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FOREWORD

This report was prepared by Lease "AFEX", Inc. under USBH'Contrac: number
H0262049. 1Tt was administered under the technical direction of the Twin
Cities Mining Research Center with Mr. W. H. Pomroy acting as Technical
Project QOfficer. Mr. Richard A. Field, Jr, was the contract administrator

for the Bureau of Mines. The re

January 13, 1981, This report was submitted by the author on January 31,
1981,

We gratefully acknowledge the help and cooperation of everyone who partici-
pated 1n the investigation, design data collection and testing of the

system.

We particularly want to thank both the Amax Coal Company and the Drummond

Coal Company for their interest and help.
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EXECUTIVE SUMMARY

LEASE "AFEX', INGORPORATED

FINAL REPORT - VOLUME I
DEVELOPEMENT OF AN AUTOMATIC FIRE
'PROTECTION SYSTEM FOR SURFACE VEHICLES
USBM CONTRACT HO 262049

MAY 16, 1978
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WASHINGTON, D. C.



FINAL REPORT - EXECUTLVE SUMMARY

SUMMARY AND . CONCLUSION

SUMMARY

Development and application of automatic fire protection systéms for specific
types of surface mining equipment was initiated under two Department of the
Interior's Bureau of Mines Contracts. The first was Contract SO 251046,
"Devélopment and Testing Services of a Fire Protection'System for Coal Augers",
March 1975 - October 1975. The second was Contract S 3360490, "Development,
Installation, and Testing Services for an Automatic Point Type Thermal Sensor,
Fire Protection System on a Mining Dozer', September 1975 - August 1976. After
sucessfully completing these two contracts, USBM - Lease "AFEX", Inc. Contract
KO 262049 was issued to conduct further investigation of Automatic Fire

Suppression Systems for use on surface mining equipment.

The objective of this contract was to develope and in-mine test a reliable
automatic fire protection system for various types of surface mining vehicles.
Design parameters included ability to withstand the extremes of operatiornal and
environmental conditions found in this type aﬁplication; provide positive
protection for both operator and vehicle; be relatively simple to inspect and

maintain; and have a cost effectiveness justifying it's use.

A review ofltypiCal equipment‘used in open-pit coal mining indicated that blast
hole drills, rubber-tired loaders, and haulage trucks constituted a major
cross-section of various types of equipment used. Accordingly, visits were made
to typical open-pit mines and arrangements made with two mines to furnish

machines for prototype installations.

The system design included investigating the use of Halon 1301 and dry chemical
either jointly or individualiy, as conditions dietated. Because the dry chemical
has an adverse effect of electrical switch gear and rotating machinery (such as
motors and generators), Halon 1301 offered excellent fire suppression possibilities

as it is non-corrosive with respect to electrical equipment. Also, in enclosed



cabs and/or machinery houses, it is non-toxic in veolumetric ratios of
seven (7} percent or less.* Visibility is unobscured as it is colorless
vhen discharged. However, provision must be made to prevent or minimize
introduction of fresh air at discharge. When the Halon-air ratio drops

below 2.5 percent, the fire suppression value decreases.

When the equipment design.of certain maéhines such as large loaders or
trucks is considered, the ability to limit air inclusion is impossible.

As a result, dry chemical is the only practical fire suppressant. Because
the flow or enveloping effect of dry chemical is limited, the discharge
has to be directed by means of tubing and nozzles so as to totally flood
the interilor of the.engine-traﬁsﬁission compartments. Both size and
'safety guards on machiﬁes made manual application of dry chemical with
portable fire extinguishers imposSible or i1mpractical. Also, unless dry
chemical is applied simultaneously to all areas, fire could spread from
one area to another. Thus, 1oca¥ application would only offer temporary

protection.

- After a detailed analysis of the physical and operating characteristics
of the three types of equipment under study, systems were designeé for
each, For the large blast hole drill, a combination Halon 1301 and dry
chemical system was used. For the small blast hole drill, only dry chemical
was used because of the Opén machinery deck. On the large front end loader,
only dry chemical was used because of inability to limit fresh air dilution

to a Halon 1301 system.
CONCLUSICON

1. From tests conducted both at initial installation and after almost 12
“months field operation, it is apparent the installed systems have the
capability to withé;and all operational conditions as well as
environmental conditions. There were no failures in the physical

hardware on any of the machines. All sucéessfully fired after prolonged

field usage.

2. As designed and installed, the respective systems on each type of

(NFPA Code 12A, paragraph 2-1.1.3)



machine evidenced the ability to suppress (as much as was possible to
demonstrate) fires likely to occur. One actual fire occurred on a
675 loéder owned by Falcon Coal early in_1978 and was successfully
extinguished by the "AFEX" system identical to that installed on the

Drummond loader.

These systems by virtue of their quick sensing and reaction te fire

would afford good operator protection.

All systems are relatively unsophisticated in respect to maintenance

and servicing.

Installation is relatively simple and does not cause excessive downtime

for retrofit installation.

The fire suppression systems as installed do not interfere with normal
operation or servicing of the basic¢c machine. Routine maintenance of
the machine does not require removal of any part of the fire protection
system and does not require de-activating the system. Thus, fire
protection is provided during maintenance periods when welding or

cutting present other than normal hazards.

Several mines on the Minnesota Mesabi iron Range were visited to
observe the manual type fire suppression systems installed on various
make trucks. It was reported to us that on several occasions, recently,
trucks equipped with manual systems had burned because the operator
paniced and failed to actuate the manual discharge. Early warning of a
fire before it became visible to the operator could probably have »
reduced the size of the fire and perhaps raduced the panic of the

operator.

