB(200),~3(200),IMAX

CQMMON/IO/IWT,IRO,IERROR
COMMON/TIMEIT,JrIME,FTIME

C
C ISC09(I) INDICATES SMOKE STATUS OF I TH 8~ANCH

C =0 BRANCH CLEAR OF SHOKE
C =1 BRANCH PARTLY SMOKE FILLED
C =2 BRANCH COMPL~TELY SHOKE FILLED
C

~

000002
000004
000006
000012
(JOOO1S
000020
000031

000031
000033
000036
000040
0000 ,.7
0000Si1
000052
0000 ?4
OOOO'i~

0000 ')7

000060
QOO062
000063
0001l 14
0001D5
000106
000112
000114

C
C

000117
000117

DO 20 !=l,IMAX
IFtISCOB(I).NE.lIGO TO 20
XSMOK(I)=XSMO«II+A8S(VENgCI>.·OTIME
IFIXSMOK(l).LT.ALBII)GO TO 20
IF(I.NE.IUFIRI!SG08(I)=2
IF(I.~E.IUFIRI~RITEIIWT.21)I,T

21 FORMAT(ZOX,~B~ANGH ·,13,· FILLED COMPLETELY WITH SMOKE AT TIME·,
1F10.3,. M1NUT~)·>

JFIR=JBCI)
IF (VENBU).Lf.J .J) JF IR=IB <I)
DO 30 JJ=l,lt
GO TO(1,2.3,4),JJ

1 I8RF= IN{JF!i<l
GO TO 5

2 IBRF=JN(JFIRI
GO TO 5

3 I8RF=KN(JFIRI
GO TO 5

.. IaRF=LN{JFIR)
5 IF(IBRF.EQ.O}jJ ra 20

IFCIB{IBRF) .EG.JFI~.AND.VCNa(IBRF).GE.D.DjGUTO IG
IF(JGUSRFI .C.l..,JFIK.AtHJ.VE..N!J(I8RF).LT.O.O)GO TO 10
GO TO 30

1G IF{ISC08{I8RFI.N~.2IISCOS(IBRF)=1

30 CONTINUE
20 CONTINUE

RETURN
E"JD

2?1<
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000002
000002

000002
000002
000002
000002

SUBROUTINE STENCH
C STENCH P~OPAGATION SUBROUTINE

COHMON/SHCJ/IBFIR.XBFIR,ISGOBIZOOI.XS~OK(200).VENa(200~IMINS(2001

COMMON/CNOOE/I~(2001.JN(200).KN(200),~N(ZOO),MN(ZOOJ,NK~2001.

lMNPIZOO),JMAX,~NZ(200J,NN2(2001,TSWIT~H .
COHMON/CBRN/I3(ZOOI,J8(ZOO).ALB(ZOOI,/3(ZOOI,IMAX
COHMON/IO/IWT,IRD.IERROR
COHMON/TIME/T,JTIME,FTIME
COMMON/WARN/IB5.TN,XBSTN,ISTNB(ZOOI,XSTN(ZOO),IMINT(ZOO),VENC(ZOOI
1.TSTEN,TENOT,~~STEN,MNSMOK

C
C ISTNB(II INDICATES STENCH STATUS OF I TH 3~ANCH

C =0 BRANCH CLEAR OF STENCH
C =1 BRANCH PARTLf STENCH FILLED
C =2 BRANCH COMPL:T~LY ST~NCH FILLED
C

000002
000004
000006
000012
000015
OOOOZO
0000 31

000031
0000 33
000036
000040
0000 47
0000 51
00 00 5Z
aa00 54
J 00055
00 0057
1300060
00006Z
0000&3
000074
000105
000106
000112
000114

C
C

000117
000117

00 20 1=l,IMAX
1F(ISTNBIII.NE.lIGO TO 20
XSTNIII=XSTN(II+A8S(VENC(I)I·OTIME
IFIXSTN([I.LT.~UHIlIGOTO 20
IF(I.NE.1BSTNIISTN8(1)=2
IF(I.NE.IBSTN)~RITE(IWT,21II,T

21 FORMAT(15X,·B~ANCH ·,13,· FILLED COMPL:TELY WITH STENCH AT TIME·,
lFl0.3,·MINUTES·)
JSTN=J8<I)
IFIVENCII).LT.O.OIJSTN=IS{II
DO 30 JJ=1,4
GO TO(1,Z,3,4),JJ

1 I3RS=IN(JSTN)
GO TO :;

Z IBRS=JN(JSTNI
GO TO :;

3 I )/<S=KN(JSTNI
GO TO :;

4 IdRS=LN(JSTNI
5 IFII3?S.EQ.OIGJ TO 20

IFIIJIIfHSI.E}.JSTN.AtW.VENCUBR5).C,E.O,OI GO TC 10
IF(J81:::R::>SI.EG,J,TN.AND.VENC<IBRSI.LT.O,ill GO TO 10
GO TO 3'0

10 IF(ISTN8(I8~S).N(.2IISTN8(IB~SI=1

30 CONTINU::
zo CONTINUE

~CTU~~N

E'JD ;~:(~~~ -;



C
000003
000003

000003
C
C
C
C

300003
000004
000006
000012
000014
0000Z5
000037
000041
000044
000046
OOOObO
00 00 62
000062
OOOOb€>
000077
000101
000101
000103
000103

SUBROUTINE HS~3K(K)

SUBROUTINE TO DET~~MINE IF MINER IS IN SMJKEY REGION
CO"MON/SMCO/I3=IR,XBFIR.ISCOB(200).XS~JK(2001.VENB(200),IMINS(ZOO)

COM~ON/CMIN£R/J~(2001,XM{200),KH(200).~Elii{2001,IHINER(ZOG).

lNMT(ZOOI,MDE{2001,KMAX,MSAFE,MOEAO,T011200) ,KGHOST,KNOTF(ZUO)
2,TEVAC
COMMON/CBRN/I31200J.JB(200).AL3IZ00I,~31200).IMAX

IMINSIKI=O INOICAT~S THE K TH HINE~ OUT OF SMOKEY R~GION

IHINSIKI=l INOICAT~S THE HINER IN THE SMOKEY REGION

JIMKI=JMIKI
IF<ISCOB{JIMI<II .EQ.OI GO TO 11
IflISCOR{JIMKII .EQ.21 1I1INSIKl=1
If{ISCOB(JIM~II.EQ.2IRETURN

IFlKH{KI.EQ.O.ANO.VEN8(JIMKI).GE.O.O);O TO 10
IF{KM{Kl.EQ.l.ANQ.VENB{JIMKII.LT.O.O)GJ TO 10
XXX=XMIK)+XSMO(IJIMKI)
IF{XXX.LE.ALG(JIMKI)IGO TO 11
XXY=XM (K) +XdFP
IF{JIMKI.EQ.!3F"n.ANiJ.XXY.GE.ALB(JIHKIJ lGO TO 11
IMINS{KI=1
RETURN

10 IF(XMIKI.GE.XS~OK(JIMKI)GO TO 11
IFIJIMKI.EQ.I3=IR.ANO.XMIK).lE.XBFIR)~O TO 11
IMINSIK)=1
R.ETURN

11 IMINSIK)=O
Ri::TURN .
ENU

27:3..-::
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000003

000003

000003
000003
000005
000010
000013
000014
000015

SU8ROUTINE XSr~R(l)

C HOIST STOP INFORMATION STORE SUeROUTINE
COHHON/lEV/LEV~130J,lEVA!30.5},XLEPllJ.201,LlEP(18~201 .XXPll0.401.

iXYPUO.40J I INUiO b .INX 110 I,MMAX.XHMAX '-
COHMON/CHOISr/~H(10J.LH{10,30»,IH4101,VELNHI101Ircl£LAY(101.JH(10~.

1TSTARUOI I '1SU~ U 0 I, THOIIE HOI, TOELll01, MHm (10, ioii)~ ,IHOIS! !lUI.
2TWA IT UO I, TUP (1 0) ,XHST UO l.lHAX,XHSfI HOI, THSGH O.!f'$, TOHOUOI •
3THSRH HOI. NorT! 10) ,NODfH 10 I ,IFORCE HJ I, TDELS HIl» ,''rOELF (1 Q I
4, r or r (101 ,MHillOI ,MH2{10I,XHSTIN(iOJ

COMMON/TIME/T,JTIME,FTIME
I :~ XI = I NX( U
XXP (L ,INXII =T
XYP(L,INXIJ=-X~ST(LI

INXIU=INXIL)+l
R::TURN
END

230<



.21 GO TO 31
I HHOIST nSLAVEI=8
I I XliAST=XHST (IMASTJ
) hIRITEHWT,32IT

TI ME: ~, FlO. 3 I

.'VI. w""'._nl:..'.",,,,,..&.v

SUdROUTINE lEV~L(NOOOL.L)

C HOIST STOP LEVEL I~fOKMATION STORE SUBROUTINE
COMMON/LEV/L~V~(30),LEVA(30.5),XLEP(10,201,lLEP(10,20),XXP(10,40).

lXYP(10,401.INLll01,INX(101,HMAX,XHMAX •
COMMON/CHOI ST/'1 H(10) , LH11G, 30) , IH (t{)) .11EL NH (10) , tn'tLA Y(10 I , Jrl ( 10 I ,

