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INTRODUCTION.

The two most imporlant things in Texas, in so far as concerns
its minterial progress, are an abundant supply of cheap fuel and
good waler.,  Withont these it is not possible to atiain comfortable
living or commercial prosperity.

Our reason for offering this publication on The Fuels Used in
Texas is based upon the fact that while we have very large sup-
plies of goodl anl ¢heap Tuel, we arve not ulilizing them to the best
advantage,  Our production of eoanl, lignite, nataral gas, city and
produecer gas and petrolenm does not begin o keep pace with cur-
rent demands nor fo pramige well for the fufuve.

The workalle coal area in the Stale is 8200 square miles. with
a possible addition of 5300 square miles. The original supply of
coal was about cight hillion fons.  The produetion, sinee 1895, has
been thirteen million {onz, so that we have bavely seralched the
surface. so to speak.

The workable Tienite area is 50.000 squave miles, with a possible
addition of 10,000 square miles.  ‘The original supply of lignite
was about thirty hillion tons.  T'he production, since 1895, has
been cight million fong, an iusignificant fraction of the lotal.

The total fuel avea. coal and lignite, is 58,000 square miles, with
i possible addition of 15.000 square miles. The total original sup-
ply of eonl and lignite was about thirtyv-eight hillion tons, the total
los=, inclnding production and waste, has heen, we will allow, forty
million fons, or a hittle over 1 per cent of the tolal supply.  If we
mined fwenty million tons of eoal and lignite a vear. instead of
fwo million tons. the supply of these fuels would last more than
1000 vears, allowing that for each fon used there was a total loss
of twa fons. It is frme that, as compared with some other coals.
our coils atre not o the best quality; the seams are thin and the
content of ash and =ulphur is relatively high, At the same time
many ol these conls have heen used with excellent resulls,

A =pecial feature of the coal industry in Texas is that by far
the sreater proportion of the produet is wsed for railroad pur-
poscz, only a small proporiion going into domestic use.
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Quite aside, owever, Trom 1he conl, we have in lignife a cheap
and oflicient Tuel Tor all kinds of industrial emplovment, with the
possible exceplion of railroad Tocomotives,  Practically every known
variety ol Tignife exist in Texas, and i overy Taree amountz. The
Tiemite indusivy has inereased at a very sapid rafos amd with the
attention now heing given o improved methods of fivine it s
thought Alal a <l Tavger inerease may he expected, either in oul-
put or in ellicieney. or hotl. .

The time will come, i indeed it be not already come, when the
establishoment of Tavge centeal power plants nsing lenite as foel.
will present unusual altractions for investments ol capital, "The
Hanite will be converted info gas, cither in producers or in retorts.
and this gas will he <old for Tucel purposes diveet or converfed inlo
clectrical energy and ol as <uch, Feom vaw lignite there can e
prepared o number of valuable produets, inoaddition 1o (he 2as
ax is osef forth in Chapters N oamd NI,

I the Tignite s distilled in retort=, one of e he-produels is
lienite residue. which .m:ﬂ'{rs an- excellent material Tor high-grade
hriquelfes. as i< shown by Professor 15, .0, Babeoek, Dean of {he
College of Mining Engineering, University of North Dakota, in
Chapter TX.

The brignetting of Tgnife iz nol eareicd on in fhiz Stale at all,
hul, i order fo how what ean be done, Professor Bahoeoek kindly
made Tor s a sevies of fests of these tepieal Texas lanifes. The
resulis were mosi enconraging, and o sineere acknowledamoenis
ave due Lo hine For Ahis timely assistance.

Throngh the courtesy of Me. L. M. Davis, Minot. North Da-
Kot we are able fo present a view of the lenite hriguetting plant
which he s now construeting there, Phis will he the only pland
of the Kind in Ahe United Statesc and the resulls of it operaiion
are awaited with a great deal of interest.

Our aeknowledament are also due fo My J0 1 Stolllken, As=j<t-
ant Chemist to the Bureau, Tor maeh analvfical work, sl 1o Dr.
W. Bredlick, who prepared Chapter Ny assisted in the preparation
of Chapler N1 and made the analvses of the coal tar given on
patges S8-A4,

We have alsa to thank Dreo Fugene Ao Smithe Director of the
Mabamia Geological Sarvey, for analyses ol Malama eoals,

We pegret 1o s=ay that a lege nomber ol analvses of ORlihone




(

Introduclion v

coals, kindly sent to us by Dr. . W, Shannon, Director of the
Oklahoma Genlogical Survey, reached us too late for incorporation
in this publication. '

In connection with our work on the fucls of the State, the Leg-
islature grauted us a special appropriation, which will become
available September 1, 1914, Plans are now heing considered for
the crection and operation of a modern steam-testing plant wherein
a carload of fucl can be tried out at a time. It is hoped that
particular attention can he given in this plant fo. lignite stokers
and other appliances for inereasing the efficiency of this and other
fuels.

War. B. Puinries.
S, H. Wounen,
Austing, Texas, December, 19135,




DRGANTZATION AND PUBLICATIONS O THIE BUREAU
O ECONOMIC GEOLOGY AND TECHNOLOGY.

The Bureau of Feonomie Geology and Teclnology was estab-
Jished Dy the Board of Regents of the University, September, 1909.
As there has heen no geological survey in "Texas for many years
nor any ageney through which there eonld be conducled investi-
wittionsg of the mineral rvesources, cle., of the State, it was hoped
that the Burcaun would be able to supply this deficiency, as lar as
was possible with the means at its disposal.

