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INTRODUGTION

The object of the Bureau of Mines research contract HOZS 2038 was to

- select the type of mobile, underground metal and nenmetai mining

; -equipment which presented the greatest overali fire hazard develop a

.‘ 'reesonably priced, reliable automatic. fire’ pretection system for that
3 'vehicle- and demonstrate performance by cn—-vehicle fire tests inan
'underground mine. . The contract started June. 21 1975 and extended

through Iune 30 1976.

~‘As mine operatcrs attempt to become mere productive they tend to re-
_quire more and more mechanized mobile -.equipment, and the equipment

“becomes’ larger, more complex and more expensive. Because of the

-' ‘increased density of underground diesel powered vehicles and the

- hydraulics, fuels, and electric equipment associated Wlth these
";vehicles the potential fire hazard is increasing.

SYSTEM DEVELOPMENT AND'-TE‘.STING- o

‘ Data for the hazards analy is‘ and: generation of the desrgn concept
_ gwere acquired through visits to twenty mine sites inten states and
" Canada, visits to Bureau and MESA facilities, and a literature
© " survey. Load haul-dumps were identified as the: class of mobile .
: underground equipment found to constitute the greatest overall fire
S hazard The hardware design requirements of a fire protectlon
system were established for this type of vehicle.- '

A recommended concept and four alternatives were prepared and pre*" -

' 'sented to the Bureau. The recommended system as’ described by the -

: é:followmg block diagram was approved by the Bureau for the develop—
.ment phase.  Although most of the reported fires were conirolled or

controllable with . portable: extinguishers or manual systems, the

-"automatlc flre protection system concept is proposed

‘A‘.“ to-give the opera‘tor warning of the"pre'sen‘ce of.a ‘fire

B. to provide for actuation of the svstem when the operator is in-
capacitated or has left the vehicle. (It is of interest that in one -
reported fire the operator left the vehicle to fight the fire with a

portable. When the fire got out-of-hand the operator left the
area, and the manual fire protection system which was on the
‘L vehicle was never actuated) ,

C. to shut dcwn the engine automaticaily 50 that any pressure. leaks' :
‘ of combustible liquids are stopped. ‘ :
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D. to set the vehicle brakes automatically when the system is
actuated. The automatic braking action is delaved and
gradual as the pneumatic pilot pressure decavs.
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The approved design concept was expanded to the specific
design of a system for the ST-2B-LHD vehicle including the
selection of specific components for this system. A pro-
totype system and test components were procured and factory
tests on a full scale, vehicle mock-up were performed as
required to demonstrate the capability of the prototype AFCS
for the underground mine test. The development tests also
included component tests where it was determined that pre~
vious component history should be supplemented to satisfy
the special mine environment. The system is illustrated by
the schematic below. '
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The system was then installed on an ST-ZB-LHD in the Hecla
Mining Company's Lakeshore Project, Casa Grande, Arizona.
System discharge tests were performed in the mine with head-
winds of 3.4 and 18.3 mph to demonstrate that the dry chemical
discharge patterns were effective. On May 13, three actual fire
tests were performed.

DISCHARGE OF SYSTEM IN MINE

During the discharge of the dry chemical agent in the confines of
the exhaust drifi the obfuscation problem was limited to the driver
on the vehicle, Minerg in the area of the vehicle would not be
hindered in their movemenis by the dry chemical release.

CONCILUSIONS

The objectives of the contract were all succegsfully accomplished,
The load-haul-dump class of vehicles was selected as the greaiest
potential fire hazard, and an automatic fire protection svstem was
developed for a vehicle in that class. The protoivpe hardware
successiully demonstirated its capability to detect and extinguish
fires in an underground mine environment.

RECOMMENDATION

Tong term tesiing of prototype systems on vehicles in the mine
environment is needed to demonstrate sysiem reliability and cost
effectiveness.
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1.0

INTRODUGTION

The object of the Bureau of Mines Research Coniract
HO252038 was to select the type of mobile, underground
metal and nonmetal mining equipment which pressnted

the greatest overall fire hazard; to develop a low cost,
reliable, automatic fire protection system for that vehicle;
and to demonstrate performance by on-vehicle fire tests

~ in an underground mine. The contract period started on

June 21, 1975 and extended through Junme 30, 1976,

As mine operators attempt to become more productive they
tend to require more and more mechanized mobile equipment,
and the equipment becomes larger more complex, and more
expensive. Because of the increased density of underground
vehicles and the hydraulics, fuels, and electric equipment
associated with these vehicles the potential fire hazard is

increasing.

Only a small percentage of the reported fires could not be
conirolled with hand portable fire equipment, but the safety
of the mine, the high cost of the vehicle, and the pro-
duction losses incurred by down time on the vehicle warrant
the consideration of fixed fire protection systems. The
controlled application of fire extinguishing agent to the
critical areas provides more reliable protection than is
available from reliance on hand portable equipment. The
automatic fire protection system provides the following
major advantages over manual systems:

. The operator is warned when the detection system
' gsenges a fire which may not be apparent to the
operato;'. '

. The vehicle is protected when the operator is not
present or is incapacitated,



2.0 . CONCLUSIONS AND RECOMMENDATICNS
2.1 Conclusions

. The load-haul-dump was identified as the class
of mobile underground equipment found to con-
stitute the greatest overall fire hazard.

. A low cost, reliable, automatic fire protection
system was developed for a load-haul-dump
vehicle, and demonstrated compliance with
the established design requirements.

. The performance of the fire protection system
was successfully demonstrated by on-vehicle
tests in an underground mine.

. The system concept developed for the load-
haul-dump vehicle is suitable for all types
of diesel powered vehicles used in under-
ground mines.

. The discharge of dry chemical agent in the
underground mine environment did not create
a serious obfuscation problem, Only the
vehicle driver would have had vision temporarily
obscured during the dry chemical discharges.

2.2 Recommendations

’ A long-term validation program is required to
demonstrate reliability in the underground mine
environment. It is recommended that fire pro-
tection systems be installed on four types of
vehicles in two mines and that system perfor-
mance be monitored while the vehicles are in
normal service for a period of at least one year.



3.0

DATA ACQUISITION PROCEDURES

3.1 Data Sources
During the data-gathering portion of the project, the
following twelve (12) major sources of information
weare consulted:
(1) Bureau of Mines and MESA Staff
(2) Bureau of Mines Publications
(3) The Ansul Company
(4) MRI Staff '
(5) Project Consultants
(6) MESA Reports
(7) General Literature
(8) Mine Company Management Staff
(9) Mine Safety Directors
(10) Mine Maintenance Staff
(i1) Equipment Manufacturers
- (12) Insurance Industry
DATA SOQURCE
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Figure 1 - Data Requirements x Sources Matrix
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3.2

Figure 1, the Data Requirements x Sources Matrix,
shows the relative amounts of emphasis placed upon
each of these alternative sources in obtaining data
needed to satisiy each of the five major design input
requirements.,

Mines Sample Characteristics

This section summarizes the types and characteristics
of the various mines visited during the data-gathering
portion of the project,

1)
(2)
(3)

(4)

(5)

Total Mining Companies Visited: 18
Total Individual Mine Sites Visited: 20
Mine Size Ranges Represented: 3

a. Sites with 5,000 tons per

day (TPD) or less: 5 (28%)
b. Sites with 5,000 - 10,000 TPD 8 (44%)
C. Sites with 10,000 or more TPD 5 _(28%)
Total 18 (100%)
Different Mining Techniques Represented
a. Room and pillar or stoping 12 (60%)
b. Cut and fill 3 (15%)
c. Caving 5 _(25%)
Total 20 (100%)
Note: Several techniques used at some mines,
Types of Commodities Represented: 15
Mines
a. Copper 5
b. Fluorspar }
C. Gold 1



Mines

Gvypsum
Iron
Lead
Molybdenum’
Nickel
Potash
_ Bilver

Trona
Tungsten

Uranium
Zinc

S g et IaQ o o

I»l:-l-*!—‘wmml-ﬂ—'mmw

Total 31
Note: Multiple commodities mined at some companies.
States and Provinces Represented: 11

a. Arizona

b. Colorado

"~ C. Idaho -

d. Illinois

Towa
Michigan
Missouri
New Mexico
South Dakota
. Wyoming

. Ontario (Canada)

oD

= e

Wl—-«l-

Estimated Production Values/Day

a. Less than $100,000/Day 8  {44%)
h. $100,000 - $500,000/Day g {50%)
c. More than $500,000/Day 1 {6%)

Total 18 (100%)



mines were located.
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Figure 2 - States in Which Visited Mines Were Located
(Including Ontario, Can
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3.3

3.4

Data Instruments

Six different data instruments were used in collecting the
information needed to meet project data requirements, These
instruments were used tc summarize information obtained
from appropriate data sources cited in Section 3.1.

These instruments, copies of which are provided in Appendix
A, were:

L) Mine description form

(2)  Fire incident description interview summary sheet

(3) Fire hazard factor ratings interview summary form

4) Equipment usage description interview summary
sheet ‘ :

(5) Maintenance procedures description interview sum-
mary form

6) Market factor ratings interview summary sheet

Mine Visit Procedures

During a typical mine site visit, two interviewers would
arrive at the mine head office at the beginning of & working
day and would report to the individual (mine manager or
safety director) who had helped arrange their visit. Because
most mines conduct blasting operations in the afternoon, the
tour of the mine would begin as early as possible in the .
morning to allow three to four hours underground.

During underground tours, interviewers would note the
presence of any combustible materials observed in various
parts of the mine. They also inspected vehicles between
operations to check for apparent fuel or fluid leaks; for
frayed wiring or hydraulic hoses, and for situations where
fuel and heat sources were found in close proximity, look-
ing for indications of possible past fires. Where appropriate,
and with permission, photographs were taken of relevant
portions of vehicles and mining operations. :

Many mines maintained their entire maintenance staff under-
ground. Interviews concerning vehicle meaintenance proce-
dures and relative fire hazard potentials for various types of
vehicles were accordingly conducted, for the most part, dur-
ing underground morning tours.
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After the tour, the next step typically involved interview-
ing the mine's safety director about any fire incidents
involving mobile vehicles at the mine over the last five
years. Since few actual incidents were expected, safety
directors were also asked subjectively to rate the relative
fire hazard potential of various types of underground mobile
vehicles, regardless of whether actual fires had occurred
involving those types of vehicles in his mine.

Mine executives with authority to approve major equip-
ment purchases were also interviewed briefly to determine
acceptable purchase price and maintenance costs for an
automatic fire control system. The desirability of various
design features for such a system was also discussed and
the executives' opinions recorded.

All interviews were conducted using an interview summary
sheet, to help focus and standardize the questions, as
well as to help simplify data recording. Following field
interviews, interviewers would fill in appropriate portions
of the data collection forms, based upon their observations
and conversations during the day. In some instances
rating forms were left with mining staff, who subsequently
completed and returned such forms to MRI,

Literature Review Procedures

To assure inclusion of literature-reported underground vehicu-
lar fire incidents in the sample of incidents analyzed, a broad-
based review was conducted of the non-coal mining fire litera-
ture. This literature review was carried out principally using
the publications and materials available at, or through, the
Linda Hall Library of Science and Technology, at Kansas City,
Missouri. Other literature sources tapped included those at
Midwest Research Institute itself, MESA, and the Bureau of
Mines offices at Bruceton, Minneapolis, and Denver.

Incidents of relevance to the present data-collection and analy-
sis effort were found, for example, in Bureau of Mines and
MESA fire reports, assorted conference proceedings, in-house
publications of larger mining companies and equipment manu-
facturers, and in a wide variety of technical and industry-
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related journals. In severzl instances, the same fire
incidents were found to be reported in different articles,
papers, and reports, in addition to being described to
project researchers during mine visits. Foreign journals
(principally French) were also found to contain descrip~
tions of relevant fire incidents in non-coal underground
mines,

Where incidents uncovered through the literature review
were described in sufficient detail to allow inclusion in
the study sample, a Fire Incident Description Interview
Summary Sheet was filled out for each such incident,

‘Data on these fire incidents were then included with the

data gathered during mine site visits, in performing the
required statistical analyses.

A bibliography of sources found most relevant to the
present study is included in Appendix B of this report.

Description of Analygis Data Base

The data base which regulted from the acquired data
included the following: ‘

) Descriptive data on 21 different mines {including
those vigited during the study), representing 31
different ores mined and four different mining
techniques, employing over 9,000 mine workers,
and located in nine different states and one
Canadian province,

(2} Analyses of the characteristics and causes of 55
actual vehicle-related fire incidents, covering
over 20 different types of mobile underground
mining equipment over a 25-year period (1950-75).

(3) Information gathered through review of over 50
relevant domestic and foreign publications and
articles, including MESA reports.

In the process of building this study base, a total of 173
data forms were filled out by study team members, and
statistical computations were performed using electronic
desk calculators.



ANALYSIS OF DATA

In this section the conclusions regarding each of the major
data requirements (Figure 1) are summarized, and the analy-
ses on which the conclusions are based follow in the sub-
paragraphs,

) Vehicle Hazardousness Analysis

The load-haul-dump was identified as the class of
mobile underground equipment found to constitute
the greatest overall fire hazard.

2) Fire Incident Characteristics Analysis

Typical fires associated with load-haul-dumps and
front-end loaders are of less than ten minutes dura-
tion, involve the burning of hydraulic fluid and/or
wiring insulation, and are principally caused by
infrequent or improper maintenance, rather than,
e.g., by operator error.

In load-haul-dump (LHD) fires, the following parts
of the vehicles constituting the greatest overall fire
hazards (ranked from highest to lowest) were:

Hydraulic hoses

. Engine compartment
Wiring

Battery cable
Compressor hoses

O Q0T

LHD fires were typically within the driver's normal
field of view at outbreak (62% of incidents), The
operator typically had no difficulty exiting the vehicle
when aware of the fire, and was himself cited as a
causal or contributing factor for the fire in only 12%
of the LHD fire incidents. In those two incidents
where operator error wag cited, one involved throw-
ing combustible rags into an oil sump. In the other,
the operator lost control of the vehicle, jumped or
fell out, was run over by the vehicle and killed, and
the vehicle subsequently crashed into the wall and
burned.

-10-
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LHD operators attempted to extinguish the fire 96%
of the time, left the vehicle 1% of the time, and
were not present 3% of the time. When attempting

to extinguish the fire, the operators utilized one or
more portable extinguisher in 96% of the attempts and
were successful 96% of these times, In the 4%

of the cases involving installed manual systems,

one system effectively extinguished the fire and the
other system (of unknown French origin) failed to
operate. Only 2% of the drivers turned off the engine

“before leaving the vehicle,

Front-end loader (FEL) fires, in comparison, were
found to involve the following paris of the vehicle
(ranked from highest to lowest in hazardousness):

Compressor hose

.  Driver compartment

Engine compartment and hydraulic hoses
. Battery cable

Brakes

o000

FEL fires were as often within (50%) as they were
bevond the operator's normal field of view at outbreak,
Again, the driver had no reported difficulty exiting

the vehicle once aware of the fire. In no case investi-
gated did operator error play any discernible causal or
contributory role in causing FEL fires.

FEL operators attempted to extinguish the fire 85% of
the time, and left the vehicle 15% of the time. When
they did attempt to exiinguish the fire (mostly minor
oneg) they were successful in all of the cases reported.
The drivers turned off the engine before leaving 25% of
the time,

Vehicle Operating Environments Analysis

‘The mines in which mobile underground squipment of
the LHD and FEL type typically operate were found to

have average temperatures of about 65°F, humidities
ranging up to 100% (with an average of 78%), and

-11-



tunnel heights ranging from 3.5 feet up to an
average of about 11.6 feet. LHD's and FEL's

are typically subjected to little stationary
vibration, but they are used on underground
pathways that range from rough to pothole-infested,
and encounter shocks ranging from bottoming cut
and lurching, to shocks that produce impact noises.

(4) Vehicle Condition and Maintenance Procedures
Analysis

In addition to the above environmental conditions,

any automatic fire control system (AFCS) installed on
LHD's and/or FEL's would need to be able to survive
being coated with hydraulic fluid and lubricant from
hose leaks, and with muck and mud from the mine
itself, In addition, any AFCS designed for use on
these types of hazardous vehicles would in some
mines need to withstand corrosive chemicals generated
as part of the mining process, especially sulfuric acid,
sulfides, and suilfates. Finally, during typical main-
tenance procedures for FEL's and LHD's, any AFCS
would be subjected regularly to high-pressure steam
and to solvents designed to help clean oil-based coat-
ings from the wehicles,.

(5) System Marketing Factors Analysis

Analysis of the results of interviews with mine officials
indicated that the following ATCS characteristics {listed
in order from most desirable, downwards)} were considered
important in deciding whether to purchase any AFCS made
available:

a. System reliability (most important)
b. Ease of maintenance

c¢. Frequency of maintenance

d. BSystem purchase price

e, Maintenance cost for system

f. Operator training requirements

g. System location on vehicle

h. Ease of installation

-12-



- Other factors entering into (hypothetical) decisions
to purchase the AFCS to be developed were:

a. Replacement/reorder time for vehicle {most
important)
Replacement cost of vehicle
Duty cycle of vehicle
Lost production costs .
Probability of fire on vehicle
-Insurance rate reductions

Mo oo o

In addition, mine officials indicated they would be
willing to pay, on the average, approximately 7% of
the purchase price of the vehicle itself in buving
such an AFCS, provided the AFCS had a reliability
rate of 95% or better. They indicated willingness to
pay an average of $140 per month to maintain such an
AFCS in working order, providing the system would
last at least eight years, on equipment whose life
expectation might average 9.5 vyears,

Vehicle Hazardousness Analvsis

In this section, explanations are given of the methodology
followed in identifving the most hazardous kinds of mobile
underground mining equipment, and the actual statistical
computations involved are presented in a series of data
tables.

At the ouiset, a tally was made of each type of reporied

fire incident associated with each of the twenty (20)
different types of equipment considered. The results of this
initial tally are given in Table 1, where it is seen that 18
of the types of incidents were attributed tc load-haul-dumps,
12-to locomotives and cars, 8 to haulage trucks, 6 to front-
end loaders, and less than three incidents each to the
remaining 16 types of underground equipment considered,
During the survey, estimates were also obtained of the
number of times per year sach type of incident occurred,
Using these estimates of the number of similar incidents,

it wae found that locomotives had by far the greatest raw
number of fire incidents (109.2 incidents per vear), with
load-haul-dumps second, at 17.8 incidents per year.
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TABLE 1

ESTIMATED TOTAL FIRE INCIDENTS
PER YEAR, PER TYPE EQUIPMENT

Total Types of Fire

Incidents Investigated Estimated Actual Total
(A1l visited mines, all Similar Fire Incidents
Vehicle Type sources, all vears) Per Year
Load-Haul-Dump 18 17.8
Locomotive/Cars 12 109.2
Haulage Truck 8 6.1
Front-End Loader 6 4.0
otherd/ < 3 each < 0.5 each

ﬂ/Nine types of mobile equipment, each with three or fewer incidents
reported.

Combining all such estimated incidents per vear into one
pool of incidents, Figure 3 shows the percentages of esti-
mated total fire incidents per year attributed to each of

the four types of vehicles that were themselves most fire-
involved: locomotives/cars, load-haul-dumps, haulage
trucks, and front-end loaders. Locomotives/cars accounted
for the vast majority of the fires per se, 78.2% of the esti-
mated total number of fires that occur in the mines vigited,
during any given year.
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Figure 3 - Percentage of Estimated Totzal Fire Incidents per Year
Involving Different Types of Vehicles

But number of fires by itself cannot reflect the true hazard-
ousness of a particular type of vehicle. It turns out, for
example, that locomotive fires are generally very brief, of
limited extent, easily extinguished, and coniined largely
to the "nuisance" level in underground mines. Load-haul-
dump fires, on the other hand, while occurring less fre-
quently, tended to be comparatively more severe and have

. greater impacts upon mine production.

These differences in the extent, impact, and dangerousness
of vehicle-associated fires needed to be taken into account,
in order to objectively identify the most "hazardous" type of

- underground vehicle, Three measures were defined, on the

basis of which, the overall hazardousness of a particular
type of vehicle could be estimated. These were: projected
costs of fires that will be associated with the type of vehicle
in 1980; the hazardousness of the fire incidents likely to be
associated with the type of vehicle in 1980; and the subjec-
tive ratings of "hazardousness" given each type of vehicle
'by mining officials {assumed to-be unchanged in 1980).
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Vehicle Type
Load-Haul-Dumps
Front-End Loaders
Haulage Trucks

Locomotives

To identify the type of vehicle that is most hazardous in
an overall sense, each type of vehicle was first ranked
according to its "hazardousness" on each of the above
three measures, and the average rankings received by
each type of vehicle were computed.

Table 2 shows the results of these computations, and
gives the final average "hazardousness" rankings of the
four types of underground vehicles found most generally
to be associated with fires. The type of mobile under-
ground mining equipment identified as most hazardous
was the load-haul-dump, with an average ranking on the
three measures of 1.6. The highest possible ranking, it
should be noted, would have been 1,0 and the lowest
4,0. Front-end loaders came second, with an overall
ranking of 2.3, then haulage trucks with 2.6, and finally
locomotives with 3.5.

TABLE 2

CALCULATION OF OVERALL HAZARDOUSNESS RATINGS
FOR FOUR TYPES QF FIRE-INVOLVED VEHICLES

1980 Fire Cost 1980 Incident 1980 vehicle
Projection Hazardousness Hazardousness Average Factor Final
(s) Rank Rating Rank Rating Rank Ranking Ranking
882,063 1 2,030.7 1 7.9 3 1.6 1
148,428 3 821.6 3 6.1 1 2.3 2
121,806 4 1,390.2 2 6.2 2 2,6 3
148,910 2 257.1 4 9.4 4 3.5 4

Tables and figures comprising the remainder of this sec-
tion are intended to show the sources of, and elaborate
upon, the results summarized in Table 2.

First, computations of the projected total fire costs for

each type of vehicle in 1980 are given in Table 3. For

each of the four types of vehicles of interest, estimated
total fire costs per year (over the past five years) were

computed, The results of these computations are given
in Column 1 of Table 3. The actual computations of
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Vehicle Type

Load -Haul-Dumps
Front-End Loaders
Haulage Trucks

Lecomotives/Cars

estimated total fire costs per year for each type of
vehicle are given in Tableg 4 through 7, respectively,
which will be discussed later. '

TABLE 3

FIRE COSTS PROJECTIONS FOR 1980 IN SAMPLED MINES

(3}

Estimated (&) (5)
(1) (2) Total Fire Costs Vehicle 1980 Total
) Estimated Total Pieces Per Vehicle Population Fire Costs
Total Fire Costs This Type Equipment Per Year Growth Factor  Projection
Per Year in Sampled Mines (D) = (2) for 1980 (1) x (&)
$294,021 239 31,230 3.0 $882,0863
42,408 88 481 3.5 148,428
40,602 142 285 3.0 121,806
© 297,821 369 807 0.5 148,910

Next, (Column 2 of Table 3) the total pieces of each type
equipment is given.
pieces of these types of equipment found actually to be in

This total reflects the number of

operation in the mines visited during the survey, and included
239 load-haul-dumps, 88 front-end loaders, and so on.

Column 3 of this table, an estimate of the total fire costs
per vehicle per vear, was obtained by dividing total fire
costs per yvear by total pieces of that type equipment in

operation.

Column 4, the vehicle population growth factor for 1980,

is @ subjective estimate of the increase or decrease in size
of the current number of vehicles of this type over the next
five vears (1975-80), and was obtained from representatives

of the equipment manufacturing firm

study.

s contacted during the

" Finally, the last column of Table 3--the 1980 total fire costs
projections per type of vehicle--was obtained by multiplving
the estimated total fire costs per year (Column 1) by the
vehicle population growth factor for 1980 (Column 4). It is
assumed in this computation that total fire costs associated
with a particular type of vehicle will grow linearly with an

increase in the number of vehicles of that type,
are the ones given in Table 2,

-17-
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Continuing further with an explanation of the methodology
by which 1980 fire cost projections were obtained, Tables
4 through 7 show how the costs of actual fire incidents
were computed, for each of the four types of vehicles of
greatest interest. On Table 4, for example, it is seen
that costs were estimated for each of 16 different reported
fire incidents associated with load-haul-dumps. The six
numbered columns comprising these four tables are,
respectively:

Column 1 - Estimated Human Costs: It is assumed to be
$50,000 per fatality, and $1,000 per injury or the actual
injury costs, whichever was higher.

Column 2 - Estimated Vehicle Repair/Replacement Costs:
Representing the combined total of vehicle repair and
vehicle replacement costs associated with the particular
incident, repair costs were based upon an estimated $8

per man-hour of repair time; replacement costs were based
upon the current price of the type of vehicle (e.g., $160,000
per load-haul-dump).

