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CHAPTER 1
INTRODUCTION

CONTRACT INFORMATION

This volume constitutes the Survival Subsystemn portion of the final re-
port for the Coal Mine Rescue and Survival System (CMR&SS) program,
which was conducted by the Westinghouse Electric Corporation under con-
tract to the United States Bureau of Mines (Contract Number H0101262 dated
Tune 17, 1970). The program was directed by the Special Systerns Depart- .
ment of the Westinghouse Baltimore, Maryland, facility.

The basic objectives of the CMR 4SS program were to develop and test
hardware to determine the efficacy of a variety of coal mine rescue and
survival concepts and techniques, These concepts were drawn from two
major sources: the Regquest for Propesal from the Bureau of Mine sland the
final report on the Mine Rescue and Survival Study conducted by the National
Academy of ]4?.ngi.nute:er'n:lg2 NAE}.

Both of these documents recommended that the overall Coal Mine Rescue
and Survival Syatem comprise three subsystems; the Survival Subsystem,
the Communications Subsystem, and the Rescue Subsystem. These sub-
.systems are covered by Volumes [, II, and III, respectively, of this final
repart.

Each of the major tasks, correspoading to the three subaystems, was
conducted by a subcontract organization. The Westinghouse Ocean Regearch
and Engineering Center, in Annapolis, Maryland, was selected to conduct
the design and development effort on the Survival Subsystem because of ‘their
wide experience in life support technology., The Westinghouse Geophysical
Research Laborateries, in Boulder, Colorado, specializes in the technologies
required for the Communications Subaystem, and they were gelected for this
part of the systemi. The Rowan Drilling Company, Inc., of Houston, Texas,
was responsible for the work on the Rescue Subsystem,

The program was completed within the extremely tight time constraints
required by contract, and it culminated in demenstrations of the Communi-
cations and Rescue Subsystems at the US Steel Mine number 14, southeast
of Gary, West Virginia; and of the Survival Subsystem at the Bureau of
Mines experimental and safety research mine at Bruceton, Pennsylvania,
PROGRAM BACKGROUND

During the pericd from 1950 to 1969, there were 28 major mine disasters
fi.e., five or more deaths} and several minor accidents (fewer than five
deaths) that resulted in a total of 44 deaths in the United States during this
period. In those cases in which cause of death iz known, 20 percent could
have survived by knowing escape routes through training, by using self-




rescuers, or by barricading, according to the NAE report.

In mine explosions, lethal gases are forced throughout the immediate
area, the oxygen level is reduced, stoppings are destroyed, and normal
ventilation is disrupted. The regular communication system is often de-
stroyed. While trying to escape after an explosion, miners are apt to en-
counter lethal gas.

GENERAL SYSTEM DESCRIPTION

‘The Survival Subsystem is divided into three parts; a Personal Breathing
Apparatus, an Auxiliary Survival Chamber, and a Large Central Chamber.
The Personal Breathing Apparatus is a unit lighter and more compact than
the units used by rescue teamns, originally intended for miners to carry at
all times, which provides oxygen for a breathable atmeosphere and a full
head mask for protection from toxic gases. The Auxiliary Survival Chamber
is a transportable unit that is maintained close to actual working areas. It
provides basic life support for 15 men for 14 days. The Large Central
Chamber is conceived to he permanently installed in a central location in
the mine, providing life support for 50 men indefinitely. These Survival
Subsystem units are covered fully in this velume from the viewpoint of de-
sign, manufacture, test, and evaluation. -

The Communications Subsystem provides three major functions; commu-
nications from the miners to the surface, and lacation on the surface of a
position directly above the trapped miners. This location is used as the
basis for the actual rescue operations., An electromagnetic system provides
downlink {surface te miner} communications, with a voice receiver in the
survival chamber and on the miners' battery packs. A beacon transmitter
in the survival chambers can transmit six pushbutton selected coded mes -
aages, thus enabling miners to respond to questions fromn the surface,

A seismic signaller (thumper} is also provided as backup to the electro-
magnetic and cormnmunication systemn elements. Seismic reception and data
processing capabilities on the surface are the principal elements used to
determine the location of the drilling site. The Communications Subsystem
is the subject of ancther velume of this report which completely describes
it,including the interfaces with the Survival Subsystern.

The Rescue Subsystem consists basically of two complete drilling rigs,
with all ancillary equipment, for drilling two holes directly from the sur-
face to the trapped miners, The first is an 8-3/4 inch probe hole, used to
locate the miners and to supply air, food, water, medical supplies, and
other immediate needs. The other hole is a 28-1/2 inch hole, through which
a rescue basket is lowered to pull the miners to the surface. Another vol-
ume of this report provides a complete discussion of the Rescue Subsystem.
SURVIVAL SUBSYSTEM DESCRIPTION
Personal Braathing Apparatus

The Personal Breathing Apparatus {(PBA} is an emergency unit designed
to provide a breathable atmosphere ina contaminated gaseous envirenment,
particularly in coal mines, into which carbon dioxide, carbon monoxide,
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and other gases are releaséd by fire n;:"e;ijlgs'ion. It is a c¢closed -circuit
oxygen-generating recirculating system that is worn on the chest when in
use, with a strap around the shoulders and waist and a hood over the head.
When not in use, it hangs from the shoulder by a strap within a hermetically
sealed carrying case, The PBA uses a sodium chlorate candle to produce
the oxygen., This candle is ignited after the apparatus is removed {rom the
carrying case for use, and it is fitted with a shield to protect the user from
heat. Oxygen is produced at a rate sufficient for 2 typical adult man work-
ing at maximum effort level. The oxygen passes via filters, heat exchanger
plates, and the CGI2 scrubbing canister, into the breathing bag. The user

breathes througha valved mouthpiece so that when he inhales, CO_ is scrubbed,

Z
and Dzla.den gas is drawn from the breathing bag, and when he exhales,
the exhaled gas passes into the exhalation aide. From here the CDE laden
exhaled breath passes through a carbon dioxide removal canister, while
filtered oxygen is released into this same chamber., Excesgs gas mixture is
vented through a relief valve if the man is not at maximum activity, because
the chlorate candle is a fixed rate producer of oxygen. The FBA candle will
liberate oxygen for approximately ! hour,

A plastic hood, treated to prevent fogging in the eyepiece area, fits over
the user's head., A rubber seal around the neck prevents entry of contami-
nated pases., The mouthpiece seal permits the user to remove the mouth-
piece for intermittent communication, A nose clip is built into the hood to
aid in the prevention of nasal inhalaticn.

The PBA (exclusive of hreathing bapg and hood} is 3.5 inches deep, 9
inchea high, and 1l inches wide, and weighs 6.9 pounds in the operational
mode, It is hermetically sealed for storage prior to use, Temperature
may vary from -40 to 4+ 140°F during storage without affecting operation of
PBA, Inthe stored mode, it weighs 8,5 pounds and measures 4.5x12x]1
inches.

Ayxiliary Survival Chamber

The Auxiliary Survival Chamber {ASC) is a portable self-contained 15-
man refuge for trapped miners. [t is to be located near the working face in
. a place that affords it some protection from explosion and where it will not
interfere with normal mining operations {e.g., an unused crosscut), In
concept, it will usually be located 350 feet or more frem the working face,
and should be moved at approximately 2-week intervals, or as required to
remain reasonably accessible to its associated working secticn personnel.

The ASC contains two atmesphere conditioning units that, through hand-
operated pumping of the internal atmosphere, adds oxygen and removes
carbon dioxide, Provisions for clearing initial or leaking carbon monoxide
can also be accomplished with these units. The ASC coantains enough. food
and water to supply 1, 740 high-carbohydrate calories and 2 quarts of water
per man per day. Sanitation facilities areincluded and equipment is provided




to measure cancentrations of carben monoxide, carbon dioxide, methane,
and oxygen in and immediately around the ASC, Fire-fighter and first-aid
supplies are also included, Lighting is provided by battery-powered miner's
cap lamps attached to a storage battery system. Chemical light packages
are also included as a backup, Interior surfaces are white to make maxi -
mumn use of available light. Provisions are included for the installation af
Communications Subsystem equipment,

Each of the two atmosphere conditioning units in the ASC has a built-in
breathing manifold with eight breathing masks, These are used if the in-
terior atmosphere is contaminated, such as may be the case after initial
entrance. If the chamber is not contaminated, the manifold is remaved and
the oxygen is freely releazed, The atmosphere conditioning units use sodium
chlorate candles to produce oxygen, a Hopcalite canister to remove carbon
monoxide, -and a baralyme canister to remove carbon diaxide.

In operation, turning the blower draws in air from the ASC through the
carben monoxide and carbon dioxide removal canisters. The scrubbed air
and candle -generated oxygen are then released into the ASC, or into the
breathing manifold and rmasks,

The ASC consists of six matched pairs of arcs from a semicireular
‘configuration, They fold down from hinged joints attached to the reinforced
Platiorm {loor to which wheels can be fitted, The shells are curved and
attached at the top to form a quonset-hut-like structure. Seals are provided
throughout the chamber in an effort to minimize leakage. Two end bulkheads

-that also feld down for transport are bolted and braced into place when the
shelter is erected. One biulkhead contains the entrance door and a viewing
port, When assembled, the ASC is designed to withstand explosive forces
of 20 pei (uniform loading} and roof falls up to 1, 000 psi. '

Large Central Chamber

The Large Central Chamber {LCC) is a design for a permanent fixed
installation to provide life support for as many as 50 men indefinitely, In
concept, it would be located so as to offer greatest accessihility to the
largest number of miners, assuming the main exit shafts are closed or
inope rative. ,

The LCC contains food and water for 1, 740 high carbohydrate calories
per day for 50 men and 3 quarts of water per man per day. Sanitation
facilities are included. Equipment is provided to measure the concentration
of carbon monoxide, carbon dioxide, methane, and oxygen in and immediate -
ly around the LCC. Fire fighting and first aid supplies are alse included.
Miners can communicate with the purface through sound -powe red phones.
The LCC is connected directly to the surface through a ventilation borehole
that can be used to supply air, food, water, medical supplies, temperature
control, and other needs, If an emeargency eituation closes this borehale,
the supplied atmosphere conditioning units can maintain a breathable atmo-
sphere for the 50 men for 5 days. This should allow time to reopen the hore-
hole so that the ventilating and cooling equipment on the surface can take




over thé life support functions, Spare PBA u.m.l:s are also included in the
LCC for use in missgions ‘outside the chamber. '

The surface ventilating equipment conaiats of an air-cooling unit and
thermostat, a compressor, a duct air heater and thermostat, and a supply
hatch in the shaft. The borehole is 8 inches in diameter, fully cased, In
operation, the compressor drives 800 cfm cof cooled {summer) or heated
[winter) air through the shaft to the LCC. When pressure in the LCC ex-
ceeds 2 inches of water, one-way valves open to exhaust the air into the mine,
The ajr cooling unit is a standard thermostatically controlled evaporator,
compressor, and condenser unit. The heater i1s a thermostatically controlled
6-kW electric heater, The air cocling unit and the heater are interlocked with
the compressor so they cannot be operated until the compressor is operating
and supplying air.

Five atmosphere conditioning units and a chilled-water air-cooling unit
are incleded in the LCC. The atmoaphere conditioning units are essentially
the same as those used in the ASC, except that the breathing manifold has
10 masks instead of 8. The air-cooling unit is capable of removing 16,000
Btu per hour. It requires no electricity; it operates on a centrifugal pump
that is direct-coupled to the fan, and both are driven by a bicycle pedal
arrangement, -

The LCC has concrete floor and footings, reinforced concrete hlast wallae
at each end, and an arched galvanized steel liner plate roof. One blast wall
has two steel ship-type doors; the other has one, The blast walls are 12
inches thick, while the floor is 5 iniches thick (75 feet long, 12.7 feet wide),
Footings are 13, 35 inches wide and 9.1 inches top to bottorn. The venti-
lation pipe is welded into the roof, which is 12 gauge galvanized steel liner
plates. Seals are installed throughout the LCC to maintain airtight integrity.
Grouting is injected between the roof and the tunnel walls to ensure maxi-
mum suppoert. The LCC is designed to withstand blasts up to 20 psig with
no loss of airtight integrity and reof falla up to 1,000 psf, Lighting ie bat-
tery powered, and provisions are included for the installation of Communi-
cations Subsystem equipment.

REFERENCES

All reference materials cited in this volume are listed, in order of their

appearance, in Appendix B.

5/6




CHAPTER 2
DESIGN

This chapter is a discussion of various facets of the design program

"which led to the currently configured Survival Subsystemas of the Coal Mine

Rescue and Survival Systems {CMR&SS).

The general background discussed in Chapter 1 and the long history of
coal mining deaths both attest to the urgent need to provide the coal miner
with as much assistance as possible in surviving coal mine disasters. One
major cause of deaths in these disasters is the presence of toxic gases,
another is fires. The Survival Subsystem described herein provides in-
dividual and group protection in bath these areas, '




SECTION I
DESIGN CONSIDERATIONS

GENERAL

The single major consideration in the de gign of the Survival Subsystem
" 15 hurnan survival in an enviroament that affers little or no natural agsis-
tance and may be entirely hostile. To this end, the miner must have some
means of receiving a breathable atmosphere while he makes his way to
safety. If escape is immmediately cut off, there must be provisions for an
entire crew to survive while cutside rescue efforts proceed. The three-part
Survival SBubsystem makes all these provisions available. The Personal
Breathing Apparatus {(PBA) provides a breathable atmosphere for the individ -
ual miner; the Auxiliary Survival Chamber (ASC) provides life support for
15 men indefinitely; and the Large Central Chamber (LCC) provides life
suppart for 50 men for 5 days should the boiehole he closed as a result of
the accident, indefinitely if the borehole can be reapened,

SYSTEM REQUIREMENTS '

At the outset of the CMR 4SS program, basic requirements were developed
ifrom several sources. Principal among these were the Request for
Propesal from the Bureau of Mines 1, the NAE final report?, the Bureay of
Mines contract , the Westinghouse proposal for the prograrn © (made part
ef the contract by reference), and Section 13F of Title 30 of the Code of _
Federal Regulations {CFR) ®, As the program progressed, and the store of
pertinent information grew, systermn requirements changed: some were
deleted, while several were added. The initial system reguirements and
limitations were outlined in the Preliminary Survival System Outline chart
(ref. 4, pp 2-62). This document underwent contigusl updating, having been
revised and republished twice. The requirements as they existed at the
design-freeze point in the Program are discussed in the following paragraphs,
Fersonal Breathing Apparatus

The basic requirernents for the PEA remajned unchanged throughout the
program. These requirements are that it provide a respirable atmesphere;
that it exclude smoke, dust, and toxc gases and protect the face:; that it
remove carbon dioxide: that it he easy to activate; that it provide safe partial
Oxygen pressure immediately; and that the fit be essentially universal from
the 5th to the 95th percentile of human adwlt male heads), and that it be small
and light enough to be carried by a man.

Originally, one requirement stipulated that the PBA provide a 1-hour
¢xygen supply for a miner using 3 liters per rninute (at labor) or an 8-hour
supply for a user at rest, If further required that the oxygen be USP grade
and constitute at least 20,5 percent of the breathing air. This latter
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requirement has not changed; however, the supply requirement was changed
to 1 hour, regardless of work rate. This iz compatible with CFR, Title 30,
Table 4, Test 4, which requires a flow rate of at least 3 liters per minute
for 1 heour.

The initial PBA concept called for a circle flow or pendulum flow unit
with a superoxide revitalizer. An assured supply of high quality superoxide
could not be found and desipgn of the superoxide canister could not meet
schedule; therefore, this concept was changed to use a chlorate candle plus
a CO, removal canister instead of superoxide.

The maintenance of a comfortable breathing air temperature and maximum
breathing resistance of 2 inches {5 em) of HZD in and 1 inch (2.5 cm) out at

85 liters per minute were both specified from the gutset, Because a rnan
whoze life is endangered will readily accept some discomiort, these strin-
gent requirements were relaxed to an acceptable breathing air temperature
and to 2 inches of HEO exhaling resistance of no more than the difference

between 4 inches and the actual exhaling resistance (ref 5, para 11.21 f2) ii
and (4]. : .

 Weight and dimension specifications for the PBA were set at 4, 6 pounds
and 9x8x3-1/4 inches. Since the chlorate candle and caniater alone weigh
6 pounds, new design goals were eatablished of 6.9 pounds and 11x10x3-1/4
inches.

Alurninum was to be avoided in the PBA because of a potential thermite
reaction on contact with iren oxide. A However, aluminum offers optimum
heat transfer characteristics for maintaining reproducible chlorate candle
burn rate and duration, Therefore, this restriction was lifted to allow use
of alumimum for the cuter candle casing. It is, however, shielded by a piece
of light perforated plastic from external contact so that the alwninum surface
camnot become easily abraded and subsequently underge a thermite reaction,

The requirements stated that the PBA should permit intermittent voice
comumunications among miners. During the course of the program, it was
deterrmined that reasonable communication could be accomplished without
the aid of any device as long as the smoke -hood concept for man-apparatus
interface was utilized.

Auxiliary Survival Chamber

During the CMR&S5 program, a great many of the original requirements
and constraints for the ASC were modified; ane was eliminated. FProvisions
for trace contaminant removal, humidity control, temperature control {85°F},
pressure relief at 0,75 inches of mercury, .and a differential manometer
were included at the start, )

Trace cantaminants, odors, are not a real problem due to rapid fatigue
adjustment of the olfactory system, Manometer readings were noi needed
due to automatic relief provided by design; temperature and humidity control
is not critical to this design under typical mine ambient conditions (see
Appendix A}; therefore, these requirements were excluded.




The ASC was originally required to withstand a 20-pei shock and maintain
its airtight seal. Because both positive and negative pressure waves rasult
from mine explosions, thia requirement now includes a B-psi negative
pressure, '

Using no aluminum was an initial constraint on the ASC, but the penalties
this would cause in cost, weight, strength, heat transier, and delivery
schedule for some components made compliance impractical, Therefore,
the constraint was relaxed so that aluminum could be used in some com-
ponents, so long as they were not exposed to vigorous contact with iron oxide,

The ASC structure concept called for it to fit into a crosscut 14 feet wide
{bottom}, 10 feet wide {top), 7 feet high, and 35 feet leng. Information an
mine layouts and seam thickness gathered during the program and the need
te allow adequate space for each occcupant led to change in this requirement,
The ASC must now be assembled ar disassembled in a crosscut 10 feet wide,
b feet high (adaptable to 4.5 feet), and at least 50 feet long, These same
considerations brought about another structural concept change, -The ASC
was to be portable, or easily dismantled, and transportable a few thousand
feet through openings 3.5 faet high, and 9 feet wide.

The electrical system specifications specified three sealed lamps {25 W,
6.5 V), seven silver-zinc batteries {9800 Whi, one pedal-operated &V 75Wdc
generator, and chemiluminescent light sources for backup, Further anal-
ysis determined that, in order to implement compatibility with the communi-
cation equipment {Communications Subsystem], a 1Z.volt supply would be
required. The generator specified would have been costly, large, and heavy;
whereas zinc-air batteries zre less castly and instantly rechargeable simply
by mechanical replacement of spent anodes. Becauge of these factors, the
electrical system now includes 3 miner lamp arrays, each having 2 lampa in
series protected with a current-limiting resistor, 1 zinc-air, 12-volt batte ry
{96 Ah) with eight (8) recharge kits, and 52 chemiluminescent packets for
2 hours baclkup each,

Several changes have occurred in the varicus life support aspects of the
original ASC requirements: however, all factors have continued to be hasged
upon supporting 15 men for 14 days (210 man-days},

The Westinghouse propasal called for providing 105 cubic feet per man
giving a total of 1,575 cubic feet for the ASC internal volume. Studjcs by
civil defense authorities © on the volume per man required in this type
shelter and the overall size limitations of the ASC brought about the mere
generalized requirement that the internal air volume be sufficient for life
suppert and accommodations of 15 men.