Most mines contacted expressed strong interest in conversion of the manual

‘'systems. There were a number of options that were asked for in the

conversion kit. These included:

a) Basic heat sensing with warning lights in operator's cab,

b) Automatic engine shut down,

10



c)

d)

e)

£)

g)

Full conversion for both early warning and automatic firing of
systém, ‘

Built-in delay of firing to allow truck to be stopped before dry
chemical is discharged. It was stated somglfear of obscuring
operator vision existed,

Replacement of flat ;pray side type nozzles with cone spray
nozzles,

Replacement of existing hoses with steel tubing for powder
distribution, |

Integration of existing manual "dash actuators” Lnto automatic

control.

From cur investigation, it appears the basic conversion present no problem.

The other options appear to be feasible; however, they will add some cost

to the conversion.

L1



I. INTRODUCTION

The objective of this contract was to develop and in-mine test a reliable
automatic fire protection system faor various types of surface wmining
vehicles. It must by able to withstand the extremes of operational and
environmental conditions found in this type application. It also must
provide positive protection for both operator and vehicle. It must be
relatively simple to inspect and maintain and have cost effectiveness

justifying it's use.

A teview of typical equipment used in open-pit coal mining indicated
that blast hole drills, rubSer—tired loaders, and haulage trucks
constituted a major cross-section of various types of equipment used.
Accordingly visits were made to typical open-pit mines and arrangements
made with two mines to furnish machines for prototype installations.

(See Exhibit A end J.)

The system design included investigating the use of Halon 1301 and dry
chemical either jointly or individually, as conditions dictated. Because
dry chemical has an adverse effect on electrical switch gear and rotating
machinery (such as motors and generatecrs), Halon 1301 offered excellent
fire suppression possibilities as it is non-corrosive with respect to
electrical equipment. Also, in enclosed cabs and/or machinery houses,
“it is non-toxic in volumetric rarios of seven (7) percent or less.*
Visibility is unobscured as it is colorless when discharged. However,
provision must be made to prevent or minimize introduction of fresh

air at discharge. When the Halon-air ratio drops below 2.5 percent, the
fire suppression value decreases, '

When the equipment design of certain machines such as a large loader ot
truck is considered, the ability to limit air inclusion is impossible.

As a result, dry chemical is the only practical fire suppressant. Because

the flow or enveloping effect of dry chemical is limited, the discharge

*NFPA Code 12A, paragraph 2-1.,1.3.
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hés to be di;ected by means of tubing and nozzles so as to totally flood
the interior of the engine-transmission comparrments. Both size and
safety guards on machines make manual application of dry chemical with
portable fire extinguishers impossible or impractable. Also, unless

dfy chemical is applied simultancously to all areas, fire could spread
from one area to another. Thus, local manual appiicatiqn will only‘of[er

temporary protection.

All of these types of equipment have fire hazard potential and source/
_cause. These are: hydraulic lines, fuel lines, high heat sources such as exhaust
manifolds and.blowers, and electrical spark hazard. In addition each is

subject to hazardous dust cellection.

13



II. DESIGN AND INSTALLATION
B. Large Blast Hole Drill

A Bucyrus-Erie Model 61R Blast Hole Drill was selected as a typical machine
of its class. While there are several other manufacturers of large blast
hole drills, most of the designs as to operatﬁr's cab, machinery house, and
. electrical pear are similar. Overall size is alse roughly equivalent. One
‘user of such a drill, AMAX Coal Company in Evansville, Indiana, was
contacted. Agfeement was reached to allow us to install a combination Halon
dry chemical system on one of their drills at the Ayershire Mine (see AMAX

letter dated September 3, 1975, Exhibit "A").

The initial anestlgatlon involved VlSltlng the mine and observing the 61R
Drill for two purposes:
1) Determine normal operating temperatures in all areas to be protected, and

2) Determine actual physical dimensions for engineering study.

'This was done on July 7, 1976, The operating temperatufes were determined
by the use of "Teletemp' surface temperature recorders {see Exhibit "B").
The temperatures within the drill structﬁre were as shown on Exhibit "C".
Outside ambient.air temperature was in the 90's, The temperatures found
indicated that operating temperatures were fairly close to those found in

other mining equipment such as tractors and loaders.

The physical dimensions and -location of variocus components within the
hachinery house were taken and are as shown in Exhibit “C" and in the

" table, Exhibit "D",  Since the volume of the varlous motors, switch gear
cabinets, and compressors constituted less than 10% . of the overall volume
(and allowing for some leakage of air through deck openxngs) it was decided

to celculate the requirad Halon for design purposes on the gross volume.
Using the calculation procedure as designated by the Natxonal Fire

Protection Association and as used by the Walter K1dde Company, determlnatlon

of the hardware was‘made. These caleulations are shown in Exhibit "E.

14



It was determined that fifty (50) pounds of Halon 1301 would be needed
for an induced concentration of 6%. This figure was selected to allow

for a sustained concentration of 3 + %, which 1s the desired percentage.

‘Con;entration hazards are established in NFPA Standards #12a. It also
requires a concentration of at least 2.5% to effectiﬁely control combustion.
Thus the problem resclves itself down to first, control of fresh air

intake at time of discharge, and second, inducement of sufficient Halon

1301 to maintain a 3-4% concentration with initial induction not to

exceed safety limits for personnel in immediate area.:

Having determined the correct poundage of Halon 1301 required, the next
step was control of fresh air intake at time of system discharge. Because
the drill strdcture is pressurized to exclude dust, the pressurizing f#n
_must be sﬁopﬁed before the Haibn,is diacharged. Normal fan.run down is
40-50 seconds. It was decided to utilize an adjustable delay relay in

the sensor‘qircuit to first kick out the prassurizing fan and delay

firing of the Halon system long enough for the fam to run dowﬁ.

Such a relay is the Agastat Adjustable Relay. This is a ruggedly built

unit and can be adjusted from 2-50 second delay.