1 TS TAR (10 I , NSTA~ U III , HI OVE t1 0) • TOELl10 I , HI NH t1 0 ,101@ , I HO 1ST U 0) ,
2T~A IT 110I , TUP (t 0I • XHST UO I , lMAX,XHSTIU 0I, THS CH UIU , TOHOH0I ,
3THSRHll01,NOPT(101,NOOFI(101,IFORG(110) ,TOELj(101~TO~LF{101
4, lOP TIl0 I , MH1 I1 'iJ I • MH2 ( 10 I • XHS TIN(l I) I
COMMON/OOU8/IDISG,LSLBR,MSLAV(10),MAL~V{101,ISLAVE,IHAST,XMAST,

1 MANOO.IFORCJ
COMMON/TIME/T,JTIME,FTIME
COMMON/IO/IWT,IKD,TERROR
00 10 M=l,MMAX
00 10 MM=1.5
IFILEVA(M,MMI.EQ.NOOOLIGO TO 20

10 CONTINUE
20 IDEN=LEVN 011

INLL=INUll
00 30 I=1.INLL
IF(IDEN.EQ.LLE~IL,IIIRETURN

30 CONTINUE
LlEPIL,INLL)=IJEN
XLEP(L,INLL)=-XHST(L)
INL III =INLlll +1

CLUTCHEO(SLAVE)HJIST IS FIRST CLUTCHED WrlEN MASTER HOIST
REACH~S THE MASTE~ LEVEL

IFIISLAVE.EQ.OIGO TO 31
IFlIHOISTlISLAI1EJ.EQ.1>GO TO 31
IF (NOPTIIMASTI. EQ •.3.ANO.IOPTUMAsn.N
IFIL.EQ.IMAST.AND.IOEN.EQ.MALEV(!SLAV
IFIL.EQ.IMAST.AND.IOEN.EQ.MALEVlISLAV
IFlL.EQ.IMAST.ANU.IOEN.EQ.MALE1(ISLAV

32 FORMAT( 5Xt~SLAV~ HOIST CLUTCHED IN A
31 CONTINUE

RETURN
END

000 us

00005

00005

)00 OS
100 OS
JOO 0 5
~0006

OOOD7
00012
00017
00021
00023
0002/t
00D30
,00033
100036
00041

C
C

(J 00 '+3
00Dlt4
00046
000S6

,DDO 70
00102
00122
00122
00122
00123

2Sl<
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SUBROUTINE DO~JM

C SUBROUTINE TO GALCJLATE MOTION OF THE SLAVE HOIST (CLUTCHED HOIST)
C IN A DOUBLE DRUM

COMHON/CMINER/JM(200},XM(200),KM(2001.VELM(2001~{MINER(200),

1NMT(200) ,14DE (200) ,KMAX, MSAF£, HDEAD, Tali (200) ,KGHOSl,KNOT F (201D
2, T£VAC .!:c
COMMON/C8RN/IB(2001,J8(200),AL8(200),V3(200).IHAX~

COMMON/CNODE/I~(200),JN(200),KN(2001,~N(200),MN(2~O),NN(200),

lMNP(200).JMAX,~N2(2001,NN2(200),TSWIT~H '
COMMON/CHOIST/MH(101,LH(10,30I,IH(101,VELNH{10),TDELAY(10I,JH(10),

1 TS TAR( 10) , NSTl\ H 10 I , TMOVE HOI, TOE L U 0) , MINHIi 0 ,1 II0) ,I HOI STU 0) ,
2T WA IT (t 0) , TUP(10 I , XHST U 0 I ,UIAX, XHSTI (1 0) , THSCHnip, TOHO (1 0) ,
3THSRHll0),~OPT(10),NODFI(10),IFORGE(1a) ,TOELS(10)tTJELF(10J
4, IOPH10) ,MHIUO) ,MH2UO) ,XHSTItHI0)

COMMON/IO/IWT,IRD,IERROR
COMMON/TIME/T,JTIME,fTIME
CCMMON/LEV/LEV~(30),lEVA(30,5),XlEP{10,20),LLEPII0,20),XXP(10,40J,

1XYPl10,40I,INL{10I,INX(101,MMAX,XHMAX
COMMON/OJUB/IDrSG,LS~BR,MSLAVI10J,MAL~Vllnl,ISLAVE,IMAST,XMAST,

1 MANOD,IFORCD
L=ISLAVE
LHOST=IHOISTlU
GO TOU,1,1,1,1 ,1,7,8,9,10) ,LHOST

C~~·~··~~··~~·········~··~··········~·············~··· ~ ~~ .
C••• 7 UNCLUTCHED SLl\~E HOIST

000002

000002
000004
000006

000002

000002

U00002
000002

000002
000002
000002

000023
000023

000024
000030
000032
0000 35
0000 it!

c
7 CONTINUE

GO TO 1
C¥···~·¥~·4.~~.~~.~.. *•• +••••••••~ ••••••~•••• +.~....~••..+~~ •••••••••••••*.* ••••
C••• 8 CLUTCHED SLAVE HOIST
C

8 XHST(L)=XMAS -(HST(IMASTI
IFINSTAR<IMA TI.EQ.MANOO)GO TO 1
IF(XHST(L).L .o.O)XHSTILI=O.O
IF(XHSHL!.L .J.OIIHOISTIL)=10
GO TO 1

c·········~········¥~·········¥~·····~··~·······~··¥··.~ ~ ~ .
c ••• Y MINERS PICKED JP BY SLAVE HOIST

000042
000044
000046
000050
000052
000057
0000 &0
000071
000074
000075
000076
000101
000103
000104
000lU7

C
9 IHOIST(L)=8

NOODL=MANOD
CALL LEVEL{NOOJL,L)
CALL XSTAR(L!
IF(XHMAX.LE.XH~T(LIIXHMAX=XHST(LI

K=l
43 IF(NHT(KI .[Q.M~NOO.A~O.IHINERIKI.NE.1)GaTO 4b
44 IF(K.GE.KMAX);) TO 41

K=K+1
GO TO 43

46 JH(L!=JHlL!+1
MNP(MANOJI=HNP(MANOOI-l
JrlILI=JH( LI
MI'm ( L ,JHI L I I :\(
IF(JH(ll.~Q.rH(LI'GO TO 41

282<
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Ill! =7

IIWT,-+1.01T
~S WAITING FO~ SLA~E HOIST·/ 5X,.SLAVE HQI5T DE
10.31

1

000111
0')0111
OJQl14:
000123

000123
000125
000126
000130
000133
0001313
0001 .. U

GO TO 41..

41 IF(~rl(l).~a.01IHOI

IF(JHILl.E).O) ../tUT
410 FORMATI 5X,·NO MIN

lCLUTCHEO AT TI~~·,

IF(JH(Ll.~Q.O);O T
JrlILI=JH(L I
00 45 1=1, JHILf
K=liINH(L,ll
NIH (KJ=O

45 I~ItEP (KJ =7
G:.J TO 1

C.~~ ••••• ~ ••••••••••~~.4~.~•••••~ •••••••••••••• 4 •••• 4+••••••~4¥••• ~•••••• ~ ••••••

C••• 1C MINERS OISCHA~GEO JY SLAVE HOIST
C

000141
000143
000147
000150

000156

000175

000220

000220
000222
000223
000224
000226
000243

000243
000245
000251
000254
000255
0002&0
000264
000265
000270
000272
000275
000277
000301
000302
000304
000306
000307

C
C

000307
000310

10 I!-iOIST(L)=8
IF(IDISC.E1.1lIHJI3T(LI=7
IF(IDISC.~Q.11'RITE(lWT,511T

51 FORMAT( 5X,.~AST~~ HOIST FINDS NO MINE~S·/ 5X,·SlAV~ HJIST OE;LUTC
lHED AT TIME·,~10.3) "

IF (JH (U • D.O. ~ r1J). IHO 1ST< IMASTI .£Q.3 .AN o, N::i fAR UMASTl • NE.11ANOO 1
11H015T (Ll=7
IF(JH(l).£~.O.~NO.IHOIST(IMAST).£Q.3.AND.NSTAR(IHAST1.NE.MANOO)

1W~ITE(IWT,52)T

52 FORMAT( 5X,·HA~TER HOIST GOES BELOW MASTER lEVEl·/ 5X,~SLAVE HOIST
IDECLUTCHEO AT TI~E·,FI0.3)

IF(JH(L).EQ.OJ;O TO 1
IFORCD=O
~HILI=JH(U

HHILI=MH(U
WRITElIWT,522l_,LH(L,MHILIl,JH(L),T

522 FORHAT<5X,.HOI5T ·,I5,+ REACHES NaOE ·,15," WITH~~I5,... MINt:RS AT
rr IME • ,FlO. 311

HHIlI1=HHILI-1
NOOEA=LH(L,MHI_I11
NODEB=LH(L,MHILII
TTRAV=O.
CALL TSTARC(L,~OOEA,NODEB.TTRAVl

NHTK=LHIL,MHILI)
KMKt1=l
IF(J8(LSL8Rl.E~.NHTKlKHKM=0

00 59 I=1,JHIU
K=HINH (L, II
IMINER(KI=2
JM(K)=LSlBR
XM(K)=ALB(lSLH) "8"'
KM(K)=KHKH .,;.,< 3<

59 CONTINUE
JH(U=O

1 CONTINUE

R.ETURN
END



APPENDIX C

HOISTING SYSTEMS - AVAILABLE EQUIPMENT

C. 1 Introduction

A survey has been made of available hoisting equipment which

has applications for use in metal and non-metal mine emergency

escape hoist systems. The information was gathered from a number

of sources, including representatives in the USBM and MESA, mine

operators, personal visits and telephone interviews with manufacturers,

field visits to inspect equipment, advertisements, catalogues and

indices of manufacturers. Wherever possible, technical specifications

and prices were checked out with the manufacturer, or supplier.