The laboratory of the Bureau was opened in September, 1410,
with Mre, S, 1L Worrell in charge.  Sinee that time the demand
for information, especially in comnection with the parchase of
fuel= hy the State Purchasing Agent and the University, has
required the addifion of another chiemist, and Mr. J. 1. Stullken
was appointed in January, 1913, In September, 1911, Dr. J. AL
Udden hecame geologist Tor the Burcau, and his lirst work was
the preparation of the Report on the Oil and Gas Fields ol Clay
and Wiehita Connties, published by the University, Septeniber 8,
1012, as ils Bulletin No. 216, Scienfifie Series No. 23,

Lixelugive of this hulletin the following publications lave heen
issued by the Burean:

The Mineral Resonrees of Texas. W B Phillips. Issned by the Suate
Department of Agriculture as its Bullevin No. 4, July-Angust, 1910,

The Composition of Texas Coals and Lignites and the Use of Producer
Gas in Lexas, W, B Phillipse S0 1L Worrell and Drorvy MeN. Phillips,
University of Texas Bulletin Noo 180, July, 1911

A Becomnaissance Report on the Geology of the Oil amd Gas Fields of
Wichita and Clay Counties, J. A, Udden, assisted by Drury MeN. Phillips.
Tuiversity of Texas Bulletin No, 246, September, 1912,

A Map Showing the Loeation of lvon Ove Depozits in Bast Texas; Blast
Furnaees: Ligmite Mines in Operation: Lignite Onterops; Producing 0l
Fields, Ete.,, W, 13 Phillips, Seplember, 1012,

Eightecen Press Letters dealing with various features of mineral pro-
duetion in Texas,

A map ghowing the location of coal out-crops. coal wines, oil
and gas fields, quarries of Timestone and gypsum, deposits of cop-
per ores, cte., in the area west and northwest of Forl Worth has
heen prepaved, hut has not vet heen jgsned.  Work on a geologieal
map of the Sfate is now in progress and we hope fo have it veady
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for distribution by the close of the vear 1914, There is no geolog-
ical map of the State in existence and this attempt is the first
that has been made to set forth the main geological formations
throughout the State as a whole.

Field and chemical work for a special publication on the build-
ing materials mined and manufactured in the State is now in
progress.  This publication will include physical tests and chem-
ical analyses of limestone, marble, granite, sandstone, serpentine,
brick, hollow tile, cte.

All communications in regard to the work of the Bureau should
be addressed to:

Winniaar B, Pitiies, Director,
University Station, Austin, Texas.
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THE FUELS USED IN TEXAS

CHAPTER I

BAGASSE (BEGASS, MEGASS) AND WOOD.

Bagasse ix the name given to refnse sugar-cane after the juice
has been extracted. Tt contains woody fiber, sugar juice and water.
Az a fuel under steam hoilers it is used locally, but is of too low
grade to he shipped to any econsiderable distances. We have no
means of ascertaining how much of this material is nsed as fnel
in Texas, but as the production ol sugar-cane in the vear 1912
wis 100,000 tons there mugt he a goad deal of hagasse made and
used loeally. We have not investigated this fuel hut avail onrselves
of a paper read hefore the Touisinma Suear Chemists” Association,
in 1892, by T.. A. Beenel. We quote from this paper as follows:

“With tropical eane countaining 1.5 per cent woody fiber, a juice
containing 16.13 per cent solids, and 83.87 per cent water, bagasse
of, say (6 and 72 per cent mill extraction, would have the following
pereentage composition :

Waoody Combustible Waler,
fiber. sulls.
: |
§_I: per cenl bagasse. .., ... AT e, e e 37 10 o
72 per cenl bagasse. ..., ..., e i ‘ 45 L} 16

Assuming that the woody fiber containg 51 per cont carbon, the
sugar and other combustible maiters an average of 42.1 per cent
and that 12,906 wnits of heat are genmerated for every pound of
carbon consumed, the 66 per cent hagasse is eapable of generating
207,831 heat units per 100 1hs. as against 343,200, or a difference
ol 17.366 unite in favor of the T2 per cent hagngse,

“Assuming the temperature of the waste gases o he 450° T,
{hat of the swrrounding atmosphere and water in the bagazse at 86°
. and the quantity of air necessary for the combustion of one
pound of earbon at 21 Ihe, the lost heat will be as follows: In
the waste gases, heating air from 86° to 450° ., and in vaporizing
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the moisture, ete., the 66 per cent bagasse will require 112.516
heat units, and the 72 per cent bhagasse 116,150,

“Subtracting these quantities from the ahove, we find that the
66 per cent bagasse will produce 185,288 available heat units per
100 Ths., or nearly 21 per eent less than the 72 per cent hagasse,
which gives 229,050 units. Accordingly, one ton of cane of 2,000
Tbs. at 66 per ceént mill extraction will produce 680 Ihs. hagasse,
equal to 1,259,958 available heat units, while the same cane at
72 per cent extraction will produce 560 1hs. hagasse, cqual to
1,282,680 units.

“A similar calenlation for the case of Louisiina cane containing
10 per eent woady fiher, and 16 per cent fotal solids in {he juice,
assuming 75 per eent mill extraction, shows that hagasse from
ane ton ol cane containg 1,573,956 heat units, from which 561,465
have to be deducted.

“I'his would make such hagasse equivalent to nearly 92 Ihs. coul
per ton of cane ground. Under fairly good conditions, 1 1b. coal
will evaporate 74 Ibe. water, while the best boiler plants evaporate
10 Ihs.  Therefore, the bagasse from 1 ton of cane at 75 per cent
mill extraction shonld evaporate [rom 689 e Lo 919 1bs. of water,
The juice extracted from such cane would under these conditions
contain 1,260 1bs. of water. If we assmme that the water added
during the process of manufacture is 10 per cent (by weight) of
the juice made, the total water handled is 1,410 lbs. From the
juice represented in thiz case, the commercinl massceuite wonld
be about 15 per cent of the weight ol the original mill juice, or
say 225 lbs. Said mill juice 1,500 Ibs., plus 10 per cent equals
1,650 1bs. liquor handled; and 1,650 1bs. minus 225 lbs., equals
1,425 Ibs., the quantity of water to be evaporated during the process
of manufacture. To effect a 71 Ih. evaporation requires 190 1hs. of
coal, and 142} lbs. for a 10-1). evaporation.