It was also decidﬁd after discussion with the AMAX people that it ‘would
be highly advantageous to knock out both the main motor-generator set
" and the pressurizing fan at the initial point of fire detection. What
this meana, is that when the initial fire alarm is sounded, the entire
dfilling operétion is stopped including drill head, hoist, and travel
motors. (This is in addition to the pressurizing and cooiing fans.)
This pro&edure insures that even though the operator abandons the drill
- at the sound of the alarm or is incapacitated, the drill will automaticaliﬁ
shut down. It can not be restarted until a ﬁanual reset button is
activated, The wiring diagram for the Halon control panel is shown in
Exhibit "Q",

A warning light and bell actuate when the sensors picked up fire heat.

A warning horn would sound when the Halon system discharged. The delay

relay has to be excited for the full duration of the délay, otherwise,

15



it will reset itself. This means that if the delay were set for 50 seconds
and a temporary hot air flow existed, closing the heat sensor, the warning
light uouid go on. However, if the heat were only due to a temporary cause
and was not sustained for over 50 secondé, the system would not discharge but
simﬁly warn the oper&tor of some malfunction to be investigated. This guards

against false alarms.

By way of example, on or about July 1, 1978, the sight-glass on the rear
compressor broke and sprayed hot water/antifreeze .on the adjacent sensor.
The non-locking circuitry as mentioned above allowed an alarm to be sounded,
. but prévented-discharge of the Haion 1301 agent. The mine was therefore
gpared I;bor, material, and downtime expenses of a recharge. At the saﬁe

time, the operator was made aware of a malfunction in the engine house.

The transformer room at the rear of the engine house did not lend itself

to Halen, as the entire floor is a grating and there is no way to control

the air flow. Aléo, there is no sﬁitch gear'of other electrical equipment

jn this room which could be adversely effected bj the dry chemical.. Thus,

an automatic dry chemical system would be ideal in this area. The installation
is shown in the dra#ing Exhibit "F" énd "F-1". Specifications of the "AFEX"

automatic system are shown in Exhibit "G".

16



B. Small Blast liole Drill

The 30R drill was selected for this size machine test design. Again, agreement
was reached with AMAX Coal'Company to use one of their 3OR drills located at
their Ayershire Mine. (See AMAX letter Septembér 9, 1975 Exhibit "H".)

Initial investigation involved visiting the mine and pﬁysically examining the
30R drill. The major fire area is the open engine compartment. . Because it is
used to drill the coal seﬁh, qonéiderabie coal dust ac;umulates over the entire
machine. It was apparent that a dual "AFEX'" system would give excellent -
cdverage to the entire machine, including the engine compartment, operatdr's
cab, and powder magazine. Standard "AFEX" point type thermal sensors* were
used\togéther with electric manual switch discharge capabilities. The

installation is on drawing Exhibit "I".

. *Standard "AFEX" Sensor

~ Probe Type Thermostat - snap disc
Stainless Steel Body - 1" long
Closing Temperature - 300°F * 8OF
Opening Temperature - 250°F * min |
Mounting Thread - ' 3/8 - 18 PFT
Leads - 6" long #18 AWG, 200°C TFE, nickle clad copper wire
Shock Test - MIL-8-202D ‘
Vibration Test - MIL-5-202D
Ambient Range - -65°F to 600°F

Hermetically sealed with epoxy reinforced glass seal

17



C. 'Large Rubber Tired Front End Loader

Large rubber tired loaders are being used in more mines every day. While
their production is high they do present fire protection problems different

than a large crawler tractor or truck.

Ihe basic design concept is an articulated vehicle with the engine in the
rear frame. The operator’s cab is mounted on top of and at the front of the
rear frame. In the event of fire in the engine compartment, the operator
would have little, if any, early warning. Also, the unit utilizes a large
number of hydraulic circuits. These ate‘high pressure and ‘operate at high
temperatures. This meana rhat in the event of a leak or break in a hose,
the oil is already close ;o\the_flash'poin: and‘tequires.litcle in the way

of additional heat source for ignition. -

The Clark 675 Loader is the largest of this c¢lass vehicle. Fire protection
adequate for this machine Qéuld more than cover all other makes amd models.
The .operator's cab is about twelve feet above ground and egress is by means
of a ladder between the two halves of the machine. Thus, early suppression
of fire 1is fequired to assure the operator time to get off thelmachine.
Because of its size, replacement of this loader is limited,‘apd in the event
of damage by fire, replacement'or repair parts are subject to delay. This
could cause serious disruption of ccal production, as the loader is a key

piece of equipment.

The'Drumménd Coal Company of Jasper, Alabama was contacted and agreémunL
,reached to install an "AFEX" automatic fire suppression system on one of
their 675 loaders. . See Exhibit "J". On the 30th and 3lst of July, 1976,
. the mine at Tuécaloosa,‘Alabama,_where the loader was working, was visited

with Mr. W, H. Pomroy of TCMRC.

It was determiﬁed four (&) TAFEX" systems would be r‘equired to provide the
coverage desired. Tﬁis machine carries over AOO:gallons of hydraulic eil
and 500 gallons of fuel oil. It is also equipped with an automatic grease
system. The forward portion of the rear fréme_is a maze of hydraulic hoses,
pumps, and filters.  Twc Cummins engines providé power and are located

immediately behind the hydraulic complex.

18



The system design is shown on drawings Exhibits "K", detail "A", "B", and
"C'", Point type thermal sensors were used, one (1) in the front frame, six
{6) over the hydraulic area, and seven {7) in the engine compartment. All
four.systems were tied together electrically to fire simultaneously so as to
_totally flood the entire machine. The control boxes were located as shown

in the installation drawings, allowing good access by the operator.

The piping was of necessity unbalanced. 1In the past it was thought that if -
a system contained sections that had over a 3:1 length ratio, unequal pcwdgr
discharge woula result, 1In order to justify the use of unbalanced piping,
we constructed a test frame the approximate size of a medium size tractor.
Tests were made as described in Exhibit "L" - '"Distribution Test on "AFEX"
Fire Suppression System". The test results showed that when using steel ‘
tuSing and bending rather than using elbows to change direction, no apparent

inequality was evidenced.

