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FORBIMRD

Ths coal mining industry, prior to 1940, was undoubtedly facing
e period when operating economiss and efficient utilization of labor,
machines and modern practices were more necessary then sver before.
Kith its marketa definitely threatened by other sources of heat and
powoer produced with & mirimum of labor, "Coal" had to exert every af-
fort to secure ths lowsest poesibls production eost and also to pro-
duce a more satisfactory product with greater ssfety to men and mines.

Blasting, or breaking the coal from the coal face, ias one oper-
ation in the mining of zoal that has an impartant besring ono botk the
cost of produotion and the quality of the eoal prodused. Rlesting
e1s0 presents a major problem for the sefety of the men and for the
protectdon aof the mine itself.

Prior to the 19%h Century, all cosl was dislodged by the uass of
a sledges, wedge, plok and ¢rowber. In the e=zrly pert of the 19th
Century, miners began to use blasx powdar to "shoot"” the face. By
shooting the face, production was inore=ced end costs wers lowered.
Bowevar, much of the sdventage gained wes offset by the denger in~
volved, to men and mivea, by the use of black powder. Its long, hot
flame ignited geg amil ceal dusi ip many mines with 4disastrous reaults.

In 1907, the United States Buresn of Mines was erescted to pro-
mote mine safety. Exhaustive tests were msede on &ifferent exploaives
to determine the hazards involved in their use, The term "psrmissible*
wvas coined to designate & type of explosive whioh was approved for

use in dusty and gaseous goal minss. The safer and more desirsble
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cheragteristie of a parmiscsible explosive, is that the rate of deton—
ation is so rapild it 18 lsas lisble to igmnite ges or coal dnst than
black powder. PEut this rapid discharge, which minimizes ignitiom of
dust end ges, results im 2 sudden shock that shatters the cosl, Thus,
vhile permissibles are safer théen blask powder, their sffact on the
coal struspure of the marketable coeal 1a much worsa.

"Guskioned™ shooting *ith permiacible explosives bas been tried,
end in soms e.eusanj hzs showr an improvement in the grados of coal pro-
duesd. FHowevayr, all explosives ere Just what thelr name implies, ex~
ploslive, and ths e¢oc2l broken do¥n by them is emuesd by An explosive
chargs with the rssultant shock,

Modern mining demands g method of breaking down coazl that is not
only sefe, but economical ap wall, This mathod must bte slow enough
to retain the ratural lumpy structure of the cosl and permit high
reslizction. It must be gemtle enough to bring down the eocel without
producing mipute shatter-craseks in the coal. It mmzt discharge with-
out smoke or ntéxious fumes, 80 that an unsafe stmosphere is not created
in the working plesaes. It must roll the ceal fres from the faco.‘ 80
that 1t mry be easily los=ded by mechaniscel loadera.

Heny attempts have besenr msde, with various moathoda, to invent a
method of bDrasking down cosl that eould fulfill the requirements staeted
sbove. In 1924 or 1925, three cosl minirg men of southern Ilinoie -—-
a emmist, an elsotrieal enginser ant a mine opsrator — conceived the
idea of a nom-explosive cariridge utilising the force of axpanding
sarbon dioxide to break down goal at the woarking fecs, They sought:

a modima that would bs ss aare.\ar sven safar, than permismibdble



explosivea, yet which wonld mreserve the inherently firm atructure of
the csoal and produce less fime coal than any other typs of exploaive.

There followed several yeasra of sxtensive ressarch and experi-
mentation in the southern Illinois coal fielda, Vearious sizes of car—
tridges, pressures and hesating elements were tried and discarded be-
fors a workable unit was svelved. In 1927, the Safety Mining Compsny
was formed and took over all patents for the mmthod, The trede nems
of CARIDOX wes given the method and further experimsntation with car-
tridges, mathod of shooting and co-ordinating of mining methods with
CLRDOX shooting was ea.rried on, The final dewvelopment was started
and cosrried oan for seversal ysars at the No. 5 mins of the Centrelia
Coal Company, 2t Centralis, Yllinois, and at the No.l mins of the
Bell & Zoller Coal and Mining Qompany, at Zeigler, Nlinocia. The
writer was asting as Mining Euglineer fcn; these gompanies at that time
and assimted in the development of C/RDOX at thess properties.

Thia paper desls with an explanation of the theory and mechenics
of the medium and the oconatruction of the cartridge usad {n the
CARDOX mathod. Scams of tha details of exparimentation at Centralisa
amd Zeigler, Illinoia, and the aystem of outting, drilling and shoot~
ing with CARDOX are sxplained, Also, the mine layout and mathod of
dietribution of mhells and sccounting on cartridges as used by the
Bell & Zoller Coal amd Mining Company, at Zeiglesr, Illinoia im herein

dealt with, as well as a 1ist of safety rules for handling GARDOX.
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CARDOX METHOD OF COAL MINING

The Cardox method of minirg cosl is essentially that of dislodg-
ing coal with carbon dloxide under procissly predeterminad presgure.
{See shurt). Its physical besis is simply that this inert, non-
poisonous gas, kept under pressurs, expends when iiberated in & drill
hole with farce sufficient to break down the ¢oal. It operates with-
out smoke, flamlor noxious fumes,

Carbon dioxide was sslected as the idesal gas for Cerdox mining
because it is5 {nert and will not burn or suppart combustion. Equeliy
important, carbon dioxide is non-poisonsus. Its physical charzeter-
istiss are favoresble for breaking down ¢o02)l and it is easy to procurs.

The eerbom dioxide ie compressed in a tube, or shell, inseried
in 8 hole drilled in the eoal fece and the shell dimsharged, thereby
dislodging the coel,

The Cardox tubse, or shwlls, which are mz2de in several sizes,
ranging from two to threa inches in diameter, weigh from tem to forty
1bs. =nd oonsilst of hollow tubes forged of ehrome~molybdenum steel,
capable of withatanding intermal pressures up to 40,000 lbs. per
square inch. Into one end of the tube is threaded the charging cap,
and into the other end ias thressded the discharge cap. {Sae Figure 1.)

The cherging cap houses, in addition to the charging valve, two
electric terminals for connscting ths shot firing esbles to an elec-
tris squid, or mateh, im the hesiter olement.

The diseharge ¢2p {8 eguipped with aupgle perts throngh whieh the
expanding carbon dioxids is releassd at discharge. Thess parts are
constructed on an angle, so that they bhold the shell, or tnbe, to the

back of the 4rill hole when the shell is &ischarged.
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A soft atesl shearing &ise 1s held firmly over the open epd of
the shell by the dischargs cap. Thie dise sesls the liguid sarbon di-
cxide in the ahell untsl the pradetermined dimocharge pressure 1is
reached.

The shell is assembled and sherged as follows: The hester slement,
eonteining the eleetric squid, is lnserted in the cherging endl of the
tube viith the electrie sguib fn eontaot with the terminals in the ¢ap.
A soft steel &isc, varying in thiekness rocording to pressure deaired,
13. ploeed éver the opposite end of the tabe and the diseharge oep is
sorewsd on, bolding the dise firmly in plege. Liguid esrbon dioxide
is then pumped into the shell and the shell is then resdy for dis-
eharging.

When ourrent is applied to the terminels in the sherging aap,
the slectries squid, or meteh, cemses & chemicsl recetion of the chemi-
cils Ain the hsater and sufficlent heat is gensrated to gasify the car—
bor dicxide instantly, imercasing 1te pressure within the tube. 4is
the goees in the tube reach the predeteruined disgharge pressure, the
shoearing dise gives way, and the gae is relsased through the parts,

Disoharge pressuras of Cardox tubes, which cen be relessed dy a
frection of an empere &t two or tiree wvelts, renge from 10,000 to
22,000 1ba. per sgqnere inah.