Column 3 - Estimated Lost Production Costs: Representing
the combined total of production losses due to vehicle down-
time, and production losses due to mine shutdown or slow-
down resulting from the fire incident,

Losses due to vehicle downtime were assumed to be the
product of the estimated value of one hour of that type
vehicle's preduction, and the estimated total number of
hours the vehicle was down bevond the amount of time

the mine itself was down (if the mine was shut down as a
result of the incident). This latter adjustment was intended
to help avoid attributing double costs to the same amount of
vehicle downtime,

In turn, the estimated value of a vehicle's production hour
was based upon the hourly production value for the mine,
divided by the estimated total pleces of this type equipment
(or its functional equivalent) in operation in the mine involved.
Tor example, load-haul-dumps and front-end loaders were
assumed to be functionally equivalent, so that when one was
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TABLE 4

COSTS ASSOCTATED WITH LOAD-HAUL-DUMP FIRES

(5) 6)
. (2) . (3) (&) Estimated Number Total Estimated
(1) Estimated Estimated Estimated of Similar Fire Costs Per
Fire Estimated Vehicle Repair/ Lost Total Incident Incidents Year for This
Incident Human Replacement Production Costs Per Year Qver Type Incidents
No. Costs Costs Costs (1) + (2) + (3) 5-Year Period (&) x (5)
1 - $ 8 $ 1,087 $ 1,095 0.20 $ 219
2 - 8 1,052 1,060 .67 710
3 - 8 774 782 3.00 2,346
4 - 17 53,328 33,345 0.20 10,669
5 - 34 1,053 1,087 6.00 ‘ 6,522
& - 8 353 361 4.00 1,484
7 - 34 1,331 1,365 0.20 273
8 - 17 1,067 1,084 0.20 217
9 - 8 . 555 563 2.00 1,126
10 - 8 555 563 0.20 112
11 - 8 3,011 3,019 0.20 604
12 - 34 11,108 11,142 0,20 2,228
13 $100,000 160,000 999,936 1,259,936 0.20 251,987
14 - 34 111,104 111,138 0.20 2,228
15 - 18 33,332 33,350 0.20 6,670
16 - - 33,332 33,332 0.20 6,666
"Total $100,000 $160,244 $1,252,978 81,513,222 17.87 $294,021
TABLE 5
COSTS ASSOCTATED WITH FRONT END LOADER FIRES
(5) (6)
(2) (3) (&) Estimated Number Tatal Estimated
(1) Estimated Estimated Estimated of Similar Fire Costs Per
Fire Estimated Vehicle Repair/ Lost Total Incident Incidents Year for This
Incident Human Replacement Production Casts Per Year Qver Type Incidents
‘No. Costs Costs Costs (1) + (2) + (3 3-Year Period (&) = (33
1 - $ 8 $ 8,436 $ 8,444 0.2 $ 1,688
2 - 34 31,764 31,798 0.2 6,359
3 - - 660 660 0.2 132
4 $1,000 3G 151,664 151,698 0.2 30,359
5 - 51 3,597 3,648 0.2 729
6 - .17 1,030 1,047 3.0 3,141
Total 31,000 $144 §197,151 3197,2%5 &0 $42,408
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TABLE 6

COSTS ASSOCIATED WITH HAULAGE TRUCK FIRES

(3 (&)
(2) {3) (4) Estimated Number Total Estimated
(e8] Estimated Estimated Estimated of Similar Fire Costs Per
Fire Estimated Vehicle Repair/ Lost Total Incident Incidents Year for This
Incident Human Replacement Production Costs Per Year Over Type Incildents
No, Costs Costs Costs (1) + (2) + (3) 5-Year Period  _ (4) x (5)
1 - $ 8 $ 4,218 $ 4,226 0.6 $ 2,535
2 - 8 1,204 1,212 0.2 242
3 - 8 1,204 1,212 2.5 3,030
4 - 68 3,606 3,674 0.2 734
5 - 17 1,230 1,247 2.0 2,494
6 - 34 2,410 2,444 0.2 488
7 - 8 5,707 5,715 0.2 1,143
8 - 50,000 99,984 149,984 0.2 29,936
Total - 450,151 $119,563 $169,714 6.1 $40,602
TABLE 7
COSTS ASSOCIATED WITH LOCOMOTIVES/CARS FIRES
(5) (6)
) 3) {4 Estimated Number Total Estimated
[¢9)] Estimated Estimated Estimated of Similar Fire Costs Per
Fire Estimated Vehicle Repair/ Lost Total Incident Incidents Year for This
Incident Human Replacement Production Costs Per Year Over Type Incidents
No. Costs Costs Costs (1) + (2) + {3) 5-Year Period (4) x (5)
1 - $ 17 $ 787 $ 804 2.0 $ 1,608
2 - 34 2,750 2,784 2.0 5,574
3 - 17 - 17 2.0 34
4 - 68 2,750 2,818 2.0 5,636
5 - 17 839,988 840,005 0.2 168,001
6 - 8 - 8 63.0 504
7 - 68 13,750 13,818 0.2 2,763
8 - 34 2,150 2,184 0.2 437
9 - 17 295 312 0.2 62
10 - 17 3,087 3,104 35.0 108,640
11 - 34 13,986 14,020 0.2 2,804
12 - 34 8,675 8,709 0.2 1,742
13 - 8 - 8 2.0 16
' Total - $373 $888,218 $888,591 109.2 $297,821
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down, anocther could temporarily take its place. The
hourly production value for the mine, finally, was simply
the daily production value of the mine (estimated by the’
project consultant where otherwise unavailable), divided

- by the product of the number of shifts and the estimated
duration of the fire incident in hours, i.e., divided by
the proportion of a single shift, or the number of shifts,
assumed lost due to the fire. '

Mine shutdown costs, the second major component of

this third measure, was estimated by multiplying the same
hourly production value for the mine used above, by the
reported number of hours the mine was shut down as a
result of the fire incident in question.

It should be noted that a special adjustment was made in
the case of locomotive fires. Locomotive-associated fires
were assumed to have a considerably less direct impact
upon mine production than did fires attributed to the other
three types of vehicles, because locomotives generally
operate in "batch mode." A locomotive can be out of
service for some time, while production goes on at the
mine faces; it can presumably be repaired during its frequent
"slack" periods, awaiting the next full load to be taken out
of the mine. Tor this reason, three hours were gsubtracted
from the estimated number of hours locomotives were
assumed to be in repairs, before multiplying by the cost
per production hour lost.

Column 4 - Estimated Total Incident Costs: These were
gimply the sum of the three above costs per incident.

Column 5 - Estimated Number of Similar Incidents Per Year
Over a Five-Year Period: This was obteined subjectively
from mine officials describing the incident in question.

Column 6 ~ Estimated Total Fire Costs Per Year for this

Type Incident: Finally, they were computed as the product
of the total incident costs (Column 4 on the tables) and the
estimated number of similar incidents per year {Column 5).

I should be observed that, in many cases, costly incidents
were estimated to happen infrequently, and vice versa. This
was especially true in the case of locomotive fires {Table 7).
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TFigures 4, 5, and 6 illustrate some of the findings generated
above. Tigure 4 shows that there will probably be more load-
haul-dumps (717) in the sampled mines than there will be of
any of the remaining three types of equipment of interest (with
locomotives, 184, representing the fewest in number). Figure
5, again, shows load-haul-dumps to have the greatest fire
costs per vehicle per year in the sampled mines, followed by
locomotives, with the second greatest estimated fire costs,
But Figure 6, reflecting the projected situation in 1980, puts
load-haul-dumps considerably out in front of locomotives,
due to the fact that locomotives are being phased out @ growth
factor of 0.5), and that load-haul-dumps will triple in number
(@ growth factor of 3.0).

®
=

.

Locomotives Load~Haul- Haulage Front End
/Cars Dumps Trucks Loaders

Figure 4 - Estimated Total Vehicles in Sampled Mines in 1980
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. Returning to Table 2, it will be recalled that the second

of the three major "hazardousness" measures employed
was the estimated total hazardousness of the fire incidents
likely to be associated with each of the four types of
vehicles in 1980. Table 2 shows that front-end loaders,
instead of load-haul-dumps, ranked first in this projected
incident hazardousness (whereas load-haul-dumps had
ranked first in the earlier measure, projected costs).

As indicated on Table 8, the relative hazardousness of all
projected 1980 fire incidents for each of the four types of
vehicles was computed by multiplying the total weighted
overall fire hazard rating (Column 1) by the estimated total
pieces of the type of equipment in 1980 (Column 8).
Remaining columns in Table 8 provide other statistics of
interest, but only the figures entered under Column 9 were
used in making final determinations of the relative hazard-

ousness of the four types of vehicles in question.

INCIDENTS HAZARDOUSNESS PRCOJECTIONS FOR 1980

TABLE 8

(L (&)
Total Average
Weighted (2) (5) Calculated 8 (9
Qverall Estimated 3) %) Avetage Hazard Estimated 1980
Fire Total Average Total No. of Rating for (7 Total Weighred
Hazard Incidents No. af Pieces Incidents Incident Vehicle Pleces Total
Rating in 3ampled Incidents of This per Year Per Vehicle Population This Type Hazardousness
. (all Mines Over Pex Year Type per Per Year Growth Equipment Rating
vehicle imcidents, S5-year (a1l mines) Equipment Vehicle (1) + (5 Factor in 1980 L = (B
——Iype. all mines) Period )y + 5 (all miges) (3) -+ (4) & 100 For 1980 (&) x () = 100
Load- 283.22 89 17.9 239 .075 37.8 3.0 717 2,030.7
haul-
dumps
Front 266.75 20 4.0 38 . 045 59.3 3.5 308 821.6
end
loaders
Haulage 326.35 30.5 6.1 142 .045 75.9 3.0 426 1,390.2
trucks
Loco- 139,73 546 109.2 369 .296 4.7 0.5 184 257.1
motives/

Cars
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* Among the statistics of possible interest are thaose graphed
in Figure 7, the average calculated hazard ratings per
incident per vehicle per vear in sampled mines. This figure
shows that haulage trucks, rather than load-haul-dumps or
front-end locaders, tend to have the most hazardous fires
per se. That is, the individual fire incidents associated
with haulage trucks are rated, using the methods that will
be described below, as more dangercus on an individual
bagis thanwere the fires associated with the other types

of vehicles. As we shall see, however, when weighted for
the numbers of incidents occurring, and the number likely
to occur as a result of vehicle population growth in the
future, haulage trucks must take second place to load-haul-
dumps (Figure 8).

.
SOOF \ 2%<
m
-
200~ 188.8 \ \
-
-m
100p- § § §

/Cars Dumps Trucks Loaders

Figure 7 - Average Calculated Hazard Ratings per Incident per
Vehicle per Year in Sampled Mines
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Figure 8 - 1980 Weighted Total Hazardousness Rating

Tables 9 through 12, as above, show how the actual
hazardousness ratings were computed for each incident
associated with each of the four types of vehicles,
repectively. The eight numbered columns comprising
each of these four computational tables are, respectively:

Column 1 - Severity Rating for Operator, which had a
value of 1 if the fire was determined to have been slight
{.e., little or no danger of the operator being burned,
and no problem exiting the vehicle or immediate area);

a value of 2 if the fire was rated as moderate (i.e.,
operator had some chance of being burned, but had no
problem exiting vehicle or immediate area); and a value
of 3 if judged to be severe (i.e., operator was very likely
to be burned or was burned, and problems existed in his
exiting the vehicle or immediate area).
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TABLE 9

CALCULATION OF INCIDENT HAZARDOUSNESS RATINGS FOR LOAD-HAUL-DUMP FIRES

(&)

53 (&) Weighted

Overall Estimated Qverell

(2) (3) (&) Severity Total ) Fire

(L Severity [Estimated Weighted for Incidents Percentage Hazard

Severity Rating Proporticn  Severity QOperator of This of Total Rating
Fire Rating for of Miners for Qther and Qther Type In Incidents For This
Incident for Other Exposed Miners Miners Mine Qver Represented Incident

Number Operator _Miners to Danger (2) x () (1) + (&) 5-Years {Total = 100) {(3) x ()

1 2 3 0.65 1.95 3.95 4 1.0 3.95
2 3 3 0.55 1.65 4,65 3 3.0 13.95
3 1 1 0.55 0.55 1.55 15 15.0 23.25
4 1 1 0.25 0.25 1.25 L 1.0 1.25
5 2 3 0.65 1.95 3.95 30 30.0 118.50
[ 1 3 0.45 1.35 2.35 20 20,0 47.00
7 1 3 0.65 : 1.95 2.95 20 20.0 47,00
8 L t 0.42 0.42 1.42 1 1.0 1.42
9 1 1 0.42 0.42 1.42 2 2.0 2.8%
10 1 3 0.42 1.26 2.26 1 L.Q 2.26
11 1 1 0.45 0.45 1.45 1 1.0 L.45
12 1 3 0.05 0.15 1.15 L 1.0 L.15
i3 3 3 0.45 2,25 5.25 1 1.0 5.25
14 3 5 Q.45 2,25 5.25 1 1.0 5.25
15 2 3 0.65 1.95 3.95 L 1.0 3.5
ig 2 5 0.55 2.75 4,75 1 1.0 L.75
Total  283.22
TABLE 10
CALCULATTION OF TNCTIDENT HAZARDOUSNESS RATINGS FOR FRONT END LOADER FIRES
(8
(5) (6) Weighted
Overall Estimated -Overall
(3) (3) (&) Severity Total (7) Fire
(L Severity Estimated Weighted for Incidents Percentage Hazard
Severity Rating Proportion  Severity Qperator of This of Taotel Razting
Fire Rating for of Minatrs for Other and Other Type in Incidents For This
Incident for Other Exposed Miners Miners Mine Over ' Represented Incident

Nugber Operator Miners to Danger 2y x (3O (1Y + (&) 5~Years (Totzl = 100) 5y x {NH

1 2 3 0.65 1.95 3.95 1 5 19.75
2 2 3 0.65 1.95 3.95 1 5 19.75
3 1 1 0.65 0.65 1.65 1 5 8.25
4 3 5 0,65 3.25 6.25 L 5 31.25
5 2 3 0.55 1.63 3.65 1 5 18.25
6 1 3 0.42 1.26 2.26 15 75 169.50

Total 266.75
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TABLE 11

CALCULATION OF INCIDENT HAZARDOUSNESS RATINGS FOR HAULAGE TRUCK FIRES

\o)
(5) (6) Weighted
Overall Estima ted ) Overall
(2) (3) (4) Severity Total (€2 Fire
(L) Severity [Estimated Weighted for Incidents Percentage Hazard
Severity Rating Proportion  Severity Operator of This of Total Rating
Fire Rating for of Miners for Other and Other Type in Incidents for This
Incident for Other Exposed Miners Miners Mine Over Represented Incident

Number Operator Miners to Dangex {2) x (3} (1) + (&) 5=Yeats (Total = 30) 8)y x (N

1 1 1 0.45 1.45 2.45 3. 10.0 24.50
2 1 3 0.80 2.40 3.40 1 3.3 11,22
3 1 1 0.80 0.80 1.80 12 40.0 72.00
4 1 5 0.65 3.25 4.25 1 3.3 14,03
5 1 3 0.85 1.95 4.95 10 33.3 164.83
6 1 3 0.65 1.95 2.95 1 3.3 9.73
7 2 3 0.45 1.35 3.35 1 3.3 11.06
8 3 5 0,55 2.75 5.75 1 3.3 18.98
Total  326.33
CALCULATION OF INCIDENT HAZARDOUSNESS RATINGS FOR LOCOMOTIVES/CARS FIRES
(8)
(5) (6} Weighted
Qverall Estimated Overall
(2} (3) (&) Severity Total (7 Fire

(1) Severity  Estimated Weighted for Incidents Percentage Hazard

Severity Rating Proportion  Severity Operator of This of Total Rating

Fire Rating for of Miners for Other and Other Type in Incidents for This
Incident for Other Exposed Miners Miners Mine Qver Represented Incident

Number Operator Miners to Danger (2 x (3) (1Y + (&) 5-Years (Total = 521} (5) % (7)

1 1 3 0.45 1.35 2.35 10 0.019 0.045
2 2 3 0.55 1.65 3.65 2 0.004 0.015
3 1 1 0.65 0.65 1.65 10 0.019 0.031
4 1 3 0.65 1.95 2.95 2 0.004 0.012
5 3 5 0.65 3.25 6.25 1 0.002 0.012
6 1 1 0.42 0.42 1.42 315 60,458 85.850
7 it 3 0.15 0.45 1.45 1 0.002 0.003
8 1 3 0.20 0.60 1.60 1 0.002 0.003
g 1 3 .20 0.60 1.60 1 0.002 0.003
10 1 3 0.20 0.60 1.60 175 33.588 53.741
11 1 3 0.45 1.35 2.35 1 0.002 0.005
12 1 3 0.80 2.40 3.40 1 0.002 0.007
13 1 1 0.42 0.42 1.42 1 0.002 0.003

Total  13%.730
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Column 2 - Severity Rating for Other Miners,. which was
similarly given a value of 1 if the fire was rated slight
(i.e., had little chance of spreading, and would probably
self-extinguish when heat source was removed); a value
of 3 if the fire was moderate (i.e., had some chance of
spreading, and the buring substance was likely to have
continued to burn after the heat source was removed); and
5 if the fire was rated as severe with respect to other
miners, (i.e., was very likely to spread to a secondary
part of the vehicle or to the mine itself). By weighting
fire incidents in this manner, greater emphasis wasg put
upon danger to other miners than to the single operator
involved.

Column 3 - Estimated Proportion of Miners Exposed to
Danger, which was based upon percentages of men likely

to be exposed to danger when the fire took place in a
particular part of the mine, and when a particular mining
technique was in use. Table 13 summarizes the percent-
ages used in estimating the proportion of men likely to be
exposed to potential danger during particular types of
incidents. In each case, the particular incident involved
was rated according to the type of mining technique and part
of the mine actually involved.,

TABLE 13
PERCENT OF MEN EXPOSED TO FIRE HAZARD

Working Area

Mining Technique Face Eaulage Maintenance Average
Caving 5% 459, 10% 20%
Room and Pillar 55% 65% - 15% 457;
Cut and Fill 25% 807% 20% _ &27
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‘Column 4, Weighted Severity for Other Miners, in which
the severity rating for other miners (Column 2) was multi-
plied by the proportion of miners estimated to have been
exposed to danger (Column 3).

Column 5 - Overall Severity for Operator and Other Miners,
which was computed by adding the severity rating for the
operator (Column 1) to the weighted severity for other
miners (Column 4).

Column 6 - Estimated Total Incidents of this Type in Mine
Over Five Years, which was simply the estimated number of
‘incidents of this type per year (from Tables 4 through 7)
times five years.

Column 7 - Percentage of Total Incidents Represented, a
weighting factor obtained by dividing the number of total
incidents over a five~year period (Column 6) by the total
number of incidents reported in Column 6, which for load-
haul-dumps (Table 9) was 100 incidents; and finally,

Column 8 - Weighted Overall Fire Hazard Rating for this
Incident, which weighted (multiplied) the overall severity
for operator and other miners (Column 5) by the percentage
of total incidents represented {Column 7). The total of
this last column yielded the total weighted overall fire
hazard rating for the type of vehicle, used in Table 8,
‘Column 1.

Examining the above fire severity ratings somewhat further,

it is instructive to note in Figures 9 and 10 that a majority

of the 55 individual fire incidents investigated in this study
presented only slight danger to the vehicle operator himself,
but a moderate danger to the other miners working when the
incident occurred. In terms of proportions of the mine workers
exposed to dangers at any degree of severity whatever,

Figure 10 indicates that most ifre incidents (50%) exposed
only from 41% to 60% of the miners to danger, however slight.
The severe fire is, on this analysis, a very infrequent event
insofar as mobile underground equipment is concerned.
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POTENTIAL SEVERITY FOR DRIVER: POTENTIAL SEVERITY FOR OTHER MINERS:

[ Modercte
{20%)

Moderate
(55%)

Figure 9 - Comparative Potentizl Severities of 35 Investigated
Fire Imcidents

: »

PROPORTION OF MINE WORKERS EXPOSED TO DANGER

Figure 10 - Proportions of Mine Workers Exposed to Potential Dznger During
55 Investigated Fires (All Equipment Types)
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Turning now to the final major hazardousness measure
used in Table 2, Table 14 summarizes the subjective
hazardousness ratings mine officials gave to each of
the four types of equipment most frequently associated
with actual fires, in addition to those they gave other

types of underground equipment,

It is relevant to note

that, without knowing the results of the present analyses
of the hazardousness of the different types of vehicles,
mining officials rated the front-end loader and the haulage
truck--two of the four types identified above--as being
first and second, respectively, in "hazardousness."

The load-haul-dump was then rated fourth overall, and
locomotive/cars were rated seventh overall, compared

with other types of equipment.

To preserve continuity

in the anlysis, only the relative ranking positions of the
four types of vehicles currently of interest were used in

Table 2.

Tollowing this approach, the relative ranks

received by these four types of equipment were front-end
loader (1), haulage truck (2), load-haul-dump (3), and
locomotive/cars (4).

Table 14

Mine Managers' Ratings of Fire Hazardousness

for 10 Different Types of Mobile Underground Equipment
(N = 13 Managers)

Equipment Type

Front-End Loader
Haulage Truck
Bulldozer
Load-Haul-Dump

Service/Mtnce. Veh.

Personnel Vehicle
Locomotive/Cars
Grader

Powder Loader
Drill

Rating by Operators

Average "Hazardousness"

Overall Rank

Relative Rank of
Four Equipment

(L =Most Hazardous) Types of Interest

6.12
6.20
7.44
7.92
8.24
8.92
9.45
9.60
9.92
9.96

~-32-

=

O OO\ O W=

1
2



In Figure 11, these results are graphed so as to illustrate

the average ratings actually given the four types of vehicles -
of interest. Here the rating scale is reversed, to facilitate
comparison with earlier graphs; actual average ratings were
subtracted from a constant of 10, so that lower figures indi-
cate lower hazardousness ratings.

- 10.0r

Figure 11 - Average Subjective Ratings of Vehicle Hazardousness by
Mine Managers (10 = Most Hazardous)
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.2

Fire Incident Characteristics Analysis

As was indicated earlier in Section 4.0, (2), Analysis
of Data, load-haul-dump and front-end loader fires
tended to involve different parts of the vehicles, with
a certain degree of overlap in the particular parts of
the vehicles involved. A fuller analysis of the parts
of the vehicles, heat sources, and substances burning
in LHD and FEL fires are provided in Tables 15 and 16,
respectively.

The last column in both tables, the "ecalculated hazard
rating" for the part of the vehicle involved, was com-
puted as follows: for each incident, the overall fire

hazard rating for the incident was taken from Table 9

{(for LHD's) and from Table 10 (for FEL's), in Column 8

of each table. The particular part of the vehicle involved~-
e.g., hydraulic hose on left side of engine at output from
hydraulic pump--was noted for that particular incident.
These hazard ratings were then summed over all incidents
in which part of the vehicle was involved,

Following this procedure, it is seen from Table 15, for
example, that the most hazardous particular part of the
load-haul-dump (LHD) was determined to be hydraulic
hoses located at articulation points on the vehicle
(calculated hazard rating over all incidents = 119),

In Table 16, the most hazardous part of the front-end loader
(FEL) is seen to have been the compressor hose in the engine
compartment, with a hazard rating of 170.

Although the actual figures are not provided in this report, it
should be noted that elimination of fire incidents rated minor
in severity has no substantial effect upon these findings,
Under this restriction, for example, the most hazardous
parts of the LHD include those mentioned in Table 15 except
for wiring and battery cable parts, whose hazard ratings

go from very low (e.g., 1 or 3) to zero.
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Vehicle Part Tnvolved

TABLE 15

ANATLYSTS OF CHARACTERISTICS OF LOAD~HATT~-DIMP FIRES

" Hydraulic Hese

On left side of engine at output

‘from hydraulic pump
At articulation point
On boem
On boom

Engine Compartment

Heat Source

Friction resulting from high

velocity in plugged hose

Various

Sparks from ground fall
Sparks from crash

Sump Engine

Arez above differential Friction
Wiring
" Panel Short

In articulation point Short
Battery Cable

Near battery under seat Short
. Inside battery case Short

TABLE 16

Vehicle Part Involwed

Compressor Hose
In engine compartment

Driver Compartment
Fogine Compartment
Hydraulic Hose

Battery Cable
Below Seat

Substzuneces Burning

Hydraulic fluid

Hydraulic Fluid
Eydrauvlic fluid
Eydrawlic fluid

Rags in sump
Grezse and oil

Insulation
Insulation

Tnsulation
Insulation

ANALYSIS OF CHARACTERISTICS OF FRONT FND LOADER FIRES

Heat Source

Friction resulting from
high velocity in plugged
hose.

Battery cable short
Exhaust manifold

Exhaust manifold

Battery cable short

~35-

Substances Burning

Carbeon
Hydravlic fluid

Hydraulic f£luid

Hydraulic fluid

Calculated

Hzzard Batine

118
&7

&7

Calculated
Hazzrd Rating

170

Hydraulic fluid and fuel

20

20

20

is



PERCENT

Vehicle Operating Environments Analysis

In this section, fuller details are provided regarding the
environmental characteristics of the mines visited during
the study. To the extent the mines visited are considered
representative of operating environments for the types of
vehicles under consideration, these characteristics reflect
the environmental conditions under which any automatic
fire control system (AFCS) designed, will need to be able
to function.

Tigures 12 through 15 show, in statistical ogive (i.e.,

‘cumulative frequency) form, the relative frequencies with

which particular temperatures, humidities, lowest tunnel
clearances and average tunnel clearances, respectively,
that an AFCS will encounter, In addition to giving the abso-
lute and cumulative frequencies of each condition, these
figures also give the mean (average), median (midpoint
figure), and mode (most frequent figure) for each range of
values.

100

90}
80
70+
601
501
4o
30t

20f

10 }
Zl/f I * e e PR L e8

AO

Mode and Median = 65° \ /— Mean = 66,5°

50 55 60 65 70 75 80
ESTIMATED TEMPERATURE (%F)

Figure 12 - Estimated Mine Temperature in Degrees: Cumulative Percent of Mines (N = 18)
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Im:r
Mean = 78.4%
90 \
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&0
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o
é 50~
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e 1 i l ) € 2 loo ]
20 30 49 50 60 70 80 S0 100
‘ ESTIMATED HUMIDITY (%)
Figure 13 - Mine Humidity in Percent: Cumulative Percent of Mines (N = L8)
100
Median = 8.0 Mean =8,6
or NV
8o '
7O
e f/-
0
40
30~
20~
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O —1 L & | H H H | . 1 ) [ Y L )
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LOWEST HEIGHT (Feet)

Figure 14 - Lowest Tunnel Clearance Height in Feet: Cumulative Percent of Mines (N = 18)
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100
0
80

7%

60

40
301

20

Median = 9.7\ ‘/‘Mecn =11.6

4.4

[ ]
e e8 3o !
] 7 8 @ 10 11 12 13
AVERAGE HEIGHT (Feet)

Figure 15 - Average Tunnel Clearance Height in Feet: . Cumulative Percent of Mines (N = 18)

Vehicle Condition and Maintenance Procedures Analysis

Tables 17 through 19 summarize, respectively, the vibra-
tion and shock levels observed to be encountered by LHD's
and FEL's; the types of corrosive chemicals and chemical
byproducts observed collecting on these types of vehicles;
and the kinds of cleaning compounds and substances '
found to be used on these vehicles. In each of these
three tables, the numbers indicate the number of mines

in which the particular type of condition or circumstance
was encountered or observed., Often, the same mine
might vield several observations or instances of different
types.
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COMPARATIVE ANALYSTS OF VEHICLE OPERATING COXDITTONS

OBSERVED FOR LOAD-HAUL-DUMPS AND FRONT END LOADERS

Vehicle Operating
Condition Ohserved

Category Type
Moving Vibration Paved Road
Tevelsg Gravel Road
Potholes
Stationary Little or
Vibration None
Levels Medium
Severe
Shocks vehicle Springs
Encountered Bottoming
Lurching
Loud Impact
Sounds

Eoad-Haul-Dump Front End Loader

Note: Multiple conditions possible.