19



D. Automatic Fire Warning System . ,

Agreement was obtained from the AMAX Coel Company people at the Ayershire
Mine to use a Mack Tractor bottom dump coal hauler unit for installation
-of a prototype automatic fire warning system. This initial prototype
consists only of heat.senso;s which will give audible warning to the
operator in the event of»fife. The operator then will have to manualfy
trigger the fire protection system which is already installed on the

haul unirc.

Accordingly three (3) heat sensors, N/O =300° F closing temperatures were

-installéd in the engine—éransmission area of the tractor. These were

wired to a’coﬁtrbl box which contained a 95 DBL horn as well as a battery

source. When the sensor closes, the horn sounds, alerting the operator to:
a) Stop Vehicle -
b} Actuate fire protection system

¢} Dismount from tractor

20



III. ON-VEHICLE TESTS

In addition to the testing of the electrical circuitry and visual inspection
of piping and tubing networks, actual discharge tests were conducted on the
‘four machines involved 1n this contract No actuai fires were ignited:

~however, a low temperature heat source (propane torch) was used to activate
the systems on the 675 rubber-tired front end loader and the warning system

on the bottom dump coal hauler. The other machines ﬁere fired electrically.

A, rafge Blast Hole Drill

‘Tt was agfeed‘that a simulated firing of the "AFEX" dry chemical system
covering the transformers in the rear section of the drill would suffice.
One of the heat sensors was activated by applying a low heat source to it.
The system functioned as designed and the triggering machanism actuafed
dr1v1ng the piercing rod down into the openlng that the CO. pressurlng
bottle would normally be screwed into. This, for all practical purposes,

" proved the ability of the‘sensors to first, detect the Heat, and secondly,

complete the firing c¢ircuit and actuate the triggering mechanism.

While Halon systems have.been used for many years in static applicétionsy
such as camputer'rooms} the installation of this Halon‘sysfem on the 61R
blast hole drill is one of the first, if not the first, of such installa-
tions. Therefore, it was decided to coﬁdpét full scale concentration

tests on this portion of the 61R drill fire protection system.

Arrangements were made‘for_Hr. L. B. Magnus, Special Product Manager,
Southern Region, Walter Kidde and Company, Inc., to conduct the con-
centration teéts. Tests of the 1301 Malon systems were carried out using
1211 Halon as the test agent. This is as spec1f1ed in NFPA 124 and by
UL ﬁ F‘M and F.I1. A' A concentration by welght of 80% 1211 is used.
Induced concentrations referred to are indicated dxrectly in % Haleon 1301
by volume, Three (3) monitoring points weré used, one in the operators
cab, one in the hydraulic pump rcom, and oﬁe in the main engine-hbﬁse.

These are shown on Exhibit "M". The meter used was a étrip recording

type meter.
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It should be noted that no attempt was made to close-up the many openings
in the engine-house structure, except ta close the doors and cover two
damaged louvers. In addition to the pressurizing fan inlet duct, there
were many cable openings and similar holes in the floor plate of the

. engine-housg. It was felt, however, that this condition was typical,
and, that in order to have a realistic tést,‘ccnditioﬁs wbuld‘be‘:he

same as those anticipated in the field.

The test conducted on Seprember 2B, 1976 resulted in the data shown in
Exhibit "N'.  This indicated too high (over 10%Z) an induced concentration
in the bﬁerators compartment. The concentrations at point #2 and point

#3 began as anticipated,l(approximately 5%) and dropped rapidly after:
1-1/2 to 2 minutes. Between 2% and 3% was maintained for 3 teo 5 minutes,
which would have been sufficient to snuff out a surface fire. Deep seated

- fires would need a longer "soak period.

Because of the excessive concentration in the operators cab in rest #1,

a second test was made on October 19, 1976, A sﬁaller nozzle was installed
in Ehe ope;atof cab area. The test showed a decided improvement, with

a maximum concentration of 8.4%: a rapid drop to about. 77 occurred, which
is an-écceptnble level of human exposure, as per NFPA 12A. This data is

shown on Exhibit "O".

Again, ;éasonable concentrations. were experienced in the hydraulic pump
area and the main engine-house. The hydraulic pump area showed some
increase to about 8% induced, This was probably due to increased pres-
sure and resultant discharge rate causéd by throttling down the nczzle
Iorifi;e in the oﬁeratofs cab, The gngine-héusg congentration peaked out

at 6.1% and held above 2% for almost 3 minutes.

Ahalyais of these test firingS‘suggésfed further modification so as to
increase time of higher concentration in engine roem for better '"soak"
petiod. _Aéébrdingiy a”sedond'Halon 1301 tank of 20# capacity was piped

into system and wired sc as to discharge approximately 90 seconds after



B. Sméll Blast Hoie prill

After tompleteing the installation and preliminary checks on the dual
"AFEX" system installed in the 30R drill, arrangements were made to
conduct test firing of Eystems on Wednesday, September 29, 1976.

Aécordingly, the test was made on Wednesday morning.

Discharge was caused by jumpinglthe sensor cirecuit and using the system
battery power. Full discharge was accomplished in approximately 16
seconds. Coverage is shown on slides in Section VII. As may be

seen, a covering ranging from 1/16" to as much as 1/4" in some areas
was developed. Principle ¢overage was obtained arcund the engine, -

. hydraulic tanks, pumps, filters, and fuel tank. The test indicated
nozzle placement was correct. Observers present indicated they felt

the discharge would handle any fire that might ocecur.
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C. Large Rubber-Tired Front End Loader

Suﬁday,'August 1, 1976 discharge tests were made on the four unit "AFEX"
“system on the 675 loader at the Drummond Coal Company Mine cutside
Tuscaloosa, Alabama. The systems were wired so that all four units
fired simultaneously, completely blanketing the loader on discharge.