The sections on individual sub -s ystems and components, such

as automatic control systems, winches and controls, are not intended

to be all encompassing surveys. Rather a reasonable number of

representative units in each category are discussed. The sample is

large enough to provide a general picture of the kind of equipment

available, including the abilities and limitations and a re asonable

price range.

The survey has been divided into six categories:

1. Complete Hoisting Systems

A. Above ground installations

B. Be Low ground installations

2. Hoist As s ernbl i e s (Man-rated)

3. Hoists (not Man -rated)
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4. Safety Equipment and Control Devices

5. Automatic Control Equipment

6. Emergency Rescue Hoists

Discus sion and detailed specifications of the equipment is

presented in the following sections. Figures 38 and 39 (following

the hoisting system surveys) show typical layout arrangements for

electric and air hoisting systems.

C. 2 Complete Hoisting Systems

A. Above Ground Installations

A total of seven companies were identified who supply

complete emergency escape hoist units for above ground installations.

The units have been designed predominately to meet the needs of coal

mine operators to satisfy the requirements of the Coal Mine Health

and Safety Act of 1969. The seven companies are as follows:

1. Dover Conveyor and Equipm.ent Co.

2. Coeur d i Alenes Co.

3. Connellsville Cor p.

4. Scott Midland

5. W. W. Williams Co.

6. Equipment Cor po ration of America

7. Timberland Ellicott

Table VIn contains detailed specifications and price

inform.ation on each of these units.

The units have a number of similarities:

285



TABLE VIII - SUMMARY OF BASIC FEATURES OF COMMERCIALLY AVAILABLE HOIST SYSTEMS
FOR ABOVE GROUND INSTALLATIONS

Electric Motor No
10 HP, 230 VAC/
3/60, Direct Drive
Propane Engine
Generator

Linear Footage Fixed Angle
Counter limit Boom. Hoist
s~tches on hoist and boom
for over and rotate on
under travel. Over Pivot
travel switch on and track
boom. Rope overlap
switch. Drum over
speed switch.

Manu­
facturer

Dover Conveyor and
Equipment Co.
Box 424, Dover,
Ohio 44622
(216) 364-8861

Cost Maximum. Running
$ Capacity Service Speed

Depth

26,000 4 Men 500 ft. 100 fpm and
F.O. B. 1500 lb. (STD) 40 fpm, 150
Dover Line pull 1000 ft. fpm optional

(MAX)

Braking

Spring set
Motor Brake
Spring set
Drum Brake

Power
Supply
and Drive
Train

Auto­
matic
Controls

Height of
Head­
sheave

20 ft.

Safety
Features

Boom
Type

N
00 Scott-Midland
0' 11099, Broadway

Alden, N. Y. 14004
(716) 685-3131

Spring Set Gasoline Diesel No
Hydraulic or propane engine.
Release, Counter Fluid torque
flow braking converter. Worm

drive

Overspeed, over Fixed angle
travel, undertravel booDn. Hoist
Worm drive. Dial boom rotate
depth indicator on pivot and

track

Coeur D' Alenes
Conyon Avenue
Wallace, Idaho
(208)752 -1283

Co.

83873

25,000
F.O. B.
Spokane,
WA.

22,000
29,000
Less
Cage

8 Men 1200 ft. 150 fpm
4000 lb. 300 fpm
Line pull

3000 lb. 1100 ft. 125-215
Line pull fpm

Spring set
Motor Brake
Gravity set
Drum Brake

Electric Motor
40 HP, 460 V/3/60
Di reet Drive
Worm Drive

Yes
Option
Available
For $3500

15 ft.

13 ft. Simplex cont­
roller, for over
speed. Over and
under travel and
depth indication.
Worm drive

Fixed frame
with electric
motor pull­
back from
shaft.

Manually set Gasoline, diesel No
drum brake. or propane engine
Spring set motor fluid torque
brake. Electrically converter.
released Worm drive

Equipment Corp. of
America, Groveton, PA
(412) 331-2000

W. W. Williams Co,
Warrendale, PA.
(412) 776-3676

Timberland -Etlicott
P. O. Box 490
Woodstock, Ontario,
Canada (519) 537-6262

26,000 ­
32,000
F. O. B.
Pittsburgh

35,000
38,000

3000 400 ft. to 300 fpm
5000 lb. 1000 ft.
Line pull

4 Men 900 ft. 400 fpm
3000 lb.
Line pull

4000 lb. 1700 ft. 100 fpm
Line pull 300 fpm

Spring set
hydraulic re­
lease brake on
drive shaft.
Counterflow
braking

Dual
braking

Electric motor
50 HP, 230/400
VAC, gasoline
die se 1 or propane
engine.

Electric motor
40 HP, 440/3/60

No

Semi­
automatic

20 -30
ft.

55 ft
(MAX)

30 ft.
(MAX)
Boom
length

Automatic
level winding
overspeed,
depth indicator
top limit switch
semi -automatic
s equenc Ing,

Rotating
stiff -legged
derrick

Galion PI 50
Pedestal
Crane

• Rotating
boom.



1. Cost of units is in the $22, 000 to $38, 000

price range, plus installation. One of the units,

Connellsville, quote an approximate installation

cost of $7500.

2. All of the units are designed for a free -hanging

cage which is lowered into a large cross­

sectioned, vertical ventilation shaft. This pre­

eludes the need for cage guidance.

3. All the units are designed such that the cage can

be swung away fr orn :the shaft collar. This pre­

vents damage to the unit should the shaft vent an

explosion. This need increases both system

complexity and cost.

4. All the units can be modified for below ground

installation. They all include the basic prerequisites

for a below ground system, namely a drive

system, a hoist, safety equipment and controls.

Basic modifications would include a simplified

headsheave support system and redesign of the

cage to interface with a guidance system.

5. Cage capacity of 4 to 8 men and safe line pull

capabilities from 2000 lb to 5000 lb.

6. Standard complement of safety features including

overspeed, overtravel and undertravel and normally

on brakes (brakes set automatically, by spring o r :

gravity if power is lost).

It should be noted that there are several major categories

in which the units differ.
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1. Size and type of boom; a multitude of different

types of boom are available. TV'JO of the seve n units, Cbnnellsville

and Williams have booms large enough to permit swinging the cage

over a fan housing, another, Scott -Midland can be totally enclosed with

a fan housing extension; the other units can be easily factory-modified to

provide this capability.

2, Power supply and drive train: three of the units

require 220 or 440 volt power for electric motors. One of these units,

Dover, includes a propane engine generator for standby use. The

remaining four units employ an internal combustion engine, gasoline,

diesel or propane powered, and can be delivered with electric motor

drives. Three units have a direct drive to the hoist drum; the other

four utilize a hydraulic transmis sion or torque converter.

3. Automatic controls: 2 of the seven units permit

a man on the shaft bottom to activate the system with no hoist oper ator

in attendance.

The specifications for each of the seven units are for a

"standard" system. However, all of the companies have indicated a

willingness to modify their equipment for a specific application.

Questions of this nature should be addressed to the company involved.

B. Below Ground Installations

Two commercially available systems have been

identified as directly applicable for installation underground as

emergency escape hoist systems. A third system, currently being

designed under USBM contract, for an underground man and supply

application is included for reference. None of these systems however,

have been designed specifically for the emergency escape hoist

application. A detailed description of each system is presented in

the following paragraphs:
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Supplier

Description

Specification

1. Alimak Universal Hoist 0 -500

Raise Equipment
5250 Broadway
Denver, Colorado 80216
303-572-1504

The U -500 system has the drive unit mounted to the

travelling cage. The cage and drive units engage

a shaft mounted guide channel and rack assembly

which is mounted within the shaft. System travel

is controlled from within the cage and call stations

can be provided at the top and bottom landings.

The unit may be installed in vertical or inclined

shafts and can be powered from an electric,

prieumat'ic or diesel source.

Travel Distance

Air powered 500 ft. rna.x,

Electric powered 2000 ft. max.

Diesel powered 2000 ft. plus.

Travel Speed

Electric powered: 88-153 FPM

Cage Size

Cross -section: 3.28 ft. x 4.92 ft. to

3.28 ft. x 8,20 ft.

Cage~acE:.Y

1200 lb., 5 rnen to 2200 lb., 12 men

Mirrirnurn Shaft
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Safety Control

Miscellaneous

Cost

Supplier

Description

Drive System

Rack and pinion drive with pinion permanently

engaged in gear rack. Single or dual rnoto r >

brake with worm gear reducer. 2 x 10 HP motors.

Overspeed, driven directly off rack, is sensed

centrifigally and positively screws a cone brake

into operation. Each drive motor includes a

spring -set power released disc brake. Top and

bottom limit switches are cage mounted and

ope rated by guide rail mounted limit cams. Top

and bottom buffers are fitted to guide rails.

Station entrance includes electrical or mechanical

interlocks.

Rail and rack can be mounted on foot -wall or

hanging wall, cage is positioned vertically in

either case. Guide rail can be used as a ladder.

Cage can descend by gravity to bottom station in

the event of power failure. Hoist can be automated.

System does not include communications.

300 ft. 2 station 3 ft. x 4 ft. cage, appro x.