“To reduce 1,650 Ihs. of juice to syrup of, say 27° Baume, ro-
quires the evaporation of 1,170 Ibs. of water, leaving 480 Ibs.
of syrup. If this work be accomplished in the open air, it will
require about 156 lbs. of coal at 73 Ibs. hoiler evaporation, and
117 at 10 lbs. evaporation.

“With a double effect the fuel required would be from 59 to 78
1bs., and with a triple effect, from 36 to 52 1bs.

“T'o reduce the above 480 Ibs. of syrup to the consistency of
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connercial massecuite means the Murther evaporation of 225 1hs. of
water, requiving the expenditure of 34 1bs. of coal at 71 Ibs. boiler
evaporation, and 235} Ihs. with a 10-lh. evaporation. 1lence, to
manufacture one ton of cane into sugar and molasses, it will take
from 115 to 190 Ibs. additional coal to do the work by the open
evaporator process; from 85 to 112 Ibs. with a double effect, and
only 73 Ibs. evaporation in the hoilers, while with 10 Ibs. hoiler
evaporation the bagasse alone is capahle of furnishing 8 per cent
more heat than is actually required to do the work. With triple-
eflfect. evaporation, depending on the excellence of the hoiler plant,
the 1,125 Ihs. of waler Lo be evaporated from the juice will require
between 62 and 86 1hs. of conl. These values show that from 6 to
30 Ihe. of coal ean be spared from the value of the bagasse to run
engines, evind eane, cte,

“I accordingly appears that wilth the hest boiler plants, those
taking up all the available heat generated, by using this heat ceo-
nomically the bagusse can he made to supply all the fuel required
by our sugar-houges.”

FIREWO0O0D,

In Worest Service Cireular No. 181, United States Department
of Agriculinre, issued Septemhber 23, 1910, the amount and value
of the firewood used in 1908, in Texas, is given in considerable
detail. The amount so stated ig in cords of 128 cubie fect.

Quantity— Value.
cords,

LA B TR T TS S S U 2,518,360( 86,549,939
Cities and townsof from one to Lhirty Lhousand population 1,351,360 5,510,845
Cities of over 30,000 population. .. ... oo iey.an. 179,333 424,015
Mianceal oprealihimi s s i e R S G a 55,933 176,507

Total =7 0s6| 81

............... S| A0S 08) 312, 001,308

This gives an average value per cord of $3.16.

In the total consumption of firewood, Texas ranks sixth among
the States, the Targest consumption being in the State of North
Carolina. In the total value, Texas stands second; being exceeded
only by Michigan. In average valne per cord, Texas ranks thirty-
fourth among the States. The highest price paid for wood was
$8.99, in the District of Columbia, and the lowest value was in
Georgia, $1.66 a cord.
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In the year under consideration, namely, 1908, the qnantity and
value of the firewood uged in the United States is stated as follows,
in cords and dollars.

! Quantity — ‘ Value,
i eords. 1

S i Y e Tt e s oma s
Dsed on i Tarms. . oo sereisanorsoesror sy G4, 961 (I(HiiSIRL 3, 8G9
In towns and eilies of from 1,000 to : 12,611 tnt o, B0
Lo citics of over 30,000 pupulation . wise i 1,613,001 11, 106 i
Inmineral aperntions. o ool ool il v 1,701, Il> 05,080 478
OBl o R A R R S R S S R 85,936,806 szm,sw,us

This gives an average value per cord for the enlire conntry, of
$2.91,

The heating power of well seasoned wood, expressed as British
thermal units per pound, vares from 7,584 in willow, to 9.153
in some varieties of pine.

The following table partly compiled and partly made up from
ow own analyses, gives the British thermal units per pound of
different vavicties of wond:

. British

Variely of Wood. Lhermal unils

- per pound.
AABIG e i e TR A  R S RRR  aRR R e 8,480
Birch A - 8,.;80
Cedar. ..... 0,007
Chestnul . K, 338
Cottonwoo! . 4,040
Cypress. ... 9,429
Dogwood . . 8,806
Ml ...... 8,510
o LT B, 063
T L TR R e S S S S S N e PR Rl D e 8,728
I I O oo et i S i 0 Wk i o T A 0 o e &, 600
o LT LT T RS T e S e e D =R SRR T 8,50
D b e s e e o s A e R o o o I A S e e 8,027
T T e B e H,116G
O'Ii\, O S S R R S R S R T R from {8,310 to &,410
Pine, bastard . LA B e R 18 T N S b WA e 8,709
y, long leal \tllm\- .......................................... 9,118
D S e T e R AT s BN NG A o) e s 8,062
l’npl N S e ) Ty e T e S o iy 8,011
e R R e R T e e 7,762
NVHIEOME oo nrvrivos wasins i o b i e i S0 S ) R B S e 8,103

Relutive Value of Wood and Coal, as Fuels.

Some authorities® state that one pound of good soft coal is equiv-
alent to 2.50 pounds of air-dried wood. On this basis, a cord of

'Anwr, Civil Eng. Pocketbook, 1911, p. 211,
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pine wood, weighing on the average 2,600 pounds, is equivalent
to 1,010 pounds of coal; a cord of hickory, with an average weight
of 4,100 pounds, is equivalent to 1,640 pounds of coal; a cord of
oak with an average weight of 3,550 pounds is equivalent to
1,120 pounds of coal; a cord of cedar, 2,500 pounds, is equivalent
to 1,000 pounds of coal and a cord of mesquite, 3,000 pounds is
cquivalent to 1,200 ponnds of coal.

These figures are of general value only, for a great deal depends
on (he hoiler setling, grate installation, method and rate of firing,
size of the wood, cte., in actual practice. As a rule, however, the
proportion of 2.50 pounds of wood per pound of eoal is reasonably
accurate. '

The relative cost of burning wood and coal depends upon a num-
ber of conditions, and each question has to be scttled upon its own
merits. 11 we allow that the cost of handling, firing and removal
of ashes. is the same for the two Tnels, coal at $5.00 a ton is equiv-
alent to ordinary oak woor at $3.51 a cord, or pine at $2.60 a cord,
With coal at $8.00 a ton, eak wood should be at $5.67 a cord, and
pine at $3.20. In many of the towns and cities of the sonthwesl,
cspecially in Texas, these pricoe are enrrent with respeet to voal
and oalk wood; bhut inferior wood, such as ecdar, cottonwood, wil-
low, ete., iz often sold at the same price as oak or mesquite.