A low temperature heat source was used to actuate one of the sensors

in the engine area.

Upon application of the heat, discharge was obtained. It extended over
'approximately 15 seconds with all four extinguishers shells being
completély emptied. Excellent coverage was obtained, with only minor

adjustment of one or two nozzles indicated,

While coverage was total and thorough, excess collection or deposit of
grease and oil can present serious fire hazards above those normally
associated with this type equipment, It is recommended that periodic

steam cleaning be conducted as the situation warrants.
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D. Automatic Fire Warning System

Following the installation of the sensors, wiring, control box, and horn,
heat was applied to the right front. sensor. After approximately & seconds
application of the flame from a butane cigarette lighter, the system went
into alarm causing the horn to scund in the operator's cab. About 10 seconds
after the heat was removed from the sensor, the horn stopped sounding,

indicating the sensor had reset itself and bpened the circuit.

This fire warning system docs give the operator some advance warning in
case of fire., MNowever, firing the system is still dependent on some one
being present, not panicing, and/or not failing to activate the fire

suppression system.
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v,

CONCLUSIONS

1.

ST

From tests coﬁducted both at initialt installation and after
almost 12 months field operation it is apparent the installed.
systems have the capability to withétand all operational con-
ditions as well as environmental conditions. There were no
failures in the éhysical hardware on any of the machines. All

sucessfully fired after prolonged field usage.

As designed and installed, the respect1ve systems on_ each type
of machine ev1denced the eblllty to suppress (as much as was
possible to demOnstrate) fires likely to pccur.. One actual
fire occurred on a 675 loader owned by Falcon Coal early in
1978 and was successfully extinguished by the "AFEX" system

identical to that installed on the Drummond loader.

These systems by virtue of their quick sensing and reaction

to fire would afford good operator protection.

All systems are relatively unsophisticated in respect to

maintenance and servicing. (See Sections VIII and IX.)

Installation is relatively simple and does not cause excessive

downtime for retrofit installation.

The fire suppress1on systems as installed do not 1nterfcre
with normal operation or scrv1c1ng of the bns1c machine.

Routine maintenance of the machlne does not require removal

"of any part of the f1re protectlon system and does not require

de-activating the system. Thus, fire protection is provided
dur1ng maintenance periods when weldlng or cutting present

other than ncrmal hazards.
Several mines on the Mesabi Iron Range in northern Minnesota were

visited to observe the Ansul manual type fire suppression systems

installed on‘va:ious‘make trucks, It was reported to us that
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on several occasions, recently, trucks equipped with manual systems had burned
because the operator paniced and failed to actuate the manual discharge. Early
warning of a2 fire before it became visible to the operator could probably have

reduced the size of the fire and perhaps reduced the panic of the operator.

Most mines contacted.expressed strong interest in conversion of the manual systems.
There were a number of options that were asked for in the conversion kit. 'These
included:

a) Basic heat sensing with warning lights in operﬁtor's cab,

b)"Autoﬁatic engine shut down,’

c¢) Full conversion for both early warning and automatic firing of system,

d} Built-in délay of firing to allow truck to be stobped before dry chemical
is discharged. It was gtated some fear of obscuring operator/visipn
existed, '

e) Replacement of flat-spray tank side type ndzzleé with cone spray ﬁo;zles.

f) Replacemeﬁt of existing hoses with steel tubing for powder distribution,

g) Integration of existing manual "dash actuators” into automatic conmtrol.

' From our investigation of manual systems observed o6n Euclid R 170 and WABCO M BS
and M 100 trucks, it appears the basic convers1on presents no problem This
would involve mounting heat sensors and w1r1ng through equipment battery to a

'warn1ng light and/or bell in operator’ s Cab

The other opt1ons appear to be fea31b1e, however, they will add some cost to

the convers1on.
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V. COST EFFECTIVENESS

The following chart indicates the approximate cost of sach machine as well as the

estimated cost of our designed system:

MACHINE APPROXTMATE " FIRE PROTECTION % OF CAPITAL

‘ MACHINE COST SYSTEM COST . INVESTMENT
(INSTALLED) :

Large Blast )

Hole drill $1,000, 000 $7,000 0.7%

Small Blast = _

Hole drill $100,000 ‘ ) $2,500 ‘ ‘ . 2.5%

Large Loader  $1,200,000 $5,000 0.4%

Retrofit ' .

Warning - $100,000 -~ $ 700 0.4%

System to 5600,000 ~ to $2,400 to 0.7%

Usage of some type of automatic fire'suppression system is undéubtedly going
to increase rapidly due to: '

1} Government regulations;

2) Economic. factors such as high insurance premiums,

3) Decreased availability of fire insurance.

This contract has shown that practical systems are available at a cost that is

acceptable.
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VI. EXHIBITS
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ANMAD>L coAL COMPANY

MIGWEST AREA OFFICE
#9) SOUTH HEBRON AVENUE — BOX 3d43a EVANSVILLE INDIANA 47715
(@12t 479.877

September 9, 1975

Mr. W.D. Lease, President
Lease Aflex, Inc.

1300 Paddock Drive
Raleigh, NC 27609

Dear Mr. Lease:

As we discussed during your recent visit, we have
been doing a survey of our fire protection needs.
While these needs vary due to the numbers and
types of equipment, we are very interested in
exploring the usc of Halon 1301 as a protection
system for our new 61-R Bucyrus-Erie drill at our
- Ayrshire Mine.

We would be willing to make this drill available
. to you for the design and installation of a Halon
1301 system on a no-charge basis to us. This
would let us evaluate the possibilities of design
and also to check the reliability of such a system.

It thlS system proves feasible we believe there
would be several applications on other pieces of
our equipment that we might consider.