The dissharge in no way injores the Cerdecx shell. The only part
that hes te be replaced 1s the aba:armg dise, vhiach is repswed when
tkhe shell) i» recherged. After the sosl is bProken domn, the expiy

chelle are recovered from the fall of cosl and returmed to the adhax-

ging plant for re-charging.
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The hesating elemen$, or sharooal keater, used to generuto the
heeat in the shell i mnde with a étoiehiomatric mixture of poteeainn
perchlorate and charcoal, The following proportions e&re ueed: thir-
teen per aent (13%) charcoel, one~half to one per cent (1/2 to 1%)
011, elpghty-six rnd ons~helf per cent (B8f4%) potzesiuvm perchlcrete.

The churcoal used rmst all pess through & 200-xesh morsen. The
perehlorate ramgss between 40-mesh 2md 200-mesh,

The beating slemsnts containing the slectric squilb, or meteh,
are rolled from stendaerd ereft peper by sutometis tute rolling mechinse,
The burning conmpournd is mixed =nd temped in the papsr tubes by mechani-
eal tenpers. The healting elements are manvfectured by the Safaly
Mining Compery $n their own plents and ehipped resdy for use in the
shells,

The l4guid eerton dloxide ls stored at the mine in a Cardex low
pressure storage tank having a capasity of fear tons, or in a dattery
ef standard fifty-1lb., high pressmre cylinders, depending upon the
type of charging plsnt ipstulled. The ozrbon 4ioxide is Jdslivered to
the vorious mimes from central distribution plants by trucks oumed
and operated by the C=xrdox Carporation, “Tigare 2 shows & gengral er—
rangement of a sherging plant for e mine, In pemy mining districts
the Carfiex Corporetion mssiatzinps a central charging plant where the
shells are gkargad apd deliversd by truck to the various mines in
that distriot, reaty for use., This system i3 now umed in the aguthesrm
Ilinois &striot in shich ths writer assisted in the dsvelopumnt of
this sathod of blasting. The esntral shurglng station 1e located 2t
Bsnton, Illinols and serves mines loeated Iat» Zaiglsr, Valier, Royslton,
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West Frankfort, Herrir and ell other mines in the southern Illinois
distriet,

Two fa¢tors dstermine the extent of thes working farce of Oardox
-~ ths valume of esrbon dioxide and the release pressure., The relsase
pressure determinss the breaking farse of the blow deliveraed, while
the volums of carbon dioxide determines the redius of action of the ex-
panding gesss. Table I gives pertinent data as to the various sizes of
tubes, or ehells, the volume of carbon dloxide for sach model, the
rangs of shearing dises for each model, ete.

Perhsps an explanation of this table will help to clarify several
of the headinge. The No. 1 columm, entitled “Tubes®, gives the model
nusber of the tude, or shell, snd the nusbers lmve a certain signifi-
ecance, For example, "2~-50" mesns two inches in dismeter amd fifty cu-
bie {inohss volums; "2-80%, two inohes in diameter and aighty ouble
inohes volume, ete.

Colwsm Ho.2 gives ths sheer dlamster of the shearing dise.
Columms ¥ and 4 giw the goge eand disc thiokneas of the shearing dise
in inshes, The lreaking feorcs iz regulated by the thicknaas of this
dis¢0. Columns 5, 6 & 7 1list the internal pressures ar hydraulie wes-~
sures to shear the various size dises,

Column 8 shows ths "Recoamuended Charcoal Hecters." However, the
Cardox Carporation has improved the afficliency of the heaters and a
gmller heater than the one listed for specifis models may now be used,

Column © indicates the maximom size heaster which has been approved
for use in the verious ahells by the Buresu of Mives, Oolumns 10 and

11 reqQuires no sommeni.



At the nmines the liaquid Barbon dioxide is
stored in & Cardox pressure storars tenk
having 8 cupacity of 4 tons or a battery
of 50-1b. high pressura storege cylinders
are refilled, thus insuring an ample sup-
ply of carbon dloxide &t all times.

Cerdox low pressure cherging plant,

Figure 3

-



The sesam is undercut in the usual
manner.

Figure 4



Table 1
CARDOX CORPQOAATION
Permissible Combim tions znd Pertinent Data CiRDOX Cartidgss

1l 2 3 & ] 8 7 8
Model Shear Disc Diso Hydraulie Pressure to Shear Dise Ragommended
Ro.of s, Gege Thickness Minirmm Normal ¥axi mum Charoml

Grems

E2-50 le1/16" 16 0062 8,000 10,000 12,000 40
14 078 10,000 12,000 14,000 45

12 2109 15,000 15,000 17,500 80

10 «140 17,000 19,000 2,000 100

280 lel/18" 18 062 8,000 10,000 12,000 80
14 078 10,000 12,000 14,000 80

12 109 13,000 15,000 17,800 100

10 A0 17,000 19,000 2,000 1o

2=100 l=1/16" 14 «078 10,000 12,000 14,000 80
1z o109 13,000 15,000 17,500 100

23130 1=5/16" 12 109 12,000 14,000 18,000 100
10 +140 16,000 18,000 2,000 140

8 172 18,000 20, 000 22,000 180

*D100 1-1/4" 12 <109 18,000 17,500 19,000 180
10 «140 & ,000 £z, 500 24,000 180

8 o178 25,000 26, 800 28,000 200

D100 17/16" 12 W19 11,000 13,5800 15,000 180
10 140 17,000 18,600 2,000 130

8 178 2,000 £3,000 25,000 200

3 200 1-3/4™ 12 <109 10,000 12,000 13,000 180
10 <140 13,000 15,000 17,000 200

8 172 17,000 18,000 20,000 220

* = Obsolete, but quite a fow in servioe
te = Ipprovements lave been made an heaters listed



Permiseible Combinpstions end Partinent Data CARDOY Cartridges

Table I (contd.)
CARDGX CORPGRa 'TION

] 10 11 12 13
Meximum Recomnended Mipl mam Min, 00, Overall
Hea tex Normml Heater for for Shear Assembled
Pearmi psible Cha rge C(J2 Bhes » with with Hea ter Length

Nommal COp in Colurm 8
Grams dunees Gmmus Qunces Inches
20 24 25 - 343 /4"
80 o4 =0 18
100 24 et 18
110 b 3 80
80 3¢ 38 23 48+3/4"
1o o6 40 28
110 88 60 24
110 38 80 25
110 48 45 27 58=3/4"
lio 48 80 3
1o 48 89 %9
140 64 50 60 895 /8"
160 64 70 48
180 84 100
180 48 26 47-3/4"
200 48 g
200 43 140 23
180 48 &0 23 47-3/4%
200 48 g0 28
200 48 20
20 96 30 84 53
220 96 110 73
20 Q98 160 M

-G't-



Column 18 indicates the minimum quentity of gas that ecm be ax-
pected to phear the dise with the amoumt of heater irndiecated in
Columnm 8, OColusmn 13 glve= the overall length of the essembled shell.

The following is & reprint from the United States Bureau of Mines
Report of Investigptions, R.I.3084, Geeling with "The Propulsive
Strenjith and Rate of Prensure Development of the Cardox Blesting De-
vice." It is by H,A.Toloh, Associete Hining Engimear, 17.S.Bursen of
Miness, Pittaburgh Bxperiment Steotion, Pittasburgh, Pa. and 6. St. J.
Perrott, Superirteniernt, U.B.Bureaun of ines, Pittaburgh Experiment
Station, Pittsburgh, Pa.t

{(In this paper the "propulsive strength® or "atrength” is de-
fined as the relative propulsive or heaving effeset 8s measured by the
Burean of Mines bellimtis pendulum, )

(The model “G” shell wsed i{n thia experiment is now chsolete.