-

[= 20 )]

TABLE 18

CORROSIVE CHEMICALS AND BYPRODUCTS OBSERVED

COLLECTING ON VEHICLES

{instances)
Corrasive Chemica[s

and Byproducts Observed

lCollecting on Vehicle Load-Haul-Dump E;ont End Loader
Sulfides L 1
Sulfates 1 0
Sulfuric Acid ‘ 3 0

Diesel Exhaust 1 1
Ammomium Mitrate 1 0

Battery Acid 1 0

Note: ' Multiple observatioms ﬁussible within instances,

TABLE 19

CLEANING COMPQUNDS AND SUBSTANCES USED

DURING VEHTCLE MAINTENANCE (INSTANCES OF

REFQRTED USAGE)

Cleaning Compounds
and Substances Used

Front End Loader

on Vehicle Load-Hanl-Dump
Pressurized Water &
High-Pressure Steam [}
Caustic Detergent 1
Esso Away (Petroleum) 1
Westlube (Alkaline) 2
FO 2-21 Solvent b
Magnasol Cleaner 1
Note: mlrviple Applicarions Possible,
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4.5

System Marketing Factors Analysis

This section provides details concerning performance,
cost, and maintenance factors likely to affect purchases
of any AFCS developed for mobile underground mining
equipment.

Section 4.0 (5) summarizes the relative importance given
various AFCS characteristics in decisions to purchase or
not to purchase such fire control systems for underground
vehicles. In Tables 20 and 21, the actual average ratings
underlying these rankings are summarized, together with
the standard deviations (8.D.) for these average ratings.
Lower S.D.'s indicate less disagreement (i.e., more
unanimity) regarding the importance ratings for an indi-
vidual characteristic of AFCS'.

Here it is seen that, while control system reliability
ranked first in importance on the average (Table 20), there
was less general agreement concerning the importance

of this characteristic (§.D. = 2.28) than there was con-
ceming the importance of ease of maintenance, which
ranked second (5.D. =1.28). Regarding the different
decision factors, however (Table 21), the factor ranking
first (replacement/reorder time for vehicle) also showed
high agreement (8.D. = 0.65), compared with the ratings
given most other decision factors.

Tinally, Figures 16 through 23 provide illustrations of the
absolute and cumulative frequencies with which mine
officials cited particular purchase prices, maintenance
expenses, vehicle life expectancies and system life
expectancies as being desirable for any AFCS developed
as a result of this study. In each case, two ogives are
provided, the first showing the percentage of respondents,
e.g., willing to pay a particular percentage or more of
the vehicle purchase price for an AFCS (Figure 16), and
the second showing the percentages of total vehicles
"covered" or represented by these ratings obtained (e.gq.,
Figure 17). As before, the mean, median, and modal
responses are given for each distribution on the ogive.
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TABLE 20

RANKING OF VARIOUS AFCS CHARACTERISTICS

AFCS Charagteristic

Control System Reliability

. Ease of Maintenance for Control
System

Frequency of Maintenance for
Control System

Contzol System.Pﬁrchase Price

Maintenance Cost of Control
System

Operator Training Regquired to
Operatebcontrol System

Location of Control System on
Vehicle

. Ease of Installatibn of Control
System

- RANKINGS OF FACTORS AFFECTING DECISIONS TO INSTALL AFCS

AFCS Imstallation
Decisign Factor

Replacement/Reorder Time for
Vehicle

Replacement Cost of Vehicle
Duty Cycle of Vehicle

Other (lost production,
mzintenance cost)

Insurance Rate Reductions

Avérage
Rating Standard
. (1 = Eighest) Deviation Rank
2.62 2.28 1
3.35 1.28 2
3.69 2.20 3
L.58 2,70 &
4.73 2.36 5
5.73 1.87 6
5.85 2.21 7
6.73 . 1,73 8
TABLE 21
Average
Factor
Rating Standard
(1 = Highest) Deviation Rank
1.88 0.65 i
2.50 0.91 2
2.69 1,25 3
3.54 1,85 A
4.38 5

0.65
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5.0 SYSTEM DESIGN CONCEPT
5.1 ' The Vehicle to be Protected

Although the frequency of occurrence of actual fires,

as determined by the mine survey, on LHD equipment
was exiremely low, the great number of these machines
which are in the mines now, their working location
relative to escape routes, and the projected annual
growth of their use awards them the distinction of being
the most likely vehicle to cause a major disaster if a
fire were to occur. The following discussion will pre-~
‘sent further justification for this statement.

5.1.1 Typical Specifications for an LHD:

Steering Hvdraulic cvlinders articulate
the vehicle. Steering is lost
with engine shutdown,

Engine Air cooled Deutz diesel engines
are most common.

Transmission ‘ Two speed automatic torque con-
verter forward and reverse modes.

Drive Train ‘ Four-wheel drive, independent
differentials front and rear.

Exhaust Treatment Water cooled scrubbers, and/or
catalviic converters,

Brakes All four wheels and parking brake
on drive shaft. Brakes could be
either drum or disc and are actu-~
ated by either air or fluid pressure,
depending on manufacturer's pre-
ference.

Tires Synthetic rubber compounds.
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Operator Location
. Iarger Models (2 Cu. Yd. Bucket and Above)

Operator sits on side of vehicle (either right or
left depending on manufacturer's preference)
near articulation point and adjacent tec torque
converier area,

. Smaller Models (Less Than 2 Gu. Yd. Bucket)
Operator sits in center of vehicle, forward of
engine compartment, above torque converter area,
and facing forward (toward bucket).

Operator Visibility

. Iarger Models

View of surrounding area while moving -Good -
forward and reverse :

Top of engine compartment | Gocd
Top of torgue converier area | _ . Good
Articulation point : Good
Forward differential area and bucket Good

. Smaller Models

View of surrounding area while maoving  Good
forward
View of surrounding area while moving Poor (opérator's
reverse - seat faces forward)
Top of engine compartment ‘ Poor (it is behind
driver)
Top of torgque converier area Good (driver siis

above this area)
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5.1.

Articulation point Good
Forward differential area and bucket Good

Factors Contributing to LHD Fires:

It requires mentioning that the vehicle manufacturers
themselves have made a concerted effort to design their
vehicles in such a manner that the sources of fuel
(hydraulic lines, fuel lines, etc,) have been kept
separated as much as possible from those sources of
ignition (exhaust manifolds, etc.) which could cause

a serious fire. The low-profile, compact nature of

the machines has helped this effort considerably.
Nonetheless, the basic design has been aimed at
achieving a lower overall potential fire hazard.

Regardless of the manufacturers design efforts, and
regardless of the fact that extremely few serious LHD
fires have been discovered as a result of this study,
the LHD still remains a potential fire hazard. The
following paragraphs discuss the most obvious ex-
amples of conditions which may create a hazardous
situation.

. The environment in which the LHD works is
highly abusive to the machines. They are
most frequently operated in extremely tight
guarters, often times being slammed up
against the sides of drifts and into muck piles.
This not only causes damage to the machine
and its components, but also causes sparks
and over-stressed situations which could
initiate a fire if the appropriate conditions
were present,

In addition to this direct physical abuse,
operators frequently over-stress the machines

in other ways. Typical examples are: attempt-
ing to lift a load which exceeds the capacity of
the machine, riding the braking system, operating
the vehicle yvith the parking brake on, shifting
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transmission from forward tc reverse prior to
stopping, or any number of other actions which
- greatly increase the possibility of rupturing
hoses and over-heating particular components
of the machine. Obviously, a combination of

a spraying fuel (hydraulic or diesel} and a high
temperature source (hot manifolds, or housings)
could lead to a fire condition.

n many mines, the emphasis on production ig so
great that the LED (@ primary production vehicle}
does not receive the preventative maintenance
that it requires. Hvdraulic hoses are allowed to
wear to the point of rupture before they are re-
placed. Hydraulic and other fluids are allowed
to leak from, and cover all areas of the machine.
Rags, paper, muck, and other debris is aliowed

- to collect in every conceivable location of the
machine. And, rarely is anything but the engine
cleaned on any reqular basis. All of these
situations contribute to potential fire hazards.

The most frequent fires that have been discovered
on LHD's are electrical shorts in the dashboard of
the machines., Alithough this is not a serious fire
in any respect, the result of such a fire may be-
come hazardous at a later date. Because of the
high emphasis on production, when & fire of this
scale occurs the elecirical short is usually just
eliminated from thée circuit alitogether. Eventually,
the only circuiis that are left operative are the
lights and whatever else is absolutely necessary
to keep the machine operating. Gages, warning
lights, and other such devices may be disconnected
leaving the operator unaware of the emergency con-
ditions for which they were intended. Again, a
high temperature or over stressed condition may
result, posing a potential fire hazard.
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General Design Criteria for an Automatic Fire
Control System

. The most likely fire that will occur on an LHD is
one involving either combustible liquids, or electrical
shorts (B and C Class fires, respectively). How-
ever, because of the presence of hydraulic hose,
wiring insulation, and collected debris (all of which
are Class A fire materials) the agent chosen for this
application must be effective against all three
classes cof fires.

. The agent must be applied to those areas of the
machine which have both a potential source of
ignition, and a fuel to be ignited. However, be-
cause of the limited space available on the machine
for the installation of an AFCS, system protection
should be limited to those areas which cannot be
protected with a hand portable extinguisher alone.
This practice will also help eliminate the discharge
of the AFCS for minor fires, a situation which would
be a nuisance to the mine operators.

o The detection portion of the automatic system must
react to a major fire condition within a reasonable
time (between 10 and 15 seconds). However,
reaction time is not the critical issue. Durability,
reliability, maintainability, and infrequency of
false alarms are the most important factors to be
considered when choosing the type of sensor to be
used.

. The agent container should be able to withstand the
rugged environment with little maintenance. '

. The agent container should be easily serviced (re-
filled) in the mine, and without the aid of specialized

equipment.

. The design of the agent container should allow for the
periodic inspection of the extinguishing agent,
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The agent release mechanism must operate reliably
in a high shock and vibration environment.

The agent distribution system (piping and nozzles)
must be able to withstand a high shock and vibration
environment. '

A provision musi be made to allow either for sealing,
or for the periodic cleaning (or purging) of the agent
distribution system to insure the free passage of
agent.

In addition to automatic actuation, at least two
manual actuation points must be provided (one in
the operator's compartment and one in the opposite
side of the vehicle}.

Each mode of actuation must be able to actuate the
AFCS independently of the other two.

The conirol unit must have a warning light and an
audible alarm (100 db minimum sound level) to
insure operator notification of a fire condition.

The control unit must have a continuous test circuit
to be used to monitor the integrity of the detection
devices.

The conirol unit must have a maliunction warning
light which receives its input from the continuous de-
tection test circuit just described. The purpese of
this warning light is to notify the operator of any pro-
blems within the detection circuit.

The control unit must have an alarm test switch. The
presence of such a switch will enabie either operating
or maintenance persounnel t¢ simulate both fire and mal-
function conditions, thus energizing the display lights
and audible alarm to insure that they are operative.
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The control unit should have a test switch which
will allow for the pericdic operation of the automatic
actuation device. The switch should be located
where only authorized maintenance personnel can
operate it (to prevent malicious tampering).

Either automatic and/or manual actuation of the
AFCS should automatically shut down the engine
and apply the vehicle's braking system (wheel and
parking brakes). The intent of such an action is:

(1) To shut down all hydraulic, lubricating
and diesel oil pumps, thus eliminating a
possible source of whatever may be fuel-
ing the fire.

(2) To immediately bring the vehicle to a stop
and keep it there in the event that the
operator is either unable, or unwilling to
do so,

The AFCS will require maintenance as follows:

Frequency Maintenance Procedure
Daily * Visually check malfunction
(Done by Operator) warning light and pressure

gages (whichever is applicable)

Monthly * Visually check agent nozzles

(Done by Maintenance for clogging.

Department ‘ - Operate system test switch
to insure integrity of warning
devices.

- Check mounting hardware for
tightness.

Semi-Annually (6 months) « Visually check agent and
{(Done by Maintenance actuation distribution lines
Department) for damage or wear.
* Purge distribution system to
clear of any debris (if system
is unsealed)
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Semi-Annually (6 months) * Inspect agent (if possible}.
continued - Inspect agent container for
' damage. .
- Inspect pressure levels within
all pressure vessels (either by
weight or by gage). .
+ Inspect agent release mechanism(s).
- Vigually ingpect all actuation
mechanism(s). '
« Inspect sensors.
» Repeat all daily and monthly
maintenance procedures.

Yearly * Energize the Automatic Actuation
(Done by Maintenance Device (via control unit test swtich)
Depariment) to insure its operation. Take reguired

precautions to avoid agent discharge.

Every Two Years - Inspect agent tank, all mounting
(Done by Maintenance brackets, and all mounting hardware
Department) for rust and/or damage. Paint, re-

pair, and/or replace as reguired.

Exigting Fire Control Systems

. Svstems Encountered During Mine Visits

Only two of the twenty mines that were visited had
vehicles on which fire control systems were installed.
Since both of these systems were manually operated,
complete information concerning them is presented in
Appendix C, rather than in this portion of the report.
In the interest of confidentiality, the systems will
simply be referred to as System 1 and System 2.

. Commercially Available Systems

There are four major United States based manufzcturers
of Fire Control Systems for the mobile mining equipment
application. Their names and system capabilities are
listed in tabular form on Table 22.
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There are alsc many distributors, and several small
speciality houses which put together systems com-
prised of the various major manufacturers' components.
However, because of their great number, and because

of the varying degrees of complexity of systems which
they offer, thev will not be listed in this report. Further
information pertaining to these suppliers can be obtained
from the major manufacturers directly. 3

Evaluation of Specific AFCS Characteristics

Hazards Considered for Protection

The locations on the vehicle which are being considered as
hazards have been split into two categories, primary hazards -
and secondary hazards., Their definitions are as follows:

. Primary Hazards

Any location on a vehicle which possesses both
the fuel and sources of ignition required to initiate
a fire is considered a primary hazard. The source
of ignition could be either exiremely high surface
temperatures or severe electrical arcing. The fuels
could be either combustlble fluids or combustlble
solids.

. Secondary Hazard

" Any location on the vehicle which possesses a fuel ‘
to which a fire could spread is cousidered a secondary
hazard.

There are eight major locations on the vehicle which can be

considered either a primary or a secondary ‘hazard. They do,
however, pose varving degrees of severity from a fire stand-
point. For this reason, a flre hazard rating system has been

- developed. (See page 57),

+ Table 23 summarizes the resulfs of the detailed analysis

that was done on each of the eight hazard areas. Upon close
examination of this information, it becomes readily apparent
which areas of the vehicle require protection. To further ,
help one's understanding of why each location was evaluated
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SUPPLEMENT TO TABLE 23
HAZARD RATING SYSTEM

Primarx_r Hazard: We assume that a fire could start in a Primary Hazard Area
because of the juxtapositioning of fuels and either extremely high surface
temperature conditions or shorts due to elecirical wiring failures.

The likelihood that a fire (of significant scale to involve the entire vehicle)
would begin as a resulf of these conditions is rated as follows:

Rating
High S
Moderate 2
Low : 1
Non~Existent -2

The negative value was added to compensete for those areas which have a
high potential for fire, but which could never involve the entire vehicie,
i.e., the dashboard fires.

Secondary Hazard: The likelitood that a fire could spread to a Secondary
Hazard Area and then proceed to involve the entire vehicle is rated as foliows:

Rating
High 3
Moderate 2
Low 1
Non-Existent -1

The negative value was added to compensate for those areas to which a fire
could spread, but which could never involve the entire vehicle, i.2., the
dashboard fires,

Pﬁels- The fuels are rated according to their potential for being ignited in
the particular area under 1nvest1gat10n (whether it is a result of a primary
or a secondary hagzard),

Rating
High 3
Moderate 2
Tow : 1
Fire Conirol Svstem Requirement: Rating
A permanently instalied fire conirol system
is required to extinguish a fire in this area. 3

A hand portable extinguisher is sufficient to
extinguish a fire in this ares 1



as shown, the following text briefly discusses the basic
reasoning behind each decision.

. Engine Compartment, Transmission/Torque Converter
Area, and Articulation Point

All three of these areas are of major concern from

a fire protection standpoint. Although intuitive feel
may lead even the inexperienced observer to this
decision, the rating totals on Table 23 provide con-
vincing evidence to this effect.

Since these areas provide all of the "power" which

the vehicle draws on to perform its various functions,

it is only reasonable to assume that they will also
provide the greatest potential for fire. Both the fuels
and the high temperature sources of ignition which are
required to produce a major fire are present in these .
three areas. Also, a fire that starts in either the engine
compartment or the transmission area could quickly
spread to any of the other areas.

For this reason, and because of the inaccessibility of
these areas with a hand portable extinguisher ,» an AFGCS
is necessary to protect both the vehicle and the miners.

Automatic detection is a different story. On nearly all
LHD models, the operator has excellent visibility both
above and to one side of all of these areas. Also, a
fire is not likely to start in either the articulation
point or in the transmission area unless the machine

is operating, implying the driver's presence. Tor
these reasons, it is highly questionable whether or

not automatic detection in either of these two areas is
necessary. The final decision concerning this question
will be made as a part of the cost-effectiveness analysis
later on in this study.
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Forward Differential Area

This area of the vehicle has many characteristics which
classify it 85 a hazard. However, because of its for-
ward location, the chance of a fire either initiating in,
or spreading to this area is very remote. If a fire were
to occur though, it would most likely require the help
of an AFCS to bring about extinguishment.

The final decision as to whether or not this area shoUld
be protected can only be made on a cost-effectiveness
'basis. Iater in this study, such a decision will be made,

Dashboard and Battery Compariment

Neither the dashboard nor the battery compartment are
congidered a serious threat because:

1, Fires here are easily spotted by the operator.

2. A fire in either area would have little chance of
occurring if the operator is not present (that is,
if the machine is not running). '

3. Fires in these areas are easily extinguished with
a hand portable extinguisher,

4, A fire in either of these areas would have little
chance of progressing into a fire of major con-
sequence because there is very little fuel o
burn, and because the source of heat can easily
be removed by killing a switch.

Wheel Brakes

The wheel brakes are a potential fire hazard because of
their potential for overheating. However, the possibility
of hydraulic fluid or other fucls (other than axle lubricants)
reaching this area is so remocte that the threat of fire is
almost non-existent. Even if the axle lubricant were to
overheat and catch fire, there is no way an externally
mounted AFCS could extinguish it., Therefore, the wheel
brakes will not be protected.
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5.4.2

Rubber Tires

The only way a rubber tire could catch on fire would
be as a result of prolonged exposure to a heat source,
namely another fire. It is expected that the AFCS will
extinguish the initial fire long before it has a chance
to spread to and ignite the rubber tire. If it does not
extinguish the initial fire, then the problem has gone
far beyond the capability of any small system.

An additional consideration in favor of the decision

not to protect the tires is the fact that, on almost all
LHD's the tires are almost completely surrounded by
steel fenders. This built-in protection further reduces
the chance of burning fuels or flames reaching the tires.
Therefore, the tires will not be considered for protection.

The Fire Suppression System

Agents

Four types of agents are being considered for use with
this system, monoammonium phosphate dry chemical,
potassium bicarbonate dry chemical, and Halon 1211
and Halon 1301 gases. To determine which agent has
the greater potential for the LHD application, a list
of various fire extinguishing, human factors, and
maintenance criteria has been established, along with
an appropriate rating system. (See Table 24).

The rating system is very simple. For a favorable aspect
to each criteria, the rating value is +1. For a negative
aspect to each criteria, the rating value is -1. The
algebraic sum of these rating values is then used to
determine the optimal agent for this application. Because
of its ability to extinguish Class A, Class B, and Class
C materials, monocammonium phosphate dry chemical
ranks higher than the other three agents. Therefore,
moncammonium phosphate will be recommended for use

in this design effort.
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Method of Agent Containment

There are only two commercially available methods
for containing the extinguishing agent, stored pressure
and unpressurized (cartridge type) units.

To determine which has the greatest potential for over-
all success and acceptance in the mining environment,
a list of various maintenance and environmental factors
has been established, along with an appropriate rating
system.

Again, a simple rating system of favorable characteristics
(rating value +1) and unfavorable characteristics (rating
value -1) has been emploved in the rating process. As

one can see on Table 25, the unpressurized design scores
much higher than does the stored pressure design. I
simply is a more reliable and a more maintainable system
for the underground environment. This is proven to an even
greater extent when one considers that:

1. Two of the three major manufacturers of small dry
chemical systems for mobile mining vehicles have
chosen the cartridge unit over the stored pressure
design.

2. In allof the mines that were visited during this con-
tract, unpressurized (cartridge) type hand portable
extinguishers were the models most often chosen
for use,

Therefore, the unpressurized design will be recommended
for use in this design effort.

Method of Agent Distribution
Synthetic rubber hydraulic hose will be employed as the
means of conveying the extinguishing agent from its con-

tainer to the distribution nozzles for the following reasons:

1. It has a high resistance to shock and vibration.
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5.4.3

2. Tt is flexible, thus easy to install and/or replace
in crowded and compact areas of an LHD,

3. It is readily available in most mines, thus elimin-
ating the necessity of the special order of some
other material (such as flexible metal tubing or
small pipe).

. Nozzles

Two types of nozzles will be considered for use with
the LHD AFCS. The first type produces a broad, flat-
fan-shaped spray pattern. Is specific use would be
in those areas where both local application and total
flooding application of agent is required.

The second type of nozzle produces a conically-shaped
spray pattern. It is intended for use in those areas
where a direct local application of agent is most effective.

The definitions of “total flooding" and "local application"
are as follows:

*+ Total Flooding

This is a technique of fire extinguishment which
involves simply filling an enclosed (or semi-
enclosed) volume with the extinguishing agent. The
net result is the smothering of all flames within
that volume.

+ Local Application
This technique of fire extinguishment involves
spraying the agent directly at the source of the

flame in an attempt to achieve extinguishment.

Actuation Devices

One automatic, and two manual actuation devices will be
recommended for use with this system. One manual actuation
device will be located in the operator's compartment; the second
will be located in a protected space on the opposite side of the
vehicle. In this manner, if the automatic mode fails to actuate
the system, the operator {or any other miner) can manually
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actuate the system from either side of the vehicle., This
situation adds a greater degree of reliability to the system,
and provides for a greater degree of safety in the event
that access to either one side of the LHD or the other may

have been blocked or obstructed.

Another safety factor that is recommended for the actuation
system involves the total independence of each actuator.
Any one of the three actuators will be able to initiate
system discharge regardiess of any failure that may have
occurred with the other two,

Detection Devices

Tvpes of Detection (Overview) _

The basic fqrms of detection include smoke, flame, and
heat. Smoke deteciors sense the presence of aerosols

. or products of combustion and are generally ionization

or photoelectric in nature. The ionization detector
utilizes a radiation source of an Alpha or a Beia emitter
to ionize the air molecules in a8 chamber and provide a
low current source to monitor the particle content of the

-air in the chamber. TIniroduction of producis of com-

bustion particles reduces the current flow across the

- chamber and causes ‘che detector to generaie an alarm

signal.

Photo'electric detectors incorporate a light source within

a chamber and utilize either light obscuration or reflection
properties of the smoke as the measurement property. The
presence of particles passing through the chamber scatier

light from the light source and cause a photocell to change

‘re51stance or generaie a voltage to produce an alarm.

Detectors that respond to a flame receive radiated energy
in the ultraviolet or inf_rared regions through an optical
lens. The ultraviolet detectors respond to radiation in

- the non-visible 2200 Angstrom range, This radiation
‘causes ionization of a trapped gas within a tube which

allows a measurable current to develop a pulsed voltage
output from the tube. The level of UV radiation present
is proportional to the frequency of the discharges. Amp-
lifiers are used to provide an alarm after a predetermined
number of impulses or internal tube icnizations occur.

-5~



Infrared detectors respond directly to radiated heat energy,
generally focused with a lensg arrangement onto a structure
sensitive to the 2600 Angstrom region, and in some cases
the 4300 Angstrom region. The structure is usually a photo-
cell or photoresistor element capable of producing a voltage
or resistance change proportional to the level of radiation
received. Dual channel infrared detectors are used to allow
blindness to solar radiation and other sources in a normal
ambient background which may be momentarily reflected.
Thermopiles which essentially detect hot COg gases have
been used in this form of detection.

Heat detectors take many forms and are generally used as
linear (or continuous) detectors and point source (or spot)
detectors which respond to either a temperature level or a
rate of change of temperature. These detectors are bi-
metallic strips, snap discs, eutectic salts or metals,
thermistors, or pneumatic. The mode of operation in the
event of an alarm condition is closing or opening of con-
tacts, a drastic change in resistance characteristics, or
the tripping of a pressure transducer.

Individual Detector Characteristics
. Smoke

Photoelectric and ionization detectors are particularly
sensitive to the air flow around the detector, These
detectors have very fast response if there is sufficient
air flow to allow entry of the products of combustion

into the sensing chamber. In still ambient air the
response time of this class of detector is very slow.

A major problem associated with aerosol detectors is

the decrease in sensitivity with the accumulation of

a filmof dust and particles within the sensing chamber.
Notably, the Beia source ionization detector does not
have this problem, Photoelectric detectors tend to be-
come more sensitive and prone to false alarm with build-
up of films of contaminants which appear to the detector
to be an increase in obsgcuration level., Both photo-
electric and ionization detectors require frequent periodic
maintenance in the form of cleaning. The internal light
source in a photoelectric detector is a frequent replacement
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item in the case of an incandescent light source,
which is also susceptible to shock and vibration,
- ‘Recent use of light-emitting diodes (LED's) has
improved the characteristic lifetime of the light
source.

Jonization detectors are pariicularly sensitive to
changes in temperature and pressure even though e
separate reference chamber is used. The main pur-
pose of the reference chamber is to compensate for
slow, long-term changes in ambient conditions.