$65,000.

2. Heede 4000

Raise Equipment
5250 Broadway
Denver, Colorado 80216
303-572-1504

The Heede 4000 is a self-contained tower mounted

s y stern, The cage locates to the outside of the

tower and the drive s y stem is positioned at the

top of the tower. The cage is supported by 5

wire ropes which pas s over the friction drive drum

to a counter weight.
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Specification

Cage and counterweight guides are tower mounted,

The support tower includes an enclosed ladderway

with landings at 10 ft. intervals.

Travel Distance

1000 ft. standard rna.xirnurn , longer lifts are

available.

Travel Speed

350 FPM

Cage Size

3' 10 1/2 I! x 6' x 7' in s ide.

available.

Cage Capacity

4000 lbs. or 12 rn.en.

Tower

Custom. sizes

Safety Control

Welded tubular steel in 10 ft. sections with a

4' 21! x 3' 6 1/21! cross -section. Tower LS attached

to shaft wall at 60' intervals. Tower includes an

enclosed ladderway.

Drive System.

30/10 HP, 440 v , AC 3 phase rn.otor directly

coupled to a worm. gear reducer which drives

the m.ain Traction Sheave.

Rope equalizer s provides equal tension on all 5

ropes. Broken or slack rope tension shuts down

system.. Spring set power released drum. brake.

Gravity operated brake on traction sheave, landing

and cage door interlocks. Overspeed sensor

initiates autom.atic catching device. Terrn.inal
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Miscellaneous

Cost

Description

~ecification

3.

limit switches. Eme r genc y stop control in cage.

Operation is autornat'ic , cage responds to calls

from each landing.

Cage can be m.aintained level to inclinations of

40 0 Irom norma 1. Sy stem doe s not include

C ornmunic a tions,

Approximately $25,000 for 500 ft. automated.

Man and Supply Hoist

This hoist system is currently being developed

by Foster -Miller Associates under USBM Contract

No. H0252068. The unit will be installed and

tested underground during the latter part of 1976.

The s ystern has been designed as a stope service

hoist and can operate in undulating raises. The

hoist is attached to the cage and the as s ernbly

climb two stationary wire ropes which extend the

full length of the raise. The system can be

operated from within the cage and also from a

rnaxirnum of four remote control station.

Travel Distance

300 ft. standard, 700 ft. with rnirio r rnodificatdons ,

Travel Speed

50/30 FPM.

Capacit.Y

2000 lb. rrian vrated , 4000 lb., rnate r ial s ,
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Safety Controls

Mi.s c e llaneous

Minimum Shaft

5 ft. diameter.

Ropes

Two 7 /16 diameter.

Drive System

7 1/2 HP440/3/60 1800/1200 rpm electric motor

driving two traction drums through an 72: 1 gear

and differential reducer.

Brakes

Spring set, power -released electric motor brake.

Wedge type rope brake i.nitiated centrifigally by

the overspeed sensor.

"Deadman" type operating lever in the cage.

Safety interlocks on cage doors. Emergency

stop at all control station. Overspeed braking.

Top and bottom travel and overtravel limit switches.

Depth indicator in the cage and at all control

stations. Overload sensors monitoring rope tension.

Power and control umbilical cable is free hanging

in the raise and is tensioned and spooled at the

top of the cage assembly. The cage includes an

electrically powered materials handling hoist.

C. 3 Hoist As semblies (Man -rated)

A total of nine companies were identified who manufacture and

supply man-rated hoisting equipment suitable for below ground i.n s tal l at.ions ,

1. The Coeur d'Alenes Company
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2. Rexnord/Nordberg

3. Card Corporation

4. Mine Systems, Inc.

5. John T. Hepburn Ltd.

6. Lakeshore Inc.

7. Timberland Ellicott

8. Raise Equipment

9. Beebe Bros.

Many of the companies surveyed produce a wide range of

equipment and tailor their equipment to meet the individual users

needs. The descriptions of the equipment available are presented in

the following paragraphs and indicate the range of hoists available

from each manufacturer.

Supplier

Capacit.,y

Drum

Drive

Brakes

Controls

1. Emergency Escape Hoist C 2514

The Coeur d'Alenes Company
Wallace, Idaho 83873
208-752-1151

3000 lb. line pull at 150 FPM

30 11 diameter sized for 3/4" wire rope.

15 HP electric motor driving a 90: 1 helical

worm reducer.

Gravity set drum brake hydraulically released by

hydraulic: pressure provided by an integral pump.

Stearns spring set power released motor brake.

Overspeed protection by Euclid overspeed switch

directly driven off drum. Undertravel and over­

travel limits set on indicator dial and cam

arrangement directly driven off drum.
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Cost

Supplier

Capacity

Drum

Drive

Brakes

Controls

Cost

Supplier

Capacity

2.

3.

$16,000 to $18,000

Rexnord Escape Hoist

Rexnord
Process Machinery Division
P. O. Box 383
Milwaukee, Wisconsin 53201
414-744-2345

3810 lb. line pull at 100 FPM

36 in. drum x 18 in. wide for 3/4" non-rotating

wire rope. Active drum capacity 300 ft.

15 -20 HP hydraulic or air motor direct coupled

to drum shaft.

One drum brake and one motor coupling brake

rated at 8572 ft. lb s,

Simplex controller with 36" dial indicator for

depth indication and providing overspeed and

overtravel control.

$30,000

Nordberg Friction Hoist

Nordberg
Division of Rex Chainbelt Inc.
p. O. Box 383
Milwaukee, Wisconsin 53201
414-744-2345

5500 lb. at 580 FPM
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Drum

Brakes

Controls

Miscellaneous

Cost

Drwn

Drive

Brakes

4.

Friction wheel 5 ft. diameter for four 5/8 11

diameter ropes.

Thruster type motor brake and main service

brake which is pressure applied with gravity

back-up for accurate repetitive stopping.

Automatic, semi-automatic and manual types

available. Controls may be operated from cage or

level location. Overspeed and overtravel controls.

Unit can be converted to unbalanced drum hoist.

Refer to factory.

Card Hydrostatic Hoist

Card Corporation
P. O. Box 117
Denver, Colorado 80201
303-534-6351

3500 -9000 lb. line pull.

Drum diameter and face from 20 II X 20 II to

42" X 42 11
•

Gasoline or diesel engine, or electric or air

motor driving a variable displacement axial

pump, driving a fixed displacement axial piston

motor. Motor drives hoist drum via a speed

reduction unit.

Gravity set, hydraulic release post brake acting

on the d r um, Spring set, magnetically released

motor brake coupled between the hydraulic motor
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Controls

Miscellaneous

Cost

Supplier

Drum

Drive

Brakes

5.

and the gear reducer. Regenerative braking In

closed loop hydraulic system.

Overspeed, overtravel, undertravel, phase

reversal, low voltage, cage and shaft gate

interlocks, slack rope sensor.

Unit can be purchased fully automatic, semi­

automatic or manual. Control can be remote

or from within the cage.

Refer to factory.

Hydrostatic Mine Hoist

Mine Systems Inc.
4424 Vine Street
Denver, Colorado 80216
303-893-1232

1500 lb. - 25,000 lb. line pull, 500 - 700 FPM.

Drum diameter and face 18" x 18 " to 84" x 60".

Diesel engine or electric motor 5 - 300 HP driving a

variable closed loop hydrostatic drive either directly

to the drum via a high torque - low speed hydraulic

rnoto r or via a gear reduction to the motor.

Post type drum brake, gravity set and hydraulically

released. Hydraulic motor mounted spring set

hydraulically released band brake or a motor

coupling brake on the electric rnoto r , Regenerative

braking in the closed loop hydraulic system.

Counter -torque braking by a valve connected to the

hoist motor pres sure port.
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Controls

Miscellaneous

Cost

Supplier

Capacity

Drum

6.

Overspeed, overtravel, undertravel, overtorque,

low oil, phase reversal, oil line failure slack

rope.

Manual or semi -automatic control is available.

Refer to factory.

Hepburn Mine Hoist

John T. Hepburn Ltd.
914 Dupont Street
Toronto, Canada
416-534-8871

Drum hoists: 6000 lb. to 60,000 lb. line pull.

Friction hoists: 4000 lb. to 60,000 lb. payload.

Drum diameter and face from 36" x 24" to

Wheel diameter from 40 11 to 192".

Drive

Brakes

Controls

One or two drive motors through single or double

reduction gearing. Expanding jaw or friction clutch.

Post, caliper, pinion, and disc brakes available.

Manual or rem.ote controls and full range of

safety controls.

Cost $100,000 plus.

special de sign.

Sma ller units would require

Supplier

7. Lake Shore Mine Hoists

Lake Shore, Inc.
Iron Mountain/Kingsford,
Michigan 49801
906-774-1500
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Small Single
Drum Hoists

Large Drum
Hoists

Single Rope
Fricton Hoists

Multi-Rope
Friction Hoists

A C controlled for manual operation. Disc type

motor brake, manual braking brake, dial depth

indicator.

Single or double drum construction, post type

brakes, manual or automatic operation, Lilly

Controller.

Head frame mounted for balanced auxiliary man

hoisting. Post brake motor coupling brake and

Lilly Controller.

Ground mounted, 9 ropes, post brake auxiliary

motor coupling brake, Lilly Contro Her, automatic

or rnanual control.