The initial estimate for 316 pounds of oxygen supply was increased to
420 pounds of oxypen. The capacity for removal of carbon dioxide was in-
creased from 368 pounds to 432 pounds carbon dioxide. The design capa-
bility of scrubbing carbon monoxide down to ac ceptable levels from high inlet
concentrations is partially responsible for this sinee oxygen is consumed in
the Hopcalite conversion of carbon monoxide to carbon dioxide. In addition,
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the modified supply allows for a higher average metabolic level for chamber

cccupants than was originally considered.

Accommodations were reduced from seven {7) 2-tier bunks, 15 blankets,
and 15 pillows to six (6] 2-tier bunks, 6 blankets, and 12 pillowcases, be-
cause the work schedule and general conditions indicate that at least 3 men
will be up and engaged in chamber operation activities at all times.

Human wastes were to be rejected through chutes and tubes to the outside;
however, to aveid the risk of the added wall penetrations developing leaks, a
portable toilet with disposable plastic bags is now specified.

A nutritionally balanced supply of food and beverages egualling 1, 800
caleries per day per man, including juices and three 35-gallon water tanks
{two installed outside, one inside), wasg part of the initial ASC concept. Se-
lecting military rations as a praven source of mutrition broupght the calorie
requirements down to 1,740. The 35-gallon water tanks were rejected in
favor of twenty (20) 5-1/4 gallon tanks that can all be stored inside and can
be used for waste disposal when empty.

Large Central Chamber

Many of the design requirements for the LCC changed during the course
of the CMR &SS program;several of these changes coinciding with the same
ot similar changes in the requirements for the ASC,

Among the mere significant changes to the LCC requirements was increas-
ing the 4-day secondary support (with the air horehole to the surface blocked)
to 5 days capability. This resulted from drilling studies and tests which in-
dicated that, with the air borehole badly damaged or blocked, 5 days is 2
more reasonable time allowance for setup and drilling of a new shaft. Speci-
fications and equipment developed for ASC atmospheric cantrol were modified
to meet expended handling characte ristics of the LCC secondary control.

The Westinghouse Propesal specified a gross space allocation of 170 cubic
feet per man, equalling 8, 500 cubic feet total for the LCC, This was changed
to 137 cubic feet per man, 6,850 cubic feet total, on the basis of civil de-
fense and cost effectiveness. :

The same restrictions against aluminum were imposed on the LCC initially
as were imposed on the PBA and ASC, and they were changed for similar
reagons to those stated in the ASC and PBA discugsions.

Structurally, the LCC was initially required to withstand a 20-psig shock
and maintain an airtight seal, while the roof was to hold 1,000 pounds per
gquare foot uniform lead. The crosscut leading to the LCC carried the same
loading requirements. The whole structure was to fit into a 40x20x11-f{eot
area, with all parts transportable through 3x9-foot cpenings. All parts were
to be easiljr handled, be assembled irom inside, and require little or no
welding. The loading and blast requirements remain essentially the same,
except that an overhang has been added beyond each end bulkhead to protect
against roof falls and to keep the access areas. relatively clear of obstructione.
The shoring of the crosscut is a mine requirément and no longer part of the
LGC., To reduce costs and provide better heat conduction and ventilation, the
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basic envelope of the LGC has changed; thereiore, space requirements for
the LCC are nowa 75 x 14 x § foot area, with parts transportable through
3 x 5 x 9 foot openings. .

With the air borehole operative, atmosphe ric control for the LCC ig
accomplished from the surface. The surface tquipment was oripinally ex-
pected to deliver 650 cfrn of air at 75°F and 55 percent relative humidity
(RH); however, the cooling unit must maintain the internal temnperature be-
tween 40 and 85°F, The 450 cim flow was deemed insufficient for the cooling
requirements, and was therefore increased to 800 cfm.,

Waler, power, and atmespheric monitering were also otiginally part of
the surface requirements, Water, power, and monitoring equipment are now
installed within the LCC as this approach is both more cost effective and less
vulnerable to accidental failure {barehale collapse],

Food requirements in the LCC are the same as for the ASC, and the same
type of military rations are used. The original LCC requirements for four
35-gallon water tanks (two outside, two inside)were rejected in favor of
eleven 17-1/2 gallon cans inside the chamber. The cans are readily avail-
aible and can be used for waste disposal when empty,

Aceommodations in the LCC called for twenty -one Z2-ter bunks, 12
straight chaira, 4 reclining chairs, two é-man folding tables, 50 blankets
and pillows, 2 wash basins, 2 water toilets, 1 chemical toilet, and 4 relief
tubes, These remain essentially the same, except for the wash basing,
water toilets, and relief tubes, To avoid excessive wall penetrations and to
reduce complexity and cost, these items have been eliminated. A second
chemical toilet was added for waste disposal, )

At the start, 12-lights (110 W, 75V) backed by 3 lights {6V, 258W) driven
by pedal driven dc generators {6V, 75W) were required, along with silver-
zinc batteries. All switches and larnp housings were to be sealed. As with
the ASC, further analysis determined that the most efficient, cost-effective
systern would be the following: & battery.powered lamp assemblies, each
having two miner lamps in series protected with a current limiting resistor,
Two zinc-air batteries with 16 recharge kits are furnished.
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SECTION Il
DESICN IMPLEMENTATION

This section describes the study, design, development, research, and
analytical efforts that led to the decisions on the varicus design aspects of
the Survival Subsystem. In these discussions, a complete descriptien of each
of the compaonents of the Survival Subsystem is given. '
PERSONAL BREATHING APPARATUS (PBA)

The PBA must supply a safe breathing mixture for not less than 1 hour,
regardless of ambient atmosphere, for a man working at a high metabolic
rate. This requires the availability of an oxygen source, The potaasium
superoxide [KC}Z}I originally proposed was further investigated, along with

compressed oxygen and chlorate candles. Seven manufacturers of breathing
apparatuses were solicited for proposals. Only three responded; two were
not responsive to the requirements, and one, Mine Safety Appliance
Cempany, was considered technically responsive, although exceptions were
taken both toe CFR Title 30 and to schedule/contractual constraints. There=-
fore, based on a re-assessment of in-house capability and the need for tight
developmental control, Westinghouse decided to develop a EBA system
in-house, using subcontractors for components. During the conduct of a
tradecff study, KDZ wag determinecd to be an unnecessarily high risk

appreach., This, and other factars discussed below, led to the choice of the
- ¢hlorate candle.

Oxveen Generation

There were three primary candidate systems for generating oxygen in
the PBA, These were KDZ’ compressed oxygen, and chlorate candles. More

exotic systems (e.g., lithiwm peroxide} were not investigated due to the
inordinate amount of development effort involved under schedule constraints.
A tradeoff study based on rated factors of reliability, portability, costs,
and schedule was conducted and scored. Table 2-1 shows the ratings and
scores assigned the three candidate systems. These four major criteria had
previously been broken down into many componhent subfactors from which the
respective ratings were derived. The chlorate candle/IiQOH system prevailed
primarily because of good scores in all areas related to schedule or develop-
ment requirements while being at least equivalent with KO, as regards aub-
factors such as maintenance, durability, heat contribution and fabrication
cost. The results of this tradeoff combined with lack of assurance in
securing acceptable K«Dz chermical or developed KDZ canister designs, led

to the decision for a chlorate candle as oxygen source.
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TABLE 2-1
FPBA TRADEOFF STUDY ON OXYGEN GENERA TORS

, KO, W.|Initiator | Chlorate/LiOH | Bottled O /LiOH
CRITERION - % Ra.t%ng x%a Rating | x % Rating 2 xTo
Reliability | 25 705 17, 625 £90 (17, 250 605 |15, 125
Portability | 20 650 13,000 AT0 5, 400 0 0.
Cost 25 485 12,125 495 12,375 420 |14, 500
Schedule an 360 10, 8040 690 20, 7hD 8OO | 24,000
TOTALS |100 - 53, 550 55, 775 49, 625

{high score
winsg)

The PBA Chlorate Candle
As shown in figure 2-1, the chlorate candle configuration chosen for the
FBA is L-shaped, This geometry facilitates volume minimization in
packaging, Alternate configurations considered inciuded two separate,
parallel 30-minute duration candle packages and two parallel NaGlO3

ments enclosed within the same envelope but connected by rneans of a
"crossover' mixture. The former was rejected due to increased bulk require-
ments while the latter required undesirable chemical formulation com-
pensation for complex thermal effects induced by the first segment's
decompesition influencing burn rate of the segment,

seg=
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i
el e Y OOt il e o
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1-1130-ve-1

Figure 2-1. PBA Chiorate Candle

14



¥

s A -, o

Candle activation is a multiple stage requirement. The first stage includes
a modified handgrenade-type Bouchon which utilizes a munitions primmer
immediately producing a flash of hot gases releasing about 800 calories of
heat. This heat energy is sufficient to ignite a pyrotechnic "first-fire'
composition of zirconium and barium chlorate. The heat enerpgy released by
+his reaction {~ 500 calories) then ignites a "cone" portion of the oxygen
candle, which is a fuel-enriched composition of chlorate. Encugh heat is
finally generated to initiate and sustain the main portion or "core' com-
position of the candle. The reaction then proceeds umtil the aupply of chlorate
is exhausted. The entire candle is wrapped in layers of a high-temperature
resistant, ceramic-type insulation material, The insulation serves to retain
sufficient heat within the generator housing to sustain chemical decom-
position, and also to help maintain generator wall ternperatures within
design guoal.

This rather fine balance of heat containment (via insulative materials,
sadiative shields,and ait gaps} versus heat dissipation {via skin material
selection and surface emissivity) in order te maintain a 350° F maximum
envelope gkin temperature played the largest role in the magnitude of
development required. Too much heat containment resulted in very rapid
decornposition, while too much heat dissipation would result in toe slow
decomposition and at times premature extinguiskment of the reaction. More-
over, the balance that was achieved had to be matched to a chemical
formulation with heat content sufficient to guarantee reliability and yet meet
the flow rate and duration requirements. "

These regquirements, as sta_ted in Title 30 are as follows: whenever Dz

is produced from a nondemand-type source, flow rate shall be at least 3.0
Standard Liters Per Minute for a duration not less than the stated apparatus
duration (in this case, 60 minutes). Our own in-house calculations have
indicated that either or both of these requirements could be relaxed {extent
dependent on total system volume) and atill pessess an apparatus that would
retain enough residual DE in its 4 liter breathing bags tc sustain comfcrtable

respiration even under high work rate conditionsa for the 60-minute duratien.
However, the Title 30 requirements were retained as contract objectives.

The maximum envelope skin temperature of 350°F was derived from
a worst case analysis of coal dust auto-ignition {Bu Mines Report of
Investigation No. 5052 Figure 2) in which it is assumed that a coal dust
layer composed exclusively of particles <75 microns diameter with 52
percent volatiles content but 0 percent water has collected on the candle
surface. Even though it is recognized that this constitutes an improbable:
situation, this specification also was retained as a design abjective.

In order to satisfy these multiple requirements and yet retain reliability,
2 wide assortment of chemical formulations was evaluated.- These included
mixtures of low fuel with cobaltous chloride catalyst, mixtures with potas-
sium perchlorate, and mixtures with gilicon dioxide inert and several
permutuations the reof,
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An addition of SiOZ inert (40 mesh granules) constituted a unigue method

of stabilizing the decomposgition front, thug controlling burn rate. Visual
examination of spent clinkers and burns-in-progress confirmed that this incora-
poraticn maintained the front in an attitude transverse to the candle axis.
Without its presence, the front often progressed in a random fashion, pro-
ducing large variations in burn rate and consequent loss of duration.

No premature extinguishments were experienced over 26 candle decom-
positicns, :

It had earlier been established that the preferable container material was
black ancdized alurminum due to its preferred heat disaipation qualities as
contrasted with the more conventional candle container material - stainless
steel. The combination of this container with the proper insulative materialg
and candle formulation produced the construction shown in figure 2-1.

The data accumnulated from a series of 6 candle qualification tests
indicate thatthis construction successfully approximated all design objectives:
production of the initial 4 liters of Oxygen was accomplished within 20 to 35
seconds; burn duration averaged 59.5 minutes over a range of 57 to &4
minutes; and maximum surface temperature recorded at any point was 368°F
with most temperatures recorded below 350 degrees.

However, surface temperature of 350°F ang duration of 60 minutes cannot
be reliably specified as minimum values without further development.

These two parameters can be et by a relatively simple redesign of the
cohtainer with little or no additional development of the chlorate mix, In
fact, solving the temperature problem, which our calculations have shown
can be accomplished by the addition of fins to the aluminum casing, should
alga solve the duration problem since the burg rate of the candle is partially
a function of heat dissipation. The more efficient the dissipation, the slower
the burn, Should the duration not be achieved with the lower surface termn-
perature, the case could be increased slightly to accommoedate increased
length of the candle. )

Evolved Oxygen Purity
+ The normal exit path for 02 evolved from the candle is through flexible

tubing attached at the far end of the short leg. Also located in this vicinity
is a pressure-relief assembly provided in the event that gas pressure
buildup eccurs through any possible exit path blockage.

The flex tubing attaches to a separate "'U'-shaped gas impurity sc rubbing
cartridge, which is designed for installation within the inlet plenum of the
PRA'S COZ removal canister as shown in figure 2-2, This s¢rubbing unit

contains baffled beds of Purafil and Hopealite for rernoval of chlorine and
carbon monocxide, respectively, Its performance has proven quite efficient
as shown by gas analysis data in table 2-2, All gas impurity levels are well
within standards applicable to breathing mixtures with the exception of
carbon dioxide,
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No provision was made within the gas scrubbing cartridge for carbon dioxide
removal under the rationale that the lithium hydroxide bed downstream of
the cartridge could readily accomplish this task.

GCarbon Dioxide Absorbent Selection

Three state-of-the-art chemical absarbents applicable for PBA use,
lithium hydroxide, baralyme, and sodasorb, were evaluated in the criteria
shown in table 2-3, Lithium hydroxide is by far the most efficient ':SD2

absorbent by weight. Its theoretical absorption capacity is 0,92 pounds
CDZ_/pnu.nd abszorbent as opposed to a capacity of 0. 50 pounds CGZ /pound of

baralyme. Its density, however, is quite low, giving it slightly leas effi-
ciency than baralyme in terms of velurne.

‘Although LiOH costs more and has a higher heat of reaction than other -
candidates, these are compensated by the assignment of less development
risk. The lower development risk rating was achieved primarily because
of preliminary tesating done for us by Foote Mineral Co. This teating pro=
duced an experimentally derived figure for the amount of LiQOH required to
meet PBA input conditions.

Even ao, the tradeoff overall results were very close. As noted in table
2-3, sodasorb is comparable to all parameters to baralyme. All other
conventional CDE absorbent systems were considered either less efficient

or not applicable to PBA use without entailing undue development risk.
Accardingly, lithium hydroxide {LiOH} was selected as the abkagrption

material, primarily because of higher probability of successful developrnent.
LiDOB Canister Design Requirements

In contrast to the chlorate candle, which muat generate Dz at a fixed rate
based on highest expected work load, the COE absarbent is aized to accom-
modate fluctuations in work load and the total amount of 'Gl‘.‘_ll2 produced.
Accordingly, the amount of CDE liberated during a 60-minute high work

rate program was eatimated as shown in table 2-4. This was accomplished
by first estirating from Bicastronautics Data Book the DZ expenditure per

activity, totaling the result and applying an average regpiratory quotient
value of 0.85 to arrive at 82 liters {302

In actuality, a safety factor of nearly 25 percent above this was included
in our design considerations in order to cover the following:

1) The stated Dz consumption rates are estimated for specific tasks

and do not account for recovery time required in progreseing from greater
to lesser work rates. .
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TABLE 2.3
CD'2 CANISTER ABSORBENT TRADEQFF STUDY

CRITERION LiOH Baralyme
o
1=3-10 . Rating X % Rating x T
1} Sensible heat BTU/ft3 10 7 70 9 90
(:D2 absorbed
2) Cost Effect on PBA 20 4 B0 6 120
3] Non Operationat
5 135
Reliability ! ? 133 ? ?
4) Theoretical Wedlghf: 20 9 180 5 100
req'd for l-hour rmission
5} Theoretical Bulk
volume req'd for l-hour 15 ' 7 105 9 135
misgsion _
b} Develapment Risk z0 10 200 8 160
{high low)
TOTALS 100% 770 740

Z) Simulation of Title 30 work tasks was accomplished on a bieycle=
type ergometer (see table 2-4 for ergometer settings). Since the ergometer
requires continual iise of the same musculature, recovery times are yet
mare difficult to estimate,

3) Respiratory quotient [RQ) may reach values of 0.9 to 1.0 at high
work rates,

4) RQ may vary dependent on individual test subject. Therefnre, in
consultation with cur Fhysiology Dept., a figure of 102 liters (0. 41 pounds)
of CDZ wabg estimated as the worst ¢case amount the canister would have to

accommeadata,

Pressure drop across the canister was another important design param-
cter. The theoretical plate area based on a 4xl4 mesh size reactant material
was computed to be 15 sq in based on an instantaneous flow rate of 85
SLFPM air and a pressure drop not exceeding 2 inches HEO' The bed depth,

given an experimentally derived figure for required LiOH volume, was com-
puted to be 6 inches. By adopting a canister geometry within these dimen-
sions, we were confident of maintaining pressure drop below 2 inches HZD at

even the highest work rate called out by Title 30 {at which a velosity of 40
SLPM could oceur).

Finally, a circle flow breathing circuit was selested over pendulum flow,
and axial flow through the canister was selected over radial flow, Since we
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anticipated some problem in dissipating the heat of reaction generated within
the LiOH bed {sensible heat = 875 Btu/lb CDZ’.I. circle flow appeared preferable

due to gredter opportunity for heat transier as contrasted to thereduced cir-
cuitry of pendulum flow. In addition, pendulum flow would have presented

an opportunity for formation of depleted reactant dead gpaces within the canis-
ter. Axal flow through the canister was chosen primarily because it af-
forded fewer fabrication difficulties, minimal bulk, and greater opportunity
for internal canister modification. Some canister modification in the form

of internal finning was contemplated, due, once again, to anticipated heat
transfer difficulties. During breadboard tegting, it soon became apparent
that 5 internal fins would be regquired. _

The body of the canister is made of red brass which has a thermal con-
ductivity of 92 Btufhr/sq ft/*F. The wall thicknesa is 0.01256 inches. The'
amount of heat that will be generated in the canister reaction by a man
working to table 2-4, Title 30 computes to be approximately 357 Btu/hr.
Considering the worst case of laminar flow convection cooling, which would
be the case if the miner were not moving but standing in a stagnant air en-
vironment, the exposed surface area of the body of the canister is not encugh
to transfer this quantity of heat. Therefore, a corrugated heat exchanger
surface affording 116 square inches of additional surface area was built into
the output end of the canister housing to help cool the effluent breathing gas.

Twe plies of Air-Mat No. 12 fiberglass mat are installed over the sta-
tionary output end screen to serve as filters for LiOH dusting. The canister
is then charged with lithium hydroxide and closed by aoldering the end cap
at the inlet plenum side; thus compacting the input screen against the bed
by means of springs (2 to 3 psi pressure).

Figure 2-2 depicts detail of the internally-finned canister in its final
configuration and, in addition, shows how it interfaces with the chlorate
candle. The candle is hung under the canister and is the rmally insulated
from the canister by the Teflon cradle and hanger strap assemblies {twro
each) and by Urethane foam and Myatik reflective tape radiaticnand con-
duction insulation (located on the candle sides of the canister). A 0,040-
inch-thick perforated polycarbenate shroud covers the candle assermbly
offering some slight protection against possible contact burns and protection
apainst abrasion of the aluminum surface while still providing convection
cooling for the candle assembly., Not shown in figure 2-2 is a polycarbonate
standeff on the back face of the canister which protects the wearer against
canister surface temperatures.