The present models have many improvements and fewer parts than the
model "G." However, the Burebu’s test, together with tests osrried on
by the Cerdex Oorporation, glve accurate informetion on results ob—
teinable with diffaerent eombinetions of szavdbon dioxide, heater and

dise.)
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R. I. 3084
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THEE PROFULSIV STRANGTH -ND RATE OF FRESSURE DEVELOPMENT
OF THE CrRDOX BLASTING DEVICE
By N. A, Tolah and G. St. J. Perrott
PORPOSE OF TESTS

The propulsive strength developed by the Cerdox blesting device
depends on the thicknemss of disk, welght of heater element, end welght
of carbor dloxids charge. It might de supposed that the maximum
weight of esrbon dioxide that ocan be charged into the shell shouwld
give the greatest strength, However, zccording to the ballistio pen-
dolum, the maximum weight of carbon dioxlide with certain conditioms of
heater and disk has lesa propulsive strength then & smaller charge;
in one conditlon of test a losm of 39 per cent in propulsive Btrength
was noted. It is therafore of interest to study the effeect of the va-
riddbles that determine the strength of Cerdox.

ACKWNOWLEDGMENT

~Grateful ackmowledgment 13 made to A. B. Coatss, sssocciate
mechanical engineer, who developed the testing method for measuring
pressuras in the Cardox shell.

DESCRYPTION OF DEVICE

The Cardox blasting device aa fully deacribed by the bureaun in
Repart of Investigations 2920 (1920), consists esasentially of hollow-
steel shell, cylindricel in shape, an elactrode, valve sessembly,
shearing disk, and disecharge e6ap. The shell is prepsred for uss by
inserting a heater elemsant, closing the open erd with a shesring disk,
and screwing in place the discharge eap. The charge of cearbdbon dioxide
entera the ahell through the elestrode.

The hestoer element {8 fired by an electric igniter of the mateh=
hssd type. The heat released by the Reeter slament completely gasi-
fies the carbon dioxide and raises the pressure of the gss until it
is enough to shesr the disk,

Three mpdels of Cardox blasting devices have been approved as
permissible; Models A, AA, and G. Thse Model A and the Model AA shells
are eossentially the same except for certain differences in firing de~
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sign. The Model G shell is somewhat simpler in design than the Model
A shell snd 1s considercbly lighter in weight. It is 80.6 centimeters
(31-3/4 inoches) in length, 7.6 centimeters (3 inches) in diameter,
woighs 18.0 kilogrsms (39.5 pounds), and hes a free volums, with heater
inserted, of 1.38 liters (84.18 cuble inches).

PROCEDUIRE OF TESTS

Briefly, an explosive under teat is fired in a steel cennon into
a morter weighing 31,000 pounds, suapended from knife edges; the reaul-
tant swing 1s a messure of the propulsive or hesving effect of the ez~
plosive under test. All strength tests are compared to Pilttadburgh
Toating Station 40 per cent straight dynamite, which is alwsys menu-
faatured on the sams formula,.

In testing the Cerdox blasting devies, a curve was first dster-
mined to show the swing of the ballistic pendulum for a given cherge of
the standerd dynemits mentioned. The Cardox shell waa then disgharged
into the mortar and the avarage swing by thrss or more trisls noted.
The etrength of a particular conditior of charging is expressed in grems
of the stendsrd dynamlte; a psrticular condition of charging as to
thickness of disk, weight of heater, =znd weight of carbon dioxide will
give the mame swing, or 18 equivelent to m certain weight of the stan—
dard dynamite, in the ballistioc pendulum,.

In msking balliastic—-pandulum tests with Cardox, the four side—
discharge holes of the dissharge cap are plugged and a hole 1s drilled
sontrelly in the end of the eap along the longitudinal axis of the
ghell. By this mathod the gases ars discharged in a forward direction
rather then & side direction.

The tests mentiomsd in this peper, in greater part, have been made
with the Model G shell. The conditions of cherge tested in the bsl=-
listic pendulum have alaoc been tested in the gellery and found safe
for use in gapay 2nd dusty coal mines,

RESULTS OF TESTS
Table 1 lists the results of ballistic-pendulom testas with the

Model G shell, The everage aswing and the equivalent strength in grams
of the standard dynamite are giwen for each condition of charge.



Teble 1.

Results of ballistic-pendulum tests with Cerdox Model G Shell

Equivslent of Pittsburgh

Curbon Average Testing Station 40 per cent
Disk Heater, dioxide swing, straight dyhamite, grams
Milli- centl-

meters In. grams Grams Pounds msters

3.2 1/8 100 910 2 7.50 167
3.2 1/8 100 1080 2-3/8 8.82 233
3.2 1/8 100 1250 2-3/4 6.35 185
3.2 1/8 125 910 2 9.20 2485
3,2 1/8 126 1080 2-3/8 9.94 286
3.2 1/8 125 1260 2-3/4 6.81 172
3.2 1/8 140 910 2 10.82 285
3.2 1/8 140 1080 2-3/8 8.40 263
3.2 1/8 140 1260 2-3/4 6.63 173
4.8 3/16 100 1250 2-3/4 7.32 192
4.8 35/16 125 1250 2-3/4 8.86 235
4,8 3/18 140 1250 2-3/4 B8.79 232
6.4 1/4 140 1260 2-3/4 10,36 278
8.4 1/4 180 1020 2-1/4 12,60 347
6.4 1/4 160 1135 2~Y/2 11.39 30
6.4 1/4 160 1250 2-3/4 .81 282
7.9 5/lé 180 1260 2~3/4 12,47 3.42

Effest of Quantity of Carbon-Dioxide Charge

#1th 6.4 millimster (1/4-inch) shesring disks and 180-grsm heat-
ers the strength drops off rapidly with incressed sarbon-dloxtde
ghorge. The loss in propulsive strength is 24 por cent when the
charge is ineressed from 1,020 grams (2-1/4 pounds) to 1,250 grams
(2~3/4 pounds), With 3.2 millimeter (1/8-inch) disks and either 100
or 126 grams hesters, the maximum propunlsive atrength occurs with
naither the minimum or maximm welght of carbon dioxide, but with
an intermediate welght of carbom dloxide. With 3.2 millimster
(1/8~inch) disks and 140-gram heaters, the minimum weight of carbon
dioxide tested gave the greatest propulsive strength.

Effeot of Quantity of Hester Material

An increase fn the welght of hester msterlal should result in
greater developed propulsive strength because of greator avallable
heat energy. With 3.2-millimeter (1/8-inch) diske and 910 grems
(2 pounds) of carbon dioxide, the stremgth increases with increase
in heatsr, However, with the capscity chargs of 1,250 grams (2-3/4
pounds) 1little difference is noted im propulsive strength whether fired
with 100, 125, or 140 gram heaters.



Effect of Thicknessa of Disk

The data in Table }. show that the propulsive strength is greater
with increase in thickness of disk.

It should be noted that the compsrable deta on the effect of
thickness of disk were all obtained with the maximum eorbon-dioxide
capacity of the shell (1,250 grams), with which charge the propulsive
astrength is different from thst of smaller weighte of carbon dioxide.
The effect of thickness of disk might therefore be different if atud-
fed with smseller weights of carbom dioxide.

Effect of Sized Sodium Chlorate on Propulsive Strength

Table 2 lists the resunlts of teste mede to detarmine the effect
of sizing the partieles of sodium chlorats in the heater element. The
Model A shell wss used with 180-gram heaters, 3.2-millimeter (1/8-in.)
disks, and 1,700 grams (3-3/4 pounds) of carbon dioxide. The heaters
ware made up according to the dasic formmla,

Table 2.
Effect of sized sodium chlorate on ive stremgth
Orain size, meah Average Equivelent of Pittsburgh Teating Ste-
swing contimeters tion 408 straight dynamite, grams
20 to 30 9.61 2356
30 to 40 11.19 308
40 to €0 11.53 313
80 to 100 12.68 380
100 teo 120 12,87 368
120 to 140 11,98 9

These results would indicate that the smsller grain sizes of so-
dfum chlorate give greater propulsive strength, However, a limit was
reached at a size of 100 to 120 mesh beyond which the propulaive
strength decreased #lightly.