Yours Thrbugh Safety ‘
 AMAX ‘COAL COMPANY

4/4@;/

Ben T Spears
- Asst, Safety Director

'BTS/dt

EXHIBIT "A"
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LOW COST, ACCURATE, PERMANENT RECORDS
temperature OF SURFACE TEMPERATURES

renurders

Telatemp Temperature Recorders conlain one or more s¢aled temperature
sensitive silver-colored increments. Each increment s a rated value in 08
and/or OC. As cach [finely catibrated increment s exposed to its rated value, ”
it turns permanently and irreversibly black. Response time for this reaction
is less than one second. Accuracy is £1%, Telatemp adhicres to any Jean
dry surface. The exposed Telatemp may be removed and filed for subsce
quent reference.  Telatemp will withstand thermal cycling, solvents amdl
waler and can be stored indefinitely.

EASY TO USE

r

TeistempT™ sttixed 1a PC board
p1rEmbly revesls board temperaryre
during all phaser of flow soldering
operatien. '

1. Asmave pratective dacking 2 Appty TelatempT™ 1o any cisan dry surtace

¥ am “IRB‘“’I“I
“EH[BE_ “th RN

413

3. Senying increments turny black gt rated valye

SngoudTeaeme T v e SELECTABLE TEMPERATURE INCREMENTS

that temperature reached iaval nacessary

P - IN FAHRENHEIT AND CENTIGRADE

Telatermp temperature increments are available in 162 steps from 1000717
to S0QOF (or OC equivalent), Thesc increments are availabile in a wide range
of configurations as shown below.

Standurd MODEL 110
Cenfiguration RANGE A RANGE B
No. Modals 316 & 330} {Models 310 & 320}
) °F 100 110 120 120 140 150
°c 18 a1 19 54 &0 85
OF 140 150 160 e 180 190
2 a¢ a0 66 7 7 a2 g2
, LT 190 200 210 270 230
Praduet Warraney Procecticn — °c a2 29 93 39 104 119
Telatemp T™ teits manufactures wien °F 270 230 290 250 250 270
specified emperatase limis have been 1 °c o4 110 ire r21 122 132
excasged by user.
°F 20 210 220 220 e} e
3 oc 127 132 138 143 149 154
°F  J00 e 10 330 M0 350
. o°c 149 164 180 158 1H 127
t SPECIAL HIGH TEMPERATURE CONFJCURATIONS
9 350 66 a0 a0 280 400
? 3¢ n 182 184 193 193 !
SF 3 400 410 EF i) 435 450
8 °c 199 204 210 216 a4 32
oF 415 450 a5% 480 490 500
3 sc 224 32 241 249 254 260

ORDERING INFORMATION: Hedel 110 = Orger any of s1andard eeatiqurations Nao. 1 through
No, § finciudas six increments covering both Ranges A and ), i Made! 110-4 far 220°F (hiough
2700F. Models 210 & 330 — Order any standard configuration No. | through Na. 8 in Range A or
Range 8 ftnree incromants). Spacify es Mode! J10-1-A for 8). Mot Spat = Order any one mgrement
wawn above ie. “Hot Spot 280 for 280°F, Hot Spar and Mode/ 310 are avadlabie 1n OF only,

ot Spots located at critical points on this
teil f19 a:d in determining camponent power

rhved fi ! p
nation snd ef "'m‘:r'; Ouh"‘ sink. Modais 505, 650 & DIP-410 are availabie only in the configurstions snawn. NOTE: Due to changes
EXHIBIT "B in msterials uted far recording shove I800F, Telaternp Madsfs 1107 FI0-8 and 110-G are white with

11 gold inaraments.

Lease Afex's letter of autherizatdon

NTIS ca -
to reprint the Telatemp Recorder 1s suthorizsd to reproduee.

end sell this goryrigniczd work,
specifications as given in the attached Perwissign fer turiher reproductisn
brochures or any other printings Wwust be ohbtained from the copyright ownew

thereof, dated September 28, 1981. 131
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61 R DRILL - VOLUME CALCULATIONS

1. Operator's.Cab . B 3

_ 5' x 9'3" x 6'5' S = . . 300 Ft.
2. HYD. Pump Room .
5" x 94" x 6'5" = 300
3. Machinery House . :
11 x 18'S" x 6'6" = 1315.6
‘ TOTAL 1917.6 Ft.-

Equipment in Machinery House:

A Lbu-Voltage and Resistor Cabinet
B. High Voltage Cabinet
C 200 H.P, Motor

D. Belt Guard

E Coﬁpressor Air Filters
F Compressor

G. M-G Set

G-1 Contfol Cabinet
H. Belt Guard

I. 200 H.P. Motor

J. Transfer Cabinet
. .

L

M

M

. 'Compréssor Air Filters
. Compressor

Hydraulic 0il Tank
. kHydraulic Pump

EXHIBIT "D"
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350 PSIG HALON 130! SYSTEM
CALCULATION ESTIMATE SHEET

¢
-

CLIENT:

DRAWING NO.