Supplier

Capacity

DruITl

Drive

Brakes

8. Timberland Ellicott Esc~e Hoist

Western States Machinery Co.
P. O. Box 2224
Grand Junction, Colorado 81501
303 -242 -1983

15,000 lb. line pull at 400 FPM.

Drum diameter and face 43" x 31 11•

250 HP, 1800 r prn 440/3/60 electric motor

drives a reversing hydraulic purnp and two

hydraulic motors through a gear reduction.

Band brake on drum, spring set hydraulic

release. Band brake on intermediate drive

shaft, manually operated.
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Controls

Miscellaneous

Cost

Supplier

Capacity

Drive

Brakes

Controls

Cost

9.

Simplex controller driven off the drum providing

overspeed, overtravel, undertravel and depth

indication.

Two speed hydraulic motors and controls are

available.

Refer to supplier.

AliInak Winches EPG 1 -4

Raise Equipment
5250 Broadway
Denver, Colorado 80216
303-572-1504

2000 lb. to 8000 lb. line pull.

From one (EPG-1) to four (EPG-4) electric motors

are used depending on the capacity and either one

or two worm gear reducers transmit the power

to the drum.

Spring set disc brakes on each motor and an

electro -hydraulic band brake operates on the drum.

Overtravel and undertravel is sensed by a spindle

limit switch. An overspeed sensing device sets

the safety brake. Level winding and wire climbing

guard ensures correct rope winding. Unit does not

include depth indication.

Refer to supplier.
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Supplier

Capacity

Drive

Brakes

Controls

10. Alimak Winches HFG - 3000

Raise Equipment
5250 Broadway
Denver, Colorado 80216
303-572-1504

2000 lb. to 13,000 lb. at 60 - 120 FPM.

Air or electric driven hydraulic pump powers one

or two radial piston motor s W:t ich drive the drum.

Two spring set, hydraulically released band

brakes on the drum.

Overtravel and undertravel controlled by a spindle

limit switch. Overspeed sensor, wire climbing

sensor. The unit does not include depth indication.

Miscellaneous

Cost

Supplier

11.

The system comprises two packages, the Power

Pack and the winch for easy transport. Unit can

be controlled at the winch or r erriote l y,

Approximately $77,000.

Beebe Bros.

Beebe Bros., Inc.
2724 Sixth Avenue S.
Seattle, Washington 98134
206-624-0466

3000 lb. line pull at 120 FPM.

Drum Capacity 1050 ft. of 5/8 11 diameter rope.
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Drive

Brakes

Controls

Cost

Air motor drive through two pairs of reduction

gearing to hoist drum.

Two band brakes acting on the hoist drum. One

is manually set, the other is spring set, air

released. The manual control valve pneumatically

locks the drive motor when lever control is in

the off position.

Manual up-off-down throttle lever. Top and

bottom travel limit switches are activated by drum

rotation. Overspeed sensor shuts off air supply.

Approximately $6000.

C.4 Hoist Assemblies (not man-rated)

A large number of manufacturers supply materials handling

winches. These units are predominately electric powered while a

limited number of vendors supply air powered equipment. Air powered

units are currently used extensively for underground materials handling

purposes. Suppliers of materials handling equipment normally include

a di s cl.airrier statement in their published literature which clearly states

that the equipment "is not designed or suitable for lifting or lowering

persons. II This category of commercially available equipment can be

adequate for emergency man hoisting provided that its' capacity is

suitably derated and provided also that the neces sary safety features

are incorporated. Section C. 5 details the equipment which could be

added to a comm.ercial materials hoist to meet these needs.

Four commercially available hoist assemblies, two electric and

two pneumatic are discussed in the following paragraphs. This

equipment is typical of what is commercially available and three of the

units are currently used extensively in mining applications. Each hoist

description includes a remarks paragraph which i.d errti fi e s the additional

equipment each hoist would require for emergency hoist use.
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Supplier

C::.pacity

Drum

Drive

Brakes

Controls

Miscellaneous

Cost

1. Beebe Air Tu~

Raise Equipment
5250 Broadway
Denver, Colorado 80216
303-572-1504

llOO lb. to 12,000 lb. line pull at 45 FPM to

150 FPM.

Drum line capacities from 262' to 5740'. Drurn

diameter /rope diameter ratios from 13. 2 to 35.4.

Line size s from 3/16 11 diameter to 7 /8 II diameter.

Heavy duty continuous service radial piston air

motor requiring an air pres sure supply of 90 psi.

Motor is directly connected by a gear reducer to

the drum. Motor rotation direction is reversable,

motor speed is controlled by a manual throttle

valve. A disengaging clutch for free spooling

of the drum is an optional feature.

Single hea vy duty manually ope rated drwn mounted

band brake is standard. An identical second

brake is optional.

Automatic brake system and drum rotation

indicator are optional equipment.

Units are tested to 50 percent overload, may be

floor, wall or roof mounted.

Refer to supplier.
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Remarks The minimum modifications required to these units

for emergency hoisting include:

a) Inclusion of second brake and drum rotation

indicator option.

b) Drum rotation sensor for overspeed contro 1.

c) Automatic control system to shut off air

supply and set brakes in overspeed or over­

travel condition.

d) Over and undertravel sensors. These could

Supplier

Capacity

Drum

Drive

however be located remote from the hoist.

2. Beebe Electric Hoist

Raise Equipment
5250 Broadway
Denver, Colorado 80216
303-572-1504

200 lb. to 25,000 lb. line pull at 20 FPM to 90

FPM. Line pull based on 5: 1 rope safety factor.

Drum line capacities from 288' to 875 1
• Drum

dia, /rope dia, ratios from 17 to 21. Line sizes

from 1/4 11 diameter to 1 1/4 11 diameter.

Reversable electric motor 1/3 HP - 20 HP.

1/60/115 -230 V. A. C. or 1/60/230 -460 V. A. C. on

all models. Direct drive gearbox to drum on models

to 3500 lb. capacity, and direct drive gearbox and

chain reduction drive to drum on models from 1300

lb. and up. Chain drive has minimum ultimate

safety factor of 6.
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Brake

Controls

Miscellaneous

Cost

Supplier

3.

Single spring set power released brake on electric

motor.

Upper and Lower travel limit switches, motor

torque limiter, magnetic reversing starters and

two button, pres s to run, momentary control

switches are optionally available.

Units are tested to 100 percent overload.

Approximately $60,000 for 25,000 Lb. unit.

The minimum modifications required to these

units for emergency hoisting includes:

a) Addition of second brake located on hoist

drum.

b) Add-subtract drum rotation counter for depth

indication or equivalent.

c) Drum rotation sensor for overspeed control.

d) Automatic control system to shut off power

and set brakes in overspeed or overtravel

condition.

e) Travel limit switch and starter and control

switch option.

ComE.£.essed Air Products

Compres sed Air Products, Inc.
P. O. Box 80704
832 So. Fidalgo
Seattle, Washington 98108
206-762-6960
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~apacity

Drum

Drive

Brakes

Controls

Miscellaneous

Cost

920 lb. to 5780 lb, line pull at 174 FPM to

1021 FPM. Line pull based on 5: 1 rope safety

factor.

Drum line capacities from 6741 to 36, 600 1 • Drum

dia, /rope dia, ratio s from 45. 7 to 107. Line

size s from 3/16 II diameter to 7 /8 II diameter.

A radial piston air motor drives the drum

directly through a parallel shaft gear reducer.

The motor requires an air pressure supply of

90 psi. Motor rotation direction is reversable,

motor speed and direction are controlled by a

single lever which operates a four -way throttle

valve.

Spring set, air released automatic multiple disc

brake located between air motor and gear reducer.

Automatic band brake located on the drum. Unit

is spring set and air released. Both brakes hold

300 percent of capacity.

Linear depth indicator with air limit switches for

under and overtravel. A speed control governor

is also available.

A multiplicity of mounting arrangements are

available. Unit can also be purchased with a

muffler base.

For 5780 lb., 174 FPM unit with all accessories

except the muffler: $10,860.
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Remarks

Supplier

Drum

Drive

Brakes

Cont rols

Cost

The minimum modifications required to these

units for emergenc y hoisting include:

a) Addition of overspeed sensor driven off the

drum.

b) Addition of control logic (preferably pneumatic)

to cut air supply to unit in the event of an

overspeed situation.

4. Sanford - Day - "Brownie" Hoist Retarder

Mannon Transmotive/Sanford - Day
Mi.ning Equipment
P. O. Box 1511
Knoxville, Tennessee 37901
615-525-6224

12,000 lb. and 24, 000 lb. line pull at 50 FPM

and 40 FPM.

Drum line capacities of 300' and 450' are standard.

The drive comprises a 20 HP or 30 HP electric

motor. 220 or 440/3/60 driving a parallel shaft

gear, or chain and gear reduction to directly

drive the drum.

Spring set thrustor type brake operates at

electric motor shaft. Regenerative motor

braking prevents system overspeed.

Two element push-button for lower and haul.

Slack rope sensor.

Refer to supplier.
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Miscellaneous

Remarks

This equipment is primarily designed to control

the movement of railroad cars on grades to

3 percent.

The minimum modifications required to these

units for emergency hoisting include:

a) Addition of second braking system operating

directly off the drum.

b) Overspeed sensor and automatic brake

initiation.

c) Depth indicator.

C.5 Safety Equipment and Control Devices

Safety equipment and control devices serve two principal

functions in mine escape hoists. First, they can be used to provide

important safety features such as protection against overspeed, over­

travel and undertravel. Second they can be used to automate or

partially automate the operation of the escape hoist. Typical equipment

available is described in the following section.