As a mle, enrrent practice in regard to the relative price of wood
and coal, hrings about a rough approximation to their respective
values as defermined hy scientific investigaiion. When coal sells for
$8.00 a ton, goad oak wood sells Tor $5.50 to $6.00 a cord.

Weight of n Cord of Wood.

It iz difficnlt fo make a positive statement as to the weight of a
corl of wood. Owedinarvily, a eord contains 128 cubic feet. Tt is
4 fect high, 4 feet wide and 8 feet long.  But in Michigan, a “cord”
1= 18 cubie feet and in California a “ataek™ (cord) coniaine 32
cubie feet. Tn Germany, the klafter, or cord, contains 108 cubie
feet. Dul the ordinary cord lacks a great deal ol containing 128
cubie Teel of wood. The air space in a cord ol wood may comprise
as much ag 25 per cent of the space, especially il the wood is
crooked. If the wood is straight, necurately cut, evenly and well
split and piled with eave, the air gpace iz reduced to a minimum
but is never entively removed. In bis own practice, the writer has
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allowed as much as 160 cubic feet to be a cord, especially in dealing
with croaked mesquite wood for quicksilver furnaces.

The amount of water in wood has a material bearing on the
weight of a cord. If we allow that a cord of ordinary dry oak
wood weighs 3,500 pounds and contains 25 per cent of water, the
“wood” in the cord weighs 2,625 pounds and the water weizhs 865
pounds. 1[ a cord of pine wood weighs 2,500 pounds and conlains
25 per cent of water, we have 1,875 pounds of “wood” and 625
pounds of water,

The weight of a cord of wood is not of much commercial im-
portance, as the ordinary practice the country over is to purchase
wood by the cord, irrespective of its weight or of its heating power.

When wood is shipped by rail it is not custemary to weigh the
car, but the shipment is made on a measnrement basis, so many
cords to the car. There is, of course, a considerable difference
in the number of cords that can he placed in or on a car, and no
general rule ean be given. The nuwmber of cords in a car varies
from 8 to 15, and, in exeeptional cases, even more.

Kent? gives the weight of a cord, 128 cubic feet, of scasoned
wood, in pounds, as follows:

Variety of Wood. I Pounds
l per cord,
Beech, ., ..., e
BT b e T R P S T e eOt .
1] e T e e B L S e T RS TR R I S
Hemloek bark ., ... D R e T e e
L R s e T L R e e s A b et i s
Maple, sugar., ... B e s
Uk biaelamdovsd s D e S e i R SR SR 4 13,250
DPine, white oF NOrwnay . . vvee e neiesnsnesinnrsins - ! 2,000

Poole® gives the weight of a cord of wood as follows, in pounids:

Variety of Wood, | Tounds
[ per cord,

S e SR L i e
BN I LE o i e S B B e R N !

| P AT ] S e T N At e e S R e 3
Bntteranl s e e R RS N e e e |

L L v e o assseren D s s ces S e R . |

I L e R s S R s e e e B e e S R sy

LIOEWOIHE S s b o aiaiis s 3 e R aa o e e 00 9 o w4 b e S oL b T8

3 T T T T e e e T e e |

NIaialin: 5 s it mi ehn RS i S A |

T e T | o A S W i

Mech. Engrs, Pocketbook, 1908, p. 232.
*lalovifie Power of Fuels, 1907, p. 87.
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Vuriety of Wood. Pounds

per cord.
B T T 2,668
Balk:hlacks s S ms S R e s R EEEE R A S e 3,254
t]akrhcslnut.. O P T R D AP S A P SR e (o 3,955
Oak, red. - e . 3,254
Ok RHILE S e e L e e S s 3,821
I’lm- N('\\Jil“ii) e R el e e e B e e ! 2,137
Pine, Pt b T I e SR s R R 1,904
PO, WHEER . visrsacimam sty S A R T rrrnE— 1,868
Pine, )ol!o“ ...................................................... 2,463
Poplar, Ulmh.lrdy .................................................. 1,774
PO[J'IF}L”“\\ I T B 0 AT 08 S e S T S e B A 2,516
SFCAMOIE .o ovt vt ittt et ettt s am e et e en s et | 2,30
Walnut 11T e s e i s PR R e e e e e E 3,044

Snow® gives the following fignres as the weight of a enhic foot
of scasoned wood, in ]munﬂs:

Varicty of Wood, Pounis
‘!JN‘ eu. ft.
1
. 34 Lo 40
Heeeh ..o, varans. AR L AT I 42 Lo 45
Birch....oo...0: A e L R e s 30 o 37
Cedar. . ..... ... i e l 19 Lo 35
Ghesinit: wri s iniasismEy e Fiit dowwdddidiesacl] 2 38
Cottonwood . .. . . T T T T e T R D T = 23 o 24
o R R T R S T S D e o e e e b e o T3 30 20
Dogwood , . .....ovnnn, S R R, WS A B b e b s il
f‘lm ........ S G P o G1 Lo A6
L e T e 1R T8 AR e e e e e R S Aa e A6
HicKory, . ...cncnme rrnesones N U I A —— A1 Lo H6
O S e A s R T 28
LT e M e N S C e 206 Lo 13
'\‘hsqum. ..................................................... A7
Ol o e s e R e Rl e
TR Ao S LT 22 to 43
POBlar: s ey 5 SRR i RN S N e 26 1o 28
T s A= 21 to 36
BYOUBIAIE . o e R R e 30 to 39
Walnut, hlack . ki (4 4 e e N A R R e N B Rh
Willaw i iicisn o A S || 27

The weight of a cubic foot of lignum vitae varies from 71 to 83
pounds.