Rapid pressure and temperature changes can cause
condensation within the chamber (a technique used

by the Environment/One Corporation) resulting in a
false alarm. Ionization deteciors are generally
suitable for fixed locations with fairly sitable ambient
- conditions and a reasonable air movement. Ionization
and photoeleciric detectors are also prone to nuisance
alarms when in an environment that has a high ambient
~particle content due to aerosols or particles not
originating from a fire source. Although the detectors
are responding properly to pariiculate matier entering

- the chamber in this case, particles not due to & fire
condition are a cause of the high "false" or nuisance
alarm rate associated with this form of detection,

Plé me

Flame detectors regpond very rapidly to an open flame
condition. However, they also respond to other sources
of UV and heat energy and, without proper safeguards,
will provide & large number of nuigsance alarms. This
problem is partly solved by building in a time-delay
which adds to the cost and complexity and reduces the
overall reliability of the detector. Build-up of con~
taminants on the protective lens of these detectors
causes de-sensitization. UV detection is presently
available that has the capability to supervise the
integrity of the protective lens and modify the sen-
‘sitivity accordingly. The standard method of testing
integrity of the UV tube is to provide an internal UV
source that intermitiently tests the tube for operation.
This supervision, as well as the amplification and
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counting of gas ionizations, provides a costly, yet
fast response, form of detection. UV detectors tend
to increase in sensitivity as they age and present a
problem of false alarms since they become super-
sensitive near the end of their useful life. This is

a result of contamination of the gaseous mixture from
the envelope.

Application of UV and IR detectors is generally limited
to a high hazard/high risk flash fire condition which
requires very fast response. Explosion suppression
or protection of high flammability areas such as fuel
truck loading racks and maintenance areas are typical
protection areas utilizing this form of detection.

Thermal

Fast response of thermal detectors is not realizable
due to the thermal response lag associated with the
sensing elements. Continuous linear detectors are
capable of withstanding very high temperatures with-
out damage and return to their normal state without
degradation of operating characteristics. They have
the capability of sensing a small temperature change
over the entire length of the cable and of responding
to and withstanding the greater than 1000°F flame
temperature at a single point along its length. Ther-
mistor core detectors require a minimum amount of
passive components as an interface between the
sensing phenomena and actuation of control equipment.
Eutectic salt linear detectors require more sophisti~
cated interface electronics in order to maintain an
alternating current potential across the salt. This

is due to degradation of the salt component over

time with a direct current potential applied. Con-
taminants and oil film build-up on the linear detectors
are not as detrimental to the operating characteristics
of the thermal detectors as it is to other forms of
detection. A small increase in thermal lag occurs,
but is negligible when compared to the detector's
normal lag.
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Pneumatic, thermistor, and eutectic salt linear
detector cables can withstand high levels of shock
and vibration without fatigue or failure. These
detectors were originally designed for rugged

service in aircraft engine compartments and can
withstand in excess of 60 g's shock and 2,000°F
flame tests. From the standpoint of FAA recorded
false alarms, pneumatic linear detectors utilizing

a trapped hvdrogen gas have a more stable operating
characteristic than other forms of linear detectors.
The linear deiectors can also be bent to fit a small
radius and can be installed repeatedly without failure
of the cable. Stainless steel tubing swedged over a
thermistor core material can be bent to a .5" radius
in excess of 25 times without damage to its operating
characteristics.

Some spot or point source type thermal detectors do
not require additional interface or electronic amplification.
The contact closures of bi-metallic strip and snap disc
detectors provide the alarm signal direct and can control
functions within themselves. Thermocouple type detectors
require additional amplification due to the small value of

~ voltage developed across a dissimilar metal junction. The
rate-of-rise (ROR) thermal detectors can produce false
alarms under conditions of unusual ambient temperature
changes since most ROR detectors respond to approximately
15° per minute rise in temperature.

Basic Detection Comparisons

. Cost

Cost comparisons on a one-for-one basis show that single
point thermal detection is approximately 10%, ionization
around 45%, and photoeleciric about 75% of the cost of
ultraviolet and infrared detection capability. Cost com-
parisons on this basis cannot be made with respect to
continuous linear detectiion except in regards to a specific
application., Installation costs for associated mounting
hardware used with linear detection is negligible when
compared to the overall cost.
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For a typical vehicle installation requiring either
15 feet of continuous thermal detection or 4 point
source detectors, the percentages remain the same
as above but the cost of the linear detection be-
comes about 9% of the cost of the ultraviolet or
infrared detection capability. Cost for these forms
of detection can be directly related to the speed of
detection.

Complexity

The thermal form of detection is the least complex
of the types of detection available. Many thermal
detectors are in themselves the sensing element as
well as the external controlling element. Those
thermal elements that cannot directly interface with
an external control require only a pressure switch,
passive bridge circuit and sensitive relay, or un-
complicated amplification of the sensing signal.
To provide a usable signal,. ionization detectors
require active isolation and amplification com-
ponents between the sensing element and external
control, and require circuitry to perform a memory,
time delay, or verification function. Ultraviolet
detectors require active timing, integrating, and
threshold circuits to provide an alarm output from
the sensing tube. Infrared and photoelectiric
detectors require active threshold and switching
circuits to convert the amount of input signal
dirgctly to a control output,

Reliability

Long-term reliability is inversely proportional to the
complexity of the sensing element and its associated
active and passive interface components. Since thermal
detectors need no interface components, or at most only
pagsive interface components, they are more reliable
and less susceptible to physical abuse than other forms
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of detection. Other forms of detection require some
type of active component interface such as transistors,
operational amplifiers, or integrated circuits and have
temperature, shock, vibration, and other environmenial
limitations.

Typical failure rates for UV flame detec'tdrs are around
20,000 to 30,000 hours by analysis, with false fire
warning rates in the 8,000 to 10,000 hours range.

Calculated reliability data for ionization and photo-
electric detectors show 100,000 to 500,000 hour Mean-
Time-Between-Failures (MTBF's) and will vary between
manufacturers depending on the complexity of the inter-
face circuits used in each.

Reliability data on continuous linear detectors from

field data maintained by the FAA shows that this form

of detection used in a hostile, rugged environment gives
in excess of 1,000,000 hours between failures or false
alarms, 100 times better than UV and 10 times better than
ionization detectors.

Typical Applications

_ Not all of the basic detection equipment available is

~ suitable for use in the mining environment. Varying
degrees of danger to personnel exist between low risk
hazards and high hazard/high risk fire conditions.
‘Trade-offs with respect to response time to an open
flame, mainienance, and false alarm rates musi be
considered in each application. Table 26 provides a
brief comparison of the most desirable applications
for each basic form of detection based on its cap—
abilities and general operating characteristics.

Failsafe Characteristics

Typical failures due to physical abuse or improper
maintenance can cause either a false discharge or
can cause a loss of capakility to detect a fire
situation., This leads to a failsafe guestion with re-
spect io the sensing element. With respect to the
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TABLE 26
TYPICAL USE WITH RESPECT TO DETECTOR CHARACTERISTICS

Detector False Alarm Response to
Categories Common Application Rates Maintenance Open Flame
Thermal Rugged, Hostile Environments
+ Point Source Areas not sensitive to instan- Low None Medium

taneous response to fire con-
Continuous Linear ditions; mobile equipment Very Low None Medium
Flame Areas Critical to Life Safety
- Infrared High hazard/high risk; explo- Medium Cleaning of Lens Very Fast
sicn suppression
Ultraviolet Medium High Cleaning of Lens Very Fast
Smoke Large Area Coverage
» Photoelectric Storage & maintenance areas; Medium High Freq. Cleaning & Fast, Dependent
EDP Centers Light Source Replace. on Air Velocities
* Ionization High Freq. Cleaning & Fast, Dependent
Sensitivity Adjust. on Air Velocities
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interface electronics mating the sensing element to

the conirol equipment, most detectors are not fail-

safe in nature in that failure of an internal component

- can either cause a false alarm and discharge the

system or can cause a valid fire situation to be ignored.
Some detectors provide a supervisory capability for

some of the critical circuit components to provide a
warning of detector malfunction. However, during the
malfunciion most detectors will not be capable of pro-
viding an alarm. In general, ionization detectors become
less sensitive with age, photoelectric and uliraviolet
detectors become more sensitive with age. With the
latter detectors, failure of the light source or degradation
of the UV tube will cause an alarm condition and is in
effect & failsafe mode of operation. Disconnection of the
detector equipment from its control can be prevented to
some degree by using redundant interconnecting wiring,
referred to as Class A wiring and operation. Although
this protects the system from a single fault associated
with this wiring, more than one fauli can still render

the system inoperative.

Continuous linear deiection can provide a irue failsafe
operation with respect to the sensing element, should
a failure occur. By providing a signal paih from outer
conductior end to outer conductor end, a physical failure
anywhere along the detector length will not cause system
failure. High temperatures due to a fire condition, even
with a broken, severed, or pinched cable, will still cause
a drastic change in the internal thermistor resistance or
cause a conduction due-to the change of gtate of the eutectic
salt, Pneumatic continuous detection does not have this fail-
safe feature since & pinched and broken line generally can-
not be relied upon to contain the released gases and cause
an alarm. Linear detection can also perform the detection
function with geveral breaks in the detection line, losing
capability for only the unconnected middle portion but still
. providing detection capability alcng the remainder of the
‘loop. : ‘

In addition, due to the close proximity of a dual loop of
linear detection and the high temperatures associated with
an open flame, complete loss of detection capability from
one linear loop will still allow failsafe operation in that
the second loop will be capabile of sensing the flame con-
dition. In any case, loss of the detection does not prevent
manual aciuation of the system.
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: System Design Advantages

The main concern in the design of an automatic system
is the reliability of the components used in a given
environment. With respect to the probability that a
fire condition will be detected in an off-the-road
vehicle environment, continuous linear detection is
most likely to sense the fire with a minimum main-
tenance schedule. The rapid accumulation of particle
and aerosol films in such an environment would cause
rapid degradation of detection capability of other forms
of detection, or cause a large number of nuisance alarms
and down-time due to unwanted agent discharges.

Without a costly preventive maintenance program,
humidity and its associated corrosive conditions can
also cause degradation of UV, IR and products of com-
bustion detector operation or a large number of nuisance
alarms. Open chamber detectors or optically isolated
detectors cannct perform their function if closed and
sealed from humidity. However, due to the method

of construction and hermetic sealing, continuous linear
and point source thermal detectors are inherently
immune to humidity.

Shock and vibration associated with a mining vehicle
application is of major importance in the determination
of a reliable detection method. Continuous linear
detectors were coriginally designed for the aircraft in-
dustry for application in engine compartments, a hostile
and rugged environment. Due to use of a stainless
steel outer sheath swedged tightly over the inner core
material, the continuous, linear thermal detectors are
extremely rugged and can withstand in excess of 60 g's
without degradation. Shock and vibration data is not
generally available on other forms of detection because
they are generally intended for fixed, stable installations'.

Recommendations
Continuous linear detection is to be considered the best
detection method for protection of underground metal and

non-metal mining vehicles. From the standpoint of cost,
durability, reliability, maintainability, and failsafe
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characteristics, this form of detection, coupled with
fixed point, thermal detectors, should be used in the
- development of such a system.

Infrared detectors, on the other hand, should be con-
sidered for use only if the corresponding increase in

cost and maintainability, and the decrease in system
durability and reliability is not & major consideration.

The Control System |

Warning Devices

For the fire condition, both a fire light and an audible
alarm (minimum noise level of 100 db) will be provided
to warn the driver of the emergency.

A second warning light will be included on the control
panel to notify the driver of any problem within the
detection circuit. The light will receive its illumination
-current from a control system test circuit, to be dis-
cussed later in the "Miscellaneous Controls Section” of
this report. '

- Migcellaneous GConirols

There are many functions which elecironics can perform.
However, as the complexity of a system increases, s0
does iis potentisl for failure. One way toc avoid or at least
minimize the possibility of failure is to design & re-
dundancy of effort into each function to provide two or
more avenues for its success. This method can inflate
the cost of the system to unacceptable proportions, and
can increase the complexity to a point that repair or )
even trouble shooting of any malfunction becomes an im-
possible task without special equipment and trained per-
sannel, Therefore, in the interest of both reliability and
maintainability, the functions of the control unit will be
kept as simple as possible, The following texi coffers a
thorough discussion of both the advantages and dis-
advantages for each of the various functions that were
considered for use with this AFCS.
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Continuous System Readiness Test Circuit

The presence of an Automatic Fire Control System is
useless if the detection mode of the system is damaged
or otherwise rendered inoperative. Shock, vibration,
impact from flying debris, and inattentive actions of
mechanics are just a few of the direct physical abuses
a fire control system may have to endure daily. For
these reasons, it is absolutely necessary that the
control unit be designed to continuously monitor the
detection circuit for malfunctions and to notify the
operator of any problems if they arise.

Control System Test Switches

The primary reason for including these switches as a
part of the system control unit is to provide the main-
tenance personnel with a convenient means of checking
various system functions. Two separate switches will
be provided: one switch will serve to test the warning
devices, and the second switch will serve to check the
automatic actuation device.

The warning device test switch will be located externally
on the control unit to allow for more frequent actuation.
The basic function of this switch will . to illuminate
the visual fire and malfunction alarm bulbs, and to
energize the audible fire alarm.

The automatic actuation device test switch will be located
such that only authorized maintenance personnel can
activate it during scheduled yearly maintenance periods.
The function of this switch will be to insure the un-
inhibited operation of the electronic actuation device. It
should be noted that precautionary measures must be
taken when activating this second switch to avoid system
discharge.

Automatic Engine Shutdown and Application of Brakes
Upon System Actuation

The pros and cons of this topic can be debated indefinitely.
Few of the mine operators are interested in such a feature
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on their machines, while the head engineer of all three
major U.S. manufaciturers of LHD's, as well as this
caontractor, feel that engine shutdown and brake application
is a firm requirement, Arguments for both sides are
presented in the next few paragraphs.

Favorable

The driver's normal first reaction to anv emergency situ~
ation would be to stop the vehicle. His second reaction
in a fire cituation (by historical record) is to jump off
and either fight the fire by hand, or go for help. In either
- case, he usually forgets to shut off the engine (98% of
the time), and, once he leaves his seat, the brakes may
no longer be set. The net effect of these actions result
in a machine which not only continues to run (possibly
feeding fuel to the fire via a bursi hvdraulic hose, fuel
line, or whatever), but also one which may begin to move
“while totally unattended.

Unfavorable
The mine operators expressed several major concerns:

. They are concerned that once the engine is

. stopped the operator will lose steering and -
crash into the side of a drift. (They ignore
the fact that upon fuel shut-off, the normal
method for turning a diesel engine off, there
is a severel second lag before the engine
finally quits. The sputicring engine would
give the driver more than enough warning to
enable him to steer the vehicle clear of
drifts before it comes tc a complete halt).

. Thev are concerned that if the AFCS doesg not
extinguish the fire, the burning vehicle could
be in the escape route of other miners if it is
allowed to stop just anywhere. In their copinion,
the operator would drive the vehicle to a less
obstructive location before stopping to get off,
(They ignore the fact that if the vehicle starts
on fire, historically, the driver stops where~
ever he is and then gets off to either fight the
fire with & hand portable, or vacate the area
to get help).
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: There is some concern whether the brakes on
the vehicle will hold if the vehicle happens
to be on a grade. {(The vehicle manufacturers
insist that the brakes will hold).

: There is some concern that the driver may be
thrown from the machine if the brakes are
applied suddenly and without warning. (The
mine owners do not realize that any fire large
enough to be detected by the sensing elements
would be visible to the driver. Also, there is
a time lag of several seconds after the fire
alarm goes off and prior to the application of
engine shutdown/brake application mechanism.
The combination of these events should give
even the most inattentive operator ample warning).

Because of the serious consequences which could result

if the engine were not shut down, and because the driver
may be unreliable in a panic situation, it is necessary
that an automatic mechanism be provided to perform the
functions of shutting down the engine and applying brakes.
This operation can be tied directly into the actuation
portion of the system, thus achieving the same results
through either the automatic or the manual modes of
actuation. Therefore, this feature will be incorporated
into this system's control function,

System Time Delay, and Operator Actuated Delay/Abort
Switch

Considerable thought and deliberation has been given to both
of the above mentioned control characteristics. The following
text will explain the purpose behind each function, and the
reasons they were not incorporated into the recommended
design concept.

The initial idea behind having a time delay between the
detection and actuation phases of the AFCS operation was
to allow the driver sufficient time to react to the fire
warning devices in his efforts to stop the vehicle, turn
off the engine, and then vacate the premises.
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The second reason for adding a time delay to the
control system was in conjunction with an operaior

-. actuated Delay/Abort switch. The original idea be-

hind combining these two conirol mechanisms was

to provide the operator with sufficient time to siop

the vehicle, and delay the automatic actuation of

the AFCS. While delaying the system, the operator
could visually inspect the vehicle (from the operator's
compariment) in an attempt to decide whether the fire
was either small enough to extinguish without the AFCS,
or whether it was just a false alarm. In either case,
the Delay/Abort switch could then be used to abort

the system discharge altogether.

If, however, the fire alarm was valid, the operator
could simply release the spring actuated swiich, and
then vacate the premises. The AFCS would then pro-
ceed to actuate and discharge automatically.

There was no real consensus of opinion between the
mine operators, and the vehicle manufacturers either
for or against these two svstem characteristics., How-
ever, after considerable thought, it was decided to
eliminate these functions from the recommended design
concept forthe following reasons:

. Since the vehicle will automatically be stopped and
the engine shut down upon system actuation (as ex-
plained previously) the operator is not involved in
performing either of these functions. Therefore,
there is no reason to have a time delay mechanism
to allow him to do so.

* . The operator Delay/Bbort switch would necessitate
a considerable increase in electronic control com-
plexity, accompanied by a corresponding decrease
in overall system reliability and maintainability.
Also, it is the considered opinion of this contractor
that zlthough a false dump may be annoying, as well

© as nuisance to clean up, it can in no way harm either

the vehicle, the operator, or any other individuals
in the area. Furthermore, considerable confidence is
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held for the integrity of the detection that is
recommended for use with this system, greatly
reducing the probability of a false alarm.

A final consideration, which is purely speculative on the
part of this contractor, shall be mentioned for the record.
Historically (98% of the time), the first reaction of a
machine operator in a fire situation is to attempt to ex-
tinguish the fire himself; and, almost as frequently, he

is successful. However, as discussed previously this
fire control system has been designed to detect and ex~-
tinguish only those fires which could most likely not be
extinguished with hand portable equipment. Therefore,

if the detectors do sense a fire (precluding the afore-
mentioned false alarm problem), one would not want the
operator to abort the system in an attempt to extinguish
the fire himself. He most likely would be unsuccessful,
while giving the fire a chance to grow beyond the cap-
abilities of the AFCS. To carry the point one step further,
one must also consider the possibility of the man aborting
the AFCS, attempting to extinguigh the fire himself, failing
in his attempt, and then turning and running without manually
actuating the system. The implications of such a chain of
events are catastrophic, and should most definitely be
avoided.

For all of these reasons (cost, reliability, maintainability,
and poteéntial for an even greater disaster neither the time
delay, nor the driver Delay/Abort switch will be incor-
porated into this AFCS.

Dead-Man Switch on Operator's Seat

This device was considered for use during the initial phases
of the design concept. Originally, it was felt that the AFCS
should operate automatically only if the driver were not in
his seat (that is to say, when the vehicle was unattended).

Upon closer scrutiny, it was decided that this idea has

little value to this system. The following discussion
should prove adequate to defend this decision.
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First of all, if the operator does spot a fire, or if he
acis upon the receipt of a fire alarm, his first reaction
would be to. stop the vehicle, and then get up ic see

. what the problem is. Since this action of getting up
would aliow the AFPCS to be actuated automatically,
there is no reason to delay the whole process.

Secondly, if the operator were injured and could not
get off his seat, this device would necessitate the
addition of some type of iime delay/override mode to
the control system circuitry. The complexity required,
the corresponding decrease in reliability, and the added
cost of such a device just secem too excessive for the
questionable benefit it would provide. Therefore, the
Dead-Man switch will not be recommended for use with
this system.

5.5 Proposed Design Concepts

5.5.1 - Presentation of Proposed Design Concepts

Five different design concepis were prepared. - The sophistication
and degree of complexity ranged from a manually actuated sysiem
which protects only the two most serious hazards on'the vehicle
(the engine compartment and the transmission area), to a highly
complex, fully automatic system which protects the vehicle's
four major hazard areas with a combination of thermal and
infrared sensing devices. I was felt that by presenting such &
diverse spectrum cf system capabilities, one could more easily
grasp the direct relationship between increased complexity

and end-user cost. : o

As discussed previously, there are two major criteria which
govern the design decisions for this project; i.e., the AFCS
must be low cost, and it must be reliable. Not only is this
stipulated in the wording of the contraci, but it is 2lso of
primary imporitance to the mine operators who will have to pay
for and maintain the systems. To comply with these demands,
the systems which were recommended as the first and second
-choices for this particular application are not the most
sophisticated of the five design concepts. They are, however,
extremely reliable and effective AFCS"g, and are particularily
- well suited for this rugged underground environment.
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The basic differences between these first two systems and the
remaining three design concepts lie in the area of detection.
As discussed previocusly in this report, by excluding optical
(infrared) sensors from the system, one also eliminates the
need for expensive and complex time delay circuits, optical
sensor check circuits, and any other support circuitry that is
required to prevent the numerous false alarms which are in-
herent with infrared sensing devices.

In summary, the first two systems have been reduced to the
lowest common denominator required to provide optimal fire
protection while satisfying the criteria of low cost and re-
liability. They have a maximum potential for both operational
reliability, and general acceptance by the Underground Metal
and Nonmetal Mining Industry.

To readily facilitate a comparison between all five alternatives,
a summary of the characteristics of each design has been pro-
vided in Table 27.

The various design concepts were presented to the Bureau at

the Phase II Review Meeting at TCMRC at Minneapolis on

April 28, 1976. At that time approval was received to pro-

ceed with design of a system in accordance with the recommended
design concept.

5.5.2 Description of Approved Design Concept

This design concept is considered superior to the other four
alternate systems because it provides the most durable,
reliable, and effective automatic fire protection for the LHD's
three major fire hazard areas (the engine compartment, trans-
mission/torque converter area, and the articulation point}.

The recommended system as described by Figures 24 and 25
has the following features:

. Protects the engine compartment, transmis sion/
torque converter area, and articulation point.

. Separate linear thermal wire detection loops in the top

of the engine compartment, belly pan of the engine
compartment, and transmission area.
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TABLE 27

Alternate Design Goncepts and
.Comparative Costs Analysis

Recommended First Alters: -=cond Alternate Thlrd Alternate Fourih Alternate
System
Cepapilities are identical t¢ Pecommended System except for the following:
Protects onl; f.ngine { Emplays Oprical Employs Optical Manval System
& Transmissicy arezs] & Thermal Sensors | & Thermal Sensors No Detactica
in Engine Area in Engine Area. o Wamning
Also, Protscts Devicas
Fwd, Differantial | Prétects only Engira
Araz & Transmission areas
I, Hazards to be Frotected
A. Engine Compartment Yes Yes Yes Yez Yes
B. Transmissien/Torque Convertor Area Yes . Yes Yes Yeg Yes
C. Art.iculaticn Foint Yes No Yes Yes No
D. Farward Differential aArea No No No Yes No
. bDetection
A, Thermal: Linear Wira InAh &B inA,&B inA, & B InA,B,&D ©one
of I. of I. of L. of 1.
Point Source InCofl, mGCofl, InCofl. InCof L. nora
Rellability Factors:  Frobability of Detection very geod very good very gocd very goed
Resistance to Bumidity goed goed goed gocd
Resistance to Vibratlon excellent excelient excellent excellant
B, Optical: Infrared inRofI. inAcfl. ‘none
Rellability Fectors: FrokbebllUly of Detection geed goed
Resistznce to Humidity very goed very good
Resistznce tg Vitration geed ‘gocd
i, Flre Suppression Sysaém
A, Agent: Multi-Furpose (ABC) Dry Chemical 1, 301b. 1, 300k, 1, 30 Ib. 2, 201, 1,730 .
. Tank Tank Tank Tarks Tank
B. Methed of agent containment Unprassurized Unprassurized Unpressurized Ungressurized Unpressurized
: ; (cartridge type) (cartridge type) {cartzidge type) {certridge type) (cariridgs tyge)
C, Actustion: Automatic Yes Yes Yes "Yes No
Manual: Two lecations, operator's compariment Yes Yes Yes Yes Yes
. & cne remote lecation
W, Contel System
A. Warnlng Devices: Fire Alarm, Visual & Audible Yes Yes Yes Yes Yo
Detection Malfunction Alarm, Visual - Yes Yes Yes Yes No
B. Contol Festuras
1. Contnuous System Readiness (test) Clrouir Yes Yes Yes Yes Na
(to monitor detection circutts)
2. Alarm Device Test Switch Yes Yes Yes Yes No
3. Automatic Actuation Devica Test Switch Yes Yex Yes Yes Ko
4. Avtomatic Engine Shut-Down and Application of Yes Yes Yes Yes Yes
Brakes upon Automatic and/or Manual Actuation
V. Total Estimated End-User Cost
A. Contractar®s Cost Analysis of each system
1. Pwzhase Price $11a0 ~ 1420 § 500 ~ 1220 S1640 — 2040 $2000 - 2400 $ 400 - 600
2. Installaticn Cast $ 300 - 380 $ 300 - 360 § 380 - 460 $ 400 - 50D - § 200 - 300
: 3. Complete System Cost {Tetalof 1 & 2) $1400 - 1800 $1200 ~ ?.EUO $2000 - 2500 $2400 = 2540 § €06 - 500
4. Maintenance (per year) $ 200 - 220 $ 200 - 220 $ 220 - 250 $ 240 - 260 § 6¢-80
S. QperaUnnal (Cost for ene recharge and clean-up) $ 80 ~100 $ €0 - 100 $ 80~ 100 $ 100 - 120 $ 80-~-1c00
E. Mine Operater's Opinton of Acceptable Costs
{values as determined from survey)
1. Burchase Price
(mean value, assuming a vehicle worth of § 100,000.) $ 7000.
2. Maintenance (per year} Mean value $ 1680,
Median value .§ 360,
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FIGURE 24
CONTROL SYSTEM SCHEMATIC FOR APPROVED SYSTEM CONCEPT
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. One point source thermal detector at the articulation
point.

. ABC multi~-purpose monoammonium phosphate dry chemi-
cal as the extinguishing agent.