1. Simplex and Lilly Hoist Controllers

Manufacturer s : Logan Actuator Co.
4956 No. Elston Ave.
Chicago, Illinois 60630
312-736-7500

The SiInplex and Lilly Controllers provide a means for

electrically shutting off the power to the hoist and the energy to

physically set the brakes in the event of overspeed, overtravel,

undertravel and failure to begin deceleration within sufficient distance
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available to make a smooth stop. The units also provide a cage

position readout dial. The unit is positively linked to the hoist drum

by means of a chain drive or shafting. Drum rotation drives a flyball

governor unit and a depth indicator pointer. To this pointer are

attached two cams. Each cam profile and position, repre sents the

proper deceleration of the hoist and the upper or lower travel limit

point. The controller includes a contactor unit which has two contact

points. One point is connected to the cam position, the ather to the

output of the governor. The hoist speed as rre a sur ed by the governor

and the position of the cage and thus the cam, are summed in the

contactor unit; whenever that sum co r r e s ponds to an unsafe condition,

the contacts are opened. This characteristic of open contacts for an

unsafe condition can be used in a circuit to cut the motor power and

actuate the brakes. The controllers also include a gravity brake

actuator which consists of a weight held by a solenoid. Los s of power

through electrical failure or opening of the contactor, causes the

solenoid to release the weight unit. Suitable linkages between the

weight unit and the brake cause the brake to set.

2. Safet~ Brake Syst~~

Manufacturer: Safety Lift Corp.
4630 Vance St.
Wheat Ridge
CO 80033
303-422-5301

This unit is mounted directly to the travelling cage. A

weighted safety rope is suspended the full length of the shaft and this

rope is spooled several times around two independent grooved drums.

During cage travel the rope is stationary and the drums are driven by

the rope. Drum rotation is sensed electrically and mechanically and

an overspeed condition will set brakes located within the drums. The

brakes are electrically and mechanically set. Ele ctrical power for the

system is provided by battery or trailing cable. The system can be

connected to the draw bar such that braking is initiated by rope failure.
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The system can also be initiated from within the cage.

a manual lowering facility within the cage.

3. Overspeed Sensing

The unit includes

The following manufacturers supply overspeed sensing

devices:

Hubble Industrial Controls - Euclid Type C, Price $400 -680
50 Edward St.
Madison, Ohio 44057
216-261-6132

Speed Detectors, Inc. - ESS-l/2 Price $145
32 West Monroe St.
Bedford, Ohio 44146
216-232-1880

Winterbam Manufacturing Co.
Putnam, Connecticut
203 -928 -6551

Hobart Manufacturing Co.
Columbta , South Carolina
803-754-8800

Inertial Switch, Inc.
New York, New York
212-586-5880

4. Rotary Counters

The following manufacturers supply rotary counters:

Veeder-Root
Hartford, Connecticut
203-527 -7201

General Electric Company
General Purpose Control Products Dept.
P. O. Box 2913
Bloomington, Illinois
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5. Limit Switches

The following manufacturers supply limit switches:

General Electric Company
General Purpose Control Products Dept.
P. O. Box 2913
Bloomington, Illinois

Namco Controls
Cleveland, Ohio
216-268-4200

Honeywell Micro Switch Division
Freeport, Illinois
815-232-1122

Robert Shaw Controls Company
Columbus, Ohio
614-875 -2351

C. 6 Automatic Elevator Control Systems

An automatic elevator control system, consisting of position

sensing devices and a control unit, can be used to control an emergency

mine hoist. While automatic elevator control systems are assembled

from standard components, they are typically custom designed to suit

a given customer's application. Various manufacturers contacted

indicated that the price range, less installation, for a simple two -stop

control system begins at approximately $2500 and can increase

depending upon the type of components used, shaft depth, the type of

mechanical drive used, and the rnaxirnurn operating speed.

A partial list of elevator control manufacturers follows.

should be contacted for further details.

Marshall Elevator Company
Pittsburgh, PA.
412-431-1340

Armor Elevator Company, Inc.
Louisville, KY
502-361-7181
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Atlas Elevator Company
Chicago, Illinois
312-472-1260

Virginia Elevator Contr o l s
Richmond, VA
804-643-6775

C. 7 Emergency Rescue Hoists

There is a need, especially in mine development areas, for

portable, on-call, man-rated equipment capable of lifting men through

several hundred feet. Wire rope climbing equipment as shown in

Figure 37 appears particularly suited to this need. It is portable,

weighing approximately 100 lbs., is currently man-rated for numerous

above ground applications and can be electric or air powered.

Commercial units currently have a lifting capacity of 1000 lbs., and

can be fitted with bosun's chairs. Lifting speeds are in the 20 -30 FPM

range and the equipment is not depth limited. In a situation where miners

are unable to climb to the top of a shaft this equipment could rapidly

be anchored to the top of the shaft and lowered to them by hand. Since

the self contained unit is controlled by the person travelling in the

shaft he would be able to negotiate shaft obstruction himself. This

would not be possible with other forms of easily deployed free -hanging

equipment.

Typical manufacturers of this type of equipment are:

Ohio Hoist Mfg, Co,
321 South Beaver St.
Lisbon, Ohio 44432
216-424-7283

Sky Climber Inc.
17311 South Main St.
Gardena, California 90248
213-321-6414
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37.. S SFigure _ - Rope Climbing ystem uitab1e for
Mine Emergency Rescue Service
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C. P.

Mine Power Supply Source (440/3/60)

Hoist Circuit Protection Fuses

T. S.

G

M.S.
P.

B

GR

D

,-----
'---0

Headspheare
Diameter

C

Transfer Switch, 3 Position
Cen Power /0ff/Mine Power

Diesel Powered Electrical Generator
(440/3/60) with Wind -up Spring Type
Starter or Battery Ope rated Motor Starter

Reversible Magnetic Motor Starter and Over
and Undervoltage Protection

Spring Set, Power Released Electric
Motor Brake, 440 vac/3/60 High Slip

Reversible Electric Motor C -Face
Mounted to a Double Worm Gear

Reductor

Hoist Drum Sized for Rope Diameter
and Operating Depth

Post Type Brake Mounted to the Hoist
Drum. Manually Released and Gravity
Set

Simplex Style Hoist Controller Driven
Off Hoist Drum Providing Overspeed,
Over and Undertravel Protection

Wire Rope

. Cage

Figure 3.8, - Layout - General Arrangement of Typical AcceEtable
Electrically Powered Mine Emergency Escape Hoist
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Mine Cornpr e s sed Air Supply Line

Manual Shut -Off Valve (optional)

Manual Shut -Off Valve

3-Way. 2 Position Selector Valve

Diesel Powered Compressor With
Wind -up Spring Type Starter or
Battery Operated Motor Starter

AM

B

GR

D

,---
cb

Headspheare
Dia.

C

Radial Piston Type Air Motor With
Reversible Throttle Control

Spring -Set , Air Released Disc Brake

Gear Reducer

Hoist Drum Sized for Rope Capacity
Dia

Band or Post Type Brake, Gravity
Set Air Released

Pneuma.ti c Control Includes Top
and Bottom Travel Lirrrit Switches
Linear Depth Readout and Dr-um Speed
Governor Modified to Shut -off Air Suppl ;
on Overspeed Signal. Unit Driven Off
Hoist Dr-um

Cage

Figure 39 Layout - General A r r ang errient of Typical
Acceptable Air Powered Mine Em.e~ncL_Escape Hoist
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APPENDIX D

FIRE RETARDANTS FOR TIMBER

D. 1 Most Effective Salts

A. Ammonium Phosphates

Monammonium phosphate and diammonium phosphate

(salts of ortho phosphoric acid) are superior to the tria:m:moniurn salt

in fire- resisting properties. Of these two, the rno narnrno niurn salt

is chemically the more stable. It is also held very retentively by a

nurnbe r of woods, thus reducing leaching out of the salt if exposed to

water. Saturated aqueous solutions of rnori- or di-ammoniurn phosphates

have vapor preservatives corresponding to an atmospheric relative

humidity of 92 to 93 percent; the wood, will, therefore, not attract

any moisture at humidities below this figure.

Low concentrations (lIb dry fire- retardant per cubic

foot of the dry, treated timber) will stop flame and high concentration

(5 Ibs, per cubic foot) will prevent smoldering.

B. Ammonium Sulphate

In low concentrations ammonium sulphate has only a

small effect on flame propagation, but its effect is marked when

concentrations of the order of 20 percent are employed. It has no

appreciable effect on smoldering. It is more corrosive to metals

than are the phosphates, but is less corrosive than ammonium chloride

or magnesium chloride. It is possible to leach it out of wood by

prolonged and continuous action of water. The vapor pressure of the

saturated solution corresponds to 81 percent atmospheric humidity.
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C. Boric Acid

In low concentrations boric acid has only a small effect

on the spread of flame ~ut the retarding effect is marked at high con­

centrations. It inhibits smoldering, is a very weak acid and has very

little corrosive effe c t on metals. It is practically non-hygroscopic,

and tarnbe r treated with it is not likely to beC01TIe damp even at

relative humidities over 95 percent. It is toxic to woodvde s t r oying

fungi, and certain proprietary timber proofing processes appear to

involve the combined use of rnonarnrnonium phosphate and boric acid.