Amount of Ash or Mineral Matier in Wood.

The amount of ash in wood varies from 0.11 per cent as in sowe
varicties of oak, to 8 per cent as in some varieties of fir. As a rule,
the amonnt of ash in wood rarely exceeds 2 per cent of its weight,
and consists of lime, magnesia, potash, soda, the oxides of iron,
manganese and aluminum as bases, combined with carbonic acid,
sulphurie acid, silicie acid, phosphoric acid and hydrochloric acid,
to form earhonates, sulphates, silicates, phosphates and chlorides.

"Prineipal Species of Wood, 1910.
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The ash of Scotch fir (pinus sylvestris), common in the British
Islands and throughout northern Iurope, may contain as much
as 18 per cent of oxide of manganese, with 16 per cent of soda,
and 5 per cent of phosphate of iron. The ash of some varieties
of northern beech (fagus svlvalica) contains nearly 16 per cent of
potash, g

Amount of Water in Wood.

Ordinary, well ceasoned wood may still contain 25 per eent to
30 per cent of water, and this water is not entirely vemoved up to
240° T. The proper age at which to cut wood for fuel varies
from {wenty vearz as in the ease of alder to 120 years in the
cage of white heceh.

As the population of the State inereases and more and more
demands are made on llie supplics of firewood, we shall reach a
time when we shall be obliged to look to some othier zouree of fuel,
In a great many parts of the State now there is no wood at all.
The heavily wooded arveas in East Texas will, of course, continue
to snpply a large amount of wood for many years, but we think
that the cities and the larger fowns will incrense their consumption
of coal and usze less and less wood, as time goes along, It is likely
that the practical efficiency of wood as a fuel is considerably below
that of coal, hut there are no investigations on thiz subject to
which reference may he made.
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Belknap Coal Co., mine No. 2, Newcastle, Young County.
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CHAPTER II.
COAT..
COMPOSITION OF COALS MINED IN TEXAS.

Location and Fatent of Coal Fields, Produclion, Ele.

Tn Bulletin No. 3, University Mincral Smrvey, May, 1902, there
were aiven many detailed analy=ez of ihe eonls and lignifes then
mined in Texas, The gamples were taken in person by an agent of
the Survey and rvepresented the freshly mined material.

The edition af that bulletin was soon exhausted, and as the
Survey was diccontinued in 1905, nothing further was done until
1911, In this year there was prepared by the University Burean
of Teonomic Geology and Techmology a hmllefin on “The Composi-
tion of Texas C'oals and Tignites and the Tze of Producer Gias in
Texag,” and it was published by fhe University as its Baolletin No.
189, The edition ol this bulletin has also heen completely ex-
hausted, =o that it has become necessary to prepare another publi-
cation on the subject.

To the matervial which was published in 1911, we have adided
mueh new data denling with the suitabilify of our coals and
lignites Tor gas making and the recovery of valuable by-products.
1t is nol our purpose to disenss the coal and lignite fields of Texas
from a geological standpoint.

With respeet to coal it is suflicient to sav that there ave three
recognized coal fields in Texaz, one in novth cenfral Texas, west of
1Part: Worth, and twe on {he Rio Grande. The North Central (foal
Field lies in the eounties of Brown. Coleman, Comanche, Frealh,
Tastland, Jack, MeCulloch, Palo Pinto, Parker. San Saba. Shack-
elford, Stephense Wise and Youne, 11 comes sontl of the Colarado
river in MeCulloeh and San Saba eounties,  Tis conl is of Uar-
haniferanz ace and sub-hituminons quality, 1t is enteved hy the fol-
lowing railronds:  Texas & Pacific; Texas Central 3 Chicago, Hock
Tshind & Gull: Fort Worlh & Denver; IFort Worlh & Rio (irande
(IFvisco) = Gull, Colorndo & Santa Fep Wichita Falls & Southern;
Mineral Wells & Northwestern; Stephenville, North & South
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Texas; Gulf, Texas & Western. 1t produces hy far the greater
proportion of the coal raised in Texas, one county alone, Erath,
vielding more than 50 per cent of the entire output of the State.

The seams of coal are not thick, no single heneh running to
more than 21 inches. Nearly all of this conl iz used for railvoad
purposes, the remainder going to stationary hoilers. But little
of it iz nsed for domestic fires. The coal producing countics in
the North Central Field are: Tastland, Brath, Pale Pinto, Wise
and Young.

No coke is made from any of these coals, although some of
them arve capable of yielding a coke of fair strength, but high
in ash and comparatively high in sulphur. No attempl has heen
made to wash these coals in a modern plant and it appears probable
that the Toss in coal would he exeessive, as there iz not much difTer-
ence hetween the density of the eoal and the non-coal.

There are fwo other producing coal fields in Texas, hoth of them
fringing the Rio Grande: one in Wehbh eounty (Lavedo) and one
in Maverick connty (1agle Pass). The Webb county ficld extends
alzo info Dimmit and Zavala counties, bul there are no conmnereial
operations in these countics.  The eoal is probably of Cretaccons
age, althovaly some Jower Tertiavy strata appear {o he involved also.
Tt is sub-hilwminoug in qualify. The Tio Grande coal felds are en-
tered by the following railroads:  Southern Pacifie; Infernalional
& Great Northern: Rio Grande & 131 Pago; Uvalde & Cevstal City;
Asherton & Gull; Texas Mexican. The total workable conl area
in Texas may he faken at 8,200 square miles, with an additional
arcit ol 5300 square miles. that may contain workahle hods, s
extimated hy M AL R Campbell, of the United States Geologieal
Survey, The original supply of eoal in Texas is {hought by Mr.
Campbell 1o have bheen 8000,000,000 tons. The folal loss of coal,
due 1o production and waste, eerfainly has not excecded 15,000,000
tons, so that we Tave tll 99 per cent of the original supply left.
Thiz supply is sufficient to provide for a mining los< of 10,000,000
fons a year for 800 vears,

According to the stafizties eollected by the Uniled States Geolog-
ical Snrvey for the year 1912 there were employed in the coal and
liguite mives in Tesas 5,127 men, who worked an average of 230
days. In 1910, there were 5,353 men who worked 226 days. In
1912 the coal mines employed 3,518 men for an average ol 230
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days and the lignite mines employed 1,609 men for 191 days.
The average coal production per man was 340.5 tons, or 1.37 tons
per working day. The average lignite production per man was
615.7 tons, or 3.22 tons per working day.