RATE OF PRESSUREZ DEVELOPMENT OF THE CARDOX MODEL G SHELL

The msthod of test is similar in principle to that used ir odbtain-
ing the rate of pressura developmsnt of black blamting powder, except
that the Cardox shell itself formsd the explosion shamber instezd of
the Bichel gege.

The apparatus csonsists essentielly of the Cardox Model G shell, a
pressure-indicating device, a revolving drum, a taghometer, end two
induction coils.



The pressure-indicating device consists of a piston, spring, ami
lover arm, & given movemont of the piaton producing a proportionsl de-
flection of the lever arm. The valus of the lever arm movemsnt is ob-
tained by culibrating the devliee sguinst known pressures. When the
shall 1s discharged, the rising pressure forees the piaton out against
the pressure of the spring defleeting the lavar arm, whose mosemente
ares traced on the soot~oovered surface of a revolving drum, A recard
is thus obtained of the rate of pressure developmont and the megnitude
of the pressurs.

The primery of an induation coil ie placed in series with the
electric mateh head, When the meteh hesd ia fired, the primsry cire
cuit is broken, predusing current in the segondary and a spark on the
revolving drum, thereby recording the time gt which the mateh head in
the haater 13 fired. <The primsry of a sesond induection co®l is placed
in series with an alsctrie eireuit running through the Aisehsrge cap
ef ths shell. Vhen the 4isk is shearsd the primery cireuit is broken,
produeing current ln the secondary and a spark omn the rewlving drum.

With shie apparatus a record ashould be obtained of the time af
wvhich the msbteh heod was fired, the time at which the pressmre starts
to rise, the rate of presenrs dsvelorment, the megnitude of the pres-
sure, and ths time and pressure at which the disk shears, In asctual
testing it was found nosesssary to obtain these data in two stages. Ia
shota in whioh the disk sheared, the ehsell movement fram the fores of
the oxplesion was sufficient to throv the pressure-indicating devies
out of cootact with the revolving drum, thereby preventing a presasure
recard. Two types of taatis were thersfors msde. In ona type of test
& disk of suffiocient atrangith to praventi a shear waes used, nnd in this
test the time from the firing of the match head to the beginning of the
pressure riss (prapresaurs periof), amd the retes snd total magnitode
of pressure development waere obtafned., In the second type of test, a
disk of a thickness that would shoar wes ussd, and & reeord was ob-
teinsd of the time from the firing of the match head to the shearing
of the disk.

Resultas of Pressure Tests

Teble 3 lists the prassure davelopsd in the CGardox Madsl G ashell.
The presaure given is the maximua pressurs developad by a glwn charge
of hester and garbon dfoxide with g disk sufficlently atrong to pre—
vent a shesr. Using 100-gram hesaters apd charges of carbon dioxide of
570 grams and 1,135 grama, average maxlmnm presesurss of 810 and 2,880
kg./8q. em., respectively, were produced. Uslng 140-grem hezters and
earbon djioxide chargea of 340 and 680 grams, average meXinum pressures
of 940 and 2,110 kg./sq. om., respsctively, were producsd. With a
ocharge of 880 grams of sardbon dioxide, 100 asnd 140 gram heaters pro-
duced aversgs maximum presaures of 1,380 and 2,110 kg./sq. om., Te=
spsetively,

The tims determinations listed in Teble 3 shew wide variations



in the durstion of both the prepressure and pressure periocds, Howe
ever, the data in Table 3 and the metual ypreasure records clearly
indicate that the larger charges of carbon dioxide appreciably lang=
then the duration of the pressurs period.

The time at which the disk shearsd was de termined on shots
other than those in which presaures were determined., The averages
listed ere the resuvlts of three shotm with esach corndition of chargs,
They indieate that ip the eonditione of sharge tested, Bhearing of
the disk took place before the mAximum pressure was completely
developed,

Three typical times-preszsure records were obtained with verying
chorges of ecarbon dioxide, Curves were replotted from the original
records to present them all on the ssme scsle, A dambter of piaton
in the pressure-indicating deviee that will give the moat suitable
hoight of curve 1s used 1n testing; the originsl resords, tharefors,
&re not all on the sams scale. The aeurves show the pressure record
for ome complate revolution of the drum, a time duration of about
0.15 sscond, After about ome revolution, the pressure falla, due to
eooling and to leskage of ges through the shell gaskets, When the
disk is not aheared, the shell gaskets are almost invarisbly rup-
tured. The broken linea fn the ourves indicate periods in which the
penoil point of the pressure-indicating device lost contact with the
drum.

These curves indieate that more than half of the presswre {is
developed in less then 0.0l second, measuring from the beginning of
the pressure rise. The two smaller oharges of carbon dloxide, 570
and 880 gramm, develop at least 80 per eent of their maximum pres-
sure in 0.0l second and the largest chargs, 1,135 grams, develops
80 per oent of its mexipum in about 0.02 second.



Teble 3.
Prossure developad within the Csrdax iodel G shell
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Time
Prepress-
Hes tor ure period, Press Disks
alement, Carbon dioxide Maximum presaure reriod,™ shear
grams  Grems Pounds Kg./sg.cm, Lb./sa.in, secorpd second second
100 570 1-1/4 760 10,700 0.021 0.060
100 570 1-1/4 878 12,400 007 -
Average 8.0 11,500 014 - -
100 680 1-1/2 1,326 18,900 .010 032
100 680 1-1/2 1,410 20,100 004 .018
100 880 1-1/2 1,400 19,900 - - 4
Aversge 1,380 19,600 007 088 0,021
100 1,135 2-1/2 2,990 42, 500 023 090
100 1,135 2-1/2 2,860 40,700 018 «073
100 1,135 2-1/2 2,740 29,000 .008 090 5
Average 2,860 40,700 .018 084 025
140 340 3/4 940 13,400 005 .029
140 340 3/4 940 13,400 ,022 030
Average 940 13,400 014 «030 -
140 8680 1-1/2 1,880 26,800 - -
140 é80 1-1/2 2,140 30,500 - -
140 680 1-1/=2 2,310 32,800 005 048
Avereaga 2,110 30,100 - - 009

1T1me fram break in match head to beginning of pressure rise.

Time from beginning of pressure rise to meximumm pressure.

3T4ms from bresk in matoh hesd to shearing of disk, Average of J shots

.‘m which pressures were not obtazined.
2-mm. (1L/8-in.) disk,
54.0-mn. (3/16-in.)disk.
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ST ARY

A8 @ rasult of this inveastigetion the following conclusions may be
drawn:

1. The propuleive sirength of the Cerdox blesting devies lodel G
does pot ingresse directly with the cerbon-dioxide charge. The op-
tipum propulasive sitrength may be developed by either & minimm, an
intermediate, or a eapacity chorge, depanding om the heater and
disk used.

¥{th one comdition of eharging, a loes of 39 per cent wes
noted in propulsive strength when the welght of cardbon dloxide was
changed from the optimum to the least effective ocharge.

2. In genersl, the propulsive streongth ineresses with the weaight
of heater, Vith certain capecity charges of csrbom dloxide, bow-
ever, little difference Is noted in effeact of heater,

e In all conditions tested, the propulsive strength increased
with the thlickness of disk.