D. Amrnoniwn Borate

Arnrnoniurn borate has a moderate effect on flame prop­

agation when. present in large quantities, and a very good effect on

stopping smoldering at high or low c onc e nt r ati o ns , It is not available

in commercial quantities. Its hygroscopicity is similar to that of

arnrnonium sulphate.

E. Ammonium Chloride

Arnrnoniurn chloride has a noticeable effect in suppressing

flame, even at low concentrations; it is very efficient at high concen­

trations. Low concentrations do not prevent smoldering, but high

concentrations are quite effective. It is highly corrosive to most

metals, particularly iron and steel. It can be leached out of timber

and in saturated solution has a vapor pressure corresponding to

relative humidity of 79. 5 percent.

F. Magnesium Chloride

Ma.gne s ium chloride has a noticeable effect on flame

propagation even when. present in low concentration; and marked effect

with a high concentration. The smoldering which follows the flame

is extinguished or reduced, but not stopped, however high the con­

centration may be.
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It is hydrolised by moisture, with the production of hydro­

chloric acid, and is corrosive to iron and steel. The vapor pressure

of the saturated solution corresponds to 35 percent relative humidity

and the timber treated will, therefore, always be covered with a film

of solution.

D.2 Principal Types of Coating

A. Sodium Silicate

Sodium. silicate is a good fire retarder when freshly

applied, but it loses its effectiveness if the relative hurrridity is at

all high; thus exposure to a relative humidity exceeding 65 percent

causes a serious decrease in the effectiveness after only one month.

In fire, sodium. silicate swells to a frothy mass (intumescence) which

hardens and insulates the wood against heat. This property is destroyed

by exposure to moisture.

Manufacturers of many of the proprietary paints containing

silicates state that their products have overcome this difficulty.

The reagent may be applied alone; or, better, in a

mixture with lime-water and common salt; or with inert fillers such

as kaolin or asbestos.

B. Ammonium. Phosphate

Strong solutions (25 to 35 percent) of rno narnrnoniurn

phosphate or diammoniurn phosphate give good protection. Two or

three coats of hot solution should be applied either with a large flat

brush or an ordinary paint spray gun. The solution should be applied

as hot as pos sible, as this improved penetration, and it should be the

aim of the operator to apply 4 lbs of reagent, i. e., one gallon of

33 percent solution to every 100 square feet of surface.
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C. Calcium. Sulphate

Fire-resisting finishes of the calcium. sulphate type are

based on anhydrite, to which is added an accelerator and a plasticiser

to facilitate brushing. These finishes are applied as a layer, 1/16 in

thick, preferable in one coat. They are very resistant during the actual

period of ignition; an appreciable time is required for the evolution of

their water of crystallisation and, until this water has been lost, the

temperature cannot rise to a point where decomposition of the wood begins.

An additional advantage of this type is that they dry white

(or light grey) and this is useful underground for improving illurn.ination

by reflection.

D. Sodium.- Silicate-Calcium. Sulphate

This combination forms the basis of some of the commonest

types of fire- resistant paints. A solution dries to a good off-white color

and gives reasonably good protection.

E. Vermiculite (Pyrox Process)

Vermiculite is an "exfokiated I micacaeous mineral, a 1/8

in. coating of which gives good protection.

F. Urea Formaldehyde Resins

Paints of this material mixed with ammonium. phosphate

are reasonably effective. When heated the coating swells, blackens and

produces a cellular insulating layer.

G. Cement Base Coatings

When intact, cement base coatings provide good fire­

resistant protection for timber. The basic difficulty is to ensure that
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the coating remains available. Even under normal usage there is the

possibility that the timber will shed the cement coating due to diff­

erential rates of drying and there is some difficulty in securing good

adhesion. The performance of coatings under fire conditions is even

less predictable; so much depends on the cement mixture and the

method of application. Nevertheless, fireproofing of timber by

gunniting' with cement-sand mixtures in situ has been practiced

in both the U. S. A. and South Africa, and good results are claimed

when the mixtures and the conditions under which they are applied

are carefully controlled.
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APPENDIX E

REFUGE CHAMBER LEAKAGE ANALYSIS

Variables

q Chamber

Bulkhead

p. , V
1

dead
end

Po =: pressure outside of chamber (psi)

p. =: pressure inside of chamber (psi)
1

q =: leakage flow rate (cfrn]

Q =: total leakage (cu. ft.)

V =: chamber volume (cu. ft.)

t =: time (minutes)

p =: nominal atmospheric reference pres sure (14. 7 psi)

A = chamber leakage coefficient (cfmjpsi)

=

Boyle l sLaw

P i(t)
r. (t + tit)

1

= V -qdt,
V

(E. 1)

as dt- 0 _ dp.
1 = ..sL Pi

dt V
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The flow rate can be expressed in terms of the pressure

differential, ~ p, as follows

q = A(A p)n (E.2)

where n is frequently equal to or close to 1 (8). Making this assumption,

and substituting (E. 2) into (E. 1) we obtain

dp.
1

cit (E. 3)

It can be simplified by

be on the order of 1 psi.

This is a non -linear differential equation.

recognizing that p. = P + E, where E. will
1

Since p = 14. 7 psi, we can say that p. ::::: p , and write (E. 3) as
1

dp.
1 =Cit

A -
- P (p - p.)
VOl

(E. 4)

1. Solution for linear pressure rise rate

We assume p = p t + p
o

then the solution to (E.4) is

(
-pA

\ e V
t ) .-1 + pt + P (E. 5)

Substituting into E.2, we obtain

(:
-pA t).P.Y... V (cfrn) (E. 6)q = - e-

p

This can be integrated to obtain the total gas flow into

the chamber

Q = .P.Y...
p

r
It
L

V

pA
(l _e~~ t)] (cu. ft.)
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2. Solution for step pres sure rise

We assume p == constant
o

In this case, (E. 3) can be solved directly

p
o

p. ::;
1 Co -Ap

o t
V

(E.8)

Substituting into (E.2)

A
po

q =
1 +-----.E..­

p -­
o p

Ap
e ---v- t

(E. 9)

~ A(p - j))
o

e
Ap

o
V

t

Q = V (po - p)
p

(1 - e
Ap

o
V

t) (E. 10)

Figure E. 1 shows how solutions (1) and (2) can be combined to

illustrate the leakage characteristic of a chamber subjected to a gradual

pressure rise which eventually stabilizes after a time t. As can be
o

seen, the parameter V4A represents a time during which leakage is

delayed. The larger the chamber volume and the better the seal

(increasing V and decreasing A respectively), the greater is this delay.
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APPENDIX F

GOVERNMENT OFFICES CONTACTED DURING SURVEY

1. MESA InsEection Offices

North Central District
Duluth, Minnesota

South Central District
Dallas, Texas

Rolla Subdistrict
Rolla, Missouri

Rocky Mountain District
Lakewood, Colorado

Salt Lake City Subdistrict
Salt Lake City, Utah

Spokane Field Office
Spokane, Washington

Osburn Field Office
Osburn, Idaho

Phoenix Subdistrict
Phoenix, Arizona

2. MESA Research and Management

Denver Technical Center
Denver, Colorado

Pittsburgh Technical Center
Pittsburgh, Pennsylvania

Metal and Non-Metal Office
Washington, D. C.

3. State Offices (State plan States)

Arizona State Mine Inspector
Phoenix, Arizona

New Mexico State Mine In spector
Albuquerque, New Mexico
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APPENDIX G

1. General

Total Employees: 3000

Maximum No, of Men Underground/Shift: 800

Shifts/Day: 3

Type of Ore: Copper

Daily Production (TPD): 25,000

Mining Method: Room and Pillar

Vein: Dip/Thickness: 10"/15 ft.

Number of Levels /Max. Depth: 1/0 to 1800 ft.

2, Haulage, Conveyances and Travelw~

Main Haulage: Rubber Tire/l0 miles belts

Man-Ways - Typical Route of Travel to most Remote Sites: Rubber Tired Vehicles

Hoists - Capacity/Speed/Depth:

Depth under construction

3. Vent.i l at i o n

2,500,000 c frn - 5 surface fans

4. Compressed Air

N/A cfm

10" and 12" lines

5. Incendiary Storage

2 day powder

1000 gal. fuel oil

6. Cornrnuni.c atio n s

complete system - all shops, dinner areas, and feeder /breaker stations

2 partial systems

7. Escape~~ystem.2.

Man Check System: Section boss log and punch cards

A larm System: Mine phones with paging system

Posting of Escape Route Maps: No

Escape Signs: Every intersection, fluorescent paint

Evacuation Drills: 2/yr /shift

Refuge Chambers - 1 cinder block - No longer required
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TABLE.L­

MINE B

1. General

Total Employees: 400

Maxi.rnurn No, of Men Underground/Shift: 200

Shifts/Day: 3

Type of Ore: Lead, Zinc" Silver, Copper

Daily Production (TPD): 2,300

Mining Method: Square set, cut and fill, open stope, long hole

Vein: Dlp j/T'h i c.kn e s s . 30° _ 45° /8 ft. max,

Number of Levels /Max. Depth: 13/2700 ft.

2. Haulage, Conveyances and Travelw~

Main Haulage: Rail

Man-Ways - Typical Route of Travel to most Remote Sites: Rail/Hoists/Walk

Hoists - Capacity/Speed/Depth:

No, 15 man/llOO fpm/5000 ft.

No. 2 dbl drum 30 man per side/lOOO fpm./4500 ft.