. Cartridge operated agent container.

. Hydraulic hose to convey égent from tank io nozzles.

. One eleciric automatic actuation device and two manually
operated actuation devices (one in the operator's com-
partment, and one on the opposite side of the vehicle).

. Control panel in operator's compartment.

Visuzal and audible fire alarms.

’ Visual melfunction alarm.

. Continuous system readiness test circuit (to monitor
sensors).,

. Automatic engine shut down and brake application upon
system actuation.

Control system alarm device test switch,
- Control sysiem automatic actuation device test switch

5.5.3 Method of Cost Analysis

This section of the report briefly expleins the method emploved

io arrive at the various cost figures seen in Section V of Taeble 27.
It must be noted that the sizing of the specific design concepts
was done in the interest of obtaining a relative cost analysis,

and without reference to any particular size or make of LHD.
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Purchase Price Estimates

Basic Fire Control System Components

Average cost of similar commercially-
available 20-1b. system (including
agent tank, brackets, nozzles, one
manual actuator and agent release

mechanism) . $260
Additional manual actuator $40 (est.)
Hydraulic hose and fittings $50-100
Electric actuation device $90-110 (est.)

Detection & Control Devices

Thermal detection (linear)
{including mounting hardware) $6 per foot

Connectors for ends of each loop $30 per loop
of linear thermal detector

Thermal detector (point source) $20~38 each
Thermal detection control unit $120-140 per system
Optical (infrared) detection $200-240 per sensor

Optical detection control unit
(for two sensors) $190-250 per system

Misc. control switches, lights,
alarms, connectors, wire, etc, $50-70 per system

Automatic engine shutdown
and brake application mechanism $100-140 per system
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v Tnstallation Cost Estimates {Iabor)
For the fire control system o $180-280 per sysiem

For the detection & control com-
ponents ' : $120-220 per system

TOTAL $300-500 per system

N

. Mzintenance Cost Estimates

Labor: Monthly Inspection 2 hrs./vyr.
Semi-Annual Inspection 6 hrs./yr.
Annual Inspection 7 hrs./vyr.
Biennial Inspection 10 hrs./vr.

TOTAL 25 hrs./yr. x $8/hr. = $200 per year

Materials:
Miscellaneous replacement parts $20 per vear
TOTAL $220 per vear

- Operational Cost (Recharge) Estimate
(Assume one recharge per year)

Materials (@ssuming no system " $60-100 per vear
components are demaged:

Labor: - $20-30 per year
TOTAL $80-130 per-year
Mine Operator's Opinion of Acceptable Cosis
. Purchase Price
The survey indicated that 7% of the vehicle
purchase Price would be acceptable to § 0%
or more of the mine operators. Assuming a

$100,000 vehicle is being protected, $7000
would be an acceptable system cost.
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Maintenance (Per Year)

From Page 13 of the report, the acceptable
maintenance costs are as follows:

Mean $140/month x 12 months
Median $30/month x 12 months
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6.0
6.1

6.1.1

DESIGN AND DEVELOPMENT

System Design

Svstem Description

The design concept as recemmended and approved in the
Phase 11 effort was adapted to a specific system design
for a Wagner ST-2B-LHD vehicle. The system provides
continuous thermistor detection cable and delivers multi-
purpose (ABC) dry chemical extinguishing agent to each
of the following three critical areas on the vehicle:

Engine Compartment

. . Transmission/Torgque Convertor Area

. Articulation Area

Figures 24 and 25 in the design concept section continue
to describe the system except for the switch from point
source to linear wire detection in the articulation area.
Figure 26 supplements these system schematics by show-
ing the layout of the actuation system components,

The nozzle locations and configurations are critical to the
system efficiency, and will vary somewhat with each appli-
cation, For this application we are using six nozzles.

Four nozzles are located in the engine area, of which one
will sweep the top of the engine, one will sweep the bottom
of the engine across the belly pan area, and one will sweep
each side of the engine. The top and bottom engme comparit-

ment nozzles will discharge approximately 3% pounds each,

and the side engine nozzles will distribute approximately 52
pounds each. The side engine areas are open and thus
require more dry cheéemical than the top and bottom. The
remaining two nozzles of the system are located in the
transmission and articulation areas. The nozzles are located
towards the top of each area and will dascharge approximately
3% pounds of dry chemical per nozzle.

Figure 24 is a schematic of the control functlons of the AFCS .
The system performs the following functlons ‘
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. A fire in any of the three protected areas will be
sensed by the continuous detection loop. The
fire detection signal then simultaneously triggers
both the audio and visual alarms, and the elec-
trical actuation device which releases the fire
suppression agent to each of the three protected
areas.

. The system may also be actuated manually at the
operator's dashboard or by a remote actuator on
the side of the vehicle away from the operator,

. In addition to releasing the fire suppression agent
the actuators also serve to shut down the engine
by cutting off the diesel fuel supply, and apply
the brake by releasing pressure from the brake
pneumatic system.

. The integrity of the detection loop is continuously
supervised and a warning light on the control con~-
sole will indicate a malfunction.

. A test switch on the outside of the control console
demonstrates that the audio alarm and the lights
for the visual alarms are working.

* A second test switch will simulate a fire signal to
the electric actuation device and test the operation
of the suppression system. The gas cartridge for
the chemical container will normally be disconnected
during this test to prevent discharge of the agent,
This test switch is inside the control console so
that it cannot be actuated inadvertently or maliciously
without physically removing the control console cover.

The described system is designed specifically for the Wagner
ST-2B-LHD. However, it is readily adaptable to any of the
underground diesel powered mobile vehicles.

The system design was selected on the basis of reliability
and low cost. The suppression system is proven by actual
experience in the design environment. The continuous .
thermistor detection has been proven to be reliable in millions
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of hours of use in the aircraft industry. Although its
response is slower than other types of detection, its
ruggedness, reliability, and low susceptibility to false
alarm make it particularly well suited to the severe
mine environment. '

SCHEMATIC OF ACTUATION SYSTEM

REMOTE ACTUATOR.
2530
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ACTOATOR

I RTORADLC HOSE {
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FIrTines
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TS . ’

S ELECTRIC

ACTOATION

—CRECK WALNVE
=T DEVICE

25627
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EMEVMATIC
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AETRATOR

- CARTRIDEE
o2

BREAK
LONTROL VALVE

N rRESSLRE
RELEE VA\WwE
15677 '

FUEL CONTROL
AR CYLINDER

— O CHENMICAL TANK.

Figure 26 i

6.1.2 ‘ System Specificétiorl

. Detection

Linear thermistor cable, set to trigger at a tempera-
ture of 350°F at any one point on the cable,
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Fire Suppression

Multipurpose (ABC) dry chemical, charge 27 lbs.
nominal; discharge time less than 15 seconds; dry
chemical stored unpressurized with cartridge
pressurization,

. Actuation

Automatic electric actuation plus manual actuation
by vehicle operator, and a second manual actuation
station on the side of vehicle opposite from the
driver.

. Control

Audio and visual indication of system function;
visual warning of detection circuit malfunction
{continuous supervision); External test switch

for malfunction of audio alarm and warning lights;
internal test switch to simulate fire warning and
actuate system (not accessible to operator or
casual personnel),

. Environment
High humidity and severe shock and vibration loads
(test per UL 299); designed for rugged handling in
operation,

Maintenance

Requirements to be specified in Selection and Use
Manual.

6.1.3 Parts List and Estimated Cost

Detection and Control Components

Qty. Description Part No.
3 15' Length, Detection Cable, 244-18012-15

McGraw-Edison
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Qtv. Description

2 ~ Cable Connector (Male),
McGraw-Edison

2 Cable Connector (Female)},
McGraw-Edison

4 - Connector Brackets,
McGraw~Edison

50 Detection Cable Brackets,

McGraw-Edison

4 Jam Nut, McGraw-Edison

1 Control Console (Prototype)

Fire Control System Components

Otv. Description
1 Drv Chemical Agent Tank (with

pneumatic actuator and expellant
gas cartridge) .
1 Completor Kit (consists of 1
Triple Tee; 4 Fan Nozzles;
4 Nozzle Brackets; 1 Dashboard
Actuator and Bracket; 1 Actua-
tion Cartridge; 1 Safety Valwve;
1 Instruction Label)
Remote Manual Actuator
Actuation Cartridge
Check Valve
. Cone Spray Nozzlies
Nozzle Brackets
Air Cvylinder (Engine Shutdown)
Control Valve (Brake Application)
Williams Air Controls; Part No.
WM 147-HC
Electric Actuation Device
1 Agent Tank Mounting Bracket

[l ol o B e B SU R T

=

Hose and Fittings

Qty. Description
6' 7/8" 1.D. Hydraulic Hose
21° 1/2" 1.D. Hydraulic Hose
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Part No.

42991-24
42890-24
23693 |
23827-1

22922

Part No.

- 16131

. 16461

Prototype
30215



Qty. Description

36’ 1/4" 1.D, Hydraulic Hose

2 7/8" Reusable Fittings
14 1/2" Reusable Fittings
14 1/4" Reusable Fittings
14 1/2" Fitting Adaptors
14 1/4" Fitting Adaptors

4 1/4" NPT Tees

6 1/2" NPT Couplings

. Total Estimated Cost to the End-User for the Entire

AF¥CS:
Detection and Control Components $ 753
Fire Control System Components 626
Hose and Fittings 160
Sub~Total (Component Cost) $1539%
Estimated Installation Cost (Labor) 300
Total Estimated Cost to the End-User $1839

*This price is an estimate of what the end-user
could expect to pay for the hardware listed.

6.2 Component Selection

Specific components for the prototype system were selected
following a study of the available off-the-shelf or state-of-
the-art hardware, placing heavy emphasis on both reliability
in the mine environment and cost. The Bureau approval of
the components selected was received at the design review
at Duluth, Minnesota, on January 13, 1976. In the follow-
ing paragraphs the physical and functional characteristics of
each component are described.

6.2.1 Detection
The detection sensing elements are continuous thermistor
cable assemblies as manufactured by the McGraw-Edison

Company, their Model 244-18012, This cable, commonly
referred to as "Type B" cable, is used extensively in the
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aircraft industry and is available in several ranges of
temperature sensing capability in lengths up to 30'.

The cable will respond to an ambient temperature rise
over the entire length of the cable or to a higher tempera-
ture rise localized at any one point on the cable,

The detector cable, diagramed in Figure 27, is a center
conductor wire surrounded by a negative temperature
coefficient thermistor material. This material, a mangan-
ese oxide semi-conductor, provides a very high resistance
path between the inner center conductor and the outer
stainless steel jacket. The outer dual-sheath jacket is

- swedged tightly around the semi-conductor material to

0.070 0.0. DOUBLE
6,028 INNER SHERTHED
CONDUCTOR STAINLESS STEEL

COMPRESSED
THERMISTOR -
SEML-CONDLCTOR
MATERIAL

VIEW A-8

AN\ —

CROSS SECTION OF DETECTION CABIE
FIGURE 27
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provide a nominal outer diameter of .070". This cable,
shown in Figure 28, 1is extremely rugged in that it can be
bent on a 1/2" radius in excess of 25 times without degrada-
tion of the cable. In addition, the cable can be hammered
almost flat without detrimental effects to the thermistor
characteristics and can withstand direct flame temperatures
of 2000°F. Interconnections between lengths of cable and
control unit are made with a connector which is hermetically
sealed to the cable,

The fire detection system utilizes three of the 15' sections
of thermistor cable in series through the critical fire areas,
which can be interconnected with asbestos-wrapped heavy
gauge "Firezone" wire. Measurement of cable resistance
by the control console circuit is from the inner conductor,
through the oxides tc the outer sheath and back to the con-
trol console through the chassis mounting. The center con-
ductor begins at, and returmns to, the control console to
form a continuous loop. In this manner, a single break in
the detection cable still allows the system to be fully
operational. The cable is supported at the connectors with
a feed-through type of stand-off mounting bracket and is
clamped under tension along the cable with various cable
clamps every 6" to 12", as illustrated by Figure 29,

The continuous thermistor cable is the least complex of the
various methods of detection available, and its character-
istics are highly predictable., The response time is directly
related to exposure temperature. One foot of the system's
45' of cable directly in a 1000°F flame front will cause an
alarm indication within two to three seconds. This is a
result of the cable's inherent five second time constant
and a system alarm point setting of approximately 350°F,
With proper installation of the cable through the critical
hazard areas, the cable will provide adequate indication
of the presence of a serious fire. Although the response
is not as fast as with other possible means of detection,
this disadvantage is outweighed by the ability to with-
stand rugged handling and extreme operating environmental
exposures. Contaminant and oil film build-up on the
cable will cause only a negligible lag in response time,
whereas, similar amounts of contaminant would make

more sensitive detectors completely inoperative.
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6.2.2

Control Conscle

The control console, as shown in Figures 30 and 31, is

a small weathertight enclosure which houses a printed
circuit card interface to the detection cable and a hermeti-
cally sealed momentary push button audible and lamp test
switch. A type MS environmental connector allows ease

of installation and provides an environmental seal for
passage of system wiring. The warning and alarm indicators
are mounted on a removable, gasketed access cover and

are water tight bases for standard incandescent lamps.

The audible alarm, also mounted on the cover, standard
85 db., 2500 Hertz frequency pulsed at a 2-5 Hertz rate to
attract attention.

The internally mounted printed circuit card, shown in Figure
32, is a completely solid state version of the original
McGraw-Edison short discriminating control unit interface
for the mating Type B thermistor cable. This printed ¢ircuit
card incorporates an alarm adjusting resistor for variation
of the alarm trip resistance to accommodate various lengths
and types of detection cable depending on the size and
service of a vehicle. It also incorporates on the board a
"System Test" switch to allow periodic test and operation
of the entire system. Active solid state switches provide a
current limited warning and alarm cutput to the rest of the
system and include an automatic reset feature.

CONTROL CONSOILE
FIGURE 30
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CONTROL CONSOLE INTERIOR
FIGURE 31

CONTROL CONSOLE - CIRCUIT CARD
FIGURE 32
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Figure 33, Control System Block Diagram, and Figure 34,
Control System Schematic, are included as an aid to the
following detailed description of the operation of the cable
interface control card,

The printed circuit module consists of two Wheatstone
bridges being fed by a common signal from the detector
cable. The output of the two bridges are sensed by Alarm
Comparator Ul and Fault Comparator U2. The cutputs of
the comparators feed individual current limited transistor
switches which provide the drive capability to the external
warning devices, The amplifiers are interlocked in criss-
cross fashion to provide only one set of conditions to be

met at a time. Fault and alarm conditions cannot be given
at the same time. The alarm sei-point is an on-card

adjustment of R5. The total resistance for the alarm

is R6, a 350 ohm resistor, and the setting of R5 should
be set from zero to a maximum of 650 ohms. This pro-
vides a minimum of 350 ohms and a maximum of 1000
ohms set-point to sense an overheat condition. Cable
resistance below the alarm set-point and above the fault
set-point will cause an alarm output. Removing the
alarm condition restores the circuit to standby conditions
of normally off,

The fault amplifier, U2, operates in a similar manner.
However, the time constants of the circuit are faster,
permitting it to sense a fault condition, as would be the
case in a shorted cable, before the alarm amplifier can
react. Its interlock to Ul, the alarm amplifier, prevents
the rapidly falling cable resistance in this case from
being seen as an alarm condition., Values of cable resis-
tance less than 175 ohms are considered a fault condition
and the fault lamp will operate, The fault set-point is
established by Resistor R18, a fixed value of 175 ohms on
the control module.

The control console operates directly from the vehicle bat~
tery system power, nominally +12 VDC. No internal battery
back-up is provided in this control system since the power
consumption of the unit is low and can be tied directly into
the primary power circuit to remain active with the vehicle
shutdown, '
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6.2.3 Electric Actuation Device

A spring-loaded magnetically latched device converts a

12 VDC signal from the detection circuit into an axial

force to a puncture pin, The puncture pin, when actuated,
punctures a pressure cartridge burst disc, releasing the high
pressure actuation gas to the pneumatic actuator of the

dry chemical container assembly. Figure 35 illustrates

the electric actuation device.

The magnetic latch portion of the device is purchased from
'Regdon Company, Chicago. The magnetic latch is a modi-
fication of a smaller Regdon device which is now in produc-
tion. An adapter has been designed by The Ansul Company
to enable the mating of the magnetic latch, the puncture pin,
and the high pressure gas cariridge.

The cartridge is a DOT 322100 cylinder charged with 1-1/8"
oz, of nitrogen, Ansul Part No. 13193.

When in the armed position, a spring pressure plate provides

a closed path for the lines of magnetic flux of a permanernt
magnet, and the magnetic force of 170 lbs. holds the arma-
ture closed against the spring force of 70 1bs. To actuate

the device 12VDC is applied to an internal coil. The lines of
force around the coil buck the magnetic flux path, unlatching
the device and releasing the puncture pin. When latched the
margin between the 170 lb. magnetic force and the 70 1b.

spring force is sufficient to hold the puncture pin in the latched
position when subjected to shock and vibration loads.

The unit is sealed against moisture. On the prototype unit the
external leads are potted with silicone sealant on leaving the
housing, but in a production unit or connector will be mounted
on the housing. ' ‘ ‘

ELECTRIC ACTUATION DEVICE
FIGURE 35
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6.2.4

Dashboard Actuator

The dashboard actuator, Ansul Part No., 17242, will be
mounted on the vehicle dashboard. This permits the
vehicle operator to manually actuate the fire protection
system by removing the ring pin and depressing the push
knob, This action releases the gas from the cartridge
within the dashboard actuator to the actuator body of
the dry chemical container. Figure 36 illustrates the
device.

The nitrogen pressure cartridge, Ansul Part No, 7013,

is a DOT 3A2100 cylinder charged with 27/32 oz, of
nitrogen gas. The component is in service on underground
mine vehicles,

DASHBOARD ACTUATOR
FIGURE 36
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6.2.5

Remote Actuator

The remote actuator, Ansul Part No, 19330, will be mounted
on the side of the vehicle opposite the operator. This pro-
vides a second station for manual operation of the fire protec-
tion system. To operate, remove the ring pin and depress the
puncture lever where indicated "Push." As with the dash-
board actuator, this action will release the gas from the
actuator cariridge to the actuater body of the dry chemical
container. TFigure 37 illustrates the device.

The nitrogen pressure cartridge, Ansul Part No. 6979, is a
DOT 3A2100 cylinder charged with 27/32 oz, of nitrogen
gas. The component is in service on underground mine
vehicles.

REMOTE ACTUATOR
FIGURE 37
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6.2.6

A-101 Fire Control System

The core of the fire suppression system is the Ansul
A-101-30 fire control system with pneumatic actuation,
This system is described by Figure 38,

When any one of the three AFCS actuation devices are
employved, pneumatic pressure is applied tc the pneu-
matic cartridge receiver actuator (ltem 11)., The pres-
sure relief valve (Item 23) will automatically relieve
over-pressurization in the pneumatic actuation line
(»265 psi) and also provides a manual bleed for the
pneumatic actuation system after system discharge,
The pressure applied to the actuator body pushes the
puncture pin (Item 16) through the seal of the cartridge
assembly (item 6), thus releasing the carbon dioxide
expellant gas into the dry chemical container (Item 1).
The cartridge, Ansul Part No. 12044, is a DOT 3A2100
cylinder charged with 10-1/4 oz. of carbon dioxide by
weight. Upon entering the container, the CO97 gas
simultaneously fluidizes the dry chemical and pressur-
izes the tank. When the internal tank pressure reaches
150 psi, the burst disc (Item 4) fragments, releasing the
fluidized dry chemical gas mixture into the system dry
chemical distribution lines.
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ANSUL A-101-10, A-101-20, A-101-30 FiIRE CONTROL SYSTEMS

FIGURE 38
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6.2.7

Mounting Bracket

The heavy-duty mounting bracket, Ansul Part No. 30215,
that is used to secure the dry chemical container to the
vehicle is illustrated in Figure 39. This bracket was
specifically designed to withstand the severe shock and
vibration environments experienced by truck-mounted
fire protection systems.

MOUNTING BRACKET
FIGURE 39
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Check Valve

6.2.8

Three check valves are used in the actuation system,

Their purpose is to limit the

effective volume of the pneumatic pressure lines so

as shown in Figure 26.

that an actuation cartridge does not require the capacity

to charge the complete ¢

These valves are in-line,

t.
Ansul Part No. 25627,

ircui

See

spring-loaded, ball checks,

Figure 40.,)

CHECK VALVE

FIGURE 40
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6.2.9 Lines and Fittings

The lines which carry the fluidized dry chemical are single
wire braid, textile or rubber coated hydraulic hose, All
lines conform to SAE Standard J517A or J343, and all fittings
conform to SAE Standard J516A. They also conform to USBM
Standard 2-G. Hydraulic hose was selected because of its
flexibility and ease of installation on existing equipment.

There is one special triple tee fitting, Ansul Part No. 16424,
as illustrated by Figure 41. The tee assembly is assembled

by the manufacturer in a fixed orientation to insure the cor-

rect distribution of dry chemical.

The line sizes and the general layout are illustrated by
Figure 42, The layout shows the location of the special
distribution tee and the nozzles.

TRIPLE TEE FITTING
FIGURE 41
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6.2.10 Nozzles

The nozzle locations and dry chemical distribution
patterns were discussed in the system design section
(6.1.1) and shown in Figure 25. The system includes
four fan-spray nozzles, Ansul Part No., 16425, and two
nozzles with conical pattern, Ansul Part No. 15347,
These are illustrated by Figure 43, The fan-spray noz-
zles provide 180° fan-shaped pattern with coverage as
indicated by Figure 44, The cone-shaped nozzles dis~
charge a conical pattern with an included angle of
approximately 30 degrees and are used on the sides of
the engine.

Special nozzle brackets, Ansul Part No. 16597, are used
for installation of the nozzles on the vehicle frame,

The placement and aiming of the dry chemical nozzles
relative to the hazardous area is critical. Before actual
installation, consideration must be given to mounting
each nozzle in a position which best enables it to direct
the dry chemical discharge into the total fire area, The
pattern of dry chemical as it is discharged from the noz-
zle dictates the dry chemical coverage, ‘

NOZZLES
FIGURE 43
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6.2.11

FAN NOZZLE FLOW PATTERN

1" HEX. ACROSS FLATS /

%" NPT PIPE THD.

DRY CHEMICAL PATTERN

FIGURE 44

Air Cvlinder (Engine Shut-Off)

This component is a system accessory whose furniction is
to shut-off the fuel supply to the engine when the AFCS

is actuated, Tt is an air piston operated by pressure from
the actuation line (reference Figure 26). The fuel shut--
off is a spring-return rocker arm on the side of the engine
which has a cable link to the vehicle dashboard, The air
piston rod will tie into this rocker arm, in parallel to, but
not interfering with, the operator's cable control. The
air cylinder is Ansul Part No. 15521 and is illustrated by
Figure 45,

AIR GYLINDER (ENGINE SHUT-OFT)
FIGURE 45

-113-



6.2.12

Control Valve (Brake Application)

This pilot actuated valve operates within that portion of

the vehicle pneumatic system which applies pressure to

the hydraulic brake system. In normal operation, the
vehicle pneumatic pressure is applied to the hydraulic

brake system to disengage the brakes. To apply the

brakes, the operator manually actuates a two-way control
valve which cuts off the pneumatic pressure supply to the
brakes while venting the pneumatic pressure already in

the brake system. When this pneumatic pressure is relieved
the brakes automatically set
themselves, The AFCS simply
adds a second two-way valve
in series with the operator's
manual brake application valve.
This second valve is actuated
automatically when one of the
AFCS actuation devices is oper-
ated {reference Figure 26).
When the actuation system
pressure is applied to the pilct
part of this second valve, it
functions to set the vehicle
brakes in the same manner as
the valve in the operator's
manual brake application sys-
tem.

There is a time lag of several
seconds after the fire alarm
signal and the application of
brakes. The valve (Figure 46)
is purchased from Williams

Air Controls, Portland, Oregon.
It is a standard product of
Williams Air Control and has
seen extensive service in the
mobile vehicle market.

CHECK VALVE
FIGURE 46

-114-



6.3 Development Test Program

The intent of this section is to describe the history which
qualifies each component for use on the prototype AFCS
and to summarize the development tests performed on the
vehicle mock-up prior to the field demonstration. .

6.3.1 Component Evaluations

6.3.1.1 Detection

The continuocus thermistor detection cable was originally
developed for use in sircraft engine compariments and
has been an established, proven detection method for a
number of yvears. The high shock and vibration loads and
exposure to humidity and high temperatures experienced
in that environment make this cable well suited for the
rugged mine environment. Extensive testing of the cable
has been performed to obtain approvals by the Federal
Aviation Administration prior to its selection for use on
this program. These tests include shock and vibration to
100 g's, physical abuse, and extensive temperature and
spot flame tests. These tests have not been duplicated
for this program, but technical reports and publications
‘are available. Testing was performed as part of this pro-
gram to verify the published temperature-resistance curves
for the 300°F McGraw-Edison cable, Figure 47 illustrates
the test set-up for these tests. A correlation of 99.95%
exists between the laboratory measured data and the theoreti-
cal curve generated by the characteristic equations developed
for this device. Comparison of the data with the McGraw-
Edison published curve shows a 99.98% correlation with
the defining equations. Consedquently, it may be concluded
that the reaction of the detection cable to any given set
- of temperature conditions is highlyv predictable with respect
" to changes in resistance and response times. Utilizing the
established data, a theoretical curve was established for
three 15' sections of 300°F Tvpe B thermistor cable des-
cribing the variation in resistance over an ambient tempera-
ture range (see Figure 48).
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DETECTION CABIL - TEMPERATURE TESTS IN OVEN
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Additional tests were performed to determine the response

of the detection cable when only a small section was
exposed to a flame front, Figure 49 shows the test set-up
which verified that the flame has to be extremely close to
the cable if not directly impinging on it to produce sufficient
resistance change to cause an alarm.