L_

LEASE "AFEX", INC. SHIPPING QRDER:
FOR: AMAX COAL COMPANY DATE: 8/04/76
BY:
vOLUME bné‘oomo HALON NOZZLES TOTALS
. Me GONCENTRATION
HAZARD ‘ DIMENSIONS oR AREA FACTOR e —— ;LA;J::' QUA\H. TYPE :k?: Lasﬁ;:;‘ou
Mach. house [1B'5"x11'x6'5"} 1316 F3 | 0249 . 6% |1 F 3.4 34
llyd. Pump Rm.9'4"x5'x6'S" | 300 F3 | 0249 | 6% 8 |1 | F .8 8
Opr. Cab . [3'3"x5"x6'5" | 300 F° | 0249 6% 8|1 [F 8 8
QUANTITY OF HALON 1301 DELIVEPID Los [ TOTALY 5.0 50
2381 = .875 X I81=140.4+/99=1239.9 X 16l + 199
—_— = ol= . = . = = 99 =
23?1 =+ ;ao » . : ; + :
{2721 : , .
. = al= = ’ = y = +[99=
s X 18l +199 rammet X 18l
NOZZLE T POINT | ¢ | & | ¢ | | | 1
TOTAL REMAINING I
PRESS. TO WORK WITH 1239.9 1239.91239.9] | I P
MINUS PRESSURE
LOSS THRU PIPE 16.7 | 14,72 14.7
EQUALS 'SUB TOTAL
PRESSURE 223.2 1225.2 |225.2
ELEV. CORRECTION
) + 68 H/FT, -3.4]-3.4]-3.4 o
TOTAL PREMAINING : .
PRESS. AT NOzzLE J219.8 |221.8 |221.8
DISCHARGE RATE 1 12.4|12.6] 12.6
ULLAGE ]
CORRECTION FACTOR | 1.18 1.18% 1.18
SPECIFIC RATE 14.6 | 14,9 | 14.9 -
FLOW RATE 3.4 .8 .8 !
x €29 1.402 | .302 | -t
NOZ. PIPE THD. SIZE | 374" | 374" | 3/4" I D T |
PART NUMSER | i | exwrgiT "B | ]
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LEASE AF

1.

2.

3.

SQUIB

705-A Pershing Road

Raleigh, North Carclina 27608

(919} 833-2986
{919) 876-2271

TECHNICAL SPECIFICATIONS

Safe current
Firing current
charge

Twin 1gnition circuits

Temperature range

Temperature and humidity
(MIL=-B10-method 507)

Shock

Acceleration
{MIL-810~-method 513,1)

- Vibration

SQUIB

SENSOR

Jolt test
Jumble test
40' Drop test

. 8alt fog test

Fungus test

HARNESS -

Temperature range
Conductors (MIL-W- 16878/1)
Connector

Contact arrangement

-Close

Open R
Ambient temperature range
Shock (MIL-S5-202D)
Vibration (MIL-5-202D) -
Hermetically sealed .
Wire leads (MIL-W-16878)

Cese material

EXHIBIT "G"

37

one (1) ampere

over two (2) amperes
0. 125 grams Boron Potassium
Nitrate

-65°F to +160°F

100% humidity at 160°F .
40 G's

12 G's in all axis

'5-3000 Hz from 0.25" double

amplitude to 15 G's
MIL-300
MIL-30)
MIL-1302
MIL-810-method 509
MIL-810-method 508

-650F to +220CF

tin plated copper.

four {4) pin Bendix with
locking collar

SPDT
300 +/- 71°F

275 +/- 7°F

-65%F to +450°F

100 G's

5-2000 Hz to 20 G's

" MIL=-8=202D-method 112.A

tinned copper, Teflon
20 AWG, 400°F

6061 Aluminum



4.

5.

6.

7.

TECHNICAL SPECIFICATIONS ~ Page 2

TRUNK WIRE
Temperature range
Conductors i
(Type E-MIL-W-16878/44)
Primary insulation
Skived tape .
Protective braid
Quter jacket.
Resistant to

FIRING MECHANISM
- Composition

Tested to

Seals

Seal lubricant
Manual override
Inside diameter
Stroke

EXTINGUISHER
Charge
. Non-pressurized |
Side cartridge nperated
lnternal gas tube.
Pressurizing pas

Field refillable

TUBING
Type
Compusition
Dimensions

EXHIBIT "G"

-850 F to +5500 F
Nickel plated copper

TFE Teflon

TFE Teflon

36 AWG stainless

PFA Teflon - :
diesel fuel, hydraulic oil,
lube oil and grease, water,
sunlight

3130 brass

360N brass

303 stainless:
4,000 ps1
Buna-N o-rings
silicone grease

1.000"
0.500"

2B8.5# A:B:C powder

"0, (standard)}

N. (low temperature)

JIC welded

Steel -

0.500"0D x 0.039" Wall
0.750"0D x 0.045" Wall



TECHNICAL SPECIFICATIONS - Page )

8. TUBE FITTINGS
Vibration resistant
Non-flared type
Seal composition
Bursting strength
Installation

9. NOZZLES
’ Composition
Spring cap cover
Spray pattern -
Effective. range

EXHIBIT "G"
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" Buna=N

10,000 psi
Positive stop; no torque
ad justment

Cadmium plated steel

150° cone
Eight feet (8')



AMAYC coAL COMPANY

.. " MIDWEST AREA OFFICE
693 SOUTH HEBRON AVENUE .— BOX Sala EVANSVILLE, INDIANA 47718
" ta12y 470-8771 ‘

September 9, 1975

Mr. W. D. Lease, President
Lease Aflex, Inc.

1300 Paddock Drive
Raleigh, NC 27609

‘Dear Mr. Lease:

Further to your recent visit at which time we
discussed your Afex system, we would be interested
in having you install such a system on one of our
30-R, B-Edrills on a no-charge basis.

This installation would give us a chance to measure
the valve of a piped automatic dry chemical system
for fire protection on this type drill., 1If this
system proves effective we would be interested in

looking at further applications.
Yours Through Safety,

AMAX COAL COMPANY

L7 7 4

Ben T. Spears
Asst. Safety Director

BTS/dt

EXHIBIT “H"
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P.O. Box 1549
Jasper, Alabama 35501

Telephone {205) 387-0501
Telex: 5-9768 Drummond Japr

THE
pRuMmMmonD
compPnny

Mr. W. D. Lease, President
Lease Aflex Inc.

1300 Paddoch Drive
Raleigh, NC 37609

Dear Mr. Lease:
As we discussed during your recent visit, we would be
very interested in having you install the Afex Fire

Suppression System on our 675 Mlchlgan Loader on a no
chaxge basis.

This would give us both a chance to evaluate the system
" on this machine. ’

If the Systém proves Satisfactory, we would certainly be
interested in looking at further application.