No, 3 dbl drum 14 man per side/IOOO fpm./4500 ft.

3. Ventilation

260000 dIU

1800 HP

4. Compressed Air

1400 cfrn

110 psi

4 compressors on surface 12" line

5. Incendiary Storage

1/2 week supply powder

300 gal, fuel oil

6. Communications

Mine phones, sand fill phones at all shaft stations, shops, hoist rooms

7. EscaEeway Systems

Man Check System: Time cards and computer cards

Alarm System: Stench in compressed air and ventilation

Posting of Escape Route Maps: All stations, shops, hoist rooms, main

intersections

Escape Signs: None

Evacuation Drills: 2/yr /shift
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TABLE XI

MINE C

1. General

Total Employees: 300

Maximum No, of Men Underground/Shift; 190

Shifts/Day: 3

Type of Ore: Lead, Zinc, Silver

Daily Production (TPD): 900

Mining Method; Cut and fill, backstope brest down

Vein: Dtp z'Thickne s s , 90°/4' untiInbered/30
'

timbered

Number of Levels/Max. Depth: 13 active/7700 ft.

2. Haulage, Conveyances and Travelw~

Main Haulage: 24" gauge, diesel/main, battery/levels

Man-Ways - Typical Route of Travel to most Remote Sites: TrainfHoist/Walk

Hoists - Capacity/Speed/Depth:

No. Dbl drum 27* men per side/1500 fpm/5700 ft.

No. 2 Dbl drum 18 men per side/800 fpm/3150 ft.

No. 3 Dbl drum 18 men per side/1000 fpm/2I50 ft.

* Only 9 men during ore hoisting

3. Ventilation

100,000 cfm main, 300 hp, total

4. Compressed Air

8000 cfrn, 100 psi

3 underground compressors, 10" pine

5. Incendiary Storage

1 week supply powder

Fuel oil on surface

6. Communications

2 telephone systems, 1 sound, 1 bell system at stations, shops,

hoist rooms

7. Escapeway Systems

Man Check System: Brass

Alarm System: Stench in compressed air

Posting of Escape Route Maps: No

Escape Signs; Yes

Evacuation Drills: 2/yr /shift
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TABLE XII

MINE D

1. General

Total Employees: 380

Maximum No, of Men Underground/Shift: 200

Shifts /Da y: 2

Type of Ore: Lead, Zinc

Daily Production (TPD): _2000

Mining Method: Shrinkage stoping

Vein: Di pj/Thickne s e . 80°/5 ft.

Number of Levels /Max. Depth: 10/2900 ft.

2. Haulage, Conveyances and Travelw~!,

Main Haulage: Rail

Man-Ways - Typical Route of Travel to most Remote Sites: Rail Car /Hoist/Walk

Hoists - Capacity/Speed/Depth:

No. 1 12 men/420 fpm/1400 ft.

No. 2 10 men/280 fpm/1700 ft.

No. 3 19 men/300 fpm/l000 ft.

No. 4 dbl dr-um 18 men each side/450 fpm/400 ft.

No. 5 18 men/335 fpm/500 ft.

3. Ventilation

100,000 cfrn

5 fans plus natural ventilation

4. Compressed Air

11,000 cfm/7 underground/6 surface compressors

5. Incendiary Storage

300 gal. Fuel

112 week powder

6. Communications

Bell telephone at stations, shops, hoist rooms

7. Escapeway Systems

Man Check Syatem: Brass

Alarm System: Compressed air stench, injected by hoist operators

Posting of Escape Route Maps: At some shaft stations and major raises

Escape Signs: Few

Evacuation Drills: 2/yr Ito stations
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TABLE XIII

MINE E

1. General

Total Employees: 64

Maximum No, of Men Underground/Shift: 32

Shifts/Day: 2

Type of Ore: Uranium

Daily Production (TPD): N/A

Mining Method: Modified r oorn and pillar

Vein: Di p Z'Thi ckne s s , Lens and lod stream bed/8 ft.

Number of Levels /,Max. Depth: 1/1300 ft.

2. Haulage, Conveyances and Travelw~

Main Haulage: Rail, 36" gauge, diesel and battery

Man-Ways - Typical Route of Travel to most Remote Sites: Hoist/Walk

Hoists - Capacity/Speed/Depth:

12 man/400 fpm

3. Ventilation

250000 cfrn

7 fans - approximately 700 total horsepower

4. Compressed Air

1800 cfrn

100 psi

2 compressors (surface) 6 in. line

5. Incendiary Storage

1 day powder

Fuel line from surface

b. Communications

Crank type at stations and shops

7. Escapeway Systems

Man Check System: Brass

Alarm System: Stench in compressed air

Posting of Escape Route Maps:

Escape Signs: Major intersections and stations

Evacuation Drills: 2/yr/Shift
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TABLE XIV

MINE F

1. General

Total Employees: 175

Maxim.urn No. of Men Underground/Shift: 79

Shifts/Day: 3

Type of Ore: Lead, Zinc

Daily Production (TPD): N/A

Mining Method: Random room and pillar

Vein: Di py'Thickne s s , Massive

Nurnb e r of Levels/Max. Depth: 2/1000 ft.

2. Haulage, Conveyances and Travelw~

Main Haulage: Front end loaders, skips

Man-Ways - Typical Route of Travel to most Remote Sites: Hoist jrrucks

Hoists - Capacity/Speed/Depth:

25 m.en/934 fpm.

6/860

3. Ventilation

200,000 cfm

2 (100 HP) Fans underground 72" Joy
4. Compressed Air

4500 cfm

5. Incendiary Storage

7600 gal fuel oil

4700 gal. hydraulic oil

explosives 2 week supply (5 tons)
6. Com.munications

1. Bell system with 4 underground phones

2. Intercom

7. Escapeway System.....!!.,.

Man Check System.: Time card

Alarm System: Phones, intercom, stench in compressed air

Posting of Escape Route Maps: None

Escape Signs: None

Evacuation Drills: 2/yr.
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TABLE XV

MINE G

1. General

Total Employees: 433

Maximum No, of Men Underground/Shift: 187

Shifts /Da y: 3

Type of Ore: Lead, Zinc

Daily Production (TPD): N/A

Mining Method: Block caving, caving stopes, open stopes, shrink stopes

Vein: Dip/Thickness: Massive

Number of Leve la j/dvla.x. Depth: 22/2475 ft,

2. Haulage, Conveyances and Travelw~

Main Haulage:

Man-Ways - Typical Route of Travel to most Remote Sites: Hoist/Walk

Hoists - Capacity/Speed/Depth:

50/1250 fpm/

30/1250 fpm/

2 Hoists 10 men/2600 fpm/

j 5/1250/

3. Ventilation

366,200 cfrn

Total horsepower 6 fans 755 HP
4. Compres sed Air

7 compressors total flow 25,000 cfm

5. Incendiary Storage

30,000 No,

2800 gal. oil

6. Communications

Bell, cage radio to hoistman

7. Escapeway Systerns

Man Check System: Time cards

Alarm System: Stench and phone, vent and compressor

Posting of Escape Route Maps: N/A

Escape Signs: Very few

Evacuation Drills: 2/yr
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TABLE.2lY!­

MINE H

I, General

Total Employees: 159

Maximum No, of Men. Underground/Shift: 86

Shifts /Da y: 3

Type of are: Limestone

Daily Production (TPD): N/A

Mining Method: Room and pillar

Vein: Di pj/Thickne s s . Massive/soft

Number of Levels/Max. Depth: 1/280 ft.

2, Haulage, Conveyances and Travelw~.2

Main Haulage: Rubber tired vehicles

Man-Ways - Typical Route of Travel to most Remote Sites:

Hoists - Capacity/Speed/Depth:

None

3.

4.

Ventilation-----
600,000 cfm - includes some natural ventilation

20 fans - 300 HP
Compressed Air

3 surface compressors - total 5500 cfm

5. Incendiary Storage

100,000 No.

500 gal hydraulic oil

200 gaI, fuel oil
6. Communications

One phone to mine office

7. Escape~ Systems

Man Check System: Tags

Alarm System: Stench in compressed air, vehicle with siren and

flashing lights
Posting of Escape Route Maps:

Escape Signs: None

Evacuation Drills: 2/yr.
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TABLE~

MINE I

1. General

Total Emplo ye e s : III

Maxirrrurn No, of Men Underground/Shift: 56

Shifts /Da y : 3

Type of are: Salt

Daily Production (TPD): N/A

Mining Method: Room and pillar

Vein: Dip/Thickness: Flat/30 ft,

Number of Levels /Max. Depth: 1/1130 ft.

2, Haulage, Conveyances and Travelw~

Main Haulage: Conveyor, LHD

Man-Ways - Typical Route of Travel to most Re rno t e Sites: Hoist/Rubber Tired

Diesel

Hoists - Capacity/Speed/Depth:

No. 1 dbl drum 6 men/600 fpm/1l30 ft.

No, 2 single drum 12 men/600 fplU/1130 ft.

3. Ventilation

160,000 cfm

4, COlUpres sed Air

None

5. Incendiar y Storage

40,000 No. AN/Fa (2 weeks)

500 gal fuel oil

200 gal fuel oil

6. Cornrnuni c at i.on s

Bell system

7. Escape~ Systems

Man Check System: Brass

Alarm Sy s t e rn : Siren on truck

Posting of Escape Route Maps:

Escape Signs: At rnajo r intersections

Evacuation Drills: 2/yr /shift
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