There is but little iachine-mined coal produced in Texas, the
amount in 1912 heing 105,400 tons, or 4.8 per cent of the total.
Shooting from the solid is not much practiced in Texas. While
the mining methods reported account for less than one-half of the
total produetion, the percentage of coal shot from the solid was
but 25 per eent of the total, in 1911.

There is one coal washery in Texas, operated by the Olmos Coal
Company, lagle Pass, Maverick county. In 1912 this company
washed 25,599 tons and recovered 20,639 tons of washed coal, with
4,960 tons of refuse.

The fatal aceidents in 1912 were two, of which one oceurred
in the shalt and one on the surface. This is probably the lowest
death rate in the entire country.

Separate statistics of the production of coal and lignite cannot
be given with acenracy prior to the year 1895. Up to that time,
hezinning with the vear 1881, the total production of coal and
lignite was 1,913.500 shart tons, or an average for the cleven years
of 176,681 fons a vear. Beginning, however, with the year 1895,
we have eonl and Tignite as zeparate items.

The following table gives the produetion and value of the coal
and lignite Tfrom 1895 to 1912 inclusive. The statistics are those
of the Unifed States Qeological Survey.
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TavLe 1.

Production and Value of Coal and ILignile, 1895-191:2—Short
Tons.

Coal, Lignile.

Tons. Value. ‘T'ons. | Value.

360,616 $E01,230
376,070 ?, 72
422,727
AL 3L
GR7, 411
715,461
804,798
GO0, 0035
[{H :'I 154
771,315 1; ln’ 992
KO, 151 1 llg].-i‘)!
B30, 985 1 ,7'.1".?,8'.)"

1,017,407 2,080,901
1,112,228 2,030,061
1,010,914 2,397,858
1,083,952 2,491,361
1,197,907 2,774,956 Qllti 705 H8U . 788

THHAL, ., s s merns 13,367,635| $28.795,008|  S.011,010| $7,153,821

Slnec- 1895 tho production ot coal has increased by three times.
During the same period the production of lignite has increazed by
nearly ecight times.

The average value of the coal in 1911 was $2.30 a fon, at the
mines, while that of lignite was 88 cents, these figures for 1912
being $2.31 and 89 cents, respeetively.

These average values per ton are to he accepled wilh some ves-
ervations. During the last year, for instance, mine-run lignite
has sold as high as $1.40, while lignite slack lias been in active
demand at 60 cents.

Composilion of Teras Coals.

In 1901-1902 an agent of he University Mineral Survey was
sent to all of the coal mines for the purpose of securing fajr <amples
of the coal as mined, These samples were placed in sealed eans and
sent to the laboratory of the survey. Detailed analyses were made,
with particular attention to the percentage of moisture in the
coal as mined.

The samples came from the following propeities:

No. 1518. Rio Grande Coal Co. Minera, Webh county.

No. 1519, Caunel Coal Co.  Darwin, Wehh county.
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No. 1520. Maverick County Coal Co., Eagle Pass, Maverick

county.
No. 1521. Rio Bravo Coal Co., Eagle Pass, Maverick county.
No. 1522, Wise County Coal Co., Bridgeport, Wise county.

Nos. 1523-152f. Bridgeport Coal Co., DBridgeport, Wise
county.

Nos. 1525, 1526, 1527. Texas Coal & Fuel Co., Rock Creek,
Parker county.

No. 1528. Young Mine, Keeler, Palo Pinto county.

Nos. 1529, 1530, 1531, 1532. Texas & Pacific Coal Company,
Thurber, rath connty.

No. 1533. Strawn Coal Mining Company, Strawn, Palo Pinto
county.

No. 1554, Swmith-Lee Mine, Cisco, Eastland county.

The analyses of these coals were made by O. H. Palm and S. H.
Worrell and were published in Bulletin No. 3, University Mineral
Survey, May. 1902. They were as follows:



TaprLe 1T,

Composition of Tevas Coals—Sampled at Alines by University Vineral Survey, 1901-1902.