Carbon Monoxide Removal

Since there is some chance of the miner being exposed to carbon monoexide
(C0), -a CO scrubber was conside red for inclusion in the PBA. However,
the PRA is designed to generate 4 liters of oxygen within 30 secends which
means that by the time the user has the rig donned and is ready to draw his
fipst breath, the breathing bags will be filled with 4 liters of oxypen, Man's
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lung capacity is compara’bl:tc the PBA's volume thus after a few short
breaths ‘of about a liter each the CQ exhaled will be diluted at least 50 percent.
The oxygen g'eneration rate is at a minimuam of 3 liters per minute which
exceeds the amount that man can continucusly consume, This excess, which
is vented, will carry with it sorne CO causing further dilution of CCO in the
breathing mixture. Further operating instructions {refer to Chapter 3
Section 1) for the PBA require that the user exhale fully bafore donning the
unit; so the likelihood of his lungs retaining an appreciable amount of CO is
further reduced.

Mat only does it appear by this analysis a reasonable risk to exclude CO
scrubbing capability from the PBA, but inclusion of such capability would
be complicated and costly. For example, the addition of a CO scrubber
such as Hopcalite to the PBA also requires the addition of dessicant to pre=-
vent poisoning of Hopcalite by water vapor. However, input water vapor is
essential to efficient operation of the lithium hydroxide bed. Therefore,
dessicant, by reducing water vapor level within the apparatus, would be
expected to adversely affect CDZ scrubbing capability.

Based upon this analysis, the lack of CQ removal provisions was con-
sidered both a reasonable risk, and a cost-effective decision,
Contaminant Sources

All parts and materialsused in the PBA unde rwent test and analyéis for
possible contamination of the breathing gas, with special emphasis on the
solder and flux used in final welding and on the fiberglass filter. The {lux
used (Nokorode Soldering Paste, Federal Specification O-F-506) presents
no hazard primarily because it is present in very small guantities and up-
stream of the LiOH bed, which would absorb any contaminants generated
therefrom. In addition, flux ingredients will not vaporize under FBA
operating conditions, and evemn if they did, the vapor toxicants are not at
dangerous levels. The solder {National Lead Company, Dutchboy SN-50}
also presents no major difficulties, because although both antimony and
lead are present in the solder, their potential for ingestion (respiratory
or digestive) is practically zero. There is almest no formation of caustic
solution in the PBA in which these elements could dissolve and neither
element could vaporize under PBA operating conditione. The fiberglass
in the filter is tightly packed and chemically bound and, moreover, is
compacted under 2 to 3 psi against a pe rforated backup plate. Therefore,
pickup of fibers by air flow is highly improbable. A reasonable conclusion
is therefore derived that the present PBA design constitutes no undue hazard
aE a contaminant source,

Man-Machine Interface

For the PBA application, interface requirements included not only the
means to conduct breathing gas to and from the man but also to allow com-
snunications, provide visibility,and prevent inhalation through the nose.
Chher factors congidered were universal fit, dead space, comfort, cost,
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weight and bulk, and development risk. The tradeoff study (table 2-5}
considered the use of six different interface means as fellows: (1) mouth-
piece, (2) amoke hood, (3} oral mask, (4) oral-nasal mask, (5) full face
mask,and (6) fright mask. The study showed that for this application the
smoke hood is the best choice,

The vendor selected to manufacture the PBA hood was the G. T.
Schjeldahl Co., which had previous experience with this type of preduct and
had worked with the FAA on hood developments. Howeve r, the PBA hood
was a new development in view of the requirements for incorporation of a
mouthpiece and eyepiece and means to prevent fogging. The original con-
cept to solve the fogping problem was incorporation of an eyepiece of CR-39
allyldiglycolcarbonate into the hood and application of the antifogging com-
pound "DeMist" manufactured by A,I.D, Ltd, This combination was the
result of an extensive literature search and contacts with NASA and the 1.5,
Army Night Vision Laboratory, However, difficultics were encountered in
applying "DeMist" to the selected standard MSA lenses. In order to meet
delivery commitments, an alternative cornpound, Hydrazorb (alsc from AID)
wab gelected for application on cellulose acetate butyrate lensesa; this coating
ranks right behind "DeMist" in NASA ratings.

Other hood materials selected included a !, 5-1nil laminated construction
of MylarR for the hood proper and a polyurethane elastometer for neck seal.
The eyepiece was laminated to the inside surface of the hood so that all
hood materials in direct contact with ambient atmosphere are of the self-
extinguishing category. The nosepiece is designed as an integral part of
the lens and is constructed of nylon, while the mouthpiece iz constructed
of polyvinylchloride,

Acceptance testing performed on the hood included bond strength of lens,
bond strength of mouthpiece, haze of lens, luminous transmittance of lans,
pressure drop through mouthpiece,and leak inteprity of neck seal. All
specifications were met. ' '

The bond strength tests performed on the mouthpiece actually constituted
a test of hood tear strength as its weakest design point., The nature of the
hood material is such that its resistance to tearing is least at penetration
points such as at the routhpiece or at puncture points, either of which may
serve as stresa concentration loci for tear propagation, It was found that
the routhpiece could withstand substantial force applied against it whether
irom a sudden or gradual load. The Instron tensile tester with & crosas head
speed of 2 inches per minute registered a force of 33 pounds when the hood
material was torn away from the mouthpiece. With the sudden drop of a 10-
pound weight attached to the mouthpiece, a terminal velocity of 1, 64 ft/sec
was required for hood material failure. It is not feasible to conduct conhe
trolled laboratory examination of all parameters which could contribute to
hood material failure such aa presence of puncture, type of puncture,
magnitude of applied force, momentumn, direction of force; however, it is
felt that the mouthpicce tests are representative of the hood material's
minimum tear resistance. As such, it is deemed acceptable,
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Other -test results on the hood are as follows:

1) Lens peel strength (per ASTM-D-5%03); 2.6 1b/in.

Z2) Lens haze (per ASTM-D-1003): additional 2, 7-percent haze after
lamination. :

3) Lens lumincus transmittance (ASTM-E~308); loas of 3 percent after
lamination

4) Mouthpiece flow resistance: 0.75in. H O at 85 SLPM.

5) Neck seal leak integrity; withatands aveé rage l. b in, water internal
pressure without leakage (mated to 4, 75-inch-diameter mandrel},

During manned testing of the PBA, it was shown that the hood could he
easily donned and doffed without tearing, provides an adequate seal without
discomiort, does not interfere with the wearing of a hard hat,and allows
good communication. However, light fogping of the lens was experienced
after about 20 minutes into the tests. This light fog continued for about 5
minutes and then cleared somewhat by drain-off, Approximately 8 cunces
of perapiration collected within the hood during this time. It is felt that
use of DeMist antifog on CR-39 lenses as originally platined would alleviate
this problem.

Carrying Case Configuration and Mate riala

The carrying case must protect the PBA from damage before use, it
must be hermetically sealed, and it must be easily carried. To supply the
greatest degree of utility in emergency situations, the PBA should be nearby
the user and, ideally, should be attached to his person,

Originally, plans called for the PBA to be carried on the miner's belt,
However, current state-of-the-art limitations on DZ peneration and '(."JC!2

absorption set limitations on welght and bulk which made it apparent that
this approach was not really workable for a 60-minute duration apparatus,
For the prototype, a shoulder strap arrangement was designed, but it is
clear that this approach does not lend itself to continucus carry either,

Several materials, both metals and plastics, were considered candidates
for use, The study considered welght, strength {dent registance), cost,
process development, and number of fabrication -Stepﬂ. The combination
finally selected is a fiberplass case with a heat-gealad bag around the PBA,
resting on foam rubber padding (see figure 2-2). The bag is a hermeticalily
sealed barrier bag notched along the top for easy tear-opening. The sides
of the case are slightly bowed to add deflection resistance, and the two
halves are joined by a tongue-and-proove joint, .secured by quick action
snapsa.

Fabrication and Assembly .

During the design of the PBA, the factors affecting choices in fabrica-
tion and assembly were production costs, weight, asize, material life,
sealing, human enpineering, toxicity, and quantity. These all had to be
traded off apainst the overriding considerations of cost and schedule.
Therefore, the design effort aimed at achieving sound basie designs and
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rmaterials that lent thernselves to low cost production methods. This rationale
- applied to each major subasseinbly, as discussed in the following subparagraphs.
Carbon Dioxide Ahsorbent Canister :

The canister must be light in weight, with good heat transfer characteristics
ERS and only minirnal structural strength. The canister is described earlier {see
figure 2-2). For profotypes, all fo rming was done manually. The perforated
screen is stocked material, and all joining is soldered, Assembly was done
manually also, with some spot welding.. In production, shapes can be stamped,
and assembly can be done by furnace soldering or a similar process.

Shroud -

The candle shroud must allow pgas circulation around the candle and must
be tough, light, and withstand 350°F temperatures at a distance of 1/8 inch.
Lexan was chosen, because it has the best combinations of these factors,
and it is readily fermable. In prototype, the shroud was made in two pieces
cemented together. In production, it could be made as one piece.

Breathing Bags

.- The bags must be lightweight, gas-tight, and able to withstand long-term
folding. Nylon, impregnated with polyurethane, was used for the prototype.
Seams were cemented. A number of entirely acceptable materials and

i "procesdes can be used in production, including blow molding and heat sealing.
Chlorate Candle/Case _

The compounding and forming of the candle lends jitself readily to pro-
duction techniques. The candle case is fabricated from standard tubing, and
all welds to the case can be automated. The procurernent specification for
the eandle required quantity production considerations in the design.

WETCHED, HEAT SEALED
FLAP FIHt TEAR QPEN
CAPABILITY -

F{EERCLAS CARRYING
CASE

10 CAUGE BARRIER ALLIM| UM
POLYEVHYLENE BAG PER
MIL-B-131E

{BOTTOM PORTICN OF BAG GLUED
TO CARRYING CASE

: FOAM
—— PACK NG

T30 A4

Figure 2-3. FBA Packape
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Hood .
The prototype hoods were also handmade, but the degign is very similar
to hoods that have been produced in quantity. Therafore, no problems are
foreseen in this area.

Accessdories

All accessories (filter, hose, clamps, ¢tc) are standard items and pre-
gent no problerms. '
PBA Assembly

The joints between breathing bags, hoses, mcuthpiece, and canister are
cemented (leak tight), tied with wire {strength), and taped (safety). The
joint between the breathing bag and the canister, which carries the caniaster
lecad, is made by bending over tabs on the canister and passing thern through
grommets on the bags, The canieter is secured by hanpers riveted to the
canister and straps welded to the candle case, The straps are secured to
the hangers by self-tapping screws that also hold the shroud. The other
end of the shroud is secured by tabs to the canister. The carrying case
snaps are secured by heating and compressing lugs provided with the snaps.
Table 2-6 lists component weiphts for the PBA.,

Az part of the degipgn, a preliminary cost analysis waa condacted, based
upon production lots of 15, 000. The study concluded the $35 to $40 per unit
would be possible. It appears that there will be some increase in the hood
cost, but the target $50 per unit is still very likely,

AUXILIARY SURVIVAL CHAMBER {ASC)

The following paragraphs contain deacriptions and discussions of the
selections and decisions made that led to the ASC supplied in protetype to
the Bureau of Mines.

Structural Concept :

The ASC must withstand hydrostatic or uniformly distributed pressure
of from -5 to +20 psi and the end bulkheads must withstand -5 to +20 psi
uniform dynamic pressure. It must provide 80 cubic feet of space for
cach of the 15 men in addition te the 120 cubic feet of space filled with
equiptnent. It rmust be movable through 3. 5x9-foot openings and capalble
of assembly in areas 6 feet high and 10 feet wide. In movement, the towing
load limit is 4, 000 pounds per module, and the wheel load limit is 5, 000
per module,

Four basic designs were evaluated for the ASC structure. These are
shown in figure 2-4. Each is a series of rnodules latched together to form
.2 closed chamhber.

Concept A is composed of five identical corrugated shelles braced in-
ternally at each end by two compression members and five tension members.
Longerons were to be.used to transmit longitudinal loads and to provide
sealing surfaces and structural continuity, Bulkheads are latched ta each
end of the assembled charmnber.

Concept B is essentially of six flat-bed cars with flat walls and curved
roofs. The floor and sides are standard I-beams, channels, and plates.
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TABLE 2-6
OVERALL PBA WEIGHT (POUNDS)

Actual Estimated
It 1 i
em Cnantity Weight Weight
Canister Assembly (1} 6,200 -
Body {1} 0,520
Cooling Fins (5} 0.416
Exhaust Plenurn {1} 0.018
Exhaust Screen {1) €. 051
Intake Screen (1) Q. 057
Heat Exchanger (L 0.210
Forts (2) . 0h4
End Closure i1 a,071
LioH -— 1.480
Candle and Filter {1 each) 3,100
Heat Shroud (i) 0. 102
Solder and Shroud Assembly . 300
Clips
Carrying Case (1) 1,400 --
Carrying Case (Redesign) (1) 1.437
Straps (1) 0. 060
Man-Apparatus Interface 'y 0.120 0.120
Breathing Ba-gs and Hoses {1 set} 0,450 0, 400
Carrier Bag (1} 0. 070 0. 063
5, 280 B.459

The roof is a single corrugated panel, preloaded with tension ties to the
flocr. Bulkheads at each end of the shelter are braced by the aide walls
and by A-frame bracing to the floor.

Concept C is similar to concept A, except that the sheet consista of two
pairs of identical corrugated panels; top and bottom are one pair, two sides
are the other pair. For height variation, the side panels can be replaced,
but this also requires different members for internal bracing. This bracing
consists of four compression members and four tension members at each
end of the module.

Concept D) is a2 modified concept B, Each meodule has 2 volume of 230
cu ft and is a flat-bed car with curved panels that form walls and ceiling
like a quonset hut. The floor is I-beams, channels, and plates, with wheels
or skids for movement. Two identical corrugated curved panels, hinged
along the ficor, form the sides and roof. For stowing or movement, the
panels are disconnected and folded down onto the floor. Teo vary height,
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CORRUGATED PANELS (5}

TENSION MEMEBERS 15}

LONGERGNS (B

COMPRESSION MEMABERS (2]

. CORRUGATED PANEL (1)

SIDE WALLS (2]
//”wmmm.e HE{GHTS}
’"’_’f,,-vFLDOH )

CORRUGATED PANELS ()

COARAUGATED PANELS ()
{(VARIABLE HEIGHT}

TENSHIN MEMBE RS {4}

COMPRESSION MEMBERS (4)

o LOMGE RONS [6)
-

SEAL STAUCTURE 2]
-—-—-_-_-_-_-_-_-_-_-_.

TENSION MEMBE RS {4]

CORAUGATED FAME LS {2}

FLOOA (1)

HINGES 2]

T-130-WA-T

Figure 2-4. Candidate ASC Structures
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different panela are used.” Bulkheads are attached at each-end of the assembled
chamber, braced by A-frames either internally or ext.ernal]!,r. Internal brac~
ing is attached to the floor.

Table 2-7 summarizes the tradeoff study conducted to select the ASC
structure. Assembly and disassembly were rated on number of operations
-and man-hours reguired, Cost estimates were based upon the assumption
that all material was structural steel. Portability was rated by man-hours
and other equipment required to move the shelter. As can be seen, concept
D was selected. A more complete diagram of this concept is shown in
figure 2-5.

The material used is low carbon steel in standard structural shapes,
Welding is used extensively to connect structural members, The panels are
6 feet long, with a radius of 53 inches and have an arc of 93.5 degrees.
Each panel is reinforced te support the hinges.

The floor is standard I-beams welded to a flat plate, 6x9 feet. The cpen-
beam construction is used as storage gpace. Axle supports installed at the
open ends allow for wheel and axle assembly installation prior to towing
operations, ' '

Assembled, the panels are pinned together at the top with four detent
pins for an erect height of 68. 5 inches. Disassembled, the panels can be
folded down onto the floor for low-profile movement.

Bulkheads are flat reinforced corrugated sheet steel and consist of the
bulkhead, ‘a platform, and hraces. Reinforcing is by rectangular tube
beamns at four verticallocations. One bulkhead has a hatch that can be
sealed from either side and that opens inward for rapid entry. {FProduction

CROSSEUT

RADIUIED : JK
gnnin? ‘ —

QFT. -01M.

| Bel™

IOFT-01IN.

-113-va

Figure 2-5. Selected ASC Struciure
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ASC's would have hatches in each bulkhead.} The bulkkheads are shaped te
fit the modules and are hinged to the platform. The platform is secured
to the mine floor with roof bolta. Braces {2-inch steel tubea) are installed
between the platform and bultkhead to provide a clesed end and are secured
by detent pins. These braces are installed with one end at the top of the
vertical bulkhead beams and the other end on the platform, opposite the
anchor bolts, so that most pressure loading transmits to the anchor balts.

Each module, including the bulkhead assernblies, can be towed like a
rwoswheel cart, Towing lugs are included, and the axle supports accept
stud axles and wheels, Equipment is stowed in the modules so that they can
be towed fully loaded. With the shells fclded down, height iz 37 inches, with
a nominal 2-inch ground clearance.

Internal Volume Regquirements .

An integral part of the internal volume requirements for the ASC is the
heat created in the chamber over a l4-day period and the chamber ability to
handle it. A complete mathematical analysis of heat transfer characteristics
of the chamber was performed as a part of the program. Data used in this

_abalysis are as follows:

a. Chlorate candles generate 70 cubic feet of oxygen every four hours
and produce 100 Btu of heat per cubic foot of oxygen.

b. Carbon dioxide removal canister produces 1,240 Btu of heat per
hour based on 130 Btu/cubic feet of CO, absorbed and 10.1 cubic feet of CO,

produced per hour by 15 men plus 0.9 cubic feet of (302 per hour from one

CO rernoval caniater.
c. Carbon monoxide remeval canister produces 1.19 Btu of heat per
cubic foot of CO absorbed.
The 15 men at low metabolic rates produce 5,870 Btu of heat per
hour.
e. Other equipment in the ASC {light, batteries, communications)
penerates 100 Btu per hour.
f. Total heat produced from all sources is 8, 578 Btu per hour.
Calculations established that, ad configured, the ASC can maintain an
ambienttemperature (of 81° F) if the mine wall has an ambient temperature of 60°F.
and an emissivity of 0,88, This doea not constitute a stressful environment.
If actual metabolic rates or other factors re sult in higher temperatures, the
easiest way to correct this is to add fins to the outer surface of the
chamber to aid in radiative and convective heat conduction to the outside.
Kansas State University conducted a series of tests to determine the
effect of relative hurnidity, temperature,and population density conditions
upon man's stress 1imits.!13 The results of tests of these parameters are
summarized in table 2-8. In these tests, a 2-degree rise in rectal tempera-
ture or illness were used as the measures of stress.
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TABLE 2-§
NUMBER OF SUBJECTS EXHIBITING A 2°F-RISE IN RECTAL
TEMPERATURE OR SICKNESS IN LESS THAN B HOURS

PACK CONDITION

1 I i IV
Dry 8 subjects ‘18 subjects |32 subjects |48 subjects
Bulb |RH [ET 36 5q ft/man| 16 sq ft/man| 9 sq ft/man| 4 sq ft/man
Temp 288 cu ft/man | 128 cu ft/man | 72 cu ft/man!48 cu ft/man
of | % |eof t2°F | Sick | 42°F | Sick | +2°F | Sick| +3°F Sick
g5 &0 |86. 8 1 ¥ 1] 0 { 0 0 a
95 | 70 {88.8] 1 0 0 0 0 0 5 | 0
98 60 [B9.1 0 ¥ 2 0 0 0 3 0
a5 B0 90,8 0 0 1 0 H 0 30 T 0
98 70 191.3 B 0 3 1 1 | 38 0
05 a0 192, 9 7 1 6 1 1 2 46 1
98 80 |93, 5 B ) 17 4] 9 0 46 2
98 90 |94, 5 8 0 18 0 28 4 46 0

Data from reference 13 correlate well with data from other termnperature-~
humidity duration tests in which population density was uncontrolled and
which lasted up to 2 weeks, 10 This indicates that numbers of occupants has
little effect on temperature and humidity tolerance. In US Navy-conducted
tests of a 100-man shelter over a 14-day period, 12 gquare feet per rman
was found adequate, 14, 15 Civil defense authorities state that "At leaat
12. 5 aquage feet and 80 cuybic feet per pergon’ are adequate for fallout
shelters.” Based upon these results and a comprehensive comparisen
with known survival shelter parameters that have been shown to be livable,
the final choice of parameters for the ASC was 84 cubic feet per man,

21. 6 square feet per man, 81 °F maximum temperature, and 100-percent
maximuwm relative humidity.
Sealing and Reinforcement

The ASC must be airtight and maintain the airtight seals against blasts
from -5 to +20 psi. Since the six modules cannot accomrnodate longitudinal
loads of this force, the brunt of the force is absorbed by the bulkheads,
Each bulkhead is anchored to the floor with 12 standard roof bolts, driven
at 45-degree angles as shown in figure 2-6, In this way, the bolts can
carry the load for esither horizontal or vertical pressure and can overcome
mements of force in both directions resulting from positive or negative .
pressure. '

A variety of concepts was explored for sealing the ASC, including com-
pressed rubber strips, zippers, inflatable seals, permanent adhesive, and
tubber seals with "Pull-a-Dot" fasteners. The last two of these WeTe
selected to seal the 283 feet of seal required {see figure 2-6).