4. The smaller greain sizee of sodium chlorate as used in the
heater elamont were foumd to result in grester propulsive strength
than the lerger sizea,

8. Using 100-grem heaters and & nonsheareble disk, the average
maxzirnm preseures developsd for H70, 680, and 1,135 gram charges of
oarbor dioxide were 810, 1,380, snd 2,860 kg./sq. om., respsetively;
using l40-gram heaters, 340 and 880 gram charges of earbon dioxide
gave everage meximum preassures of 940 anmd 2,110 kg./sq. om.

8. An inerease in the charge of verbon dioxide lengthened the
duration of the pressure period.

7. In the conditions tested, the datas Indicate that shearing of
the disk took place hefere the pressure vae campletely developad.



CYCIE OF HMINING WITH CARDOX

The eyele of mining with Cardox, as developed, 1s as follows:
the face of the room or entry is first undsrcut with an undercutting
machine for a depth of seven to nine fset, depanding on the height
of the seem, tha type of cutting mechime end the length of gutter bar
used, This removes s barnd of corl approximntsely six inches thick
from elther the bottom, top, or et some point betwesn the floor and
roof of the ecocal seam. This provides another free fsce for the coal
to breck to when being dislodged emnd also decresses the pressure re-
quired to free the coal from the 8clid faes.

Seeond, the fines, or cuttings, loft in the kerf sut hy the
machine sre ramoved with long-hendled shovels or hooks.

Third, a number of drill holes, or shot holes, are drilled hori~
zontally in th.olfaos and parallel to the ribs. (Figure 5), These
holes are drilled, with electris drille, in two rows} one row abave
the othars The bottom row is placed a few inches ebove the bamd of
pyrite, or bone eoul, that 1s present in 21l of the No. € sezms in
Illinois.

In the lower row of holes in » roem twenty-seven feet wile, the
two holdes meorest the rib are placed approximately twenty-four inehss
away from the rib snd tvo additional holes are apased equi-distent
between these ountside holes. Another row of three holes 18 then
drilled acros=z the apper psrt of the face, usuamlly efght to ten inches
below the roof; the two outer holes being about twenty-four inches
from esech rib. The center hole on this row is spased mideay detwesen
the outer holesa. All holes abowe and balow are drilied to a depth of

s1x inehes less than the depth of the underecut, The spaoing amd
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Prilling the hole for a Cardox tube.

Irgserting a Cardox tube in the drill hole.
Figure &
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location of holes will very in different mines, depending on tha- shargce-
teristiems of the coal. However, it 18 very essentis)l that the outside,
or rib holes, be drilied parallel to the ribs amd thst the holes be
drilled to a depth slightly less than the depth of the undercut to pre-
vont the shot from being put on the "solid", or, in other words, where
the edvsntages of the undercutting will be wested by getting the

eharge in s011d coel.

These holes are drilled with a portable electrie, auger type,
4rill. (Pigure 4). IXn some mines the Arill is mountad on a post, while
in others an eleatric hard-drill, without post, is used. The mugars
have detachable cutter heade, which permits removing the autting end
of the augers amd replacing them as they becoms dulled, withont having
to replece the ertire euger.

There are several types of cutting kite in use., Soew operatcra
prefsr a one-piece °fish tail" type, whils others use a typs made up of
four small cutter bits placed in the sutter head in such a menner es
to form a flared eunger shape pattern.

After the holes are drilled and all of the dust and cuthings have
besn removed from the hole, a Cardox cartridge is pushed %o the back
of each hole., 4in eleotrie firing csble is ecommectad to the small
wirea, or lesds, attached to the firing terminals on the ashell. The
electrie firing osble is long enough to exterd fram the face to dresk
through or eross-cut, between rooms, (See Figure 5). Standing in this
eross-cut to pretest him frem flying coal, the "shot-firer”, or msn
who discharges the shell, disgherges 1t by merely iuserting the ends

of the firing cables in terminals fn a small, porteble elsstric



The Cerdox tube 1s inserted 1in the
drill hole with the discharge end
at the back of the hole, The elec-
tricael terminals in the head of the
tube are connected to a regular
shot firing ceble.

Pigure 7
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storage battsry, welghing only & {ew pounds, The shells are dis-
charged one at a time, As thero are no noxious fumss present, the
shot=-firer goes back to the fzce after eush shot, conmects his firing
cable to snother shell and proeeeda until all slwts are fired. The
order of firing 28 shown in Tigure § 18 usually to shoot the tro cen~
ter holes on the lower row firat, them each rib in the lower row, then
the center hole in ths upper row and finally each rib in the upper rouw,

In soms mines after the lower holes are shot, all thse coal that
is droken by thase shots is removed from under the eoal left standing
befare the top holos are alhiot. This method provides mpre {reedom for
breaking of the upper part of the fuce and also osuexs the coel to
roll free of the fage, thus belng mnoh more easily loaded.

REaeh empty shell is pickad up off the top of the eco8l after the
shell has baen discharged and placed a short way buek 8o that it will
not be eoverad by the cosl from the mext shot.

After the entire room or antry facs hmrs heen vroxen dewn, all
empty shalls are loaded on a spescisi truck ond, eleong with other
eumpty shells from thet particular section, are sent either to the
mins*s own charging plant or sent to the surface to be picked up and
taken to ® aeeniral charging -plant in the dtstriet for reehurging.

In either ease, a very acocurats accouniing syatem is kept on the
shells, The sost of a shell is negligible if the shell is used ower
and over again. However, if the shells were covered up or loet in
the mine, the coet of replaeing them would scom make the msthod ex-
ponsive,

The shells and equipment are not bdought outright by the wine
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Cardox tubes may be filled and mede
ready for the next shift in s small
charging plant located 8t the mine.

Chergod Cerdox tubes are sent into
the mine in trucks constructed for
that purposa.

Figure ¢
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operator, but he has en option of seversel methods of payment; &ither
on a basis of 50 much per shell, so much per ton of ecoal dislodged,

or soms such method. The basis of payment is en item decided upon

by the Cardox Corporation and the mine oparator., Howaver, the mine
operator is held responsible for the recovery of shells after they are
dlacharged.

For tb'is reagon, the following system of shell accounting 1s in
use in the Zeigler mines of the Bell and Zoller Qoal 2nd Mining Com=
pany at Zelgler, Illinoia: 1he shells used st those minss are charged
st a central charging plunt owned by the Cardox Corporation, located
et Benton, Illinois, m distance of fifteen miles fram Zeigler. They
are delivered by trueck to the mine. A mins employee, the time-keapsr
in this pase, signs s recelpt for the shells received from the Cardox
Company and sleo turns over the empty shells to the trusk driver. The
mins employee recelves & receipt for the empty shells, This gives an
acoeurate record of the totsl number of shells received and returped
by the mins.

The shells are then loaded into mine ocars thet are made purpose—
ly for shell transportation — esch truck being numberad and a record
kapt of the number of shells loaded into it.

A et of the various forms used in the shell accounting is in-
cluded in this paper, The delivery men sign a receipt for the number
of shells received By them for dellvery to the wurious sections,
{Report Form No. 108,)

When the race boms, or section foreman, finishes his shift, he

mskes out a form, Form No, 104, showing where and how many shells he
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wants delivered. This form is given %o the night foremsn who super-
vises the delivery in the entire mine. The delivery msn a{gns a re-
ceipt for the losded shells, Form No. 108, and delivers the loeded
shells as per the order givenm him. He slso gathers up the dissherged
shells at each place and makes a report on these. {Form Fo. 107.) The
shooter, or shot-firer, also keeps & record of his shots, Form Xo.109,
which showa how meny shots wers fired, how many shots were not fired,
reason for not firing, bad order shells, shells ragoversd, etc. Fram
all of the above raeports, the time-ksaper makes out a daily report on
shells received, returnsd, pumber fired, etec., and sepds this report
to the Company office on the surface.