) i | i Heat Value.
Proximate Analysis. | Ultimate Analysis. : —i g o)
s s - 7 y | British ghg
i Natural condition. Dry basis. ! Natural condilion. i Dry basis. |thernml units., 2 | =
. T SR — —— <
| | ! I T ] g L] g
. SO : L , | 2 0 1§13
Ana'lysxs | % S : s | | i i : ! i | 4 ' z 15}
No. i 2= - | ' z ‘ ‘ B o "8 3 £k
& % . oq | . :og s il 5 I S 5 = &} =S
5 (o285 O | L Ic £ 5 | £ & g8z Z 9 | «
) ==3! = = g = e 2 g B g = =
o |SEE B = ¥ o = 8 I & 1 = c g -3 e A =
|2‘55§°—5 i 214|215 3 ":13'~“ P 8%
I O IR I e |2 | &aig = s I E18 "21'2° 6 &
0 9.0 2.:))'(56.70 5.35 1055 1.17°69.5) 5.3811.3'_)| 1.5111, 12.566 1.29. 80.6
4 2.17.66.60 5.65, 7.46 3. ‘“'li 8 TR .75 42 12,1470 1.32, 82.5
7 1.4262.55 4.1.4° 8.07 1. 00" 457 8,927 1.8111, 12,317 1.41  87.1
‘18. 1.28 58.83! 1.53 9.60 0.7 22 .87 1032 0.87 11, 12,3211 .62, 101 .2
12.8 2 .87 3.8911.1 1.0 S8 451271 1.23 10, 12,190 1 481 92.5
14. 1 9. 3.37- 8. 1 67 3.73 0.170 1.80 10,575 12,047 1 111 90.0
i In i 1.8758.33 3.79511.17| 1 L7200 1.3012.78) 1.40M10,373 11,864 1.62 101 .2
19 . 1 ). 3.64° 8.: 1. 52 3.99 9.05] 1788 11,515'12,533.1 .2 77.5
O 5.1 2.1357. 3.93 1 A 18 13,72 1.22 11,460 12, 17011 460 91 .2
38 3.4 2. < 4.2 3. 2.90 11,498 12,338 1 . 85 .0
03,67 . 3.80 } 1.6 4. 12 2.8 1 .09 11,171 11 70711 . 38 .7
'.!.IG!.(I. 3.96 1. 19 8.83 1.568 11,150 12,000:1 . 68 .7
1.71:70.48: 4.95 i 24 6.99: 1.23 12,0038 13,755]1 . 39 .0
2.77,60 ‘.)(! -4.00 2 25 6.65 2.71°11,448 13,157‘1 27 794
3.14 58.271 -1.88 1 1 7.05 1.91 12,261 12,8171 .40 87.5
L00.° .0 2.49 58.01" 4.06] s .23, 6.90 2.86,11,521-12,005,1 .44 90.0
-1 SR : .44(31.86 36.° 2.94'50.94 4.41'11 : JA0°13.71 1.69 9,609 Il.lUlEl .60l 100.0
1.
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Bridgeport Coal Co.,Shaft No. 2, Bridgeport, Wise County
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The Cretaceons coals here represented are Nos. 1518, 1514, 1520,
and 1521, the two former from Webh county, Laredo distriet, and
the two latter from Maverick county, Fagle Pass dislrict. The
Webb county coals ave higher in volatile combustible matler
and sulphur, and lower in ash and moisture than the Maverick
county coals, the fixed carbon being about the same. The Creta-
ceous coals from these connties show a considerable difference
in the composition of the ash, as will appear [urther along. The

farhoniferons coals, Nos. 1522 to 1534, inclusive, show a marked
range in ecomposition. On the average they contain more moisture,
fixed earbon, ash and sulphur, with less volatile comhustible mal-
for than the Cretaceous coals.

From the composition of the ash of the Texas coals it may be
concluded that while the eoal was forming there were considerable
variations in the charvacier of the vegetation and in the character
and amount of the sediments washed in. IF we allow that the
rate ol accumulation of vegetable matter is 100 tons per aere
per century and allow, also, for the differences in density and
composition, it is likely that the rate of the formalion ol coal
will not excewd one foot in 10,000 years, During such a period
there would probably be many opportunities for climatic changes
affecting the character of the vegetation, and for changes in the
nature of the sediments mixed with the coal while it was forming.

In these coals, as mined, the following variations in composition
were obscrved :

From Tuo Average.
316 13.44 7.40
2%.17 418 .81 31.82
3637 q449.17 41.74
9.07 21.76 16.04
1.28 A4.76 2.19
H 3 B (0.01
3.37 4.25
2.4 8.33
MO s i s AT A R B .78 1.76
British thermal units. perpound ... ... ...oven.n. 9,604 11,245

1
|
|
|
1
|
|
|
|
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On dry basis, these hecome:

From To Average
Volalile combustibile nwllv T T ; 3182 b )] i 3760
Fixed carbon. ..., i e o P ey & 4 GRS ST 37 .93 I 15 .06
A8l iy i 815 At b ST 17.20
Sulphar........ .. ..., D, N e e eratd]  chiis 1 odaathy 248
LB ¢ T e B R e IR AP S S ) It 1 ] TL.O06 i1.79
Hiydrogen..oooievvn s e e e e R 3.73 | 4.59
L1 F O R et R S e i S i Ty S e R R 2,58 13,72 .00
Nilvogen ., . ....o.... e S _— 1 87 3.70 1.890
British thermal units pcr mmml .................... | 11,100 | 13,755 12,035

Conposition of the Ash of Texas Coals.

Tn Texas coals, az mined, the ash varied from 9.07 fo 21.%6
per eent,, the average heing 16.0 1 per cont.

Tn 1902, 4he University Mineral Survey mwade detailed analyses
ol the ash of Texas coals and it has not been thought necessary
to repeat this work. Che lollowing table gives the results ol these
analyvses, made by O. LL Palm and S, 1L Worrell:

Composition of the Ash of Tevas Coals,

1
| : 1 f Oxide [ Mer cenl.
Analy- Oxiele | of Sulphu- | of ash
. si% Silien Aluming of l Lime Muag- | Mangon- rie in coal
No. on | nesti [ acid s
‘ mined
- e ¥y R | P ——— o pr— P - — — e R
12,08 21.7% 23,03 469 None 1.75 A4.:H7:11 9.07
A1.18 35 .62 11.71 200 | Traee Towniziss .62 11.09
G .31 3001 I .41 ({11 1. 80 (). 80 17 .43
G2.72 2L.05 .81 .G LM 8 (G CFRE RO I'race i8.11
3116 2170 1300 T sl smacay 1214 12,80
31.32 11,62 ] 180 1.12 1.16 10.97 11.74
J106 11,10 13,26 22 08 1.43 I'race i 12 .87 1133
a0 .ot 21,16 1540 1.21 I'rice Trace 28l 15.42
D268 3220 1356 [ TEREE vaasiaisn | Trace 1618
2 ; 2802 138 1.47 A Trace 21,51
20 .61 T Prace | GGl 21.76
4.0 I.08 Loal): bcsoinsann [ 1.67 19,70
368 ¢ 2106 I'race H 0.51 .71
AN { i | IR i 0.9 17 .82
237 I'r l.. N ——— Trarve 13.53
P RL OO N T O M) PR e A 1 22 18
1302 | 20,78 l 1490 | Traee 15.00 15.33
Average 16G.11 .97 li 0.7 .22 442 | 16.01

'l hL Cretaceous coals, hom the Rio (rrande J'mlﬂ, e Nos, 1518,
1519, 1520, 1521, the first two being from WehDh county, Lavedo
Gislmci, il the Jast two [rom Maverick county, liagle 1Pass dis-
irict, The ash of these coals shows a considerable difference in
compozition. The Webb county coals are low in silica and high
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in oxide of ivon, with a medium content of alumina, Hime and
sulphurie acid. The Maverick county coals are high in silica
and low in oxide of iron and sulphurie acid. As these coals are
supposed to be of the same geological age, and to have been formed
under relatively the same conditions, we may infer that the vegefa-
tion from which they were made was of a different character, and
that the in-wash of sediments vavied a good deal.