34




DSV pelquessy  *9-Z 2andig

Ob=wA-OEEI-LL

il

517080 HOHINY

IT¥21daA L] ¥-%

HOOTd 3TN0
LHOd4aNS IIN Y

SLNINDIE
T3IHS O3AHND

%3S IDNIH

%35 J00H ITNAON

3437 HO0Td ANIN

MHOALY 1d O¥IHATAE

E30%H
L
A¥3IHNTINg FIOCH

A5 I1NA0N 0L ITINA0K

T35
Gl av3aHaIng

35



Seals are secured by perranent adhesive, or Pull-a-Dot fasteners, or
both. Permanent adhesive is ysed in hinge areas where peals are not re-
moved in disassembly. The seals are bonded to the floar and to the shell
segments, becoming permanent parts of the module, The Pull-a-Dot
fasteners are used where seals are removed in disassembly, for example,
inthe roof and module-to~rmodule Joints. Engaging the snaps with per-
manently installed mating parts compresses the rubber seal. The fasteners
can be criented so that they can be opened from both inside and outside the
chamber, - : :

Medule roof joints are about 5 inches wide, with 6-inch gaps at each end.
The gaps are temperarily sealed with tape before installing the seals. The
seal used to seal the pap is shaped like a race track, providing a continuous
seal all around the opening. Continuous seals are also used between modules.
The fasteners are gsecured to each module, and excess material between the
inner rows of fasteners is provided to accommodate gapping. Nominal gap
ig | inch; the seal permits 1.5 inches. The fabric connecting the seals is
cut on a bias to allow for vertical and side mismateh up to 0.5 inch,

Bulkhead-to-module seals use a combination of snaps and adhesgive,

One edge of the seal is bonded to the bulkhead and secured with retaining
plates. The other edge is held by the Pull-a-Dot fasteners when the bulk-
head is joined to the module, The hatch seal is a soft rubber atrip built into
the hatch that compresses when the hatch is closed,

In the axle support area, a wing nut is tightened apainat a bearing plate
that is supported by the irner axle lug. A rubber lined seal plate is then
screwed tight over the &pening, comprésasing the rubber to form the seal,
Another soft rubber strip is secured to the outer edpe of each module hinge
go that it is compressed when the shell section is erected so as to protect
the inner hinge seal against ove rloading when exposed to sudden high
pressures, :

Atmosphere Conditioning Unit {(ACT)

Two atmosphere conditioning units are included in each ASC to produce
OXygen, remove carbon dioxide, remove carbon monoxide, and cireulate
internal air. The ACU also prevents inward lezkage of poisonous pases
by maintaining a slight positive pressure in the chamber by drawing in
some outside air through leakage control hoses.

The design parameters for the ACU are listed below:

Inlet CO concentration of 1, 000 ppm; outlet less than 50 PPN
Inlet GDE concentration of 1 percent; outlet lesa than 0,1 percent

v

Inlet air flow of 15 SCFM ar more

Inlet humidity of 80 percent

Inlet ternperature of 50 to 80°F; outlet less than 100°F

Control of seal leakage

Manually operated and easy to assemble

Built-in-breathing (BIB) system with mask outlets for 8 men cach,

= P
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Oxygen Supply .

The ohjectives of the oxygen supply were capacity for 210 man-days, easy
assembly, low-cogt, portability, minimum development time, and high safety
and reliability. There are four basic practical metheds of supplying oxygen
in this kind of application; high pressure storage, cryogenic sterage, elec-
trolysis of water, and chemical reactions that give off oxygen {ref. 5, 9, 11,
and 161,

Cryogenic methods were rejected on the bagis of cost. Electrolytic
methods were not safe enough for the ASC. High presaure storage does not
afford enough portability, reliability, or safety.

Among chemical reactions, potassium superoxide and sodium chlorate
wete considered most applicable, Potasaium superoxide was eliminated
on the basis of inardinate development time required. Therefore, the ACU.
uses chlorate candles to produce oxygen, Each of the candles used produces
70 cubic feet of oxygen, Seventy (70} candles will be required based on nor-
mal exygen consumption rate of 1.78 pounds per man-day for 210 man-days,
plug 46 pounds of oxidation of CO. Assuming the worst case for the aurround-
ing atmosphere (no oxygen in the mine) 14 more candles would be required.
The candles are comected to the ACU go that if the built-in-breathing mani-
fold is inh use, oxygen in the system is increased by 10 percent.:

Carbon Dioxide Removwval

The ACU rmust remove 90 percent of the COZ produced by 15 men, and

each unit must be capable of accomplishing this alone, in case one unit
breaks down. The same general design objectives apply here as applied
for the oxygen supply. The three most likely candidate methods of remov-
ing the GDE are chernical absorption, crycgenic condensation, and csmotic

diffusion (ref. 5, 9, 14, 14, 17, 18)., All will handle the COZ generated

by 15 men.

Cryogenic condensation and osmotic diffusion were rejected on cost,
safety, and portability. Chemical reactions considered were potassium
superoxide, baralyme sodasorb, and lithium hydroxide. Potagsium super-
axide was rejected on the basis of cost and development required. Sodasorb
shows too much dusting, too much corrosion risk, high cost, and low effi-
ciency. Baralyme and lithium hydroxide were very close candidates, with
baralyme holding small advantage in assernhly-~disassembly time, cost,
schedule, and safety.

The baralyme canister is a vertical axial-flow refillable type with lateral
bafflas. The axial-flow type was chosen to preclude the pessibility of
channeling in the canister. The gize of each canister was based on available
storage space, manual handling considerations, and an 8-hour duratien,

The rate of GGZ removal was based on generation of 1. 26 pounds of CCJE
per hour from 15 men, (.12 pounds frem the carbon monoxide-removal
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canister, and 0.1 pound drawn in through leakage hoses (outside concentra-
tion assumed to be 10 percent). For the l4-day misaion, 42 canisters

are supplied with each ACU,

Carbon Monoxide Removal

An extensive literature study and a design, test, and develcpment pro-
gram formed the background for the CO removal canister supplied with the
atmosphere conditioning units for the ASC, _ .

Carbon monoxide can be removed from an air stream by abeorption or
_ by catalytic reaction. Catalytic reaction, using Hopcalite as the catalyst,
performs acceptably and within the operating requirements. Hopcalite is
4 coprecipitated mixture of manganese dioxide and cupric oxide, with srnall
amounts of cobalt and silver oxides, and it can catalyze CO oxidation at
mine temperatures,

Hopcalite is attacked by water vapor at temperatures below 250°F and
can be poisoned by traces of antimony. ? Below 350 °F, Hopecalite may ab-
sorb unsaturated hydrocarbons, which may ignite if hydrogen is alsc
present, 19 In other applications, no standard desipgn existed for this use
of Hopcalite; therefore, a new filter-bed design was required, All traces
of water vaper and antitnony were eliminated from materials, finishes,
and assembly of the canister, and provisions were included to remove
water vapor during operation.

The canister housing was designed to 6-3/4 x 9 x 13-inch dimendions of
zinc-plated sheet steel, Seams are spot welded and soldered; points of wear
are reinforced: and the spring-loaded filter bed is held by two metal screens,
A wall baffle is included to prevent channeling. The filter bed originally
consisted of a 1-1/2 inch layer of activated charcoal, a 5-1/2 inch layer of
silica gel, a 1-1/2 inch layer of molecular sieve, a l-inch layer of Hopcalite,
and metal screens top and bottem, Flow is axially downward. The charceanl
layer was intended to absorb unsaturated hydracarbons, but since neither
these compounds nor hydrogen will be present in quantity, the charcoal
layer was eliminated. The silica gel and molecular sieve absorb water
vapor at high and low humidities, respectively. When they saturate, the
water vapor attacks the Hopcealite, and the CO at the outlet increases,

When the charcoal layer was removed, the Hopealite layer was increased
to 2-1/2 inches, and a baffle plate was added at the cutlet to distribute flow.
In testing of this configuration, breakthrough (start of increase in GO 2t gut-
let] did not oceur until 6 hours of operation had elapsed under desipn con-
ditions. .

The effects of chamber seal leakage resulted in a 3/8-inch leakage control
hose being added between the chamber wall and the carbon monoxide canister.
With the chamber seals installed, the hoses provide lower leakage resistance
than the seals; s the inward flow of mine gas is immediately scrubbed.
When the ACU's are operating, the hoses draw in mine air to maintain a
slight internal positive pressure and seal leakage occurs in the outward
direction only. Under normal conditions, conside ring leakage, activity
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levels, and other sources of contaminants; the ACU's require about 51
minutes operation per hour to maintain both CD2 and CO below maximum

limits. Because CO in a mine decreases with time after a blast, a deaign
duration of 5 days was considered adequate. Therefore 28 CO rernoval
canisters are supplied.

Built-In-Breathing Manifald

For emergencies, a built-in-breathing (BIB} manifold is included in
each ACU, In operation, the manifeld is connected directly to the ACU
outlet so that the air supplied contains an additional 10 percent of oxygen.
Each ACU manifold feeds eight hoses and facemasks.

Ventilation Components

All ducts, hoses, manifolds, and facemasks are fire resistant, easy to
attach or repair, and spaced to avoid crossing, The blower hose is dis- -
connected from the manifold and used as a ventilation duct to the chamber
when not in the BIB mode. The blower is a hand-cranked gear-driven
centrifugal bomb shelter ventilator, and it can be operated at 40 rpm for
about 30 minutes by one man using one arm,

Furnishings

Personal necessity items required in the ASC are minimal; bunks,
blankets,and personal hygiene kit, Double bunks are used to consarve
space. Blankets are fireproof "Nomex'. "The hygiene kit is primarily
used to ensure cleanliness in treating wounds.

To overcome the stress of forced inactivity, Bibles, pencils and paper,
playing cards, and seme gammes are supplied. Radio breadcasts may also
be piped in through the Comrnunications Subsystem eguipment,

Fire extinpuishers, first aid equipment, and tools are alao provided.

A water-type extinguisher is supplied in the chamber for wood and paper
fires: a chemical extinguisher is supplied outside for electrical fires,
First aid eguipment is a standard miner's kit, to which have been added
aspirin, a cleansing agent, tincture of merthiolate, a resuscitube, and a
Foille burn kit. A collapsible stretcher is provided outside the chamber,
and the hunks can also be used as stretchers, Inside the chamber, a
standard tool kit consisting of pliers, wrenches, hammer, saw, and nails
is supplied for repairs. Outside, shovels, axes, and other heavy tools are
supplied, along with six PBA units,

Electrical Systern

The electrical system for the ASC was originally geing to be a 24-volt
off-the-shelf permissible system, but lack of availability of acceptable
equipment led to the choice to design a system for intrinsic safety. System
voltage was dropped to 12 volts, and current-lirmiting resistors were added
to the circuit to hold energy levels under 100 millijoules per branch (gee
figure 2-7). Each load Brafnch is alaso fused and switched. Battery and
control cireuits are integrated in one box,

In this system all components work at less than 30 percent of their
ratings, The battery is a 12-velt %6-ampe re-hour-per-charge zinc-air
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unit that ie mechanically recharged. Eight recharge kits are supplied for a
‘total of 768 ampere-hours. Oxygen required for this battery aystem will
not exceed one cubic foot per day, The lamps uased are 4=-volt units, used
two in'series in each of three lines (lines 1, 2, and 3 of figure

2-7). Using one line 24 hours, one line 16 hours, and one line § hours
per 'daﬂ,r requires recharging every 48 hours, depending vpon how much
power is supplied to the communications equipment {line 4), Line 4 can

be used to power the communications directly, or it can be used to direct
power from the communications battery to the lights, All jacks and lamps
.are color coded. _

A backeup lighting system is provided.  Cyalwme panels, a chemnical-
ermnitting light source, will provide 224 hours of low level illumination.

' This systern complies with reference 5 (achedule 2G}; it is simple to
operate; it uses low-cost ofi-the-shelf components: and it requires almost
-ng maintenance.
Food and Water .

Food was selected for nutrition, shelf life, packaging, coest, and
availability. Sewveral candidates {dehydrated, pemmican carmping goods,
Fillsbury's "Space Stick") were considered, but the standard proven
military ration (MIL-F-43231, Food Packet, Survival, General Purpose)
was chosen as most applicable. Each packet contains about 870 calories,
and ¢ per man per day are supplied to give each man 1740 calories per day.

The water supply is twenty .{20) 5-1/4 gallon plastic containers that fit
readily into the ASC and can be used for waste disposal when they are
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Figure 2«7, ASC Electrical System

40



L l welded to a flat steel platenivggroe™ ripdar¥ -

& ] ) > Lot ' e i . W -

e

.-‘E -A'_tli'.mb,q. LR o ;rﬂ-'!
um[::ttﬂj.r _T_'he water is regular tap water with™1 teaspoon of chlorax per con-
tamer addﬁed bo asaure lung aterage 11fe in the absenee uf a1gn1f1eant sunhght

a4k IR aur s ahm A T e B g — i merd
expd .
xp PR a it o nE menspiten 7 v e k- u'f“‘t- 4 1 wpisab Y1 eoch g

}I{a‘ﬂ' te Dlspnsa‘l It 'tlm 1Ur},.!'... g - F b . e -!i AT

" For simplicity, luw cost, and rehablhty. the Stellu Pruducta purtahle
e tr:uletj is used Drdmar}r Lister rinel 2 mcuthwaah can ba ‘L‘I.St:d as)the baeterlu-
stat and deodurant The dlSpOEable baga are duuble-sealled plastm, and
the;..r may, he throurr:nﬁuut the hatch if the uuts1de atmus phe Te will pe) rrmt . q
;Eahncatmn ard Asaembly .l £ o ;“ ﬂ', ‘,_",:: R U,
i The ‘design of the ASC was directed toward ease of fabrication wlth methuds
available in a eummun “welding ahup The jmate rial, used}a low. carbun steel
l and all weldmg WaS dune to Spec1£1eatmn AWS Dl} G 6.9. The three aectmns
t uf the mudule. ﬂuur Irlght panel and 1eft pa.nel were fabnea.ted 1n parallel

S i o a4 ¢

and Jmned together. N fr e

R M

"1-

. i, wd Cp e agpfiien 47 CE g g
- The fioor of each’module 15-6:{9 feet andis .fabneated uf atandard I-heam
. ‘ﬂ'l‘j - - R
: and eha.nnels welded toc a fla.t Plate.  wup frmw 1g Fc te mectaned o
The stde panela are' Etarrn_:‘lard luw carbon _{:urrugated 51te‘f11 curved on a t

T
radma uf 53 1nehes and subtendmg an are of 93.°5 d‘egrees. Ofi- the-ahelf

i pa.nels euuld nut meet the arc requa rements'tau the panela are fabr:.eated f

frurn fwo smaller dections, we]ded lengthmae at rnu:l-he:.ght The*g..r are then
bent to ‘the pruper curvature in the weldmg ahup " The panels : are cunnected

AT .
‘to the fluur w1th hmges and plns The hinges we re {nreld:ed w"lthjI ‘the round
Baf in“place) “which prowded near ‘pe fect ahgnment. T ,I'_" *""_*" n

*Hulkhehdd aré flat eurrugated aheet Isteel '_remfurced by fuur rectangular
tube beams. _The bulkhead platforrn is a‘s‘tahdard recta.ngular tube bearn
oy
K

~Seals were fitted by acut-and=try method, which was tirné Tonsuming but

t r T
i ,‘nut difficult> ‘Terdplates were: uséd to lor.:ate* and install the Pull-a-Dot -~ |
i fastendrs. §LL nod Ao JdE Y s ALX AL L m e

P A r— ——

Final assembly of the 11fe support cénter, outfitting and .power supply
systems in the chariber 15 a straightforward process, requ.:.rmg no 3pee1a.1
skills and c:reatmg no algnlfmant probléms, As the equipment {5 laid out,
shock cords are installed to. huld movable items in place. | Materials andl
agsembly of ACU components were notedin the functiondl desc nptmns l
Particular cate was exercised in their fabrieatwn and asaembly to prevent

cuntammanun from any source. -1"- 3 _!_ dziwr 1:*.-!1;_1& -y
LARGE CENTRAL CHAMBER (LCC) (A~ - g ha i

Mo large central chamber has been bullt to date, - The Cual Mine Reaeue :
and Survival Syatem contract required a eomprehenawe and workable dealgn
, and layout for the LCC but no hardware; --The ‘procédures followed to- fulfill
this requlrement were the same 2s reqmred to demgnla:nd hmlﬂ'&f} aetual
chamhert mThe following, paragrapha 'JiScuss these processes. )
" Structural Concept ..,...u'[ gL aygis gailin L (e 1B S M l }
—The function of thd I.CC is‘to protedt dp to 50 trapped miners for as’ g
long as 14 days, while rescue operations attempt to free them. The LCC

i [ L~ IR - -nJ-,.n-_n-'L----lﬂ'|

1:”,41




— e Ty we e i e il R Ty T I _M‘ H;:”--'“h - A L T 1 e, " oa. - " T E——— . -

{'--u_ - M-‘lﬂ - -B_W#-_--_.:-—. - ﬂ—!:-r- e o ow ;.;. . T-__. :.,; F~:;-‘?.'__r. _:f-;
1 H - E i T -;‘ e ; -
|| GAGE 12. GALVANIZED STEEL LINER FLATE ! a
AVAILABLE IN ANY ssz e i
L0 : El n: n.,
i, b
I Ser ] -uj,l ;
'3 T " b »
e YR e e e o —
St AN -
] N ;f!r-h - - -l
B b Y
B 't .. l ’
L = LT l
e A
. o
T LT
- : b I*!l
el
- _;_: .F._'.l i e === N L mm m el m e ——— s e re—— - - - - - - L 3 ._'\_r
b ld . "
o , S . "5 IN. THiCK FLOOR, chRErE
FOUNDATION FOR LINER PLATE, CONCRETE ;"  T87: > 7 ° wi% D
1wt r N
F." ""'"'-""_""_‘""'"“"'—' -1 - r '_ ) .' . - - i . ; s T T s P LR T I -
,x B IN. DVAMETER. SHAFT TO SURFACE :
BULKHEAD 12 IN. THICK ~ e £ -
REINFORCED CONCRETE RS ' I
' : .nEmFURCEn FOR SHAFT - 45FT
A e S —
1 1 ) _|_|_f
e '{'.- :.'-r_; I P SR .
kR, baw DRAN IN-CORNERS |
' r*_,ljj“})" . FLOOR IS SLOPED IN C{}RNERS !
' : e ' -4
! R LT B ™ .o "k_ 1 "ﬁ H
1 = . : - i
i’ F.--1—:! ' . 1_{_?5 T T, ;:_I {
o g AP N
1 “ e SN 'W"\‘\ g 8 A ‘}! E
i 2 P ‘ . L é 1-13 n-!'fa-m
L . : L - ) ‘i—?_‘- _-ﬁh— -.-J%——»J }
avim - rl Mmoo et Tl —— | g pe— Ly

g -

v Legr T1BUTe 2-10,. -Selected LCC Configuration

Fy 44




1]

4
Structural efficiency is determined by how strong a structure must ke to

carry a given lcad. In this area, an arch shape is most efficient, and the
shorter the space, the lighter the structure can be.