The segtion foremar elso keeps a record (Form No. 111), which
keeps him informed 2s to the number of shells delivered to him, shells
raturnsd by him end shella that have not bsen recovered, amd for whigh
he is responsibdls,

The Gescription of this system seems rather compliczted and re-
quiring s lot of "red tape", dbut the sctual operation of 1t is not so
intricate., It has been found, by experismce, that some such system
is necessury; otherwise thers would be a tremendons loss of shells,
dus to megligence on the part of thosehandling them., This method also
Ziver acourate date on the tons of coal dislodged posr shell used. This
data is necessary in computing the sost per torn for disledging or
shooting the coal. The Average for these minss is about eight tons
of coal per ahell.

Cardex mining can be used in any coal mins, Ths method may vary

agoording to losal conditionms. The factors determining the methoda



of use tre, strnoture and sharacteristics of the cosl, such aw clear-
age, brittlensss, height, presenee of and character of bands of impu-
rities in seam, method of cutting and losding, roof conmditions (Cardox
nirimizes roof breakage), labor conditions, state laews end the resulte
desirad by the mine operator. The particular meathod for sny mine is
determinad by actual tests made by experlernced enginsers of the Cardox
Corporetion in the mine in which it is to be used,

As 3 matder of intersmt, 1t might be well at this point to tell
something of the development and expsrimentation with earbon dioxide
for dislodging coal. The Cardox tube has undergons a progreseive series
of developments wWhich have simplified fts use, increased 1ts efficiancy
and broadened its renge of praetical appliontion.

The original tube weighsd over ninety pounds and sonteinad over
fifty parts. Special drilling egquipmont was nsgessary and a 75-ampere
current at high voltege was required to pperate the heasting element.
This tube disecharged =t internal pressures ranging from 20,000 to
40,000 pounds psr square ineh, The discharge perts ®were also gon-
atructed at right sngles to the longitudinsl axis of the shell.

The original eherging plent, whieh wes loosted underground at
the No. B mine of the Centralia Coal Compeny et Cemirslia, Illinois,
was en intricate plant. The gZas was received as & gas and {n order
to 1iguify the garbon dioxide, there waes er ordinury, commercial type
elaotriec refrigerator imstslled {n which great coils of tubing were
placed po that the temporature of the gas conld be lowered, Then with
a tremendous presasure sppiied on the gas at a very low temperatura, by

a rather bulky eompressor, the gas was liquified end pumped into the



shells, They were then hznled into the working places without mmch
thought bsing given to aeconnting.

After the shells wers charged, the first thing to be determined
for tbis method of mining waa the propsr locstion and pumber of the
ahells throughout the face to give the desired results, whish wers,
ocomplete dislodging of the eoel with & minimum of fine coml, without
having chunks too large to be losded with the lesding machirva.

%e tried various locations for the shells in the ooel face, Our
assumption at first was that the farece of the discharge would be ax-
pended equelly in sll directions, but we found, by trial, that there
was very little bdbreakage above the shell or oan the aide away from the
undarcut portion of the face. From this knowlsdge evolved the present
eyatem of plaoing the top and cuter holes very close to the height de-
8ired apd not too far from the ribs.

In ordoxi t0 reduee the labor involved, we attemptad to drill all
the holes in the face by settlig the drill only at two 4ifferent lo~-
eations and drilling our holes radially from these two loeccations. We
found that this was not the mwoper method, as the parpendienlar dis-
tance from tha fsee to the beck of the hole could not bs determined
agourately and many holes were "over-drilled”, then the shall would dbe
disgoharged on the "splid™, that is, in a portion of the ¢ccel that hsd
not been undercut. We found that this ccused one of twe things — the
shell, upon bsing diseharged, would either "fly" cat of the hole with-
out dislodging any coal, or it would breakx the sntire face down in ona
or two enormous chunks thet wounld have %o be broken up with sledge and

vedge bofare 1t could be loaded. Fram this we learned that it would



be n3gesstry to drill all the holes level &rvd parsllel to the rids of
each working plzce, ‘'e found that by plaecing the holes in this manner
there waas vory little damage $0 a weak roof, the coal was brokan uni-
formly snd the shells did not fly out of the holes,

Due to the large dlameter of the s8hell, it wes mecessery to have
special drilling equipment. The drille were made of heavy tubing, with
a stesl bar 3/8" x 3/8" spirsled sround the tubing to pull the outtings
out of the hole. The hezd was a eleave type fitting, with a tooth-like
eontour on one end., These teeth wers hard at.u-faced with s hard alloy
and the head was screwed onto the end of the tube serving as the drill,

The eleetrie drill motor was hesvy snd was mounted or a drill post
that stood vorticael aend was held in place by being wedged between floor
and roof by mezns of a jaesk gsorew on the lowsr end. The drill stems
wers datachable from the drill motor.

From our experience in blasting with permisasable explosives, we
thought &t would ba necessary, after the shell was imserted in the holse,
to tamp the remaining part of the drill hols full of firs elay to con—
fine the explosive force to the baek of the hols, Thersfore, omr ori-
ginal ;quipment consisted of a =mall portable comprossor which was used
to operate a small, portable ram %o temp fire clay into eash hole mfter
it wes loaded.

Je learned by experimentation that if the holeas were properly
drilled, as expleined gbova, it was not necessary to "temp the shots™
to any great extemt, therefore the portsble eampressor and tamping rem
were discarded, iie next tried out a machani eal tomping, =which was a

oylindrical steel plug split longitudinally and having the outer edges



made with a surfaee such as & razsp. This plug was inserted in the oute
er end of the hole with a wedge between the two halwes, the idea being
that the foroe of the discherge would momsntsrily tighten 1% in the
hole and confine the force, osusing it to work through the eoal. This
did not prove successful and was soon disesrded.

After g1l holes were drilled &nd loasded, the shelle were dis-
charged, ons at & time, a8 they are at present, but by a much more
cumbersome method. The originsl heater elements in the shells re-
guired around ssventy-five amperas at quite a high voltmge to ignlte
them. Due to this smperage, the firing cable hed to be fairly large,
and zlso dAue to the high emperage mnd veltage, the only sourse of
eloosricity to energize the heater was the trolley wire in the mine
entry, a&s the shots were in rooms, the face of whish wers sometimes
ona hundrsd rifty feet from the trolley wire, it was megessary to have
a ceble one hundred twenty=five to two hunmdred feet long., This cable
was very heavy and cumbsrsoms, s3 well a3 wery expensive, and required
sonsidersble time to move from place to place. 4lso, as the source of
eleatric enargy was the trolley wire on the entry, quite a lot of time
was required for the man discharging the shells to walk back and forth
from tha coal face to the entry during the process of discharging all
the shells.

By constant research and experimentation, end by 4ifferent ideas
evolving from actual resnlts, the preseamt equipmort and methoda have
been developed. In the devalopment of ths Cerdox aystem of mining,
we kept in mird the mafety featurs of the system, as well as the pro-

duetion feesture. By using esrbon dioxide for the breaking down of the
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coal with the absence of flame, néxious gesaa or fumes there is an in-
herent safety feature in this method, but it was learmed by actual
practige that certain greoautiom must be Saken to reduce accidents to
men in using Cardox. / fAfter working on the development of Cardox shoot-
ing, the following rules were formmlsted for the ssfety of men and mines
in using Cerdox blzating. These runles are all based on experisnse:

SAFETY RULES FOR C/RDOX

l. Vherever possible, CARDOX shall be hsndled to sand from the gharging
plant to the working sections of the mine in insulatsd mine ears or
in removable eontainers that csn be plsced in mins ears. No ona
shall ride in sers conteining CARDOX btubes,

2. Yherever practiecael, GARDOX tubes shall be placed in the bare hole
before lead wires are attached. No tubes shall be moved, osrriad
or transported from place to plsce if the lead wires are attached,
sxcept that the shot firer asetually at the fage shall esrry them
with leads shunted from the poigt of wiring to the bore hole.