Additional oven tests were performed to simulate exposure
of a short length of cable to the flame front. These tests
‘established the resistance of the 45' section of test cable
with a 12" section exposed to a stable reference tempera-
ture and simulated a localized over-temperature or fire
condition., They also verified theoretical calculations of
alarm resistances required to cause an alarm when a 1'
section was exposed to a given temperature, Calculations
can also show that the cable is extremely stable over a
large ambient temperature range with no shift in actual
alarm point for a small section exposed to a flame. The
results of the tests provide the following accurate character-
ization for this system cable:

b2)
R(T) = A eB\T To

Where: T = ambient temperature in degrees
Rankine (CF + 459.72)
R = resistance of the cable
B = semiconductor slope factor in degrees

Rankine
To = reference temperature in degrees
Rankine
A = resistance characteristic for the 300°F
cable

1-_1
R(T) = 1290.3 612224(T 659.72>
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6.3.1.2

Control Console

The printed circuit card has undergone temperature and
input power testing at McGraw-Edison's facilities to
ensure operation in the mining environment. The control
card reliably operates over a £ 25% voltage range from
the nominal 12 VDC power input (9-15 VDC) and -55°C
to +71°C ambient temperatures (-67°F to +160°F). Com-
ponents were selected and mounted on the basis of a
high shock and vibration environment, resulting in MIL-
quality design. The printed circuit card is .125" G-10
glass epoxy material, selected to minimize flexing of
components or board in a mine environment.

The control console assembly has been subjected to
vibration testing and exposure to a 100% relative humidity
water fog atmosphere., A discussion of the results of each
of these tests follows.

. Vibration Testing

The control console was vibrated per the UL 299
specifications. Very briefly, this test sequence
consists of vibrating the test specimen at a reson-
ant frequency in each of three planes (vertical,
horizontal and lateral). The duration of the vibra-
tion test is two hours for each plane. The tests

are run consecutively in the order given, without
maintenance to the test specimen in the interim.
Prior to each sequence of testing, a thorough search
is made to determine the frequency and displacement
at which the vibration is most severe, this point
being referred to as the resonant frequency. If no
resonance is found, the specimen is vibrated through
a .020" displacement, at a frequency of 60 cps.
Either of these situations are considered to be "worst
case" conditions.

Both before and after each 2-hour test the unit is
actuated electrically to determine its operating

condition, The external test switch is employed
to determine the operating condition of the lights
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and audible alarm, and a resistance is placed
across the detection wire leads to simulate a

fire condition.

The results of this testing are
summarized in the following table,

VIBRATION CONDITICNS

RESULLS OF
POST VIBRATION
OPERATIONAL TEST

Plan Table Frequency Unit External Resistance
Of Displacement (Cycles per Displacement Test Test (Tire
Vibration {in.) Second) {in.) Switch Simulation)
Vertical .060 19 .070 Normal Normal
‘ Operation Operation

Horizontal .020 60 .050 Normal Normal

Operation Operation
Lateral .060 19 .065 Failed to Failed o

operate operate.

warning A connec-

lght and tion between

horn. The a capacitor

wire leads and the

from test printed cir-

switch cuit board

broke off failed.

at the light

and alarm

terminals.
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The data on the previous table indicates that the
unit failed to operate properly after the sixth hour
of severe vibration. There were two failures.
The first occurred at the signal lamp solder con-
nection to which a wire from the test switch is
secured. The wire was not supported, allowing
it to move considerably during vibration. The
repeated movement eventually fatigued the wire
to the point of fracture, This situation has been
remedied by using slip cable ties to support the
wire near the solder joint.

The second failure involved the solder joint between
a condensor and the printed circuit board within

the console. To correct this condition, the PCB
and its components will be potted, thus preventing
the relative movement which acts to fatigue the
sclder connections.

Other than the above two problems, which have
been corrected, the control console functioned
satisfactorily and verified the design.

100% Relative Humidity/Water Fog Atmosphere Testin

As recorded in the Phase II report of this contract,
the relative humidity in underground mines varies
from 25% to 100%, with the average being 78%.
This phase of environmental testing was embarked
upon to determine if the control console would
reliably operate after prolonged exposure to a 100%
relative humidity/water fog environment.

The apparatus in which the control console was
tested is designed to maintain a 100% relative
humidity level throughout the duration of the test
period. To achieve this condition, a fine atomized
fog of water is continually spraved into the environ-
mental chamber.

The test procedure involved placing the control
console inside of the environmental chamber for
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WARNING MODULE IN HUMIDITY TEST CHAMBER

FIGURE 50

a period of ten days (240 hours), see Figure 50,
Each day, though, the unit was actuated elec~
trically via both it$ external test switch and by
placing a resistance across the detection circuit
(simulating a fire condition).

After the first three days of testing it was discovered
that the control console cover had not been sufficiently
tightened. Considerable moisture had entered the
eniclosure, preventing the electrical circuit from
actuating properly. The unit was promptly removed
from the test chamber and air oven dried for 18 hours.,

- After drying, the unit was tested and once again

found to be operative. The cover was then replaced
and securely fastened, and the entire ten-day 100%
humidity test was started once again.
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6.3.1.3

This second test sequence was successful. The
control console operated properly throughout the
duration of testing and the interior was found to be
free from excessive moisture at the completion of
the ten-day cycle.

In an attempt to avoid similar damage to the elec-
trical components under actual field conditions, the
printed circuit board which is contained within the
control console will be potted. In this manner, all
vital circuit members will be free from attack by
either humidity or any other adverse environmental
contaminants.

Electric Actuation Device

The device was subjected to cycling tests and environ-
mental tests for shock, vibration, and 100% relative
humidity/water fog atmosphere.

. Vibration and Impact Test

The tests were performed on three units. All units
successfully completed the vibration test, including
functional tests after vibration. However, Unit 3
did not successfully complete the impact test.
During the test of Unit 3 the impact force from
repeated 3" free drops caused the puncture pin to
actuate. The unit design requires that the magnetic
force holding the puncture pin shall have a margin
of at least 100 lbs. over the spring force trying to
release the puncture pin. The two units which com-
pleted the vibration and impact test had margins of
115 1lbs., and the unit which failed had a margin of
38 lbs, which was not sufficient to hold the pin in
place against the high impact load. This test demon-
strated the necessity of checking the force margin
during production acceptance tests.,

After the vibration and impact test Unit 1 was sub-
jected to 500 actuation cycles. It successfully punc-
tured an LT-5 cartridge after the cycle test and the
force margin holding the puncture pin to the magnet
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was 110 lbs. after all tests were completed,
showing no measurable change.

. Corrosion Test in Humidity Chamber

One unit was exposed to 100% humidity in the
test chamber and showed signs of corrosion
through the nickel plating on the body after &
five-day exposure. The corrosion did not effect
the function of the device. For the prototype
test units, the nickel plated bodies were painted
with epoxy paint used on the dry chemical con-
tainer, Production units will require an improved
corrosion resistant coating.

6.3.1.4 Dashboard Actuator

‘This device is presently a component of the manually
actuated Ansul A-101-30 mine vehicle fire control system.
It is approved by Factory Mutual Laboratories and has an
extensive history of successful use in the underground
mine environment. For these reasons, additional environ-
mental testing is not required.

6.3.1.5 ° Remote Actuator

This device is presently a component of the manually
actuated Ansul A-101-30 mine vehicle fire control system.
It is approved by Factory Mutual Laboratories and has an
extengive history of successful use in the underground
mine environment., TFor these reasons, additional environ-
mental testing is not required.

6.3.1.6 A-101 Fire Control System

The components used for this contract are part of a man-
ually actuated fire control system which is approved by
Factory Mutual Laboratories and have extensive history
of gsuccessful use in'the underground mining environment.
Tor these reasons, additional environmental testing is
not required,
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6.3.1.7

6.3.1.8

Mounting Bracket

This bracket has been designed in conformance with a
heavy equipment manufacturer's specifications and design
criteria for tracked vehicles and then tested for a duration
of ten times that specified by the manufacturer.

This testing, which was done prior to this contract, went
as follows:

Frequency: Resonant Frequency Below 100 cps

Plane of Total Equivalent

Vibration Time Cycles Loading
Vertical 67 hours 10 million 5g's*
Horizontal 150 hours 10 million 1 g*
Lateral 110 hours 10 million 1 g*

*] g = force of gravity

In addition to the above test program, the bracket is listed
by Underwriters Laboratories, approved by Factory Mutual
Laboratories, and conforms to the following military speci-
fications:

Vibration Testing: MIL-S5-167B
Impact Testing: MIL-8-901C

Because of this extensive test program, this bracket is
considered acceptable for use with this contract without

further environmental testing.

Check Valve

This device is presently a component of the manually
actuated, Ansul A-101-30 mine vehicle fire control system.
It is approved by Factory Mutual Laboratories and has an
extensive history of successful use in the underground
mining environment. For these reasons, additional environ-
mental testing is not required.
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6.3.1.8 Lines and Fittings

These components are presently used as part of the man-
ually actuated Ansul A-101-30 mine vehicle fire control
system. It is approved by Factory Mutual Laboratcries
and has an extensive history of successful use in the
underground mining environment. They also conform to
SAE Standards J516A (Fittings), J517A (Hose), and J343C
(Hose), and USBM Standard 2G. For these reasons addi-
tiocnal testing is not required.

6.3.1.10 Nozzles

Both of the nozzle types used in this system are approved
by Factory Mutual Laboratories and listed by Underwriters
Laboratories as components of Ansul fire control systems,
They are also used extensively in underground mining
equipment, Thus, additional environmental testing is not
required. The discharge characteristics of these nozzles
were tested as part of the system tests.

6.3.1.11 Air Cvlinder (Engine Shut-Off)

This device is approved by Factory Mutual Laboratories
and listed by Underwriters Laboratories as a component
in the Ansul Fire Control System. Further testing is not
required.

6.3.1.12 Control Valve (Brake Application)

This type of valve is presently in use in several under-
greund mining applications, and on the Wagner 8T-2E-
LD the valve will be placed in series with a similar
valve alreadv performing the brake application function
from the operator's dashboard. For these reasons addi-
tional environmental testing is not required.

Functional tests of the valve were performed to demon-—

strate its operation with expected system pressures,
The tests were satisfactory.
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6.4

6.4.1

System Mock-Up Testing

System Installation on Mock-Up

A full-scale mock-up of an ST-2B-LHD vehicle was
designed and fabricated. The dimensions of the pro-
tected areas duplicated the vehicle dimensions so
that the system discharge and fire tests would be
representative of the tests to be performed on the
actual vehicle later in the program. In general, the
components are located in the same location planned
for vehicle installation. Special care was taken to
ensure that the layout of the dry chemical distribution
lines and the nozzle locations would duplicate the
vehicle installation.

From a fire protection standpoint, the engine compart-
ment reguires two different techniques to obtain ade-
quate protection. The top and bottom (pelly pan) of

the engine compartment are fully enclosed, readily
lending themselves to a total flood fire control tech-
nique. Since these volumes on this particular vehicle
are relatively small, one total flood nozzle is sufficient
for each location. The nozzles are mounted in the

back end of their respective locations within the com-
partment. Their spray patterns are directed forward across
the engine.

The sides of the engine compartment are a different matter.
Since a fire could occur anywhere along the side of the
engine, and since this area is not fully enclosed, the
local application fire control technique is required. How-
ever, since the side openings of the engine compartments
of most underground diesel equipment are relatively small,
the turbulent flow of the dry chemical cloud, as it exits
the local application nozzle, creates a combination of the
total flood and local application techniques, This works
in favor of the FCS for it provides a complete blanket of
protection for the entire side of the engine.

Because of both the small size of this particular machine
and the range that is provided by the local application
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nozzle being used, only one such nozzle is required to
adequately protect each side of the engine. Each nozzle

is located in the upper, back corner of the side opening

and is directed down towards the lower froni corner of the
side opening. In this manner complete coverage is achieved.

It should be mentioned here that preliminary tests were
run with a total flood type nozzle on the left side of the
~engine {side opposite the exhaust manifold)}. The range
of this nozzle proved insufficient, therefore, the switch
was made to the local application nozzle, '

Both the transmission compartment and the articulation
point on this mock-up were treated as total flood situa-
tions. Since these areas are almost totally enclosed

and because of their small size, total flooding is the most
efficient technique. Each compartment is protected with
one total flood nozzle. However, the orientation of the
nozzle in each compartment will be somewhat different.

The nozzle in the transmission compariment is placed in
the upper, forward location with the spray pattern directed
horizontally across the top of the transmission housing.
The nozzle in the articulation point is also located in the
upper, forward section of its compartment, but its spray
pattern is directed down towards the bottom of the vehicle.
The intent of this arrangement is to locally apply the dry
chemical to the hydraulic hoses in the articulation area and
totally flood the compartment,

It should be noted that the articulation point nozzle was
first mounted outside of the mock-up articulation point
compartment (see Figure 51}). However, after the first

few discharges it was decided that, in the interest of more
closely simulating the real vehicle situation, this nozzle
should be moved to the inside of the articulation point
compartiment.

Up to this point, only the fire contral system has been
described. Equally important is the analysis involving
the location of the fire sensing devices, which in this
case are the linear thermal detection wires. For optimal
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performance from this form of detection the wire should
be located as close to the anticipated location of the
flame front as possible. However, the rugged environ-
ment in which the underground vehicles operate also
necessitates that the detection wire be protected from
physical abuse.

The location which best suits both of these criteria is
the upper-most interior perimeter of the compartments
which are to be protected. In this location the flame
front of a serious fire is most likely to reach the wire,
heating it to the point of detection. Also, when attached
to the interior perimeter the wire is out of the way and
less likely to be damaged by direct physical abuse,

The engine compartment of this vehicle has two detec-
tion wire loops. One loop is mounted on the engine
cover to protect the upper engine area. A second loop
is mounted around the upper perimeter of the belly pan
to provide more rapid sensing of a fire in this location,
The transmission compartment and articulation point
only have detection wire loops around their respective
upper perimeters due to the enclosed nature of these
compariments,

On a vehicle of this size and type it is wise to determine
the location of the dry chemical agent tank first, for in
most cases the possible locations are limited. For this
particular vehicle the agent tank was located adjacent

to the articulation point, on the driver's side, under the
driver's control panel (see Figure 51). The agent tank
bracket was not permanently mounted to the mock-up.

The next component for which a location must be deter-
mined is the primary distribution tee, or triple tee as it

is called. When locating this component one must bear

in mind that the lengths of hose from this tee to the various
nozzles must be as close to equal as possible in order to
maintain a balanced flow characteristic for the dry chemical.
The location that was chosen for this component on the mock-
up was inside of the articulation point compartment (see
Figure 52).
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The triple tee was mounted to the mock-up with a hose
clamp. After mounting the triple tee, the nozzle mount-
ing brackets were welded or bolted in place and dry chem~
ical distribution hose was installed (see Figures 51, 52,
53 and 54). The distribution circuit is shown in Figure

42 . This arrangement was selected because it provided
for a larger amount of dry chemical {@approximately two
pounds more per nozzle) to be discharged from the side
mounted engine nozzles where one would expect the

most severe fires to occur.

The fire control system actuation devices were the next
components to be mounted. The dashboard actuator was
placed near the driver's area (see Figure 55). The remote
manual actuator and the automatic actuator were mounted
on the side of the vehicle opposite the driver's area (see
Figure 56). The mounting brackets for these components
were bolted to the mock-up.

‘The detection wire was mounted tc the mock-up by means
of clamps supplied by the wire manufacturer, The clamp
on Line 2 of Figure 29 was chosen because it places the
detection wire as close as possible t6 the bulkhead of the
mock-up. Figures 57, 58 and 59 show the detection wire
as mounted in the upper engine compartment, transmission
compartment, and articulation point respectively.

The control console is mounted in the driver's area, bolted
to the mock-up bulkhead (see Figure 55). A small 12 VDG
battery is used for a power supply in lieu of the vehicle
battery which will be used in the vehicle installation.

The engine shutdown device is mounted on the right side
of the engine block (see Figure 60).
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TRIPLE-TEE INSTALLED ON MOCK-UP
FIGURE 52
ARTICUIATION POINT NOZZLE
AND AGENT TANK LOCATION
FIGURE 51

ENGINE (RIGHT SIDE) AND TRANSMISSION
COMPARTMENT NOZZLE ENGINE COMPARTMENT

FIGURE 53 NOZZLE
FIGURE 54
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DASHBOARD ACTUATOR MOUNTED ON MOCK-UFP

FIGURE &5

REMOTE MANUAL ACTUATOR AND ELEGTRIGC
ACTUATION DEVICE MOUNTED ON MQOCK-UP

FIGURE 56
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DETECTION WIRE MOUNTED IN ENGINE COMPARTMENT

FIGURE 57

DETECTION WIRE MOUNTED IN TRANSMISSION AREA
FIGURE 58
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DETECTION WIRE MOUNTED IN ARTICULATION AREA

FIGURE 358

ENGINE SHUT DOWN DEVICE MOUNTED ON MOCK-UP
- FIGURE 60
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6.4.2

Nozzle Discharge Testing

The discharge tests on the mock-up were done primarily
to determine the discharge characteristics at each nozzle
location, Of primary interest were the determinations of
(@) the amount of dry chemical that would be discharged
from each nozzle, and (b) the spray pattern or extent of
coverage that each nozzle would produce. The testing
proceeded as follows:

. Weight of Dry Chemical Discharge

To determine the exact weight of dry chemical that
was discharged from each nozzle, a large plastic
bag was placed over the nozzle (see Figure 61);
the system was then discharged, forcing the dry
chemical into the bags (see Figure 62). At the
~completion of the discharge, each bag was removed
from the mock-up and weighed. An average of the
discharge weights indicates that the side-mounted
engine compartment nozzles discharge approximately
5-1/2 lbs. of dry chemical each, and the remaining
four nozzles discharged approximately 3-1/2 lbs,
each. This performance is as expected from this
distribution circuit design.

. Extent of Nozzle Coverage

Although the general spray pattern and extent of
hazard protection is well known for each of the two
types of nozzles that are used with this gystem,
several discharge tests were run to determine if
the coverage was adequate for this particular
vehicle. A photographic record was made of each
test. It can be seen from Figures 63 and 64 that
this system provides more than adequate coverage
for the vehicle.

It should be noted that, as a result of this segment

of testing, the nozzle which covers the side of the
engine opposite the exhaust manifold was changed
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NOZZLE BAGCGED DISCHARGE TEST
FIGURE 61

B

e

NOZZLE BAGGED DISCHARGE TEST
FIGURE 62
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NOZZLE DISCHARGE TESTING

FIGURE 63

NOZZLE DISCHARGE TESTING

FIGURE 64
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6.4.3

6.4.4

from a nozzle with a fan-shaped spray pattern to a

. nozzle with a conical~shaped spray pattern. This
change was made in an attempt to achieve greater
coverage for that side of the engine.

Preliminary Fire Tests

The purpose of these tests was to determine if the fire
control svstem could extinguish the diesel cil pan fire
hazards that were located in various positions on the
vehicle. Figures 65, 66, 67 and 68 show the location
of the fire pans in the engine compantment (top and right
side), engine compartment (lefi side), transmission com-
partment, and articulation point respectively.

The testing procedure was as follows. For each test, all
of the pan fires were ignited and allowed to preburn for
approximately 15 seconds (see Figure 69). The system
was then discharged via one of the manual actuation |
devices. Figure 70 shows the discharge pattern. In all
of these tests the pan fires were immediately extmgulshed
upon system discharge.

Through repeated testing it was discovered that the fuel
oil was being splashed from the pans as a result of the

nozzle pressures. To prevent this splashing, a screen

mesh material was placed in each pan, and the depth of
the fuel cil was not allowed to exceed the height of the
screen mesh material, These preventative measures have
no adverse effects on the fire extinguishing capabllltles
of the AFCS.

ATCS Tire Tests on Mock-Up

This testing was run in two segments. The first segment

" involved only the detection system. The second segment

involved testing of the entire AFCS. A discussion of the
results follows:

. Detection System Testing

1t was neces sary' to det_erminé if each individual
pan fire would produce a sufficient amount of heat
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FIRE PAN, ENGINE COMPARTMENT TOP AND IEFT
FIGURE 65

FIRE PAN, ENGINE COMPARTMENT RIGHT SIDE
FIGURE 66
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FIRE PAN - TRANSMISSION AREA
FIGURE 67

i
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- FIRE PAN - ARTICULATION AREA
FIGURE 68
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PAN FIRE, PRE-BURN TESTS
FIGURE 69

MANUAL DISCHARGE TEST OF FIRE CONTROL
SYSTEM TO EXTINGUISH PAN FIRES

FIGURE 70
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energy within a reasonable amount of time to set

off the detection system. Each of the tests were
run when the ambient wind conditions were similar
(approximately 15 mph) to what might be encountered
in a mine. The results of this first segment of test-
ing revealed that each pan fire alone was adequate
to set off the detection. However, considerable
time was required in the engine compartment and
articulation point locations (@pproximately one to
two minutes).

. To remedy this situation, the articulation poini pan
fire was moved from the bottom of the mock-up to a
location that was closer to the detection wire, and
an additional pan fire was added above the exheust
manifold of the engine. Retesting produced more
gsatisfactory response times,

However, the pan fires still did not simulate what

is considered to be the real fire hazard, i.e.,
spraving fuel from a broken diesel fuel or hydraulic
oil line. To simulate this hazard, an empty pressure.
container was fitted with a 6' long nozzle made of

1 /4" copper tubing., The copper tubing was then
pinched at the discharge end to achieve an atomized
spray mist of fuel. The pressure container itself
wag partially filled with diesel fuel and pressurized
to 300 psi. A spring-loaded shut-off valve was used
atop the container to control the flow of fuel from the
nozzle, The discharge tip of the 6’ long nozzle was
positioned where it could spray its fuel directly over
the pan fire which is adjacent to the exhaust manifold
on the mock-up. |

The resulis were as expected. ‘The burning exhaust
manifold pan fire immediately ignited the spray of fuel
oil as a hot exhaust manifold would have done in a
real situation. The intense fire that was created
instantaneously generated sufficient heat toc set off
the detection circuit and sound the alarm devices on
the control console, -
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A typical engine pan fire is illustrated by Figure

71 and the same fire supplemented by an atomized
spray of diesel fuel across the engine is illustrated
by Figure 72.

Fire Tests with Complete AFCS

Since extinguishment of the pan fires alone had
already been demonstrated in Section 6.4.3 of the
mock-up testing, this fully automatic test sequence
was only run with the more difficult atomized fuel
spray fire hazard.

As before, this intense fire was sensed almost
immediately after ignition. Upon detection, the
control console circuitry energized the electrical
actuation device, allowing it to puncture its actua-
tion gas cartridge. This actuation gas then acted
to puncture the expellant gas cartridge which, in
turn, released the dry chemical agent and brought
about the extinguishment of the fire,

The fuel spray was left on for the duration of the
dry chemical discharge to ensure that the fire con-
trol system could maintain extinguishment through-
out the discharge period.

Demonstration Tests for Bureau; AFCS on Mock~Up

Four separate tests were run on the LHD mock-up. Since

‘testing procedures were identical to those described in

Section 6.4.4, only a summary of the results of these
additional tests will be offered at this time.

The first test consisted of lighting the articulation point
pan fire in an attempt to set off only the detection system.
Due to the cold, rainy and windy weather, there was quite
a longer than normal delay before the linear thermal sen-
sor reacted to sound the alarm devices on the control
console. The problem involved getting the rain-soaked
fuel oil to burn properly under the cold ambient tempera-
ture conditions.,
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ENGINE COMPARTMENT PAN FIRE
FIGURE 71

SIMUILATED FUEL SPRAY FIRE TEST

FIGURE 72
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The second and third fire tests involved the transmission
and engine compartment (exhaust manifold site) respectively.
For each of these tests, the entire AFCS was utilized for

the detection, actuation, and extinguishment of the pan

fire.

Figures 73 through 77 show the sequence of events from
ignition of the pan fire to final extinguishment,

It should be noted that during the third test sequence the
snap ring which holds the puncture pin securely in place
within the electrical actuation device broke, releasing

the pin and rendering the EAD inoperative., Upon examina-
tion of this particular prototype unit at a later date, it

was discovered that the wrong size puncture pin and snap
ring had been used in its construction. This failure, which
did not occur until after well over 150 actuations of the
device, is to be atiributed to this use of incorrect materials,
and not to the basic design itself, Also, further prototypes
will be assembled with the correct materials, thus avoiding
a recurrence of this problem.

The fourth and final demonstration test involved a repeat
of the atomized fuel spray fire (see Figure 72). The sys-
tem was discharged manually, but the fire signals on the
control console actuated almost immediately and the fire
was extinguished almost immediately after the start of the
dry chemical discharge.

Figure 78 shows personnel of The Ansul Company and the

Bureau of Mines inspecting the mock-up after the final test
of the demonstration.
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IGNITI©GN OF PAN FIRE IN ENGINE COMPARTMENT

FIGURE 73

AUTOMATIC SYSTEM DISCHARGE
FIGURE 74
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AUTOMATIC SYSTEM DISCHARGE
FIGURE 75

AUTOMATIC SYSTEM DISCHARGE
FIGURE 76
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AUTOMATIC SYSTEM DISCHARGE
FIGURE 77

ANSUT AND BUREAU OF MINES PERSONNEL INSPEGTING MOGK~UF

FIGURE 78






7.0

7.1

FIELD DEMONSTRATION

Planning for Field Demonstration

The field demonstration involved underground fire tests
demonstrating the performance of an automatic fire con-
trol system (AFCS) installed on a load-haul-dump (LHED)
vehicle. The selection of the LHD vehicle class for the
test was made in Phase II of the contract {reference Sec—
tion 4.1),

The Ansul Company and the Hecla Mining Company began

planning early in December 1975 towards a cooperative
effort to perform the required field demonstration. An
agreement between the two companies (see Appendix D-1)
determined that the field demonstration would be performed
at the Lakeshore Project of the Hecla Mining Company,

Casa Grande, Arizona. The LHD vehicle selected for the
test was a Wagner ST-2B-THD. It was established that

the demonstration would occur in the East Exhaust Drift

at the 500 Level (approximately 1400 feet below the surface).

Since the Pederal Standard 57.4-58 prohibits the lighting
of fires underground, it was necessary to obtain a variance
to the Federal Standard in order to perform the field demon-

. station. The application for a variance was initiated by

the March 18, 1976 letter from The Ansul Company to Mr.
Robert E, Barrett, MESA Administrator (see Appendix D-2),
The MESA letter to Ansul of April 1, 1976 (see Appendix
D-3) advised that the variance request was being processed.
Since Arizona is a State Plan state, the variance was issued
by the office of the Arizona State Mine Inspector with the
concurrence and approval of MESA. The variance (see
Appendix D-4) dated April 15, 1976 was received prior to
the demonstration. The Hecla Mining Company emplovees
were advised of the test plans by the Hecla memorandum
dated May 10, 1976 (see Appendix D-5) and each employee

" was required to acknowledge reading the memorandum.