The selection of floor space and volume for the LOC was based on the
same considerations as for the ASC [see refs. & and 10-15 and section on
Structural Concept for Auxiliary Survival Chamber). The selected con-
figuration gives each of the 50 occupants 137 cubic feet of apace which is
greater than that allotted in the ASC but recommended because of larger
number of occupants. '

A bagic cost analysis shows the configuration in figure 2-10 to be least
expensive, because the arch span.is less {thickness of material less} and
because no end walls are required {as in figure 2-9).

Excavation costs will be less if coal i8 excavated for the construction
and more if waste material has to be excavated. Therefore, structure
shape should be tailored so that waste excavation is held to a minimum.
The selected concept accomplishes this,

Heat transfer characteristics are a significant consideration to life
support and are discussed in some detail later. Ventilation is also extremely
important, and it, too, is discuss ed in detail under the next paragraph
heading. Howewver, in both cases, the basic structural concept selected
(figure 2-10) performs well.

Several construction materials were considered for the LCC. Wood
was summarily rejected. Brick was rejected on the basis of cost and
insufficient strength to carry the required loads, Pre-gtressed concrete
was rejected, because it is prefabricated, and the components wauld be
much too large and heavy to handle. Frem a cost and gimplicity viewpoint,
cement bloeks would be best, but they are not strong encugh to support the
required loads, They are now used as stoppings, and blasts usually blow
them out. All metals except steel were rejected on the hasis of cast,

In the program proposal, % reinforced concrete was specified for the
LCC. Sand, aggregate, cement, and reinforcing steel can be carried into
the mine easily. The steel can be wired into place, the forms built, the
concrete electrically mixed and pumped into pla:ezr}’ 2l However, during
an investigation of tunnel construction technigues, 22, 23 3 petter material
was found for parts of the chamber; it is called liner plate. 24

Liner plate is corrugated curved steel plate that comes in 18x50-inch
sections that weigh about 37 pounds each. It is already in use in mines in
sloping entries to provide ample width to accommodate track, walkway,
air ducts, electrical conduits, and belt conveyors. Semicircular liners are
also used as underground vaults, Circular liners are used as vertical
entries and shafts {see reference 25 for further details on liner plate).

The structure made with liner plate will use reinforced concrete for
both the floor and blast walls, Only the ceiling and side walls will use
liner plate. Some of the advantages of liner plate over other materials are
liated below.
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a. Better heat transfer
1. 5teel hag high thermal conductivity
¢. Surface area increased 12 percent by corrugations
3. Adaptable to adding fms, if required
k. Easy construction
1. Lightweight, easy to handle
Z. No apecial tools:
3. All bolting from inside {designed that way}
4, No forms or temporary supports needed
€. Liner plate can be removed from the inside, allowing miners to
construct a tunnel from the chamber if needed for escape
d. liner plate is available to make tunnels that are within 2 inches of
any desired rise of span (more than 4, less than 30 feet),

Dased upon the 1, 000 psi loading and a safety factor of at least 2, caleu-
lations indicated that Gage 12 Aymco liner plate should be used. It ahould
be galvanized and painted with a high integrity paint for corrosion control.
It must be back grouted after installation to develop buckling resistance.

The blast walls should use 3, 000 psi concrete with 40, 000 psi yield no. 7
steel reinforcing bars at 10-inch spacing. General blast wall design follows
references 20 and 21, The shape of the blast walla is shown'in figure 2-10,
They will be 12 inches thick and will be supported by the beams that support
the doors and by the side of the tunnel. Figure 2-11 shows cne wall with
two docrs, the other wzall with one.

Cotrunercially available ships doors can be used for all three doors. The
door frames are 3x2x5/16-inch angles that come with the doors., A suba
frame of 36, 000 psi yield steel will be required. A wide flange I-beam
{12WF22) has a section modulus of 25. 3 cubic inches and should therefore
be used for the subframe. This will carry the load of 700 pounds per inch
from the door and concrete wall,

The door framesa can be welded to the subframe and then carried into the
mine, The unit shown in figure 2-11 weighs about 1, 100 pounds.

There should be one small quick-acting door in each bulkhead., The size
of these doors is 24x30 inches, with 8-inch radiug corners, These are the
doors to be'used by the miners in case of emergency. Being small and
quick acting, they will restrict the arnount of contamination that enters
during use. The other door is 36x60 inches with B-inch radius cornera.

It is not quick acting and should bé used only during construction to carry
equipmment and supplies into the chamber.

The floor will be plain 3,000 psi concrete, reinforced only for tempera-
ture and shrinkage. It will be 5 inches thick with number 3 steel bars on
10-inch centers in both directions. It will slope 1 inch per 7 feet from the
center to the corners for drainage.
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Figure 2-11, LCC Structure and Dimensions
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The footings for the liner plate will be plain 3, 000 psi concrete, rein-
forced for temperature and shrinkage with number 3 steel bars on 5-1/2-
inch centers. The ground is assumed to be capable of carrying & tons per
square foot loading. To accommodate the loading (7, 000 pounda per foat)
and the safety factor, the footings should be 10 inches thick and 12. 6 inches-
wide,

The crosscut leading to the LCC is also reinforced to keep the areas
around the doors free of rubble, 1t is reinforced for 4.5 feet in each direc-
tion with the sarne materials a5 used in the main chamber ilmer plate roof
and side walls, concrete floor, and footings], -

The liner plate has one penetration; the 8-inch shaft to the surface. The
liner plate ig reinforced with a 10-inch pipe welded to the plate at this
cpening. The floor has four penetrations; water drains in each corner.
These are 1-inch palvanized iron pipe with hexapon head plugs that are
removed to drain the water. Each bulkhead has three 8-inch pipes used as
ventilation valves. One bulkhead also has three 26-inch sections of 1-1/4-
inch galvanized iron pipe for water (two for supply, one drain). Each bulk-
head will also hold 1/B-inch iron pipe for gas sampling, One bulkhead will
also hold the communications antenna {twe 1/2-inch penetrations).

Excavation of the site for the LCC will, of course, depend upon the
specific requirements of the particular rmine. Standard mining techniques
can be used, such as undercutting, drilling, and blasting or a continuous
miner can be used to cut rectangular shapes as shown in figure 2-12,
wherein the shaded area can be grouted for support. Biasting can alsc be

\ N NN
s
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Figure 2-12, Required Excavation
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used after the continuous mirer to obtain l:ht?r required shape. The cost of

grouting could increase the LCC cost by as much as $840.
Ventilation and Heat Transfer

Ventilation and heat transfer far the LCC must be consideredin two
phases; with surface ventilation equipment in operation and without. Basic
design parameters under consideration are listed in tablea 2-% and 2-10.
Analysis showed that if surface air and coscling were cut off, and no emer-
gency ventilating mode was provided, temperatures could rise above sur-
vivable lewvels,

The actual analysis of the thermal characteristics is included as
Appendix A to this volume. The analysis is written so that mine cwners
can review the parameters given in tables 2-7 and 2-8 and then substitute
values that correspond to his mine conditions to arrive at an ideal system .
for his application.

Metabalic heat loss used was 400 Btu/hr . The range for the LCC is
from sleeping {280 Btu/hr) to cranking (860 Btu/hr}). Actual tests have
shown a mean metabolic rate of 485 Btu/hz. 26 The activity in the LCC in
much less than in the tests described; so, 400 Btu/hr appears a reasonable
figure.

The selection of the desi n limit on effective temperature was critical.
The Office of Civil Defense , depcribes an effective temperature of 86°F
as causing casualties in men of middle-age. Tests at Kansas State Uni-
ve rsit}rla indicate that a dry bulb temperature of 85°F and an 80-percent
relative hurmidity did not cause undue stress. The limits set were 84°F
and 100-percent relative hurnidity.

For the analysis, the typical mine was assumed to have a 5-foot coal
geam, with the balance of the strata being shale (see reference 27, table 5),
because 50 percent of coal mined in 1965 was mined from seams less than
5 feet thick.

Several approaches were c:-::-nsu.de red for temperature control within a
chamber which is isolated from the surface, including enlarging the surface
area, adding fins, using heat pipea, and water cooling, 28:29, Ground rules
stated that power and water lines to the surface might be darmaged; 50, they
could not be relied upon for cooling.

Enlarging the surface area was rejected because of the large volume it
would require in the chamber. Fins were rejected because of the exces-
aively large area of fins required. Heat pipes were rejected because of
degradation of the vacuum system required, because heat pipes have not
been uded in this type of application, and because of cost.

A schematic of the two-part system selected is shown in figure 2-13.
The two basic parts of the system are the surface equipment and the equip-
ment in the chamber, The surface equipment conasists of an air-cooling
unit and the rmostat (for summeT use), a compressor and a duct air heater
and thermaostat {for winter use), .and an 8-inch ventilating shaft with a hatch.
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TABLE 2-9
LARGE CHAMBER ATMOSPHERE CONDITIONING SYSTEM

30 Men, 14 Days Total Stay

Normal Emergency -
Operation (wilhout shaft or elec)
O | Supply Rate 3.125 Ib/hr 1 3125 h/he
x | f1.51b/man day) 0.633 CFM at NTP|| 0.633 CFM at NTP
¥
g | Total, In 15 Daya 1,050 Iba 1,050 Ths
e
n | Fract'n % O, 18 - 21 ||1H - 26,3
p 02, mm Hg 137 - 150 137 - 200
co, Generation Wt ‘I{ 3, 66 1b/hr I_'i i6 1h/hr
: . Rate S—
B Q Vol 0539 CFM at NTP|| 0. 53% at NTD
™8 }[Frac'n, 7 €O, 0,25 - 1.00 0,25 - 1. 50
Trace O, ppm 0 -25 I_ﬂ - 200 )
Contam [ CH,, T vol 0-1.5 0-3.5(3)
. TEMPE Deaign g2%*pF g2°F
Chamber Limit B5Y - B4°F 52° - 84°F
Air R. . Design 50%. 100%
Limit 35 - 75% il 50 - 100%
Meta- H,0 b/ man-hr 0.13, Design; 0,05 - 0, 20, Range
bolic Heat BTU/hr x man 400, Design; 280 - 460, Range

(1} Fire risk llmit

{2y 24 hr limit, NAVSHIPS 0800 -028-2010

{3y Proximity toc explosive limit

50
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TARLE 2-10
LARGE CHAMBER ENVIRONMENTAL AND S51ZE CONSTERAINTS

SURFACE AIR DESIGN RANGE
Dry Bulb Temp F ap 15 = 105
Rel. Humidity %o 70 .20 - 90
Humidity Ratio 1L/1b 0.0218
Rock Strain at Depth
Temp T 60 50 - 75
. HrEtu
£ —_— 0.
Spec. Ht. (All Strata) Cl Ttx °F 2
Gonductivity, k, Btu/Hr x ft x °F
Coal . 0.15 -
Shale 0. 80 .60 - 1.5
Density, p 1b/ft> .
) Coal BZ2. %
Shale 165 155 - 190
e i ook .
Diffusivity, a = ; Btu/lb x °F
Coal 0, 0091
Shale 0. 0242
Transmission Coeff, 1 Et;
_ Hr x ft x °F
Air to Metal (Ref 3. p. b8} 0.77
Grouting (=1/2 Gypsum Brd

Seven & Fellows, 11,8} 0, 38 0.3~ 0.55

Chammber Size 7h ft x 14 ft x 8 ft High
6,850 ££3 (137 ££3/Man)
Total Surf. Area 3,064 ft2 {61 ftza'Man}

Floor = 1,043 ft? (20,9 ft/Man}

Yolume
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Figure 2-13, LCC Atmosphere Control System

The ghaft is fully cased for maximum protection. In normal operation, the
compressor (standard off-the-shelf) drives 800 cfm of cooled or heated air
through the shaft into the LCC. When pressure in the LCC exceeds 2 inches
of water, one-way valves in the bulkheads open to exhaust the air. This
minimum internal pressure helps assure no leakage from outside. The
valve release also allows carbon diexide and carbon monexide to be purged
by the normal circulation of fresh air. The cooling unit is a standard
"ecommercially available 8-ton chiller (evaporator, compressor, condenser},
and it is the rmostatically controlled, The heater is a standard 6-kW electric
unit, and it is also thermostatically controlled. A diffuser is located in the
chamber to circulate the air.

The emergency equipment in the chamber will not be uaed unless the
shaft is closed by explosion or the surface equipment is inoperative for any
reason. Water for air cooling is supplied from a tank just outside the
chamber, Water at 60°F is supplied to a heat exchanger and blower; the
pump and blower are driven by two men on a bicycle-type drive arrange-
ment, 39 Five atmosphere control units, like the ones supplied in the
Auxiliary Survival Chamber, are supplied for the LCC. The only difference
in the units is that the LCC units have built-in-breathing manifolds with 10
output hoses and facemasks., They operate in exactly the same way,
penerating exygen from chlorate candles, scrubbing carbon dioxide with
baralymme, and scrubbing carbon monexide withHopcalite, These units are
alse hand-cranked. Supplies of the emergency system are adequate for 5
days of operation. It is assumed that this will be encugh time to drill
another shaft or reopen the original.

52




TR T _
Electrical System ' ’ h '

The design of the electrical system for the LCC is the same basic ba.ttery
box circuit used in the ASC (see figure 2-7). Two of these units are included
in each chamber. Enough recharge kits are supplied in the LCC for 1,536
ampere-hours of normal operation. Lamps for the LCC are standard miner's
cap lamps {without external batteries). Two lamps are used in series with
a current-limiting resistor in each of six branches (two circuits). Lighting
schedule is the same as for the ASC and it will require recharging batteries
every 48 hours, depending upon the power requirements for communications.
A back-up lighting system of the same cyalume lights {ASC) is supplied for
up to 448 hours of low-level illumnination.

For two-way communications, a MIL-T-15514, Type H203/U Sound
Powered Telephone is used. It will transmit for distances well in excess of
the deepest mine, and requires almost no maintenance. The only disadvan-
tage is that there should be continued monitoring at both ends.

The high-voltage wiring for the surface equipment is shown in figure 2-14,
and the low-voltage wiring is shown in figure 2-15, All wiring should be dene
according to NEG, NEMA, and local wiring codes and standards. Throughout
the systemn, all requirements of Schedule 20 of Title 3{}5 hawve been met and
simplicity of operation has been maintained.

Accomrmodations

The accommoedations and arrangement of equipment for the LCC were
developed according to the same constraints and concepts as for the ASC,
except for modified quantities of everything required.

The same MIL-F-4323] military-type food packets are supplied for both
the LCC and ASC, enough for 1,740 calories per man per day. Regular fap
water {with 1 teaspoon of chlorox per 5-1/4 gallons of water) is stored in
elaven (11} 17-1/2-gallon plastic containers,

The same Stelle Products portable toilet is used for beth the LCC and -

' ASC, for the same reasons, Two are supplied in the LCC,

Fourteen triple free~standing steel bunks are spaced in pairs about 2 feet
apart along one wall. The bunks bolt together and are easily asgembled or
dismantled. Although the bunks c¢an stand alone, lashing each pair together
and jamming them into the wall curvature is recommended for stability,

Chlorate candles are stored under the bunks. The baralyme and Hop-
calite canisters arc stored between bunk ends and the curved chamber
wall. The 14 spare Personal Breathing Apparatus units can be hung on the
bunks. The 20 fireproof ''Nomex' blankets and spare coveralls are stored
on the mattresses. An open aisle is provided at about maximum chamber
height, and the remaining wall space is used to store food and water
Bupplies.

The air diffuser is located directly beneath the shaft for maximum
effectiveness and is structured to direct incoming air up and toward the
chamber ends. Space under the diffuser is designed as the central control
point for power and communications, One chemical and one water-type
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fire extinguisher, the pas sampling equipment, and sorne furnishings are-
located against the wall opposite this area. The 5 atmosphere control units
are spaced about equally along the chamber and on opposite walls to permit
easy access and optimum gas diffusion,

OCne chemical toilet is located at each.end. A water-type fire extinguisher
and bunrdle of tools 18 alao located at each end. Outside each end, a chemical
extinguisher and several large tools {shovels, axes) are laocated.

The hulkhead with two daors containg the seismic and electromagnetic.
communications penetrations {see Volume I[I of this report). The EM
equipment is stored in a large fiberglass box near the end until it is waed,

The seismic transmitter and gas botitle are located near the EM equip-
ment, with controls mounted to the wall. Because the transmitter-getierated
percussion may be detrimental to personnel, especially shock or cencussion
victims, this equipment may be kept and used outside the chamber.

Except for the diffuser, the chilled-water air-ccoling systemn, and bulk-
head penetrations, all equipment is mobile and can be moved te suit the.
immediate situation.

Cost Estimate

Ag part of the program effort, a preliminary cost analysis was conducted
on the cost to construet the LCC, The results of this analysis are shown in
table 2-11. '
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TABLE 2-11
ESTIMATED LCC CONSTRUCTION COSTS

Boof and side walls -
{Cost $107/it - 84 it needed $ 9,000
Floor and footings
{Cost $25/ft - 84 ft needed) 2, 100
Bulkhead with one door '
{Reinforced concrete} $550
{1 small dooar) 400
D bi bl 160
{Door subirame assembly) 1,100
Bulkhead with two doors
{Reinforced concrete} $£550
(1 small daor) 400
{1 large door) 60D
[Door subfrarne asszemblies) 300 . 1,850
Total eatimated cost of structure
for large chamber, less labor $14, 050
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CHAPTER 3
OPERATION

This chapter is divided inta two sections., The first presents a summary
discussion of the operation of the Survival Subsystern portian of the Coal
Mine Rescue and Survival System. Operation of these units is a straight-
forward process and does not require gpecial skills, The second section of
thig chapter is a discuszsion of the varicus tests conducted on Survival
Subsystem units during the design effort and as part of the demnonstration,
The results of these tests are zlso discussed in terms of their application to
the conclusions and recommendations covered in Chapter 4,
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SECTION I
ON-SITE OFERATION

This section describes the operating procedures for the units of the
Survival Subsystem. Both normal and emergency procedures are included
when applicable.

PERSONAL BREATHING APPARATUS

The Personal Breathing Apparatus (PBA) was designed for simplicity of
operation and reliable performance, It was also designed to fit 90 percent
of all adult males; so, the chances of encountering much difficulty in using
the PBA are small, -

The normal sequence of operations for the PBA is pictured and deacribed
in figure 3-1. Apg can be seen, the procedure is simple and requires little
concentration, KEwven if the miner is injured or partially overcome by gases,
he should be able to don and use the PBA.