3. No OARDOX tube shall be wired at the fzoe while any eleciricel
equipment 18 at or nsar the fage, Cere shounld bse used to avoid
wiring tubes edjacent to the mine track.

4, After tubes are wired, the leads shall be shunted by twisting the
ands of the wire togetuner. This eonmscilion shall pot be broken ax-
cept when reasdy to comnect shooting cable. Tubes that have been
wired but not used in a pleee gheall have lead wires removed before
being taken to snother place far ume,.

6. All protruding naile (4f used) and all wire should be removed from
al) tubes, whether good dimcharges or misfires, before they ares re-
moved from the face for return delivery to the charging plant,

8. Shotflirer shell have a minimm length of 185° of wsll insvlated
eable, and shall keep battory ends twisted together gnd shnunted ex-
eopt at the moment of actusl firing, Wherever possible, the omble
shall not be left strung out in the plasce while making suoecesaive
shots, but shall be rolled up, apd taken to the free botween each
shot. This rule way be chamged by lesal custom or mining eondi-
tioms, or if a helper reméins at the battery end of the ezble
while successive shota are being connected,

7. OGMRDOX tubes will fly out of the bore hole if the shot is over-
burdenad, or if the hole is on the s0lid. Ho danger of ar explo=-
sion or arn ignition exists fn os2se of such a blown-out tubs, but



the danger of a flying missile 1is present. Avoid danger by being
in the clesr and in a safe plsecs.

8. \Yhem ready to shoot, all men {n the area =d jncent to the place be-
ing shot, shall be properiy notified, snd everyone shall be {n the
eleqr ard preferedbly arocund two ninsty degree carngrs from the place
being shot, and at suffiefeat distance from the face being shot.

The shotfirer ahall e2ll FIRE thres timss before discharging the
shot.

9. In oess a CARRDOX tuba fuils to dischsrgs, the shotfirer shall wait
five minutes before returning to the fase to examine the tube. If
no defeat in the wiring 1s apparsnt snd upon a second trial the tubs
feils to dischargs, after the proper waiting psriod, this cartridge
should be removed from the bore hole snd enother oartridge substi-
tuted. The wires ahould immedfately be removed from the bsd ordexr
CARDOX tube and the tube marisd es a misfire,

10, It shall be the duty of the shotfirer o carefully examine all
holes befare charging them, and no hole should be fired umlesa it
6leara the undersut,

11, Best results ere usually obtrimsd in using CARDOX {f sfine the Sude
is placed in the bare hole and pushed to the back, the tube is
withdrewn from four to six inches, depsnding on conditions and ex-
yorience in a given seem of coal.

12, CiRDOX ean be very effectively used for fighting ineiplent fires,
end ffire bosses, ahotfirera and all officisls shonld be made fami-
l1axr with the use of CARDUX tubes for this purpose, Wrenches for

the releszse of the oarbon dioxide ges ahould be plased at esch
loaded tube etation in the various minss.

ISt=s

The mine layout for using Cardox mining, as ussd at the Fumber 8§
mins of Cemtralis Ooel Oompeny (see Figurs i10) is the same layout that
was used for mining with permissible explosivea, This system is the
pansl system, ¥ith all entries twelve foet wide apd an fifty-two foot
eenters, The main north and south ontru’ aro driven in triplieate with
rooms driven at uinsty degrees to the first and third eniry. Cross en-
triss go 688t and west off the main entries and penel entries m dariwen
north and scuth off the orose sntries. All rooms off the pemel entries

&0 8ast and wont and are driven tweniy-six feet wide and to a depth of
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sither three Lundred fifty feat or four hundrsd two feet, depending om
their locetlon, All rooms ore on sixty-foot centers.

Fanel extries are "staggered™ on ecch 8lde of oross entries so that
the roof will no% be weakened in one contimncus line sercss the mirs,

A derrisr pilles is lefi between the eross sniry and the first entry to
prevent any genersl roof movement or "squeeze" from ooming ombto the
eross entry., 4 barrier pillar of fifty-two feet is glsc left between
fages of abutting rooms to prevent a "sguseze" in one tarritory from
moving over into the adjoining ona,

Ome of esch pair of entries iz always driven fifty feet at forty-
rive degrees to the entry fram which it is driven, This parmits laying
the mlne track on a smooth ¢urve golng into an eantry, Ehulago traok 1is
latd in the maim north =nd south cnd east and west orcss entries that
is sixty pound steel; in the pamel entries, of thirtiy pound steel; and
in rooms, twonty-five pound steel 1B used, ill rails are placed on
treated wooden ties on foarty=-two inch geuge.

All co&l 18 loadad with erswler type loading muchines ints three-

ton steel ¢ars whioh are movaed with elsetric loeocmotiwes,
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The use of carbon dioxide for dislodging cosl is very succeasful,
ag it provides a method thet is safe, that permits economical opera-—
tion snd produces eoal of such a grede, 8s to aize, to cause & greater
realization on the Bsle price of the coal.

The rasultas of and advsntages of the use of Cardox ere:

There are no moxious fumes, smoke, flams or explosions, This
eliminates any dangsr to the men from such resuvlts that so often oecur
with exploslves. Sinee there is an absence of the undesirable fumes,
smoke end explosions, it is safe aend advantageous to bresk down a feee
of coal a8 soon a= it 18 prepered, without having to wait until the
end of the shift wher all the men are ocut of the mine.l

The advantage of being permitted to break down the coal st any
time during the working shift is a tremsndous help toward economical
operation. If a "fall" of coal can be locded from a warking plase,
then thct s=me plzece be preparsd and broksn down and loaded again during
the same shif$,the total number of working places required to keep
mechines and erew busy for the sntire shift is at & minimmm. This is
economical, because:

First, it require® lesa matsrial, such as track, trolley, dead

work, ete., for a territory.

1 This advantage ia eliminsted in some states by satate laws that pro-
hibit the dislodging of coal by eny method while men are in the mine,
In most cases where such laws exist, the inclusion ef Cerdox is the re~
sult of the influenes of labor trying to prevent a reduction in the
working force.
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Second, lesa time is lost in moving loading machinery short dis-
tances fram plece to placs,

Third, it permlts conoentration of the entire force of men em-
Ploysd om each territory, which mllows closer supsrvision and tends to
incresse production and enforce safs mining practices.

Fourth, such concentration of mining decreases the ooat of venti=
letion and of delivering material.

Fifth, the concentration of operationa requires legas development
of entries thzt have to be kept opoﬁ and maintained over a long period
of time, Yith Cardox mining, the development may bs carried along by
the sams orew that operates in the rooms on the pansl aystem,

Sixth, electrical power supply tranpsportation snd maintenanqc of
mein 1ine haulage ways are eimplified by concentrated mining mads pos-
8ible by the use of carbon dioxide for dislodging thes coal.

Roof conditions emd roaf control are two of the major feetors
govorning coal mining, both from an economical and safety stendpolnt.
Coel output is limited by roof conditions, Dus to the slow, heaving
action of Cardox, the roof is not subjected to the hsrd, quick, hammer—
1ikes blow of an explosion., This pravents disturbsnce of tha roof and
consequantly, sliminates falls of rock or slate thst are costly to clean
up, dangerous for men to work tround, and wshich retard productive oper-
ation.

When using Cerdox, & room or entry may be worked to the boundery
snd abandoned quickly. Because of this, the roof dcea not have to be
supported for a lomg period of time, thus the expsnse and hazard of

@s intaining the roof is reduced to & minimum and acecidents from roof



falls are recuced. This condition eliminates retimbering, as is often
negessery in places that have to be kept opsn for a long pericd of time.

Cardox preserves the coal structure, reduces the percentage of
fines and therefore insrenses the reslizstion. The dischargs of Cardox
is a simple expansion of combAned gmses, producing a slow, pushing
aation.