Sincerely,

Morris Stanford
Purchasing Agent

EXHIB1T "J"
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DISTRIBUTION TEST ON “AFEX" FIRE SUPPRESSION SYSTEM

.DATE CONDUCTED: June 2, 1976

. OBSERVIRS:

wW. D, Leasc ) - Leasc "AFEX", Inc.

W. D. Lease, Jr. - Lease "ATEX", Inc.
‘G. F. Roll = Lease "ATEX", Inc.
R. Starr Lease "AFEX", Inc.
P, H,. Ellington Southeastern Safety Appliances, Inc.

- (Ansul Distributor)

EXHIBIT "L"
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PROCEDURE:

A wood frame was constructed to simulate a tractor engine compartment
and transmission compartment. Dimenslons are glven on Exhibit # 1,
"Test Stand”.

An "AFLX" Fire Suppression System was piped inlo the tost stand which
was typical of a single system installation as shown on tho opec shoet,
It was purposely unhalanced as much as possible to test and measure
distribution of powder under the maximum conditions. The tubing path,
size, and lengths are shown on Exhibit # 2, "System Dimensions™,

Cach of the five nozzles was covered with a paper vacuum cleancr bag
and this bag in turn covered with a burlap bag. The paper bay servad

as a filter to capture the expelled powder and the burlap bag prevented
the paper bag {rom bursting.

The extinguisher used was a typicél model 30 she!l and weighed 20%#

empty. It was filled with a total of 284 of Ansul plus-fifty BAC iy
chemical, )

48



TEST:

The first test shower] some interesting data. Inadvertently the
/2" x 1/2" x 3/4" TEL used at the forward end of the test stand
"engine compartment” was not tightened on the 3/4" fced, or Inlet,
line. When the system was triggered, this fittlng blew off and
powder was expelled without restriction through this ontlet as well
as discharged through the upper rear engine compartment nozzle
(#3) and the two transmission compartment nozzles {4 and #3).

At the end of the discharge the bags covering nozzles #3, #4, and
#5 were removed and weighed. Surprisingly enough the bags all
weighed almost identically - 4#40z. or a discharge of 12#120z.
out of 26.63 total discharge. This indicates that in spite of the
open-unrestricted 3/4" feed line to nozzles #1 and §2, and in
spite of severe differences in distance from the extinguisher shell,

. equal discharge was exparienced. Ohviously the powder was

splitting at the tees in the line so that practically equal amounts
were flowing out each leg of the tee.

' For the second test the 1/2" x 1/2" x 3/4" TEE was sccurcly
tightened and the filter bags replaced on nozzles £3, 4, and £5.
Again 284 of dry chemical was put into the shell and the system
made ready fto Iire. The system was triggered and completed dis-
charge in 14 seconds. The filter bags were removed and weighed,
Results are shown in Lxhibit #3, "Test Results”.

- 49



RLSULTS:

This secoad test proved that for all practical purposcs discharye
was equal at all five naozzles rega-dless of position or distance

from the extingyuisher, Weight varied by less than 1/2# from
maximun to minimum individual nozzle discharge. Some mino:
loss=s were exparienced at each nozzle by powder passing through
the filter hag. Also 2 small amount remained in the 2xtinguisher
shell, approximately 8-9 oz, and the remain-der, 3-4 oz, wis blown
out of the tublng network after discharge with a compresscd air hose.

50



CONCLUSIONS:
The conclusions that can be made and are proven by actual test are:

l.- Regardless of configuration of piping, discharge is for all

‘ " practical purposes equal at all five nozzles,

2. . A break in one branch scction of the tubing network does not
seriously disable the system. The three effective nozzles

. still discharged over 75% of their norma!l discharge.

3. The use of steel tubing rather than schedule 40 steel pipé or
flexible hose in no way affected distribution or total time of
discharge.

4. The small amount of tubing used in the "AFEX" system allows
' great flexibility as to installation. A maximum of 20' of 1/2"
steel] tubing and a maximum of 10" of 3/4" steel tubing is

‘ supplied with each system.

5.  Even though the nozzles were semi-restricted by the filter
‘bags over them, the opening of the nozzle caps was not
effected and sufficient pressure exists at the nozzle to
effectively discharge under adverse conditions,

6. TIrom the test results it can be assumed that the use of 1/2 :
and 3/4" tubing while having a smaller I.D. than schedule
40 pipe does not adversely effect the flow of powder. It is
believed that because bends in the tubing have a much more
generous radius than pipe ells the flow is less impeded and
scparation ts less than wilth pipe fittings., Discharge of a
30# system using schedule 40 pipe or flexible hose is normally
about 15-16 sccomds as compared to 14 seconds (lla(.halgc
of the "I\FFX" system. ‘ :
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EXHIBIT #,1

.

<');.

© TEST SIAND
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EXHIBIT ¥ 2

17" X 3/4" DIA

{ , 75" % 1/2" DIA

10" x 3/4" DIA

12" % 1/2" DIA

30" x 1/2" DIA _

51" % 1/2" DIA

22" x 1/2" UI/\ ™~

" DA

56" % 3/4" DIA

A8TEM DIMENSIONS
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EXHIBIT # 3

TEST RESULTS

TestNumber'

- Discharge Time

Net Weright Powdcf Discharged

LAt Nozzle(Pounds)

Total No.zzle‘ Discharge

. Extinguisher Shell, Empty
' Ekt;nguisher Shel1, Full

Per cent Total Discharge

Per ¢ent Discharge, Nozzle

#1
$#2
#3
#4
#5

1
#2
3
#4
#5

54

1

13 Seconds

N.A,
N.A.
1k-4oz.
A%-4oz.
4#-4doz,

12#-1202,

204

2

14 Socoﬁds

54-70z.
S¥-loz.
5#-8oz.
S5#-70z.
S#-20z.

26#-90z.

204
484
94.4%

20.48%
19.05%
20.70%
20.48%
19.29%
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CONCENTRATION HALON 1301
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