If it is necessary for the user to vomit while wearing the PBA, he removes
the mouthpiece, holds it up and away from his mouth, and vomits inte the
hood, Under no circumstances should he loosen the neck seal ¢r remove the
hoad,

If the hood is damaged or suspected of leaking, the user must retain the
mouthpiece in his mouth at all times. He may not remove it to talk unless
it is absolutely necessary,

If a breathing bag is punctured, the user can maintain safe operation by
pinching the puncture shut and holding it. If necessary, he can inhale to
deflate the bag, as long as he does not inhale more than necessary {to avaid
inhaling toxic gases), Detailed PBA operating procedures are contained in
reference 31,

AUXILIARY SURVIVAL CHAMBER

There zre several units within the Auxiliary Survival Chamber [ASC) that
require instruction for use during the time the miners are confined. There
are also some general procedures that should be followed to minimize
problems and add the security that grows from a regimented ard patterned
life,

The procedures to be followed upon entry into the ASC are detailed, in
flow=chart form, in figure 3-2, These procedures are mandatory in any
disaster in which toxic gases are set free, because they offer the only cer-
tain rmeans to guarantee a livable atmosphere within the ASC,

Obviously, as soon as it is possible, first aid should be administered to
all who need it. Also as soon as possible, attempts should be made ta con-
tact the surface,

58




R h=

. "0¥3IH NG SWiaEH

5, INTW IOV4IE CATIVWHON

. JHIVIHE “ATIENdWOD 3500
¥a0d QL 4172 3500 1500V 8

. dN ONYLS CLS3HD
IHL KO LMD SNYH O00H ORY
HLSINYD THL IHNS INVN 7

Rt LA

R

TI¥HNI

. MY HINOW NI 32314H1N0W
LAENT 0350710 $3A3 ONId134
‘0%3IH NO Q00H 3% 74 2

O¥IH HIAD SSYE
ONIHIYIHE 3% 1d Akt IWTGH
S AAMIW IAGNIY O00H ONY

£9v8 SHIHLYIHE 1NO TMd E
o ad

souanbag Sunexadg t1-¢ azudig

. ‘HivIud

T70H Y A3L4WOT IH
=X3 CSANYH IHLHLIM YIS
AN QOCH HL ANV 9

v 43138¥a ML NID

Uwal “d¥13HL NO SRLYdydd¥

IHL QNY 353 HL 40 WOLLOD

v JHLIWTd Q17 IHL IACKWIN ¢

‘NId ONI¥14 TINd
"WILS INYD 01 SavAls J118¥1
NILSYd  SNLwAYAdY 390

NAKIO WO LS 35¥3 TINd 8

chiet L
adr

¢
i

e
-

15%0
JHLHALYINA ONRO4D HLHD
3562 JHL IV GNY TIENA T

X

59



B34NPadcad 35V 1B13U] ‘g-¢ aandig

B - N

] 00010 NN
I e WELED njLrl FTIL A Hn.‘ﬂrq_n“ﬁ Hm..-u H_“
w3 | T e e ana i 01 M0 WL 0 Wt AIAE] M AN
AR s w4 EIL gt ot L PP Tk o e
R LR P BT P T BT L 1 5
_— I Y T .IJ.I B L5Tm IR TIvMba] a0 . ﬂun”_wgwmhu_iguﬂm_ﬁ“
ol g AC [ MYML TN Pkl 15 WM, TN IWATWLE 1P WAL PTD |
in __.-.u._.lp ._E_G__ﬁ,a-u._..“. IR OB ) .__.:._.h."._..ﬂ,_.._..wﬂmmn.__ _”.".uh-__.-...-”"._
—_— 1 -
-N¥I MADWIE I D] MH Y ) [
L don ﬁﬁﬁﬂrﬁ” — UNL S| 000 O 1EYW 1T TIHLSHE hr bl i 18]
ANAT R A - ool I ) SR R AHAM LA 'MT O) SaDND
AR s DR X 55T W40 || TR ] 00N (£S5 A0 05 sl HELAXD AJTWRHT Y THNKD
i WD MOAAT 0N 133L (300 10 YD WONHYS M 18] | 300 MWW NN J¥HIT B ILFLTr T hEad
[
151
FaAuT1 W [F21T] ]
[T v s wiom v . ,._._ﬁ,ﬂ Ta! ,_.““ My b 3315 ey
MY LTI ER =Y g s LS INYHLIN AL
LTINS RA 1 0N RGEHE ] YW1 v Nig0 LT R RE N CLE LT
- 1541 Qe 43g0 ; $04 LW 1S3
T T
W (% w¥e] IR | .:_ﬂ.. win il WeHy - .
E..nn_..n__c _S__._-__.“_ 10 oZH A O] 5471 4iTA h
tl | ' .
e e UK Féya [T
bogunem e § VA 1370 LY i _f..u.‘.;.u‘__ m:_.d_._.h.“z Al w04 it _vl Lt 1) rl_._ué EYRE 2 E I LSRR LY F AT T
P LY HIE O Treh i laidd e 1204 Le 3t 4o s senm o AU L e L e LDt T g T W
ST N0 A T | ckned ale TATE W0 g sn | TR e |7 ™ boiad B T 21T aH 3 Vi
FLIN L el FR R ] IR gIg WOgay LYTRAL T o] ENNLRLEY] a4 TAONIA E T 1715 140wy W BILNG

60




TR R . ridy:

The group leader establishes the format and routine of life in the ASC
when all immediate needs are filled, He assigns monitors and operators to
all equipment and designates the frequency of tests te be made and the
schedule of rotating assignments, He also sets up a raticning schedule for
all consumables, Suggested rations are 2 food packets {1,740 calories)and 2
quarts of water each per day. o

Among the tasks that must be assigned on a regular schedule are the
following:

3, Change carbon dioxide {CDEI removal canisters every 16 hours
{assuming a 30 -minutes -on/30-minutes -standby cycle for each atmosphere
conditioning unit {ACT}).

b, Replace carbon meonoxide (CO} removal canisters whenever CO in
the chamber exceeds 50 ppm. Remove and do not replace when CO level in.
chamber remains less than 50 ppm for & hours, '

¢. Change chlorate candles whenever oxygen content of chamber drops
helow 18 percent, .

d. Check CO and CDZ content reading every 6 hours and whenever the
door is opened,

e, Check methane gas content every & hours and whenever the door is
opened. (Fire hazard exists if methane is between 5 and 15 pe rcent, |

f. Check oxygen level every hour,

g. After contact is made with the surface, the listening speaker should
be monitored continuously,

h. All occupants of the chamber should be put on a rotating 30-minutes -
on schedule for cranking the ACU's, ' )

i, Lighting should be set up sc that all & lamps are on for 8 hours, .
4 lamps for the next B hours, and 2 lampe and 1 chemiluminescent panel at a
time for the next & hours (4 panels are required for 8 hours),

Basic operating procedures for each of the units in the ASC are outlined
below, These units are the atmosphere conditioning unit (ACU), oxypen
analyzer, gas detector kit, methanometer, and the lighting -power system.
Atmosphere Conditinning Unitg {ACU}

The twoe ACU's supplied are identical. They are cperated normally in
alternating 30.minute shifts. Until the chamber atmosphere is clean, both
units are cperated continuously, and as often as required thereafter, The
time requiréd to scrub CO and CDZ from the charmber aiy with both blowers

operating is approximately 5 hours {CO) and 2,25 hoars {CDE}.

To start the ACU's, the user simply fires the chlorate candle, removes

the seals from the CO and COZ removal canisters, checks to see that each

canister is properly seated, makes sure that the leakage control hose is

properly connected, and starts cranking the blower at about 40 turns per
minute countercloclkwise,
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To use the built-in-breathing apparatus, the miner connects the manifold
hose to the blower output, removes the plastic containers from all breathing
masgks, holds the facemask in place, and breathes normally,

Replacing chlorate candles is just a matter of rermoving the expended one
and taking a new one from its container, setting it in place (with "This Side
Up" marking on tep), igniting it {pull-ring), and closing the burner door
{being careful not to damage the spring -loaded pressure pins}. Each candle
should burn about 1 hour and provide 70 cubic feet of oxygen. Candles should
be sequentially replaced in alternate ACU's to ensure uniform oxygen con-
centration within the chamber.

The CDZ removal canister is replaced every 16 hours during normal

operation, To do this, the miner disconnects the flexible hose, grasps the
canister with both hands, and lifts it free. He then removes the sealed end
caps from the new cne, sets it carefully in place, and attaches the flexible
hose. The canister will mate with the ACU from canister top or bottom,
either of which is acceptable.

'~ When CO concentration in the chamber exceeds 50 ppm, the CO remaoval
canisters must be replaced, They should be replaced in alternate ACU's.
Replacement is simply a matter of grasping the canister firmly in both
hands (wearing gloves to avoid pessible burns) and lifting it free, fallowed by
opening the new canister and setting it in place. If the CO concentration re-
mains under 50 ppm for 6 hours, the canister should be removed with no

replacement. The CO removal canister will fit where the CDZ canister

belongs; therefore, care should be exercised not to confuse the twa (CO
canister iz gsmaller than CDZ canister). One CO removal canister will lagt
nominally for 4 hours,
Oxygen Anzlyzer

The cxygen analyzer supplied in the ASC is a Biomarine Model QA -202,
and it should be calibrated daily for best results. Teo calibrate it, the miner
disconnects the oxygen line from the ACU, flows oxygen over the sensor,
and adjusts it for 98-percent indication. A squeeze bulb and valve are pro«
vided in module 1 of the ASC to draw in cutside air for sampling. Operation
of the analyzer requires only that it be held horizental while the air is pass-
ing over the sensor. Oxygen content is read directly from the dial in
percentages.
Gas Detector Kit

The gas detector kit is a Unico No, 400, and it consists of a pump, a
carrying case, tubes for gas tests, a manual, and spare parts, The kit
contains 90 tubes for CO tests and 90 for COZ tests, Both types of test are

conducted in the same way. The pump is used to draw 100 cc of gas {one
full streke of pump handle) throupgh the tube, The tube has a red band at
each end tc indicate the upper safe limit of gas tested {50 ppm CO, 1.0 per-
cent CDE'}. If any part of the indicating stain goes bevond the red hand, the
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gas being tested is at an ansafe concentration, Chamber air is tested
directly; outside air is drawn in through the test valve
Methanometer

A National Mine Service Company Model G-70 Methanometer is supplied
in the ASC. It tests chamber air directly and outside air through a tube
adapter for the valve in Module 1, To test the air, the miner simply pashes
a button; the gas content is read directly from the dial in percentages.
Lighting -Power Systern

Separate switches for each of the three lines of lights are contained on the
front of the battery box. To activate the battery, the miner removes the
battery box cover, remaoves the battery top plate, loosens the pressure con-
trol, spreads the cells apart, removes the dummy anodes, filla the battery
with water, inserts the real anodes, reassembles the battery and battery
box, and makes sure all connections are properly made. After about 30
seconds start-up time to read maximum voltage after activation, he turns en
the battery and any lights he wishes., To recharge the batterieg, the process
iz the same as for activation, removing the zpent anodes instead of dummies,
Care must be exercised in handling wet electrodes since they are covered
with caustic potassium hydroxide, New anodes are supplied in the recharg-
ing kita, along with polyethylene bags for disposal of the used anodes, The
chemiluminescent panels are activated by removing the pull-tab on each panel
and kneading the contents, o
Wagte Disposal

Waste from the portable toilet is held in a heavy-duty polyethylene bag
that fits into the pail that forms part of the toilet, These bags should be re-
placed every 12 hours, tying the used one securely and disposing of it out-

-gide the chamber if possible, If the outside atrmesphere is contaminated, the
bags must be stowed inside the chaimber, out of the way as much as pessible.
Emergency Frocedures

Two kinds of fire extinguishers are supplied; a water type, marked DD
NOT USE ON ELECTRICAL FIRES, and a chemical type, marked DO NOT
USE INSIDE CHAMBER. Two of each type are supplied; the chemical type
just outside the door, the water type just inside, Each is operated by re-
rmoving a sa[ety pin, rotating a control valve, and directing the spray at the
fire,

Firat aid kits and a Feoille burn kit are provided in the ASC, A pamphlet
on bagic firat aid procedures is contained in the kits, but advice on more
complex problems can be requested over the communications lines,

Fully detailed cperating procedures for the ASC are contained in
reference 32, and instructions for each unit are supplied with the umit,
LARCE CENTRAL CHAMBER

There is a variety of equipment within the LCC that must be operated by
the trapped miners if they are to survive until they are rescued, For the
most part, operation of these units is straightforward, requiring no special
skills, In some instances, however, it is best that the operator be at least
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familiar with the equipment and procedures (e.g., Communications Sub-
system equipment). There are also some general procedures that should be
followed to minimize problems and add the security that grows from a repi-
mented and patterned life,

The procedures to be followed apon entry into the LCC are detailed, in
flow chart form, in fipure 3.3, Thege procedures are mandatery in any
disaster in which toxic gases are set free, because they offer the only certain
means to guarantee a livable atmosphere in the LCC,

Clearly, first aid should be administered to all who need it as soon as
possible, and attempts should be made to contact the surface to instruct
them to start the surface ventilating equipment and te apprise them of the
general conditions in and areund the chamber.,

The group leader establishes the format and routine of life in the LCC
when all immediate needs are filled., He assigns monitors and cperators to
all equipment and designates the frequency of tests to be made and the
schedule of rotating agsignments. He algo sets up a rationing schedule for
all consumables, Suggested rations are 2 food packets (1, 740 calories) and
3 quarts of water per man per day,

There are two modes of operation for the LCC; with surface air and with-
out it. The general procedures for operation without surface air are exactly
the same as for the Auxiliary Survival Chamber, The general procedures
for operation with surface air are as follaws:

#. Cheeck COQ, CDZ’ methane, and cxygen levels every 3 hours and

report conditions to the surface,

b. If the ternperature rises above 85°F or gas levels become
intolerakle, the chilled -water air cooler or atmosphere conditioning unit,
respectively, must be started.

¢, Set up lighting schedule so that 12 lamps are on for 8 hours, 8
lamps for the next 8 hours, and 4 lamps and 1 chemiluminescent panel for
the next 8 hours (4 panels are required for 8 hours).

The equipment in the LCC that may have to be operated is exactly the
same as the equipment in the ASC, except far the chilled-water air cooler
and sound-powered telephone. The operating procedures are aleo exactly
the same. ' '

Air Cooler

Two men are required to operate the chilled -air water coaler, They sit
in tandem on a bicycle-pedal arrangement and pump (as on a bicycle) to run
the air cooler, The pedals drive both the centrifugal pump for the water
supply and the blower fan for the air,

Sound -Powered Telephone

Operation of the sound-powered telephone requires only that it be picked

ap and spoken into,
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Surface Equipment

In addition to the equipment in the chamber, LCC cperation also includes
the ventilating equipment on the surface. This operation includes the power
junction boxes, a compressor (blower), an air cooler, .a heate r, a control
panel, and an access hatch,

Junction Box

Power for all equipment passes through a circuit-hreaker junction box,
It must be turned on first to start the other equipment, '

Blower

To operate the blower, the user makes sure the blast gate is fully closed
and turns on the switch., After about 10 seconds, he openg the blagt gate
gradually to increase air flow. The air flow velocity rmust reach 500 fpm to

close the air flow switch, which is required before the air cooler or heater
can be operated,

Air Cooling Unit

The air coeling unit is turned on with a switch on its compreasor, There-
after it is controlled by a thermostat located in the ventilation ghaft air flaw,
Heater

The heater is activated by two heater switches that provide gettings for
1/3, 2/3, or full heat (turns on 1, 2, or all 3 heater elements), It is then
controlled by a thermostat that samples the air in the ventilation shaft,
Control Panel _

The contrel panel requires no operation; it contains three indicators. An
ammeter moniters the blower motor current; an air flow indicator lights
when air flow reaches 500 fpm; and a thermometer with a sensor just cutside
the LCC indicates the need for heat or cooling,

All other procedures and equipment are exactly the same as for the ASC,

Fully detailed operating procedures for the LCC are contained in reference
i3, :
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SECTION [I
TESTS AND DEMONSTRATION

Tests were conducted on parts and components of the Survival Subsystem
througheout the program, covering developmental, qualification, pre-
demonstration, znd dermonstration testing. The Personal Breathing Appara-
tus (PBA) and Auxiliary Survival Chamber (A5SC) were the subjects of these
tests, because they were the two parts of the Survival Subsystem that con-
stituted daliverable hardware, The Large Central Chamber (LCC) was never
actually built or demonstrated, but a great many of the tests conducted with
the development of the ASC in mind apply directly to the LCC.
DEVELOPMENTAL TESTS )

During the developmental phases of the Coal Mine Rescue and Survival
System (CMRESS) program, testing was conducted on both the PBA and ASC
components, These tests included the PBA carbon diexide removal canister
{manned and unmanned tests) and tests of the AST atmosphere conditioning
unit (manned and unmanned), instrumentation, and life support supplies.
PBA Carbon Dioxide Removal Canigter

In all, 7 manned tests, 2 bench tests, and a heat transfer analysis were

conducted for the 'Ci.'_“.\‘2 removal canister, with changes incorporated along the .

way, The established test parameters were as follows:.
a. Pressure drop across the canister lesa than 2.0 in I—IEO at a flow

rate of 85 SLPM/air or oxygen,

b. MNo lithium hydroxide {LiOH) dust penetratien through filter before
or after vibration testing.

c, Adeguate heat transfer from canister while being worked at CQO

2

absorption rates equivalent to table 4, test 4 of reference 5,

d. No COE channeling through LiOH bed after vibration testing.

Initial calculations indicated that 1. 36 pounds of LiCH were required for
a 1 -hour operating life; however, this did not {ill the canister to the deasign .
level {1 inch from open end). 1.iOH was added to bring it within the 1-inch
area, bringing the total weight to 1.76 pounds. Three layers of number 12
Air-Mat glass cloth filter were added, the canister was closed and blown
through with dry air at 85 SLPM, The pressure drop across the inlet and
outlet parts was 1,5 inches of water, Therefore, even with the excess of
LiOH, the 2.0 inches maximum drop was not exceeded.

In the dust test, the setup shown in [igure 3-4 was used, with a fresh
piece of number 12 Air-Mat filter over the outlet part. The canister was
purged with 85 SL.PM dry nitrogen at the inlet for 3 seconds. The used
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filter and a new piece of filter were subjected te titration pH analysia. Both
consistently registered the same; therefore, the filter design was deemed
acceptable,

The next test was a manned test of the canister, Because the final
breathing bags, man/apparatus interface, and chlorate candle were not
delivered yet, these items were simulated with in-house comparable com-
ponents,” A candle simulator was built to the same configuration as the de-
liverable unit and was fitted with two electric -resistance heaters which would
bring the surface ternperature up to and beyend 350°F. The breathing bags
conmisted of twa rubber anesthesiology bags and man/apparatus interface was
a standard scuba-type rmouthpiece, Aside from these developmental modifi-
cations, the experimental setup was as shown in figure 3-5, with 02 and

COE being monitored continuously and then being returned to the system,

Breathing resistance and gas inhalation temperature were also continaously
monitored. Canister wall temperatures and LiOH bed temperatures were
spot-checked. The test subject was simulating the work schedule of
reference 5 by riding a bicycle ergometer throughout the test at various
kilopound settings, ™

The data in figure 3-6 (Runs 1, 2, and 3) on inspired gas temperature vs
test duration show that the canister as then constructed possessed inadeguate
heat transfer characteristics, The canister was then modified for runs 4, 5,
and 6 to produce acceptable results,

The first man test ran for 33 minutes and 45 seconds and was aborted due
to the inhalation temperatuore exceeding 115°F.

The second man test was ruan the same way as the first except that the
candle simulator was not energized, This run lasted 34 minutes and was
aborted alao due to the inhalation temperature exceeding 115°F, Comparing
the two sets of data showed that the heat generated by the candle simulator
contributed little to the overall heat load of the caniater and that the
exothetmic reaction of the LiOH and the conductivity of same had to be
determined,

The third set was conducted like the second except that thermocouples
were strategically imbedded into the LiOH charge., This test lasted 40
rninutes, The data showed center bed termperatures as high as 270°F while
canister wall temperature remained typically 180°F, By contrast, the
cptimum bed temperature range under PBA input conditions had been
calculated at 113-149°F,

From this data, heat transfer calculations were run which established
thermal conductivity of the absorbent bed at 0,465 Btu/hr/ft/°F. From
thiz, further calculations determined that, by internal addition of copper
fins, bed temperature could be maintained much closer to the optimum
range, .