The maximum pressure developed by Cardox 48 much less than that
developsd by exploeives -- shout ans-third that of black powder, and
one-sixth that of permissiblee. The duration of application, however,
is very dangerous, bacause the carbon dioxide continuss to sxpand and
does not ressh 1ts maximum volums until all of its foree has been spent.

It is this slow heaving, apreasding, and shearing action that breaks
the coal along its natural lines of cleavage, rolls it forward for quiek,
easy loading, and largely &Ximinates the minute shatter cracks thet causs
oxcess degradation.

A8 coml mined with Cerdox has g minimumm of shatter craaks, there ias
a maximum of coarss sizes free from structural wesknsess, The lumps do
not orumble or disintegrate to as great sn extent as cosl mirned with ex-
plosives,

The result stated sbove is highly desiredble as it inoreasea the
price of reelization on the sosl, reduses the mmall sizez that are hard
to dispose of on the market, and increases the larger sizes that are

more in demand,
On the following page is s raprint of the results of a thres montha*

test of Cerdox 2t the Standerd Coal Compeny in U$ah, and submitted in a

paper before the American Mining Congress by Mr. R. R. Kirkpetrick, Supsr-
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intendent of the Stondard Coal Company, Thia was published in the
Coal Mine Machanizaztion Year Book of the American Miming Congress of

1935, on page 79.

"The thres month run with Cardox showed a considerable increase
in large ¢o08l and a merked improvement in the quslity of the stove am
lump. I quote figures obtelned from sn extended test showing compart-
son of bresking percentsges and msles realization of powder and Cardom
shot coal which mey be lnteresting cvecececses

Table 4
POSDER SHOT COAL

H

Breaking Sales Salss
Classifiocation percentage price Realigation
Lump, 8~inch PluB..acevescocenselBal §$3.75 $. 8828
Stove,ﬁ-inoh by 8-1110}1...-......26.3 3.49 -BQQ
Nut, 1 5/8-inch by 3=1n0h.eev...16.2 2.75 « 4468
Slacik, 1 8/8-inch minus.........39.3 1.89 . 5895
Totalﬁ.....-;........--..100.0 Qlany

C/RDOX SHOT COAL

Breaking Sales Sales

Claseifieation percentage price Realizstion
Lump, S8Inch Plud..scccesescessadled $3.78 #.1663
Stove,3-inch by 6-1iNoNeecess..s 4.6 3.40 +8384
Nut, 1 5/6-ineh by 3-fnch.....es12.1 2.76 +3329
Slack, 1 5/8~ineh miBus.........32.2 1.50 4830
Tot&u..........l.....mo.o E.w

ii
|

The resunlta of using Csyrdox for mining cosl all tend to make coel
mining safer amnd more profitable, A successful mining operztion might be
defined as omse that makes a maximum profit, with a minimum of demger %o
wen and mine. Therefore, the use of carbon dioxide far dislodging coel

osn be 8aid to ocontribute to successful seal mining.
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BLACK PCWDEIR & PERMISSIBLE EXPLOSIVES
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Black Powdar

Cardox

RELATIVE DISBCIARGE PRESSTRES
Flgure 11




View showing coal dislodged by Cardox
blesting msthod.

Figure 12
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DAILY REPORT OF SHELLS USED
Joy Number | Rec'd 83';01!"'? B. O. Bh:‘IT:n::od Joy Number | Rec'd B%}IE. B. 0. shlzll::?'::l:ed
Joy 1 Joy 18
Joy 2 Joy 16
Joy 8 Joy 17
Joy 4 Joy 18
Joy § Joy 19
Joy 6 Joy 20
Joy 7
Joy 8 Total
Joy 9
Joy 10 8tealla Avallable for Dal'y.
Joy 11 Shells Dellvered
Joy 12 Bal.
Joy 13 Shells Over in Del’y.
Jay 14 Sheils Bhlort in Del'y.
Bhoells ot Hand After Delivery
Date— per—
T _ — —
Form No. 94

Pigure 13



BX 104
SHELL REPORT
Loaps EMPTIES ON HAND
RooM No. ORD. DEL. SHoT OouT EMP. |(l.oaDs
unNIT Boss

Form No, 104

Figure 1é
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NIGHT BOSS' REPORT
ON EMPTY SHELLS BROUGHT TO BOTTOM

19
Truck No. Unit No.
Truck No. Unit No.
"Truck No. Unit No.
Truck No. Tnit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Tnit No.
Truck No. Unit No.
Truck No. Unit No.
Truck No. Uit No.
Truck No. Uxnit No.
Total
Night Boss —

Form Mo. 1C7

Pigure 15
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SHELL MEN’S RECEIPT
FOR 1L OADED SHELLS

19

Received for delivery Loaded Shells as follows:

Truck No.

Truck No.

Truck No.

Truck No.

Truck No.

Truck No.

Truck No.

Truck No.

Truck No.

Truck No.

Total

Shell Man

Shell Man

F’bm ’-No. 108

Figure 18



«  SHOOTER'S DAILY REPORT OF CARDOX SHOOTING
MINE NO. UNIT NO : DATE 19
SHOTS
LOCATION sHOTe | ReAsSONS For SHors | JSXTRA | SwELLe Yot | REASONS FoR SHELLS
3000 HaTt s o. YOTAL pd NOT FIRED | “dame CRED RECOV- NoT RECOVERED

aMELLS SHELLS SHELLS EKRED

ToTAL

3EMARKS:

SIGNED

Form Ko. 109
Pigure 17
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FACE BOSSES DAILY SHELL REPORT

UNITNO.___

LOCATION

19

ROOM OR ENTRY

TOTALS

1. Lost shells at beginning of shift

2, Bhells avallable

3. BShells delivered by night crew

4. Shells brought into place from anoth-
er place

6. Totsal shells in place during shift

3. Shells fired

7. Shells bad orders

§. Shells sent oul

9. Shells taken from place to some other
place

10. Total shells taken from place during
shifd

11 =5—10 Total shells in place at end of
shift

12. Lost shells beginning of shift

13. Bhells lost in last night’s shooting

14. Total lost shells

1. BShells recovered today

18. Lost shells on hand at end of shift

NOTE:—Line 1 Today Same as Lina 18
Previous Day. Line 2 Today Differ-
ence Between Line 11 and Line 16
Previous Day. Line 12 Today Same aa
Line 1.

RFMARKS:

Form Ko. 11l
Figure 18
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VITA,

Durwerd Rice Schooler was born at Columbia, Missouri,on May
12, 1896. He attended the Clty schoola snd grsdusted from Colum-
bia High Sahool i{n 1915, He then attended the University of
Missourl for one year end wes amployad for the next four yesrs
in the Engimeering Depertment of the Bsll & Zoller Mining Co. at
Zelgler, Xllinoia.

In 1922 he enterad the Missouri School of Mines spd Ustal-
lurgy and was graduated with & B.5. in iining in 1926, Immediately
after graduatiocn he was smployed 88 m mine foramen by the Union
Colliasry Company at Dowell, Illinois, but later returned to the
Bell & Zoller Coal and Mining Company in southern Illinois as mining
engineer. 1n 1920 he boozme shisf mining englnesr for tha Centralia
Cosl Company, Centrslis, Iliinois (a subsidiary of the Bell & Zoller
Company). It was during the period from 1928 th 1935 that he as-
sisted in the develommsnt of Cardox &t Centralia and Zeigler,
Illinola.

Ho was made superintendent of the No. 5 mine of the Centralia
Ooal Compeny st Centralis, Illinois in 1936, whish positien he held
until September, 1942, wher he retarned tc Missouril School of Mines
as assistant profesacr of Engineering Drawing, the position hs

holds at the present timw.
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