The field demonstration was witnessed by representatives

of the Bureau of Mines Twin Cities Mining Research Center,
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7.2

MESA Phoenix Office, Arizona State Inspector's Office,
and participating representatives of the Hecla Mining
Company and The Ansul Company. Each of the witnesses
attended a pre-test briefing in which the detailed test
plans were presented (see Appendix D-6) and the safety
procedures and plans were reviewed by Mr. Claude Huber
of the Hecla Mining Company.

AFCS Installation on LHD

The automatic fire control system (AFCS) was installed
on a Wagner ST-2B-1.HD while underground at the Lake-
shore Project of the Hecla Mining Company during the
period May 7-9, 1976 {reference Figure 79). The test
vehicle is an LHD~-Wrecker, i.e., the vehicle has a
hyvdraulically operated arm and towing device behind the
articulation section instead of the standard shovel.

The system design and installation were in accordance

with the development effort of the previous phases of

the contract. The installed system provides fire protection
for the engine area, the transmission area, and the articula~
tion area. The system concept includes a continuous strip
thermistor wire detection system with a control console
which senses the detection wire, actuates the suppression
system on command from the detection system, supervises
the detection circuit for malfunctions, and includes visual
and audible alarms., The fire suppression system is a fixed
pipe dry chemical system with an electric actuation device
actuated on command from the control console, The AFCS
also includes two manual actuation devices which can
override the automatic system and accessories which shut
down the engine and apply the vehicle brakes when the
AFCS is actuated., The system schematics, which appear
in Section 6.1.1, continue to describe the system.

The identity and location of the AFCS components is des-
cribed in the following discussion. The funciion of each
component is explained in more detail in Section 6.2.

The detection wire is a continuous circuit starting at the
control console, then looping the articulation area, the
transmission area, and with loops above and in the belly
pan of the engine area. Figure 80 illustrates the detection
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ENT«<ANCE TO HECIA LAKESHORE PROJECT

FIGURE 79
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DETECTION WIRE IN TRANSMISSION AND ARTICUIATION ARFAS

FIGURE 80

DETECTION WIRE ON ENGINE COVER
FIGURE g1 ,
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wire installation in the articulation and transmission
areas and Figure 82 illustrates the installation on the
engine cover above the engine. The belly pan loop

is hidden from the view of the camera. Fire zone wire
is used to couple sections of the detection wire and
complete the circuit. Figure 82 illustrates a section
of the fire zone wire running towards the belly pan
loop from the top of the transmission area.

FIRE ZONE WIRE IN TRANSMISSION AREA

FIGURE 82

Several of the components are mounted near the vehicle
operator's dashboard as shown in Figures 83 and 84. The
hand shown in Figure B3 is operating the test switch on
the control console which tells the operator that the warn-
ing lights and audible alarm are functional. The hand
shown in Figure 84 demonstrates the vehicle operator push-
ing the "Fire" button on the dashboard actuator., In this
same area, the dry chemical agent container is shown
bolted to the wheel fender using the new heavy-duty
mounting bracket which has been designed to withstand the
severe environment on vehicles of this type.



DASHBOARD AREA - INDICATING TEST SWITCH AT CONTROL CONSOLE

FIGURE 82

DASHBOARD AREA - INDICATING DASHBOARD ACTUATOR
FIGURE g4
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The other two system actuation devices are mounted on the
opposite side of the vehicle from the operator. Figure 85
shows the remote manual actuator on the wheel fender, and
the automatic electric actuation device mounted in the
lower left side of the engine area.

LEFT SIDE OF ENGINE AREA
ELECTRIC ACTUATION DEVICE AND REMOTE ACTUATOR

FIGURE 85

There are two accessories which are part of the actuation
system. The engine shut-off air cylinder is shown in
Figure 86 at the rear, right, lower part of the engine area.
The other accessory is the pilot-operated valve which sets
the vehicle brakes when the AFCS is actuated. This valve
is located.under the dashboard behind the panel and can-
not be photographed.

When the system is actuated, the fluidized dry chemical

is distributed to six nozzle locations through hydraulic hose
lines. Figure 87 illustrates the "triple tee" which is the
main distribution point separating the powder flow, and
also shows the nozzles flooding the articulation and trans-
mission areas. Tigure 88 is a top view of the vehicle with
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7.3

RIGHT SIDE OF ENGINE
AIR CYLINDER (ENGINE SHUT-OFT)

FIGURE 86

the covers open, showing the three areas protected by
the AFCS. Figure 8% shows the fan nozzle sweeping the top

of the engine area and the conical nozzle which sweeps the

right side of the engine. Figure 90 shows the conical noz-

~ zle sweeping the left side of the engine. The belly pan

nozzle is at the back of the belly pan area within the closed
space at the bottom of the engine and cannot be photographed.

Field Demonstration

The field demonstration was performed at the Lakeshore
Project of the Hecla Mining Company, Casa Grande,
Arizona. Svystem discharges and fire tests were performed
demonstrating the performance of the automatic fire control
system (ATCS) installed on the ST-2B-LED vehicle., All
tests were conducted in the 500 Level, East Exhaust Drift,
which is the main exhaust drift for the 500 Level. The
drift is 500' long and the tests were performed approximately
200" into the drift. At the exhaust end of the drift, 300°
from the test area, the main exhaust vent carries the air
directly to the surface. The drift slopes away from the
exhaust vent, The cross-section of the draft in the test
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TRIPLE TEE DISTRIBUTION FITTING IN TRANSMISSION AREA
FIGURE 87

TOP VIEW - PROTECTED VEHICLE COMPARTMENTS
FIGURE gg
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ENGINE AREA - NOZZLES SWEEPING TOP AND RIGHT SIDE
FIGURE 88 ‘
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ENGINE AREA - NOZZLE SWEEPING LEFT SIDE

FIGURE S0

-159-



7.3.1

area is approximately 14' x 14'., The normal ventilation
rate in the drift was 1700 fpm (19.3 mph). However,
during the fire tests the ventilation rate was reduced to
300 fpm (3.4 mph).

Underground Discharge Tests

Prior to conducting fire tests, the discharge characteristics
of the AFYCS were demonstrated in the underground test
area. These tests were performed on May 12, 1976, one
day prior to the fire test demonstration,

The vehicle was moved into the test area and placed with

the engine end of the vehicle facing into the ventilation flow.
Asbestos cloth was placed around some of the engine com-
ponents (such as the generator) to minimize the exposure

to the dry chemical agent during the tests. Figure 91
illustrates the placement of the asbestos cloth in the engine
area. The addition of the asbestos cloth was the only modi-
fication to the vehicle.

Two manual discharge tests of the dry chemical agent were
performed. These were the initial functional tests of the

full AFCS installed on the LHD, The tests demonstrated:

(1) that each of the system components was properly installed
and performing its function; (2) the discharge time of the

dry chemical agent; and (3) the pattern of the dry chemical
discharge,

For the initial discharge test the ventilation flow rate in
the drift was reduced to 300 fpm (3.4 mph)., The AFCS

was actuated by the remote manual actuator as illustrated
in Figure 92. The discharge pattern is illustrated by Figure
93. The dry chemical flooded the engine area up to the front
air screen, and fully flooded the transmission and articula~-
tion areas which are also protected by the system. After
the discharge the vehicle inspection confirmed that a uni-
form dry chemical layer had been deposited through all the
protected areas. The discharge time was 10,5 seconds
from the time of actuation to the gas point of the dry chemi-
cal discharge.
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PIACEMENT OF ASBESTOS CLOTH ON ENGINE COMPONENTS
FIGURE 91

REMOTE MANUAL ACTUATION
FIGURE 92
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For the second discharge test the ventilation rate in the
drift was returned to the normal (for that area) rate of
1700 fpm (1 9.3 mph), measured. The AFCS was actuated
by the dashboard manual actuator. The system discharge
pattern is illustrated by Figure 94. The dry chemical
penetrated the high air velocity to the front wind screen
of the engine, and the dry chemical pattern observed on
the vehicle after the discharge was good (Figure 95).

The effect of the high air velocity can be seen in the way
the powder is turned back into the air flow at the front of
the engine when comparing Figures 93 and 94. The 19.3
mph air flow is an extremely high flow for mine operation
and the test demonsirates a good discharge pattern under
worst conditions. The discharge time was 10.5 seconds.

In addition to the two discharge tests, several component
functions were checked separately before the fire tests:

. A flame was held under a section of the detection
wire; and the functioning of the fire warning light
and the audible alarm at the control console, plus
the release of the electric actuation device indi-
cated that the detection and control systems were
functioning. The pressure cariridges were removed
prior to this test.

The actuation system was operated to check the
function of the air cylinder, It was observed that
the piston in the air cylinder moved its full stroke
and closed the diesel fuel control rocker arm,
shutting down the engine,

. The function of the brake control valve was also
observed when the actuation system was operated,
The actuation pressure to the pilot port of the three-
way valve cAaused the valve to close, shutting off
the pneumatic pressure to the brake system and
bleeding the pressure out of the line between the
valve and brake system. The removal of pressure
from the brake system caused the brakes to function,

After completing the discharge tests the dry chemical was

flushed off the vehicle and the vehicle was put back in
service.
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DRY CHEMICAL DISCHARGE - 3.4 MPH
FIGURE 93

ol
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DRY CHEMICAL DISCHARGE - 19,3 MPH
FIGURE %4
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DRY CHEMICAL DEPOSIT ON VEHICLE AFTER DISCHARGE

FIGURE 95
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7.3.2 Underground Fire Tests

The underground fire tests were performed on May 13,
1976. The LD vehicle was driven into the test areca

at approximately 1:30 p.m. for final preparation {(sece
Figure 96). Critical engine parts were again protected
with asbestos cloth. The fire pans were fixed in place
and filled with diesel ¢il as shown in Figure 97 and the
camera lights were set up. The ventilation in the drift
was reduced to 300 fom (3.4 mph) at approximately 2:00
p.m,, and held stable at that rate (by measurement as
shown in Figure 98) until after the tests were completed.
During the test series the temperature in the drift test
area was 86°F and the relative humidity was 71%. The
fire tests were performed between 2:40 p.m. and 3:00
p.m., after the first shift crew left the mine and before
the second shift crew was permitted to enter. The
demonstration congisted of three fire tests precisely as
described in the "request for variance," and as per-
formed during the vehicle mock-up tests at Marinette,
Wisconsin. The fires were set in small pans of various
sizes located in various areas of the vehicle, The pan
were filled with diesel oil up to the level of screens placed
in each pan to act as heat sinks and splash preventors,
The fires were ignited using a propane torch, heating the
pan first and then the screens inside the pan until the
diesel oil maintained ignition.

ENTERING TEST AREA EAST EXHAUST DRIFT

FIGURE 96
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FILLING FIRE PANS WITH DIESEL OIL

FIGURE 97

MEASURING AIR VELOCITY
FIGURE 98
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7.3.2.1

Test Number One

This test was performed to demonstrate that the detection
and control system would sense and signal a fire in the
articulation area of the vehicle. The pressure cariridge
was removed from the eleciric actuation device to prevent

the discharge of the dry chemical agent during this test.

A small pan fire was initiated in the upper part of the
articulation area. Figure 99 illustrates the fire pan and
Figure 100 depicts the test conductors lighting the pan
fire. The cover to the articulation cavity was then
closed. Approximately ten seconds after the pan fire

was ignited the detection wire sensed the presence of the
fire as indicated by the lighting of the fire alarm light and
the sounding of the audible fire alarm on the control con-
sole, At this point the test conductor extinguished the
pen fire using a hand portable extinguisher. The AFCS
performed its function as planned.
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FIRE PAN IN ARTICUIATION AREA

FIGURE 99

LIGHTING FIRE PAN IN ARTICUILATION AREA

FIGURE 100
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7.3.2.2

Test Number Two

This test was performed to demonstrate the automatic
detection and suppression of a fire in the engine area

of the vehicle. The pressure cartridge was replaced on
the electric actuation device to make the AFCS fully
automatic. Two pan fires were ignited in the engine
area in the area of the manifold. This arez was selected
because the manifold is a hot metal part capable of ignit-
ing fuel or oil spills. One pan was located on top of the

‘maniiold and a second pan was located just above the

manifold. Figure 101 illustrates the tesgt conductors
igniting the fire pans, and Figure 102 illustrates the pan
fires. Approximately fourteen seconds after the fires
were ignited the detection wire sensed the fire and
caused the system to discharge the dry chemical agent.
The pan fires were insitantly extinguished. Figures 103
and 104 illustrate the discharge pattern, showing the
vehicle fully enveloped in the cloud of dry chemical,
The agent discharge time was approximately 10.5 seconds.
The fully automatic detection and suppression of a fire in
the engine areca was demonstrated.
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LIGHTING FIRE PAN IN ENGINE AREA

FIGURE 101

FIRE IN ENGINE AREA
FIGURE 102
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DRY CHEMICAL DISCHARGE ON ENGINE FIRE,~2 SECONDS
| FIGURE 103

DRY CHEMICAL DISCHARGE ON ENGINE FIRE,~6 SECONDS

FIGURE 104

-171-



7.3.2.3

Test Number Three

This test was performed to demonstrate the automatic
detection and suppression of a fire in the transmission
area of the vehicle. The actuation cartridge and the

dry chemical container were replaced after Test Number
Two to ready the AFCS. A pan fire was ignited near the
top of the transmission area. Figure 105 illustrates the
pan in location and Figure 106 illustrates the test con~
ductors igniting the fire. The transmission cover was
then placed over the transmission area, Approximately
ten seconds after the fire was ignited the detection wire
sensed the fire and caused the system to discharge.
Figures 107 and 108 illustrate the discharge pattern, and
the discharge characteristics were similar to that observed
in Test Number Two. The fire was instantly extinguished
by the agent. Figures 109 and 110 illustrate the tail end
of the discharge, and show the rapid dispersicon of the
dry chemical agent in the drift., These pictures show
that the operator would have been enveloped in the dry
chemical cloud, but only for the ten-second discharge
period. Miners in the area of the vehicle, even down-
stream, would not have experienced obfuscation from the
dry chemical discharge. The discharge time was 10.5
seconds. The fully automatic detection and suppression
of a fire in the transmission area was demonstrated .

The test group, as shown in Figure 111, inspected the
vehicle after the test and released it to production.
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FIRE PAN IN TRANSMISSION AREA
FIGURE 105

LIGHTING FIRE IN TRANSMISSION AREA
FIGURE 106
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DRY CHEMICAL DISCHARGE, TRANSMISSION FIRE,~2 SECONDS
FIGURE 107

DRY CHEMICAL DISCHARGE, TRANSMISSION FIRE ,~6 SECONDS
FIGURE 108
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DRY CHEMICAL DISCHARGE, TRANSMISSION F.IRE,~9 SECONDS

FIGURE 108

DRY CHEMICAL DISCHARGE, TRANSMISSION FIRE ,~12 SECONDS

FIGURE 110
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7.3.2.4 Summary of Fire Test Results

The AFCS performed in accordance with design
specification during each of the tests.

, The AFCS demonstrated its capability of auto-
matically sensing and suppressing vehicle fires
in an underground mine environment.

The discharge of dry chemical agent in the under-
ground mine environment did not create a serious
obfuscation problem. Only the vehicle driver
would have had vision temporarily obscured during
the dry chemical discharges.
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8.0

SUBJECT INVENTIONS

There are no inventions created under this program.

The developed system incorporates state-of-the-art
hardware with modifications only as needed to adapt
to the underground mine environment.
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9.0

9.1

9.2

DELIVERABLE ITEMS
Hardware

The three hardware items, as described below, are being
held at their present location, at the convenience of the
Bureau, pending disposition of a proposal for further vali-
dation testing,

. One complete automatic fire protection system is
installed on an ST-2B-LHD at the Hecla Lakeshore
Project.

One complete set of system spare parts is held at
the Marinette, Wisconsin facility of The Ansul
Company.

. The mock-up of the LHD vehicle is being held at
the Marinette, Wisconsin facility of The Ansul
Company.

Software

. The draft of the Final Report is submitted for review
at the Phase IV Presentation at TCMRC on June 24,
1976. The final copies of the report will be due
twenty (20) days after Bureau approval of the draft,

A "Selection and Use Manual" will be delivered
in July of 1976,

Separate technical summary reports have been
delivered for Phases I, II, III and IV.

Monthly Technical Progress Reports and Financial
Letter Reports have been provided throughout the

program,

Property Reports of accountable material have been
provided and revised as needed to reflect changes.
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1.

2o

3.

Mining Co, Nos:

Mine site No.:

(See list)

MINE DESCRIPTION FORM

___(See list)

| Y

Nare of company and mine:

e Address of main office:
S. Address of mine site:
6. Ores mined (check all that apply):
3. cCopper i. potash
___b. fluorspar je silver
. gold __ k. sodium carbonate
~ d. gypsun __ 1, trona
» iron m. tungsten
__T. lead ___n. uranium
ge molybdenum o, zinc
h, nickel pe. other:

Te

Tons mined per day:

8. Stoping methods used:
room and pillar

9. Ambient temperatures: —__b. cut and fill
___c. caving (sublevel, block)
10. Humidity: ___d. longwall
___ee open stoping
11. Lowest tunnel clearance _ . other:
height:
12, Averzge tunnel clearance

height:

15. Methods of hauling and mucking used
(check all that apply):

a, LHD's
. rail
t¢. truck
+ belt
e, other:

UL

17. Approximate dollar value of

one day's productions

1€, Average working depth of mine:

———— e —

50

13, Production age of mine: years
1. Number of shafts:

16. Employees underground:

a. 1st shift:

b. 2nd shift:

Ce 3rd shift:

d. others:

19. Combustible substances present
in (specify for each):

a., entrance:

be haulage area:

Ce Working face:

» maintenance area:
e, unused part:

AR

fe other:




FIRE INCIDENT DESCRIFTION le Incident Moot (Ses 1ist)

INTERVIEY SUMMARY SHEET 2. Mining Co. Noa! (See 1ist)

3., Mine site Noai (Sse 1iist)

L. Approxmiate dete of incidemt:

5. Date form completed:

7+ Seurcs of infermstion concernirg

ingidermt: (check ons):
2. MESA report

6. Person completing forms:

"~ b, mine records/reports
te other literature

8. Type vehicle that caused fire:

malke:

modal:

9. Equiprent category:

- airhammer

‘ be bolier

Ce bulldoazer
 conbinuous miner

&> cutbier
—__fe drill (hydraulic)

g. drill (non-hydrauliic)
" he fromt end loader

d. mine exscutive

€, mine safety directlor
f. mine maint, staffl
g« others

Part of wahicle that caught fire:

Lpprox., dimensions of part of wveshicle
that caught fire: (circle units)

__in/ft x __in/ft x __in/ft
Was firs in driver's nomal fielid of

view at cutbrsak? ___ yes
no

. grader —__nob deternined
3« haulage truck Reason:
- %oad-h?i-%g (L#D) 1lis Types of substances ignited (check
e oS S all that apply):
""1; Piié:i“ﬁaxime b, hydraulic flunid
__p: zsaler __c. Lubricant _
T ¢. service/mint vehicle e "iiing insulation
« shotcrate eguipment __ ©o Otner: —
T 8. shuttle car ___fe not determins
__t. tummel borer 15. Scurce of hest for firs ignitien:
___ 1, cthers

10, Vehicle powsr source:

2, electric wiring
_b. electric cable

« Engins
&. diessl » exhaust menifold
_ho elec‘t!‘ic __eo Imszler
___c. other: —__f. exhaust scrubber
____E. exhaust pipe
__G. not determined ___bBe brakes
__i. bearings
s « other:

7

k. not determinec



16.

Causal or contributory factors
(Check all that apply: enter a

1 if grima.ry; 2 if coniributing
cause )3

operator error
infrequent maintenance
groundfall or similar
incident,

equipment overheating
improper maintenance
others

-
" h.
—c .

de
__90
—t.

ge not determined

19, Location of fire relative to

operator egress:

2. Vehicle location in mine at start of

fire:
a. entrance

« haulage area
ce working face
« maintenance area
e. unused part of mine
« other:

ge. not determined

23. Typical duty cycle for vehicle involved:

25.

27. If automatic fire-extinguishing equipment

{circle units):
___min/hrs per __ min/hr cycle period,

for ___shifts per daye
Extent, of fire during incident:
(check all that apply):
___a, part of vehicle only
b. entire vehicle involved
__c. secondary fires ignited
___de not determined

was installed on wshicle, it performed

as follows during incident (check all that

a, senged fire

b, released ext.lnguisher
T c. extinguished fire
~_d. not determined

apply):

/82

17

18,

20,

22,

2k

26,

28.

Incident No.:

———

If operator error involwved, describe:

Operator response to fire:

Vehicle operating status at start of
fire:
___a. not operating
b, between operations
___Ce operating
___d. not determined

Vehicle movement at start of fire:
a, stationary
b. moving toward entrance
ce, moving paralliel to entrance

« moving away from entrance
« not determined

LI

Duration of fire incident: extirguished
within:

___ 10 minutesor less

___11-30 minutes

___31-60 minutes

__ 61+ minutes

___not determined

Types of fire-extinguishing equipment
used during incident (check all that
apply): ___a. portable
____b. non=automatic installed
___C. automatic installed:

Fire incident consequences (check all
that applyd:
a. human injuries (#= )
~_b. human fatalities (F=__ )
C« vehicle repairs

» vehicle replacenent

a. mine production slowdown
f. mine shutdown (days=

g. other:s




1, Mining Co, no.: (See 1list)

2, Mining site no.: (See 1ist)

3. Dzte form completeds

s Person completing form (staff):

6. Select and rank in order from (1) = most
hazardous, to (10} = least hawardous,
the ten types of mobile underground
equiprent most likely to have fires in
the metal and non-metel mining industry:

airhammer(rock breaker)
bolter

bulldozer

continuous miner
cutter

driil (hydranlic)
drill (non-hydraulic)
front end loader
grader

haulage truck

load haul dump (IHD)
locomotive/cars
rcker

perscunel vehiclse
powder loader

scaler
service/maintenance vehicle
shotcrete equipment
shuttle cear

turmel borer

other:

:Y
L]

o
"

.'f'f"'a.?..

L
4 o ® a 3 a ® @

RARREN

3

/73

FIRE HAZARD FACTOR RATINGS

INTERVIEW SUMMAEY F CRM

5. Information sourcet
&

|

Ca

——
d.
—_—

mine safeby director
mine exscutive

mire maint. staff

o ther?

7. Rank in order from most (1) to
least (5) fire hazard:

a, fuel
b,

]

,(D
.

hydraulic fiuwid
lubricamnt

d, wiring insulsation-

other:

8. Rank in order from (1) mest to
(10) least fire hazard:

&
e

ARAR

o
L ]

H
[ ]

™
. L ] L]

electric wiring
electric cable
engine

exhaust manifold
rufiler

exhaust scrubber
exhaust pipe
brakes

bearings

other:

9. Please rank fire czuses from
(1) most important to (6) least
important:

i

*

de

[ ]

o
©

=
a

cperator error

infreguent mzintenace
groundfall or similar incidents
eguipment overheating

improper maintenance

other:




s

Ze

Mining co. nNo.: (See list)

Mining site no.: (See 1list)

3.
L.
Se

Person completing form:

Date form completed:

Information source (if other than
observation}:

Equipment type observed (check one):

a. airhammer (rock breaker)
b« bolter

¢, bulldozer

continuous miner
cutter

drill (hydraulic)

ge drill (non-hydraulic)
front end loader
grader

haulage truck

load haul dump (LHD)
locomotive/cars
mucker

personnel vehicle
powder loader

scaler
service/maintenance vehicle
shotcrete equipment
shuttle car

tunnel borer

other:

ERARRAN

~
- L

og BI I
« » o9 & a2 & & s @

ERRBANN

11, Coating observed on outside of

12,

vehicle:

a)Substance:

b)Est. thickness:

Coating observed inside engine compartment:

a)Substance:

_b)Est. thickness:

EQUIPMENT USAGE DESCRIPTION

INTERVIEW SUMMARY SHELET

7. While moving, vehicle vibration
is equivalent to:

—
—

a. paved road
b. gravel road

———rer.

c. potholes
d., other:

8. While stationary, vehicle vibration

183

a, little or none

___be medium vibration

Ce Severe vibration

9. Shocks vehicle encounters {(check
all that apuly):

RS

a. springs bottom out
. 1llI'Chlng
« loud impact sounds
» Other:

10. Apparent leaks observed of:

274

—

__g.oumm

part of vehicle

a, fuel

b. hydr.fluid

Ce 1Ubricant




1, Mining co. no.: (See 1ist) MATNTENAY CE FROCEDURES DESCEIFTION

2. Mine site noe.: (Ses 1list) INTERVIEW SUMMARY FORM

3. Date form completed: S. Source of infarmetion (if other
thon mine maintenance staff):

L. Person completing form:

6. Types of equipment involved (check 21l types 7. Interval between Inspections:
comprising meintenance group at mine):

a, airhammer (rock breaker)

~ b, bolter 8. Interval betwsen tunsups:
—__ce bulldozer ,
___d. continuous miner
e. cutter
£, drill (kydraulic)
T g. drill (non-hydraulic) 9. Interval between preventative
“"h, front end loader maintenance effortss
T i. grader

haulage truck

load haul dwp (LHD)
locomotive/cars 10, Interval between overhauls:
mcker ‘
personnel vehicle

powder loader

scalsr

service/meintenance vehicle
shotcrete equipment

shuttle car

tunnel borer

other:

@

L)

LLLLLLL L

11, Clezning practices:

a) Compound or substance used:

b) Cleaning interval:

12, Describe any corrosive chemicals or byproducts which collect on vehiclese
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1. Mining co. no.: (See list) MARKET FACTOR RATINGS

l
i
|
2, Mine site no.: (See list) J INTERVIZW SUMMARY SHEAT

3+ Date form completed: 5. Source of ratings information:
lis Person completing form {project staff): a. mine executive

» mine safety director

c. mine maintenance staff
« mine purchasing staff
« other:

)

L

6., Rank the relative importance of each
of the following in deciding whether
an autoratic fire conbrol system should
be installed on a particular type
of underground vehicle, Rank in order
from (1) = most important, to (5):

a, replacement cost of vehicle
b, duty cycle of vehicle
" “c. replacement/re-order time for vehicls
o insurance rate reductions
e. other:

T« Pick the five characteristics considered
most important for any automatic fire
control system which might become
available to the industry as a result of
this study. Rank these in order from
(1)=most important, to (5):

a, control system purchase price

. ease of installation for control system
ce location of control system on vehicle

« operator training required to use

control system (e.g. override procedures)

e. freouency of maintenance for control system
f« ease of maintenance for control system
. maintenance cost for control system
« control system reliability
. other:

NERR

8. What percentage of the purchase price of a vehicle would
you pay for a 95% reliable automatic fire control system? %

9. What would be an acceptable cost for maintaining the
automatic fire control system in working order? $ per mo., /year

10, How long do you usually expect an underground vehicle to

last? mos./years

1l. How long would you expect an automatic fire control system

to last? /ngg mos, /years
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INFORMATION CONCERNING EXISTING FIRE CONTROL SYSTEMS
AS SEEN ON UNDERGROUND MINING VEHICLES DURING THE MINE VISITS

SYSTEM NO. 1

1. General Information Concerning the Mine

a. Type of Mining Operation: Not Available
b. Type of Ore Mined: Copper

2. General Information Concerning the Protected Vehicle
a. Type of Vehicle: Diesel-Powered Locomotive
b. Vehicle Location (Operating) and Function: Operates in
Haulage Drifts; Hauls Building Materials and Ore,
c. Other Vehicles in Area: Others of the Same Type
3. General Information Concerning the Fire Control System
a, Manufacturer of Fire Control System: Walter Kidde & Co., Inc.
b. Number of Systems Per Vehicle: One
c. Agent

(L) Type: ABC Dry Chemical

(2) Quantity Per Vehicle: One 20-Lb. Tank

(3) Method of Containment: Unpressurized {Cartridge
Operated) Steel Cylinder

(4) Location of Container: In an Unused Sand Bin Area
of the Vehicle

d. Actuation

(1) Type: 23-Lb, Manually Punctured COg Cartridge.
This is also the expellent gas cartridge. The gas
is conveyed to the agent tank via a %" hydraulic
hose,

(2) Number of Actuators: One

(3) Location of Actuators: In Operator's Compartment

e. Agent Distribution System

(1) No. of Nozzles: Four

(2) Nozzle Type (Total Flooding or Local Application):
Local Application, Cone-Shaped Spray Pattern.
(Since the protected area is enclosed, a total flood
situation would also be achieved,
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(3) Location of Nozzles (Areas Protected):

1 Nozzle - Hydraulic Pump

1 Nozzle - Lower Front of Engine Fuel Tank

1 Nozzle - Track Area Under Rear of Vehicle
1 Nozzle - Fuel Injector System

(4) Method of Conveying Agent Emm Agent Tank to
Nozzles: 3" Flexible Hydraulic Hose and Rigid
Pipe G" 1.D.)

f. Maintenance Procedures: The system had just recently
been installed. No maintenance records had been
generated.

g. Svstem Costs:

Purchase Cost $350.00
Ingtallation Costs 250,00
Maintenance Costs (ncurred To-Date) —
Replacement Costs Today (System Only) 390.00

h. Performence History:
Date Installed May 1975
Actual Events: Fires None
False Discharges None
Test Discharges None

Gorimments Concerning the General Overzll Effectiveness and
Reliability of the System

a. Mine Operator's Opinion: Believes system would per-
form well but has never had to test it.

b. Contractor's Opinion: Basically, the system is installed
well. The one nozzle that points to the track ared under
the vehicle is useless, as there is no hazard there, The
other three should be able to contro! most fires in the
forward part of the engine compartment and the total fiocod-
ing effect may help with the rear of the compartment.