For the fourth test, five 0.Z1-inch copper fins were installed axially in
the canister, 0,833 inch apart along the 8-inch side of the canister,
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Thermocouples were imbedded in the LiOH bed, and a fan was lecated 15
feet away and turned on during work periods, Otherwise, the test was run
like test 3, and it lasted 60 minutes. A mean LiCH bed temperature of
187 *F was achieved, and breathing air was 94°F, The fifth test was like
the fourth, except the simulated candle was energized, The inspired gas
temperature was [12°F. The sixth and final test was run like the fifth, with
equally good results,

Further evidence that the internal cooling fins did indeed maintain bed
temperature much closer to the optimum operating range was produced frem
the CDZ analyses, For tests -3 (no fing), CDZ breakthrough occurred at a

l.0-percent level within 30-40 minutes into the test, By contrast, tests 4.6
{with fing) maintained COE below 1.0 percent for the antire §0-minute duration.

As a result of these tests, the final design used [ive copper fins 0.030 inch
thick, spaced 1 inch apart along the 8-inch side of the canister,

Finally, packed canisters were vibrated according to MIL-STD-810
Method 514, Procedure X, Figure 514-6, Curve AB medified, They were
vibrated in all three X, Y, Z axes. Z wasa up and down, ¥ was sideways
along the short axis, Y was longitudinally along the leng axis. The input
acceleration in all three axes was from 2 to 5 G's wherein the frequency
ranged from & to 500 Hz. The fundamental reasenant frequency at which the
canisters had the highest output acceleration was 115 Hz and 36 G's. This
was noted to exist in the X axis. Feollowing vibration testing, the canisters
were X -rayed, dast tested, and CDZ tested. The X-rays showed ne LiOH
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settling, and the dust tests proved negative. Lastly, 2.25 percent CDE in OZ

was caused to flow through the canisters at 300 cc/min for 6 minutes.. The

effluent gas was monitored with a Beckman 315 CO_ analyzer and read zero

2
CDZ' indicating no breakthrough had aoccarred.
ASC Units and Life Support

Both manned and bench tests were run for the ASC atmosphere condition-
ing unit (ACU) components and gas measuring devices., The ACU components

were tested with air of known hamidity, volume, and CO and (I«CI2 concentra-

tions, The measuring devices were calibrated with certified.calibration
gases, The oxygen from the candles was analyzed by mass spectrometry and
gas chromatography to ensure proper composition,

The oxygen analyzer was calibrated at 21 percent and tested with nearly
100-percent oxygen gas, All indications were within 2 percent, During
manned tests, it was found that the analyzer had to be calibrated and used in
the horizontal position to maintain 2-percent accuracy, but this is an
acceptable constraint.

The gas detection kit pump and test tubes were bench tested with certified
calibration gases and performed acceptably {+0,! percent CDE and +25 ppm

CQj),

The CO removal canister for the ACU removed all but 2 te 50 ppm CO
from inlet gas (17 cfm) containing 1000 ppm CO at 7@ -percent relative
humidity for 5 hours in the bench tests, This unit was approved for a 4. 5-
hour usape life in the ASC, .

The CDZ remeval canister removed all but 0,06 percent CDZ from inlet

gas (17 cfrn) containing | percent CO, for 8 hours, This provided a large

2
safety factor in the approval of this unit for 8 hours use in the ASC if
eperated alone and for 16 hours use if the load is shared by twa ACU units
running simultaneously {recommended procedure),

The oxygen-generating candles wera bhench tested at three separate
locations; the vendor and tweo Westinghouse facilities., In each case, the
candles performed according to requirements, and the candle holder, which
conducts heat away [rom the candle to prevent fire hazarda, also worked
well, This unit was approved for use in the ASC,

Two manned tests were conducted; one with 8 men for & hours and one
with 2 men {and 0,073 cim injected CDE‘J for 1 hour. For these tests, one

of each of the supplied instruments was used, along with 1 chlorate candle,
1 CO removal canister, and 1 CGZ removal canister,

During these tests, some changes and constraints were included in the
equipment and procedures. Minor packaging modifications and changes to
the operating instructions for the gas detector kit were made for simplifi-
cation., After the changes, an unskilled operator can easily use the kit after
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reading the new instructicns, The hand-cranked blower for the ACU seized
after 4 hours operation; the sezized bushing and mounting was maodified,
with no further problems.

Throughout the manned tests comments from the participants were noted,
and each one completed a detailed questionnaire at the finish,

All instruments performed well, and the test subjects found each unit easy
to read and simple enough for an untrained operator to use, The atmosphere
conditioning units were fully acceptable during these teats (after seized
bearing was replaced), _

Food and water rations were found generally palatable and adequate for uae
in the ASC, The portable toilet was also acceptable, but several test subjects
recommended the use of a vapor seal over the top.

Chamber temperature and humidity were accepted as livable by all test
subjects, It becamne evident that temperature depended directly upon activity
levels in the chamber, but the chamber is fully acceptable for cutside
temmperatures between 46 and 71°F,

Asg a resgult of these tests, all tested units and procedures were accepted
faor ase in the demonstration tests,

PBA QUALIFICATION TESTS

The Personal Breathing Apparatus underwent complete qualification test-.
ing, There were 5 of these tests run, monitoring ingpired gas temperature,
total pressure, and the differential pressure at the mouthpiece. The general
test setup was as shown in figure 3-5, except that no thermocouples were
used in the CD2 removal canister,

The firgt test lasted 60 minutes. At 58 minutes, CDZ reached 0.4 percent

{at canister effluent), and inspired gas reached 120°F at the 1-hour peint.
The eyepiece fopged after 15 minutes but cleared about 5 minutes later,
The second test was run like the first, but it was aborted at 38 minuates,
because the test subject felt nausecrs. The temperature of the inspired air
was 115°F, and the E'CI2 concentration was 1.5 peréeﬂt. Examination re-

vealed that the inhalation check valve had leaked, allowing CGZ back inte the

breathing air,

The third test was aborted, because the chlorate candle hurned through
the generator housing 12 seconds after start, Dissection and X -ray showed
that the molten first fire mix and initiator cone had extruded into the
Bouchon end of the generator houging. Rework of the design eliminated pos -
sible recurrence, _

Teat 4 was also aborted, at 19-1/2 minutes, because the inspired gas
reached 125°F, due to inadeguate environmental controt. Test 5 encountered
the same problems as test 4 even thoagh an attempt te provide room air:
cireulation at 2 mph air flow had been made. By an examination of the recom,
it was determined that the PBA under test happened to be located in a stagnant
air area, Aftor the suabject was relocated to a 2-mph area (without
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interrupting hiz work program), the ternperature of the breathing air receded.
Mean inspired gas temperature for the remainder of the test was 117°F.
Table 3-1 shows the tabulated record of test 5,

ASC PRE-DEMONSTRATION TESTS

Before formal demonstration of the equipment, the Auxiliary Survival
Chamber underwent two series of leak tests, testing the two bulkheads and
three of the six modules at a time. The first tests were to determine seal
effectiveness, and the second tested the effect of a 3/8-inch hole in a module,

For these tests, the 3-module ASC was arranged as shown in figure 3-7
{modules 1, 2, and 6 were used together, and 3, 4, and 5 were used together}),
The test equipment used was set up as shown in figure 3-8,

For the internal presgure tests, the internal pressuore of the joined
modules was set at 1 psig (15.7 psia), valves were closed, and beth presaure -
and tirne were recorded until the pressure reached 0 psig.

For the vacuum tests, the internal pressure was set as low as the pump
would take it (-1 psig, approximately), the vaives were closed, and both
pressure and time were recorded until the pressure reached 0 paig.

In general, the units performed acceptably. The worst leaks occurred at
the roof joints and hinges, '"duck seal" was applied at these points., The 3/8-
inch hele increased the leakage rate by a factor of 6 for the internal pressure

-test and a factor of 2.5 for the vacuum test. More specific test data are
‘tabilated in table 3-2, -
DEMONSTRATION TESTS

Demonstration of the Survival Subsystem took place in February 1971, at
the U.S. Bureau of Mines Experimental Mine at Bruceton, Pennsyivania.
Equipment and logistics problems were all handled according to a detailed
operationg plan, These included fitting the test chamber for the instrumen-
tation, procuring all materials, arranging for shipping and manpewer, sum-
mary training and medical exams for test subjects, planning data collection,
and preparing the test sites.

The tests were conducted in two parts. The first part was to demonstrate
portability and performance of the structure and seals of the Auxiliary
Survival Chamber, and the second part was to prove out the life support
equipment, accommedations, and furnishings., Included in the structural
integrity tests was a series of 6 gas-shot type explosions, Portability was
graded on the time and manpower required to tear down, move, and set up
the chamber,

Throughout the tests, salety precautions were chserved., Sound -powered
and direct phéne lines were included in the test charnber, and a medical
office was manned at all times by a gualified physician, First aid materials
were available at test sites at all times, including resuscitation equipment.

The portability and performance tests were conducted in one mine room,
and the blast tests were conducted in a crosscit 250 feet from the explagion
point (see figure 3-9}. All appropriaie power, tools, and equipment were
available at esach site for the tests to be conducted.
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TABLE 3-1
LOG OF A PBA QUALIFICATION TEST PLAN
| 2/5/11
[nhalation Room
Gas Temp. *F) Temp. Commenls
75 60 Starl test |. 46 PM
75 R4 m?ﬁ}%}&{ﬁ% nver 2.5
T4 &G
BE.5 56 Helmet fogged
115 56
120 o0
122.5 99
125 56 Eyepieca fopped
118 56 s Moved_subject closer
door
117 55
114 56 {Fanned test seblect)
105 g2
1140 82
120 a4
118 511
. 120 54 {Fanned subject)
119 52
121 52 fPanned subjact)
115 54 Stop
117 50 {E ﬁgie‘ﬁg tg%}fogged,
118 B0
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110 52
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TABLE 3-2
ASC LEAK TEST DATA

PRESSURE LEAK RATES (CU FT/MIN
INTERNAL PRESSURE VACUUM

CM With Without | Without Without | Without
MO | psis | pig Plug With | With Plug Plug With
70 L 9ER

6B .. 087 g 46

T 929 5.77

A4 K:10)1 8,17

62 L8973 A.77 54.14 B0

60 L R45

58 817 6.77 45,11 6.7

SR .78 5.21

54 L T60 4,84 19,29 4.0

52 .73z 5.21

50 704 4.50 45,11 10,0

48 678 4.50

16 . G4A 3.76 22.57 fi.0 33, 84

14 620 3,99 -

42 51 3,76 27.07 7,2 33.84

40 . 563 1.09

i . 535 3.38 16,52 5.0 15.02

a6 . 507 3.08

34 i 3, 0R 19.3% .3 45.01
30 .481 |  2.B1 , 27.07
a0’ . 422 2. 81 15, 02 :5,3 22,57

28 L3594 2,61 43.B4

26 L3RE 2,71 1682 6.3 15,132

24 .338 2,27 27.07

an L310 2. 06 15. 62 7.3 15,02

20 L 2Rz 2,17 11,27 f22, 60 2,0
18 . 853 1.490 10, 42 8.5 9,68 1692 1.4
16 , 225 1.49 11. 2% 6.7 B, 46 16,492 2.0
14 107 1,46 B 46 5.8 g, 46 13,54 1.6
12 . 168 1.42 11,27 7.8 G.16 16. 92 2.9
10 . 141 1,20 5.16 4.8 5,45 11,27 2.0
B .11a 0,95 .77 7.1 4,50 11,27 2,5
6 .0B4 0.91 5,21 5.7 3.96 9.68 2.6
4 . 056 0. 64 3,4% "6, 3 o8B0 6,77 2.7
2 , 028 047 2,94 5.725 1,32 3.99 3.0
1.0 L 014 0,30 .1,50 6.5 058 2,27 1.5
.G L0067 0,17 - 0, 68 4.0 0,20 0.58 2.9
\ i

. 71-1330-T-30
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Figure 3-8. Leak Test Equipment Setup

- Data collection was accomplished in several ways, including written
observances, photography, tape recorded debriefing sessione, and strip
chart recordings of such data as thermistor output, strain gage indications,
and pressure and motion transducers,

Portability Testy
The basic procedure for the portability test is cutlined in table 3-3, which
includes estimates of the number of men required for each operation ‘and the
time it will take. At the start, bulkhead number | and medule namber 1
were on wheels, everything else was on blecks, The area was measured, a
site was selected, and the centerline was marked with string on the roof,
Although it is posaible to erect the ASC one module at a time,efficient
manpower use dictates that some steps overlap, The total tirme required for
assembly was 10 hours and 25 minutes, minus I hour and 37 minutes for
breaks {8 hours and 58 minutes working time)., Of this 3 hours and 20 min -
utes were spent installing seals between module 6 and the bulkhead. Thero-
fore, ordinarily, 5to 6 hours is a reasonahle estirmate for & men to assemble
the ASC, not including instailation of seals, floor leveling, and floor bolt-
ing. Much of the problem with the seals was due to the material used, which
wad not glastic and pliable at mine temperatures,
Disassembly of the ASC was a straightforward effort, taking 6 men a
total working time of 3 hours and 57 minutes, As is the case for assembly,
" disassembly can be done by 4 men, but the other 2 provide a safety margin,
Six men can push a module on wheels but it required a great effort and
a perfectly {lat and level surface, such as that provided in the test area
which would not exist in a normal mine, However, winches can be used
as illustrated in figures 3-10 and 3-11,
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TABLE 3-3

PORTABILITY TEST PROCEDURE

Step

FProcedure

Time
Reguired

Men
Required

[Minutes}'

Install roef jack on the bulkhead/module
centerline in the wvicinity of the intended
location of the unit.

Use mechanical/pneumatic jacks to raise
the bulkhead/module to install the wheels
and remove the blocka,

Hang comealeong from the recf jack,

Connect comealong cable to bulkhezad/
module with shackle and winch unit into
approximate position. .

Rotate bulkhead/module 90 degrees to
proper orientation with previous unit,

Remaove roef jack installed in Step 1.
Install two roof jacks adjacent to the
sides of the previously positionad unit.

Remove bulkhead/module wheels using
mechanical/pneumatic jacks, Use pry-
bars to steady the unit while on the jacks
and to raise the unit momentarily when
rermoving the jacks, Erect the module,

Install comealongs on the two roof jacks
and connect to shackles at either side of
the bulkhead/module. With one man in-
side the unit guiding comealong eperators,
winch the unit into final position.

Install seals, Use prybars and wedges
te level bulkhead/maduls if fine adjust-
ment is required.

1.2

5-8

5-8

[refer to
text)
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Figure 3-10. Module Pulled by Single Comealong
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Winching Modules Into Position {Module Pualled by
Comealongs Mounted to Roof Jacks)

Figure 3-11,
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The drilling and floer bolting were accomplished only on the chamber used
far the blaat tests, Total time required, minus breaks, was 10 hours and
28 minates. Average drilling time for a single bolt hole was 1I to 15 min-
utes. The drilling can be handled by 2 or 3 men, but all 6 are required to
drive the bolt home after the resin packages are inserted, “Average time to
drive home a holt was 2 to 4 minotes,

Combining timee gives a total of 17 hours and 15 minutes, to which must
be added seal installation, movement, and floor preparation times, With
proper training & or 7 men should be able to complete the operation in 24’

. hoars., A module being erected is shown in figure 3-12 and 3-13 shows
" “method of installing ASC seals.
Performance Test

The purpese of the performance test was to demonstrate the life support
.. capabilities of the Auxiliary Survival Chamber. It was originally scheduled
td last for 5 days, but based on the results of the pre -demonstration tests,
it was decided that the test could be adequately conducted in 2 daye., All
participants were given a medical and psychological examination before start-
ing the test,’” and they were made generally familiar with all equipment,

A test stand was set up 20 feet from the chamber, from which oxygen and
carbon dioxide levels in the chamher, chamber temperature, ‘and temperature
around the chamber were monitored., Phone connections with the chamber

were also maintained here. Emergency exit provisions were also included
for gsafety,

Figure 3.12, Erection of Module No, 2

gz




AFTme W e R

- - ) ] . . . .l L]
Lot e . R

N,
"

. g T1-1330-P4-34
= L2

. <

.~ Figure .3-13, Installation of Seals

Participants worked 8 -hour shifts in groups of 5, The enti;-e group of 15
volunteers (8 from Westmghﬂuse "7 from Bureau of Mines) enterad at 9:15 :
the first morning and immediately set up regular procedures according to,
instructions (refer to Chapter 3},  One group is shown entering rnc:dule:in

figure 3=14, A _

A chlorate candle was Lnstalled in one atmnsphere condltlnnmg umt each

w time the oxygen level neared 18 percent, Seven different men tried this

" installation, _In all, ¢ candles were used, & of which ruptured the blow-out

-  plags, allowmg oxygen to flow freely into the chamber instead of through the
filter bed and circulation hosge, This preduced a slight chlorine odor.-
Dangerous levels ef chlorine were not detected by chromatographic tube
analysis, h-::nwevex_' either within the chamber atmosphere or in the candle
exit gas flow.:-Deterioration of the candle filtration system 1s the suspected
saarce of this problem and should nndergo re -design, .

A bearing onthe hand-cranked blower seized, because some metal particles
had jammed between a retaining ring and a hab. The blower was disassem-
bled to clean the hearing and add silicone lubricant, The crank still worked
hard; so, axle grease was requested and used, and no further problems were
encuuntered *. -

‘A leak in twa cells of the battery was noted while changmg anades, The
leak continued throughout the test with no permanent effect to the lighting.
i nygen and CD .readings in the chamber were compared with those taken
v

at the test stand, anr:l all equipment proved usable, The accuracy of the-
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Figure 3-14; Test Group Entering ASC

. ]

oxygen analyzer in the chamber was not within’ the + percent hmlts, but
this is felt to have been caused by umt damage, : >
‘4~ The CO.and CO, removal caniste rs for the atmosphere conditioning’ units
were found easy to install-and use, and they performed without trouble”
% throughout the test. The built-in-breathing apparatus was tested by eight
| participants, four. of whom did so while lying in bunks., Intelligible commu-
' nications presented no problem, . None of the men noted any breathing diffi-
culties, even when all men tried breathing deeply s1r=r:.1.1lt:aur'ue::u:.al*,.r to sirnulate
‘:a hlgh air flow. . . . .
“Participants in bunks during performance test are shown in figure 3-15
while figure 3-16 shnws the ASC. interior from hatch and oxypgen supply
* systern,
The food was rated as good as could be expected. One man experienced
_headaches'that he attributed to lack of preotein, The cardboard boxes the
food packets are contamed in became saturated with condensation from the
walls and floor,
S5ix Nomex blankets were supplied, but nine additional blankets were added,
# because the high humidity and the average chamber’ temperature of 67*F made
it quite chilly for sleeping. Blankets were also used as pads to ease the dig-
comfort experienced in operating the hand -cranked blower,
When the test ended, each man was debriefed to obtain his irmnmediate re<
actions to the life support capabilities of the chambeyr, These commeants are
listed in tables 2-4, 3-5, and 3-6, .
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- 5

Blast Tests

The blast tests were run to demonstrate the structural integrity of the
ASC. Only two modules and two bulkheads were used due to space restric-
tions, and these were fitted with strain gages, relative motion potentiometers,
and transducers to measure stractural reaction, A motion picture camera
filrmed the chamber interior {at roof joints). A series of six blasts was used,
created by methane-air or methane -air -coal dust mixture at a variety of
explosive pressures and impulse loadings. The test chamber withstood all
blasts, but each blast breke open some seal sections, A new seal between
modules was installed after the third blast, producing better results. The
basic chamber setup and site dimensions are shown in figure 3217, The
ingtrumentation used and its arrangement are shown in figures 3-18, 3-19,
3-20, and 3-21, ' .