The tank is well protected, vet, in its location it is &lso
very difficult to get at for inspection, maintenance, or

recharge. / 7 sﬁ



For the sake of reliability and safety, on a machine
thisilarge there should be at least one additional
actuator located at the opposite end of the vehicle
from the existing actuator in the operator's compart-
ment,

SYSTEM NO., 2

1.

General Information Concerning the Mine

a, Type of Mining Operation: Cut and Fill Technique
b. Type of Ore Mined: Lead, Zinc and Silver

General Information Concerning the Protected Vehicle

a. Type of Vehicle: Low Profile Haulage Vehicle

b. Vehicle Location (Operating) and Function: Operates
in Main Haulage Drifts Performing Various Hauling
Duties

c. Other Vehicles in Area: Haulage Vehicles, Servicing
Vehicles, and LHD's.

General Information Concerning the Fire Control Systei:

a. Manutfacturer of Fire Control System: The Ansul Company
b. Number of Systems Per Vehicle: One
c. Agent:

(1) Type: ABC Dry Chemical
2) Quantity Per Vehicle: One 30-Lb, Tank
(3) Method of Containment: Unpressurized (Cartridge
>Operated) Steel Cylinder
@) Location of Container: InEront of Bngine's Heat
Exchanger (Radiator)

d. Actuation

1) Type: .84sLb. Manually Punctured N9 Cartridge
The gas from this cartridge serves to actuate a
one-lb, CO2 expellent gas cartridge which is
located on the side of the agent tank.

2) Number of Actuators: One

(3)  Location of Actuators: Operator's Compartment
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Agent Distribution System

1)
(2)

(3)

Number of Nozzles: Four
Nozzle Type (Total Flooding of Local Application)

Combination of Local Application and Total Flood.

The Spray Pattern is a 160° Fan-Shape.
Location of Nozzles (Areas Protected):

2 Nozzles -~ One on Each Side of Engine
1 Nozzle -~ Belly Pan of Engine

.
.

1 Nozzle - Dashboard in Operator's Compartment'

Method of Conveying Agent From Agent Tank to
Nozzles: 3" Flexible Hydraulic Hose

Maintenance Procedures: A yearly check is made of the
dry chemical, bursting disc, and gas cartridge weights.
The system has not beén installed long encugh for its
first check.

Approximate System Costs: -

Purchase Cost - $250.00
Instaliation Costs ‘ ‘ 350.00
Maintenance Costs {Incurred To-Date) —_—
Replacement Costs Today (System Only) 250.00

Performance History

(L):.Date: Trstaliéd: - Jandary 1 975

&}

@).chtiual Events;

Fires: One dashboard fire has been extinguished with

the system.

False Discharges: Two false discharges have been

recorded. The reason for these is the location of the'

agent tank. Extremely hot air flows from the heat
exchanger past the expellent gas cartridge of the
agent tank. The cartridge becomes hot, blows its

safety disc, and discharges the system. The prob-
lem could be remedied by rotating the tank so that the

expellent gas cartridge is faced away from the heat
flow or by locating the tank elsewhere.

Test Discherges: None __.——-——



Comments Conceming the General Overall Effectiveness and
Reliability of the System :

a. ‘Mine Operator‘s Opinidn Very satisfied with the system,
especially since it put out one actual fire.

b, Contractor s Opinion: Basically, the system is installed
well. The three engine compartment nozzles completely
blanket this area of the vehicle, providing adequate pro-
tection for most fires, The dashboard nozzle, on the other
hand, would provide greater protection if located either
at the torque converter or the articulation point. The
dashboard fire is minor and is easily extinguished by
either turning the power off or with the aid of a hand
portable unit (@ frequent occurrence prior to the system
installation, according to the mine operator).

For many reasons it would be better if the agent tank
were not located in the path of the heat exchanger's
hot. alr flow. This high temperature conditions is not
good for the dry chemical and, as previously explained,
is the cause of the false discharges.

Also, for reasons of reliability and safety, there should
be a second actuation device located at the opposite
end of the vehicle from the existing actuator in the
operator's compartment. ' '
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AGRE T MENT

This Agreement entered into as of 39 April 1876, between
The Ansul Company, a Wisconsin corporation with its principal office
in Marinette, Wisconsin (hereinafter Ansul) and Hecla Mining Company,

an Idaho corporation with an office in Casa Grande,

Arizona (hereinafter Hecla).

WITNESSETH
WHEREAS Ansul entered into Contract HO252038 with the United
States Bureau of Mines whereby Ansul will test certain fire detection

and suppression devices for use on underground vehicles; and

WHEREAS Ansul has inspected the Lakeshore Project Mine, Casa

Grande, Arizona which is operated by Hecla; and

WHEREAS, Ansul has determined that a portion of the Lakeshore

Project Mine is suitable for such testing; and

WHEREAS Hecla has consented to Ansul to conduet such testing

at the Lakeshore Project Mine.

NOW THERETCRI, the parties hereto agree as follows:

1. Hecla will permit Ansul to conduct the testing required by
Phase II of Bureau Contract HO252038 attached to and made a part of
this Agreement as Exhibit A, at its Lakeshore Project Mine in the
East Exhaust Drift at the five hundred feet level. -

2. Work to complete such testing shall commence on or about

- /7¥
May 7, 1976 and last for a period not to exceed three weeks. g
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3. Hecla will permit Ansul to enter the Lakeshore Project Mine
and to set up underground tesi. equipment and conduct such tesis as are
| reguired by Phase 11 as set forth in Exhibit A. Hecla will assist with
personnel and eguipmeni as needed to transport, set up the under-
ground test, and for Ansul to conduct the aforementioned tesf. Ansul
and Hecla will comply with 21l federal and state safety reguirements,

4., Notwithstanding the fact that Ansul will have principal
responsibility for conducting the test, Hecla reserves the right to
digallow the tesi in the event that 2 management representative determines,
izz.his sole judgment, that the location of the test or the manner in
which the test is to be conducted either appears to endanger life or
property or unduly disrupts mining aciivity,

5. Dry cherﬁical agent furnished by Hecla and used in the‘
performance of the testing will be invoiced to Ansul in accordance
with Ansul's customary list price.

6. Hecla shall furnish equipment as defined in Exhibit B for -
use during the pérformance of this Agreement at no cost to Ansul. |
Said egquipment is the preperty of ilecla after completion of the period
of performaﬁce of this Agreement.

7. Hecla shall issue no stétement to news media regarding the
tests ﬁrith@ut thé written approval of Ansul designated represemative.
Ansul ghell issue no statement {6 news mediz regarding Hecla's
participatien in the tests without the written approval of Hecla's

/77

designated representative,




8. All notices concerning this Agreement shall be deemed to
have been given when deposited in the United States mails, registered
with the proper postage prepaid, addressed to the following parties:

If to Hecla to:
Hecla Mining Company

P.0O. Box 493

Ccasa Grande, Arizona 85222

Attention: <Claude Huber

if to Ansul to:

The Ansul Company

One Stanton Sireet
Marinette, Wisconsin 54143

Attention: ... » R~ig

9. Ansul shall be solely responsible for and shall hold Hecla free
and harmless from, and hereby indemnifies Hecla against, any and all
claims, demands, causes of action, loss, cost, damage and expense,
including reasonable attorney's fees, arising out of or in connection with
injuries {(including death} to any and all persons (including but not limited
to employees of Hecla and Ansul) and damages to property, in any way
sustained, or alleged to have been sustained as a result of gross
negligence, willful misconduct or bad faith on the part of Ansul, its
agents and employees, and its subcontractors in performance of this
Agreement.

10. Hecla shall be solely responsible for and shall hold Ansul

free and harmless from, and hereby indemnifies Ansul against any and
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all claims, demands, causes of action, loss, cost, damage and expense,
including reasonable attorney's fees, arising oul of or in connection with
injuries (including death) to any and all persons (including bul not limited
to employees of Ansul and Hecla) and damages to property, in zny way
sustained, or alleged t¢ have been sustained as a result of gross
negligence, willful misconduct or bzd fzith on the part of Hecla, its
agentg and employees, and its subconiractors in performance of this
agresment.

11, Heclas will provide Ansul with a certificate of insurance
evidencing coverage {or the underground vehicle to be provided by
Heclz for use in conmnection with the requirements of Phase I testing,

Exhibit A, and such certificate shall list Ansul z2g an additional insured.

IN WITNESS WHEREQFY, the parties hersto have executed this

Agreement as of the day and year first above writien.

THE ANSUL COMPANY

py Wb & Ko [
William A. Rickel
General Lanager
Fire Protecticn Group

fe
Date /‘/71:‘///2 o) //:,7 C)

HEECLA MINING COMPANY

By \/ e jh/ él ¢

Title /-‘ fc - /. :

-
Date = e /7 ~
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THE ANSUL COMPANY

MARINETTE, Wi 54143, TELEX 26-3433, TELEPHONE (715) 735-7411

March 18, 1976

Mining Enforcement & Safety Administration
Department of the Interior

4015 Wilson Boulevard

Arlington, Virginia 22203

ATTENTION: Mr. Robert E. Barrett, Administrator
Gentlemen:
SUBJECT: Application for Variance

REFERENCE: USBM Contract HO252038, "Development of Automatic
Tire Protection System for Mobile Underground Metal
Mining Equipment"

In accordance with the requirements of the Interior Health and
Safety Standards for Metal and Non~Metal Mines, Standard 57.0
of Title 30, Code of Federal Regulations, The Ansul Company,
in cooperation with the Hecla Mining Company in Casa Grande,
Arizona, regquests a variance to Standard 57.4-588,

The Ansul Company is currently working on the reference USEM
contract, The purpose of the contract is to develop and demon-
strate in an underground mine site a low cost, reliable, automatic
fire protection system for Mobile Underground Metal Mining
Equipment, As shown on the attached milestone chart, we have
completed Phase II, and are in the process of performing system
functional and fire tests to demonsgtrate the system capability
using a prototype system installed in a vehicle mock-up. Following
this fire test series the prototype system will be installed on an
underground mine vehicle and demonstrated by a fire test in an
underground mine during the period of May and June 1976, This
later test requires the building of a controlled fire underground;
thus, a variance frocm Standard 57.4-58 is requested.,

The following detailed information is provided in accordance with
the requirements as stated in Section 57.24.4: 9204,



Mining Enforcement & Safety Administration
March 18, 1976
Page Two

(a)

(b)

(c)

A temporary variance is requested from mandatory
standard 57.4-58 of Title 30, Code of Federal
Regulations, revised as of July 1974, which reads
as follows:

"Mandatory. Fires shall not be build underground;
open flame torches and candles shall not be left
underground . "

In order to demonstrate the effectiveness of the
automatic fire protection system on 2 mobile under-
ground vehicle, a fire test demonstration must be

performed on an actual vehicle operating underground .,

The test is a requirement of Contract HO252038. Up
to three controlled pan fires will be set on the test
vehicle and the automatic system will detect and
extinguish the fires. A mine fire safety crew will be
on the scene with back-up fire fighting equipment.
Care will be taken to remove or protect any non-
involved combustibles from the area. Prior to the
underground test a series of fire tests will be per-
formed above ground on the vehicle mock=-up to in-
sure system effectiveness.

The test will be conducted in the 500 level Fast

Exhaust Drift which is the main exhaust drift for
the 500 level. Two exits from the test area are
available. The drift is 500 ft. long and the test
will be performed 200 ft, into the drift, At the
exhaust end of the drift, 300 ft. from the test area
the main exhaust vent carries the air directly to the
surface. At the base of this vent there is a fuel

storage area. The drift slopes away from the ex-
haust vent,

The fire test demonstratioh cannot be performed
without a temporary variance from Standard 57.4-
58 which prohibits the building of underground
fires.

The variance is requested for the period of May and
June 1976.



Mining Enforcement & Safety Administration
March 18, 1976
Page Three

(£) The test will be conducted during a shift change.
During this period approximately seventy-five
employees will be in the non-affected areas of
the mine. There will be up to twenty pergons in
the area affected by the test. These will include
five Ansul employees, five Bureau of Mines guests,
four Hecla observers, and a six man mine rescue
team of Hecla employees.

(9) Access of personnel to the fire test area will be
rigidly controlled to insure that only personnel
involved with the test are present during the demon-
stration. From a long-range viewpoint, the purpose
of the research program is to alleviate the potential
hazard to mine workers from fires which occur on
mobile underground vehicles.

(h)  Mr. Gene R. Reid, who signs this application, is the
Ansul Program Manager for USBM Contract HO252038.

(i) In accordance with 57.24-3, a copy of this application
for variance is being submitted to Mr. James H, Hunter,
Mine Manager of the Hecla Mining Company, Casa
Grande, Arizona, with a request that notice be given to
all persons that would be affected by the variance (copy
of letter attached). In addition, copies of this letter
are being sent to the following:

Mr. Tom Lukins, District Manager
Western District Office

Mining Enforcement & Safety Adminstration
620 Central Avenue

Alameda, California 94501

(415) 273-7457

Mr, Levi Brake
Sub-District Manager
MESA Suite 706

2721 North Central Avenue
Phoenix, Arizona 85004

(602) 261-3233 )
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Mining Enforcement & Safety Administration D-2
March 18, 1976
Page Four:

Mr, Guy Johnson, Technical Project Officer

Underground Mine Development and Production
- Twin Cities Mining Research Center

U.S. Department of Interior, Burecau of Mines

Post Oifice Box 1660

Minneapolis, Minnesota 55111

All of the above letters are being transmitted simultaneously with
this letter.

If thete are any further questions or areas requiring clarification,
please contact the undersigned at (715) 735-7411.

Very truly vours,

THE ANSUL COMPANY

'l

/H% A/ \‘”/

Gene R. Reid
Program Manager

GRR:dms
attachments: Milestone Chart
Letter to James H. Hunter



United States Department of the Interior
MINING ENFORCEMENT AND SAFETY ADMINISTRATION
4015 WILSON BOULEVARD
ARLINGTON, VIRGINIA 22203

In Reply Refer To:
EMS - MN

pril 1, 1976

Mr. Gene R. Reid
Program Manager

The Ansul Company
Marinette, Wisconsin

T :I>_ !
R s

ik

Dear Mr. Reid:

This is in response to your letter of March 18, addressed
to the Administrator, requesting a permanent variance from
Federal mandatory standard 57.4-58.

We are asking Mr. T. C. Lukins, District Manager, Western
District, Metal and Nonmetal Mine Health and Safety, Mining
Enforcement and Safety Administration, to initiate an in-
vestigation of your contentions.

This variance request of necessity must be issued to the

Hecla Mining Company as the operator of the mine. We will

ask that this variance, when investigated and drafted, specify
the Hecla Mining Company and Lakeshore Mine as the receiver

of the variance.

We must also bring to your attention that since Arizona is

a State Plan State, the State must issue the variance with
concurrence and approval by MESA. We will ask that Mr. Lukins
transmit a copy of this variance to the State and ask that
they conduct the necessary investigation, We will participate
with the State to assist in their investigation.

A decision on your particular situation will be made after all
factors have been investigated and considered.

Sincerely yours,

7[ ,

;/ b‘@h«g b 4 &vo\u

Arthur P. Nelson
Assistant Administrator

Metal and Nonmetal Mine
Health and Safety
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. D-4
Home Puone 268=-24LL7

e PrONE 271.5971

State Mine Inspector

BERT C. ROMERO
FHOENIX, ARIZONA 85007 Mine Identification
P == ) Neo. 02-00498

Date April 15, 1976

Western _ Phoenix
{District) - - (Subdistrict)
Hecla Mining Company ' Lakeshore Mine
(Company Name) ‘ (Mine Name)
Box 493 Casa Grande Pinal ‘Arizona
(Mailing Address) (Town) (County) (State)

Pursuant to Section 57.24-1 of Part 57, Title 30, Code of Federal Regulatioms
revised as of July, 1974, and the delegation of authority to grant variances
from mandatory health and safety standards contained in part 57 by the Director
on January 13, 1971 (36 F.R. 836, January 19, 1971), the undersigned after due
consideration of all factors involved permits a variauce from Federal Mandatory
Standard 57.4-58 which will allow the Ansul Company to build a controlled fire
underground for the purpose of demonstrating and documenting the results of an
automatic fire protection system for mobile underground metal mining equipment
being developed under USBM Contract H0252038, and subject to the following pre-
cautions in addition to those set forth in the variance request:

Conditions and Restrictions

1. This variance applies only to Federal mandatory standard 57.4-58.

2, Area of Mine: The test will be conducted in the 500 level East Exhaust
Drift approximately 200 feet into the drift (exhaust end). Air entering
inte this drift will exhaust directly to the surface through the No. 6
ventilation shaft.

3. Period of Time: The period of time for which this variance is permitted
is only during the day set (target date May 13) in May, 1976, and shall
be accomplished as near to the shift change, 3:30 p.m., as practical and
completed within a reasonable time (expected to be completed by 4 p.m.).
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Other:
(a) Insure that only persons involved with the test are present during the

demonstration in the area affected by the test. This will include

Ansul employees, Bureau of Mines guests, Hecla observers, a six-man
mine rescue team equipped with 2 hour approved breathing apparatus,
and MESA and State representatives, also equipped with approved
breathing apparatus.

(b) The six members of the Lakeshore mine rescue team shall be selected
members who are well-trained in firefighting techniques, and they shall
have with them at the test site adequate firefighting equipment.

(¢) All persons shall have self-rescuers and be trained in its use and shall
have been instructed in mine emergency procedures. (Ansul and BOM
personnel can be trained at the mine property before going underground).

(d) A designated gualified person shall monitor the mine atmosphere at the
test site, and in the event that dangerous concentrations of toxic gases
are detected, or that the demonstration equipment fails, all persons
shall immediately evacuate to the surface via the fresh air drifts.

Only the mine rescue team should remain to deal with the situation and
react to whatever orders the team captain feels are necessary to alleviate
any danger to all persons.

(e) Tests must be made of the affected mine atmosphere for a sufficient
period of time after the test to determine that products of combustion
do not remain.,

During the inspection of the test site by MESA and the State mine inspector's
personnel the following recommendations were made to company personnel:
(these recommendations shall be complied with before the demonstration is
performed).

(@) The demonstration vehicle shall be parked securely either by parking
it into the rib of the drift or other equivalent positive methods.
(This is necessary due to the upward slope of the test site drift).

(b) The 110-volt electrical powerline which is installed in the back of the
drift shall be de-energized or removed.

(¢) The 1400 FPM velocity going through the drift shall be reduced to at
least 300 FPM. (The Hecla Mine ventilation engineer stated that this
would be possible without affecting any other work area in the mine;
in other words, the same amount of air would be entering the mine, but
would be exhausted elsewhere).

(d) At the exhaust-end of the drift, approximately 300 feet from the test
area, there is a fuel storage area located at the base of the vent shaft.
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. This shall have the following:

1. All empty barrels removed.

2. All debris and spilled oil shall be cleaned up.

3. The trash cans shall be removed.

4. The small 0il sump shall be cleaned.

. Only a minimum amount of fuel ghall be in the tank.

o

REVOCATION AND CANCELIATION

Failure to observe any Or all the conditions and restrictions set forth shall
be desmed cause for the immediaie revocation and cancellation of this varisnce
by the Disgtrict Manager, ‘

FINDINGS

Under these circumstances the health and safety of all persons which Federal
Mandatory Stendard 57.4-58 is designed to protect will be no less assured,

NOTICE

A copy of this variance shall be posted on the Company bulletin board or in
some other appropriate place at the mine to give adequate notice to the employees,
and the variance shall be kept on file in the mine office and subject to public

inspection by any interested person(s) at all reascnable times so long as the
variance remaing in effect.

I concur
£s/ T.C. Lukins

T.C. Lukins
District Manager

I concur

I recommend the granting of the
above variance.
A.P. Nelson
Asgsgistant Administrator--Metal &

/s/ Bert C. Romero Nonmetal Mine Health and Safety
Bert C., Romerc

State Mine Inspector
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MAY 10, 1976

MEMORANDUM TO: All Underground Porsonnel
FROM: Claude Huber
SUBJECT: Ansul Fire Test Notification

On Thursday, May 13, 1976, between day and swing shift a joint
Hecla-U.S5.B.M. Ansul test will be conducted on the 500 Level
in the Bast Exhaust Dri€t. This test will involve setting a
small controlled fire cn an ST-2B to determine if a new auto-
matic fire sensing and suppression system will work under mine
conditions.

This controlled fire will have no effect on your safety, or
air quality. The test will be in the main exhaust air stream

and fire crews and equipment will standby as an added precaution.

Both the State and Federal Mine Inspectors have been notified
and personnel from each agency will observe the test.

Please indicate that you have read and understand this memo by
placing your signature and employee number below:

CH:br

SIGNATURE SMPLOYEE #

WY,

LAKESHCRL MINE
HECLA AU ING COMPALYY



Procedure for Underground Fire Test at the Hecla Lakeshore Project

Pre-Test Briefing
Describe Test Sequence (Ansul)
(Film 9 minutes)

Safety Procedures (Hecla)

Test Procedure

The tests will occur in the East Exhaust Drift at the 500 level on
- a Wagner STZ2B-1HD with the prototype Automatic Fire Gontrol System
installed on the vehicle.

Te st Number One

The cartridge will be removed from the electric actuation device to
prevent the discharge of the dry chemical. A small pan fire will be -
set in the articulation area to demonsirate thai the deiection system
will actuate. When the fire is sensed by the detection loop the

"fire condition" will be indicated by the visual and audible alarms
on the control console. Afier the "fire condition” is noted the pan
fire will be extinguished with a hand portable fire extinguisher.

Test Number Two

The cariridge will be reinstalled on the eleciric actuation device

and the automatic fire control system will be fully operational., A
large pan fire beside the exhaust manifold and a small pan fire above
the exhaust manifold will be ignited. When the detection device
senses the fire the automatic fire contrcl system will discharge and
extinguish the fires,

Test Number Three

The dry chemical system will be recharged. A small pan fire will
be set inside the transmission area. When the detection device
senses the fire the automatic fire control system will discharge and
extinguish the fire.
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General Notes

The large pan is 4" x 36" with screens in the pan to the
top of the liguid level to minimize splashing. The pans
will be filled to the top of the screens with diesel fuel.

. The small pans are 4" x 18", but ctherwise as described
above.

The fires will be ignited by application of a propane torch
to the diesel oil and screen.

* Ansul photographers (2) will take motion and still photo-
graphy during all tests ( and discharges on day preceding
the fire tests).

The vehicle engine will not be operating during the fire
tests and the engine will be cold.

. The Ansul test conductor and technician will act as back-
up firefighters.

. The Hecla Safety Officer will have the authority to assume
control of the test from the Ansul test director at any time
be decides that there is a safety problem.
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