Of the six blasts, only the fourth and sixth added coal dust to the explosive
mixture. This was to make the blast last longer and create greater impulae
pressure, These two explosions produced a [lame front that passed over the
test chamber, even though a zone 25 feet on each side of the crosscut wasa not
dusted. The flame did ne apparent structural damage to the chamber., The
six blasts are listed below, with the peak explosive pressure and impulse
loading for each.

No. Explosive Pressure (psig) Impulse [psi-sec)
I 7 1
2 . B 1
3 16 1
4 T 3
5 18 | : 1
b 10 b

Leak tests were conducted on the test chamber before and after each
blaat, Gas samples were drawn and bolts were reterqued te assure proper
loading for the next blast, Three 18-channel oscillographs recorded data
from the strain gages, transducers, and motion potentiorneters. All blasts
put some dust into the chamber, but oxygen never got belew 20 percent, A
gas analysis performed inside the chamber after blasts is summarized in
table 3-7,

Peak pressure values for the transducers are given in table 3-8, and cal-
culated impulse pressures are listed in table 3-%, A summary of relative
motion potentiometer reactions is provided in table 3 -10, and module
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displacements are shown in table 3-11, Leak rates before and after each
test are shown in table 3-12, Leak rates were normally taken at a pressure
differential of 0,2 pei {5 inches of water], Leakage rates after blasts 1 and
2 were too high to measure accurately and not less than values in table.

TABLE 3-7
GAS ANALYSIS

BLAST GAS CONCENTRATION
NUMBER HZ{%} 02{%} NZ{%} CH4{ppm] CO{ppm) Cﬂzippml
1 0.1 Z1.8 78,05 - - 500 pprm
2 0.1 21.8 |- 78.00 {50 - 1000 ppm
4* 0.1 21.4 | 78.10 <50 400 0, 4%
5 0.1 21,6 | 78.20 - <20 0.1%
b 0.1 20.8 | 78.20 131 868 0, 8%

ANALYSIS PERFORMED BY U.5. BUREAU OF MINES, BRUCETON, FPA,
#(No pas samples taken after third blast)

Blast 1 apened small sections of the anapped seals and unfastened parta of
the glued seals on the hinged medule halves. Blast 2 dislodgedmore snapsin
.the same area, Blast 3 completely cpened 2/3 of the module -to -module seal
and unsnapped large portiona of the roof seals. The module -to-module seal,
now badly worn, was replaced, and blast 4 unsnapped only 10 snaps. Blasts
5 and 6 unsnapped significant parts of the module and roof seals. For these
tests, all seals were installed with an extra foam strip between the seal and
sealing surface. When the new seal was installed after blaat 3, this strip
was removed, Resualts indicate that the strip has no real sifect.

Systernatic errors were virtually eliminated by physical calibrations and
end -to -end electrical simulation calibration of transducer channels. Random
errors have been evaluated, and they consist of the [ollowing:

a, Bonding errors on strain gages, +5 percent of indication

k. Signal conditioner and galvanometer nonlinearities, %3 percent
of indication

c¢. Resclution error in readings, +2 percent full scale,

Mo structural damage was incurred by either bulkhead or by the modulea,
in spite of considerable motion experienced in the blasta. Since sections of

seals became unfastened by blast and had te be replaced after third blast, they
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TABLE 3-10
MODULE MOTION SUMMARY {INCHES)

RELATIVE MOTION _
POTENTIOMETER |SHOT 1|SHQT 2| SHOT 3| SHOT 4| SHOT 5| SHOT 6
1 1, 34 .62 1,86 . 50 2.0 2. 14
2 1.20 . 20 1,60 .28 .4 . 44
3 32 , 26 .90 . 24 & . 58
4 1.62 .18 . 60 . 28 & .T6
TAELE 3-11
DISPLACEMENTS RECORDED BY SCRATCHING DEVICE
SLOT 1{SLOT 2| SLOT 3| SLOT 4| SLOT 5| SLOT &
DISPLACEMENT | 0.125 0.275 0. 60 0.10 0, 20 0. 625
[INCHES)
TABLE 3-12
LEAK RATES
BEEFORE BLAST AFTER BLAST
CFM
SHOT 1 1.27 48%
SHOT 2 1,38 33%
SHOT 3 1,12 -
SHOT 4 13.2 26. 5
SHOT 5 1.44 -
SHOT 6 8. 25 -

Mot less than
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require improvernent in reducing blast resistance as well as deterioration
due to aging and handling., :

[t wan generally concluded that while the Bruceton site was not complately
typical of most mines today, the demonstration tests did evaluate the
Auxiliary Survival Chamber concept and its implementation. After the teats,
all bulkheads and modules were disassembled, cleaned, znd completely re -
assembled in room 8 of the Bruceton mine.
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

This chapter is divided into two sections. The first section presents the
concliusions about the Survival Subsystem drawn from the Coal Mine Resgcue
and Survival System {CMR&SS) program, and the second affers some general
and specific recommendations for the general improvement of the Survival
Subsystem and expansion of capabilities,
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SECTION I
CONCLUSIQONS

The conclusions presented in this section are broken down according to
subsystem component and fall inte two categories; related to the camponent'
or its performance and related to the design concept.

. PERSONAL BREATHING APPARATUS (PBA)

Generally, it must be concluded that the PBA meets its design regquire-
ments. It provides a safe breathing mixture regardless of the ambient
atmosphere; it meets breathing resistance requirements; it is self-contained;
it excludes smoke, dust, and gases; it maintaine carbon dioxide at legss than
2 percent; and it has a nominal working life of 1 hour. The accelerated
generation of oxygen for the first 30 seconds provides ample oxygen for im-
mediate use,

The hood provides a good universal fit, adequate vision, full mobility,
and protection from toxic gases. The combination of the hood and other
parts of the PBA represents a significant technological advance in this
program,

The overall size and weight of the PBA are beyond the design limita, the
unit weighs 6.7 pounds, 8.3 with carrying case, However, under the cur-
rent state of the art, this approach is the best achievable.

In large guantity production, the PBA can he marketed at about $50, 00
per unit,

The stability of the reaction in the chlorate candle and the general unit
configuration both represent major advances in technelogy and in the safety
of miners, Although the packaging is nearly optimum for a 1-hour unit, it
is probably true that miners would more readily accept shorter duration for
decreased weight,

AUXILIARY SURVIVAL CHAMBER (ASC)

The ASC represents a major first step in the direction of aiding miners to
survive mine calamities, It will support life for 15 men for 14 days when
installed fully equipped; it does withstand explosive blasts up to 20 pei with
the exception of seals; it is portable; and it can be assembled and disassem-
kled in a crosgcut 10 feet wide, & feet high, and 50 feet long, There are also
some tnajor problems.

Although, structurally, the ASC withstood explogive blasts, seal integrity
was not good, Snap fasteners biew apart in the blasts. Gasket material
cold -flowed and set up, degrading the airtight integrity. Further, installing
seals of the type used is time -consuming and not easy,

While the ASC is portable, moving it without powered assistance is no
easy task, Securing the AS5C bulkheads with roof belts in the floor is
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time ~consuming and quite difficult, although it does work. The interior
modules of the ASC are not restrained, and under some asymmetrical load-
ing, the modules shift, which adds to seal failure,

The blower for atmosphere conditioning unit proved semewhat unreliable,
regquiring too much maintenance. The chleorate candles used show a tendency
to blow cut the relief plugs. The BioMarine oxygen analyzer proved some-
what inadequate, due to damage.

Fabrication was a problem, because curved corrugated panels could not
be found large enough to make one-piece sides, Further, the curvature of
available panels was not closely controlled, and each one had te be reformed.
LARGE CENTRAL CHAMBER (LCC)

An evaluation of the LCC such as those conducted on the PBA and ASC
cannot be conducted until a chamber is conetructed. However, based upon
the evaluation of components common to the LCC and ASC and the design
concept for the LCC, we conclude that the LCC would be ha.blta.ble and operable
and that it would meet specified requirements,

Construction of the LCC is well within the corrent state of the art, How-
ever, in view of variations in population distribution and traffic patterns in
a developing mine, it appears that the LCC would not be of lasting value in
enhancing survival,
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SECTION Ii
RECOMMENDATIONS

The recommendations effered in this section are also divided according
to subsystem component,

PERSONAL BREATHING APPARATUS

Te achieve a PBA unit that can be carried at all times, a separate
development effort should be undertaken with aize and weight reduction as
its primary goal, .

Further development should be directed toward improving heat dis sipation
from both the CDZ removal canister and chlorate candle, This would reduce

the termperature of the breathing air and help extend the candle life.

DeMist anti-fogging compound, as specified by design, should be used cn
the eyepiece in production, Further, the existing open-cell foam standoff
ingide the breathing bags should be enlarged slightly to ensure that the hags
do not collapse,

AUXILIARY SURVIVAL CHAMBER

Before a production design is finalized, the ASC is subject to some further
‘development that should concentrate on several alternate concepts that would
be responsive to the wide diversity of mine environments and be compatible
with evolving rescue and survival systems and methods.

One area of immediate major concern is the seals. Efforts in this area
must improve shelf life, improve handling capabilities and endurance,
simplify assernbly and disassembly, expand tolerance to module misalign-
ment, and develop resistance to blasts,

Ground clearance’ for trailer -mounted ASC should be increased by lower-
ing axle mounts so that they penetrate the structural mermhbers al the module
‘floer. Further development of the basic ASC structural concept is recom-
mended to enhance adaptability te thin seam mines,

The hand-cranked blower for the atmesphere conditioning unit needs some
redesign in mechanical areas to increase reliability and reduce maintenance,
The units should be considered a candidate for incorporation into operational
survival shelters. I[ncorporation would require only interface modifications,
production engineering, and testing, :

Further study is needed in the methods of reatraining the ASC., The most
promising alternate appears to be a combination of roef jacks and roof bolts
.driven vertically into the floor. The blast tests indicated that the modules
should alsec be restrained individually, Indexing pins between modules might
suffice. Alsg, the jack used to drill the holes for the bolts should nse a
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support rack with adjustable legs. These recommendations, aleng with new
seals, will greatly decrease the man-hours required to assemble one chamber.

Structural materials used should undergo investigation. If ateel is re-
tained, corrugated panels of sufficient gize to make one-piece sides should be
developed. For greater corrosion resistance, reinforced plastic and new
low -cost stainless steels are likely alternates, To provide a solid base for
future structural chanpes, further explosive tests should he run and studied.

The chlorate candle ghould underge redesign to eliminate blowing out the
relief plugs. This might entail no more than filter path rework and a new
filter material, This filter redesign should also consider more complete
elimination of the chlerine odor, The oxygen analyzer used should be sub-
jected to further testing before incorporation into final design.
LARGE CENTRAL CHAMBER

As with the conclusions, recormmendations for the LCC are based upon
tests of components commen to the ASC and a design analysis, Generally,
further LCC development should be deferred until one is erected and tested,
In its place, movable chambera, such as the ASC, should be consideresd for
fulfilling any such requirements,
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APPENDIX A
LARGE CENTRAIL CHAMBER
THERMAL ANALYSIS

CHAMBER ISOLATED - AIR SHAFT BLOCKED, NO PIPED WATER FROM
SURFACE ' '

The following analysis determines if cooling is required for the chamber
when it is isolated from the surface, Changes can be easily made to the data
for specific mine conditions.

Cooling Load _ .

The cooling load for a 50-man chamber utilizing Atmmosphere Conditioning

Units follows, This can be factored for different mumbers of men.

Cooling load

50 men x 400 Btu/hr 20,000 Bta/hr
Chlarate candle 3,500
Baralyme hed 750
Battery & lights {100 W} 340
Total 24,890 Btu/hr

b

Rock Contact

The chamber is assumned to have 5 ft of contact with a eoal seam en each
side with the remainder shale, The end walls are taken to be equivalent to
shale contact:

Areas: .
Coal: 754 2
Shale: 2300 ft°
Values from table 2-8.
Coal:  C_=0.2,p=82.5 1b/ft3

k = 0.15 Btu/hr x ft2 x °F
Shale; c =02

P

p = 165 1b/ft> .

k = 0,50 Btu/hr X ft2 x °F

Steady State
Let Qc and Qs equal the heat flow to the coal and shale, reapectively,

Ac + Qs = Q= 24,890 Btu/hr

Valves from table 2-8
U {Air te metal) 0.77 Btu/hr x fté x °F
U (Grouting) 0.38 Btu/hr x ft& x °F

ALl




The strata base temperature is 60°F, Assume this is reached inside
1.5 ft of coal and 2.5 ft of shale.

CHAMBER AIR

STEEL

{RESISTANCE ¥ =08
MEGLIGIELE} g
M=1330-vA-AE
Qe + Qs = Q = 24,890 Btu/hr . -
Ac 5 ¢t
Qc = 5 1 x_
—_— ot — ==
Ua Ug k
c
A t
s .= s 5 -
R IR SR
Ua Ug X
: 3
‘Solving the ahove
4
Qe = 7 ?Slat. T =544t
0.77 L 0.38 ' 0.1s
2300 6 ¢
Qs = ] - 1 +2'5 = 3266t
0,77 .38 . 80
Therefore 54 5 t+ 326 & £ = 24, 890 .
24 B90
= d—— =
&t 380 65.5

Chamber temperature =60+ 65,5 = 125,.5°F

A-2




REQUIRED ENLARGEMENT OF CHAMBER FOR PASSIVE TEMPERATURE

CONTROL-
This analysis was made to determine the feasibility of enlarging the
chamber to maintain an allowable effective temperature.

Allowable effective temperature B4°F
Mine temperature 60° F
bt = Z4"F
0=0c + Qs
=54 §t + 3266t °
=380 6t

380 (24) = 9100 Btu/hr

Required area increase

Thereiare

24,890
= T9Ton FT4%

TRANSIENT HEAT SOAK TO STRATA

§°F

§ 60°F

71-1330-vA-41

CHAMBER AR
- START: BO°F
END: B4"F

Assume uniform heating to within 2 degrees of air tempetature for a depth
of 0.5 ft for cral and 0. 75 {t for shale,

Heat soak = TCp mdt




={I0.2x754x0.5x82.4)+ (0,2 x2300x0.75 x 165)] z2° +[0.24 x
6,850 x 0,075] 24 = 1,389,000 + 22,200 = 1,411, 200 Btu
. 1,411,200

Elapsed time = 25 550 - 57.5 hours

NORMAL OPERATION-VENTILATING AIR THROUGH AIR SHAFT,
SUMMER AND WINTER

' The following analysis sizes the surface ventilating system., Changes
can eaaily be made to the data to take into account such things as different
surface conditions and different chamber heat loads.

Heat load
Metabolic - 50 men x 400 Btu/hr. = 20, 000 Btu/hr,
. 349
Batte ry and lights = 30, 240 Btu.fhr.
Mpisture load
S0 men x 0. 13 lb/man hr. = 6.5 lb/hr,

Summer
Ambient air entering cooler: 90°F, 70 percent relative humidity, 581b/min,
p = 0.0721 1b/ft>, 804 cim

Parameter | Temperature Temperature | Relative Pressure
Dry Bulb Wet Bulb Humidity In. W
Location (°F) (*F) (%) - "B
Cooler entry - | 90 o Bl 70
Cooler exit 54 (sat) 100
Turbso compressor '
exit 59 13,8
Shaft entry ' 60 56.5 80 13,5
Shaft exit : 62 57.0 75 2.1
Chamber 1.5 £6.0 44 2.0

Enthalpy at cooler entry = 45,4 Btu/ib dry air
Enthalpy at cocler exit = 22.4 o
23.0 Btu/ib dry air
Heat rejected = 58 x 23 x 60 = 80, 000 Btu/hr
Heat loss from chamber |
Reference 26 gives 69 percent heat loss to air
31 percent to rock wall

:Because of differing wall area and chilled ventilating air, we assume air
takes 80 percent. -
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Heat to ventilating air

Q=-0.80=x 20,340 = 16,272 Btu/hr.
Q= Cpm dt
dt = 16, 272 = 19,5°F

C0.24 x 58 x 60
Chamber air temperature = 62 +19.5 = 81,5°F
Moisture in incoming air = 0.00% 1b/1h

£&.5

Metabalic moisture = 58« 20

= 0.0019

Final moisture in chamber = 0. 0109 lb}’lb
447 R, H,

Winter _
Ambient air entering turbo compressor:

15°F. 25% R.H., 800 CFM, p= 0.0836 1b/ft3, 66.9 1b/min
Air leaving compressor is 20°F,
Air entering chamber ia 24°F.
Using the same heat load in the chamber, Q = 16,272 Btu/hr
16,272 = 0,24 x 66,9 x 608t
ot = 16.9°F
Chamber temperature = 24 + 17 = 41°F which is too cold.

Additional heating is required to raise the temperature to 71°F or

&t 2lee = 30°F,
5t elec = elec = 30
T 0. 23 x66.9x 60

Provide only 6 kW becaunse metabolic rate can easily be raised above
400 Btu/man hour which will raise the chamber temperature.

OXYGEN SUPPLY AND €03 REMOVAL, VENTILATING AIR THROUGH AIR
SHAFT

Reference 11 recommends absolute minimum air flow for 02 and CDE
control as 3 CFM/man,
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Ventilating system supply:

800 cfm

50 men - 16 efm/man

CHAMBER VENTING
The vent values are set to pass 58 Ib/min of ventilating air at 82°F and
Zin, Wpgaboveambient mine pressure from the chamber to the mine..

Veol. flew - 300 cim maximum

Use & vent valves, 6 in. dia, x 0.6 in. left
Flow area = 6 x 11.3 = 67.8 in® = 0.471 ft2
Discharge velocity

__Boo
Y |

EMERGENCY OPERATION CHAMBER SEALED, AIR SHAFT BLOCKED,
WATER COOLING
This analysis sizes the water cooling systemn, The water flow and stored
water tank volune are determined, air flow requirments are set and 2 water
coll selected,
Cooling load
© - 50 men x 400 Btu/hr
Chlorate candle
Baralyme bed
Battery & lights

= 1650 ft,a"’rﬁin. which ig acceptable

20,000 Btu/hr-
3,800
750

24,890 Btu/hr

Desipgn dry bulb temperature = 82°F., At this temperature we can assume
that 35 percent of the heat goes directly to the rock walls. Residual coaling load

= 0.65 x 24,890 = 16,100 Btu/hr

Waterp I
In: 60°F Ouk: 74*°F ftw = 14°F
qw = Cpm &t = 16, 100

Thex_—efnre

16,100

v = 1 1501Ib/br = 2,3 GPM

Teo cover 3 days, 72 hours

Stored water mass = 83,000.1b
g,940 gal
1,320 ft3
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Air side of coil, required values from psychrometric chart.

Temperature Temperature | ENTHALPY | DENSITY
Dry Bulb Wet Bulb h Btu/ib o lb_

uF B

(" F} (*F} P
Air entering
coil 90% R.H. 82 79.2 43.2 073
Air at outlet 72 SAT. "~ 35,8 L0746
Differential 10 7.4

. 16, 100 :
Air flow = —=2= = 2,'180 Ib/hr

490 e¢fm at 72°F
Oxygen Supply

65 chlorate candles supply 70 ft3 each over a four-hour period

= 4550 £t3 DE
The metabolic requirement for 50 men at 1.5 lb/man day
= 0.633 cfm x 60 min x 120 hr = 4,558 ft2 o,
Rate of generation '
1 candle 1.75 ft3;"'hr
10 men require 7.6 ft3/hr
50 men require 38 ft3fhr

With 50 men in the chamber, two candles will leave a deficiency of 3 ft3
at the end of one hour, In a chamber of 6, 850 cubic {feet the oxygen level

would decrease to 20, 8% percent which is negligible,
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