The coals of the Carhoniferous formation also show considerable
dilferences with respeet to the compozition of the ash, and this
likewise would Jead one fo suppose that the character of the vegeta-
tion varied a good ddeal during the coal-Torming peviod. In these
coals the silica varies From 2914 o 513 per cents the alnmina
from 13.10 {o 32,40 per cent; the oxide ol iron from 3.68 {o 28.02
per cent; the lime from a trace to 22.08 per cent; the magnesia
from a frace to 2.25 per cent; and the sulphurie acid (ecormbined,
nol free) from a trace to 15.00 per cent.

It is impossible 1o observe these analyses without reaching the
conclusion {liat the echaracter of the coal-forming vegetation
changed a goad deal during Carbonilerons times, from plants which
scereledd a comparatively small amount of silica to those scereting
a large awmount.  This observation also holds true with respect
to the oxide of ivon, alumina, lime and sulphurie acid, Tor the
composition of the ash of coal ix closely velated to that of {he
plants from which the coal was made.  Of course, the washing in
of sediments which hecame mechanically mixed with the decaving
vegetaiion has also to he considered, hut, aside from this the ash of
coal is Targely the aszh of {lie plante forming the ecoal. There are
many inferesting things found in the ash of coal. hesides those
alrcady @iven, mid in two Texas coals, hoth from Thurber, Trath
county, copper was [ound in very small amonnts.  In a specnla-
tive way the occurrence of copper in the ash of these coals may he
counected with the ocenrrence of copper in the Perminn beds which
lie to the west ol the Carbonilerous formation in Texag, and which
are geologically aliove this formation.

For domestic purpeses, where no great heat iz vequirved, more
consitderation iz given to the quantity of azh in coal than to its
fusibility.  17or hoiler use, however, the fusibility (clinkering) of
voal s q factor of oreat imporfance.  Coal that clinkers hadly, i. e.,
coal that has an casily Tosihile ash, iz almost sure to give more or
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Jess freuble. It clings to the grate-bars, interferes with the draft
and eanzes, at times, serions losses. Such clinkering {roubles gen-
erally altend the use of conl whose ash is high in oxide ol iron.
On the contrarvy, conls whose ash is composed ehiefly of siliea and
alumina, or silica, alwmmina and lime, do not clinker =0 veidily.
As aovules ved ash conls clinker wueh more easily than white or
gray ash coals.

The design and construclion of the grate and fire-hox and {le
methad of firing have also a good deal to do with elinkering.

Specifie Gravily and Weighl per Cubie Fool,

The speeific gravity of Texas coals, as mined, varies from 1.02,
as in a coal from Lirath ecounty, to 1.51, as in a coal from Maverick
county. The Cretaccous conls, from Maveriek and Webly connties
(Rie Grande Field) vary in specifie gravity from 1.21 {o 1.51, Lhe
average heing 133, The varviation in (he Carboniferous coals
is Trom 1.02 to 1.39, the average heing 1.29.

On a dry basis the variation in the Crelaceous coals is Trom 1.29
to 1.62, the average heing 141, and in the Carboniferous conls
from 1.10 {o 1.62, the average being 1.59.

On a dry basis the weight per cubic foot in the Cretaceous coals
varies from 80.6 to 101.2 pounds, the average being 87.8 pounds.
In the Carboniferous coals the variation is from 68.7 fo 101.2
pounds, the average being 87.4 pounds.

The general average weight ol all of the coals, is 81.10 ponnds
per cubic fool as mined, and 87.50 pounds on a dry basis.

A bushel of conl weighs from 76 1o 80 pounds, according to
legal ennctment in the several States.

We bave (hus far considered the composition of Texas coals
as represented by sumples faken at the mines. These samples
were sceuved in 1901-1902 and analyzed at that time. Beginning
in the fall of 1910 and continuing inlo the spring of 1911, we
solicited samples from the operating companies. The cans sent
were provided with closely-fitting covers, but were not scaled. The
moisture was determined at once upon receipt of the samples, so
that there was very little, if any, loss of moisture from the samples.
One or two of the larger samples eame in closely nailed hoxes.

By making analyses of these company samples and comparing
the results with those obtained from our own samples, it was hoped

rI\
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that we would arvive at a [air statement of the composition of
Texas coals. But few samples were taken at points of delivery and
consumption, as we had not the means to do this.

Following is the deseription of the samples received :

No.
No.
No.
'hr”.
No.
connty.
No,
No.
Tiagle

No.
No.
No.
Nao.
No.
No.
Nl).
No.
No.
No.
No.
No.
Nos.

o=

Pass,
31,
32.
33.
50.
51,
52,
42,
143,

S.
3.
10,
15

a2

Bellknap (oal Co., Newecastle, Young county.
Belknap Coal Co., Newcastle, Young county.
Bridgeport Coal Co., Bridgeport, Wise county.
Cannel Coal Co., Taredo, Webh county.
Tnternational Coal Mines Co., Eagle Pass, Maverick

Tnternational Conl Mines Co., Special.

Noz. 6, 31, 32, 33, 50, 51 and 52. Olmes Coal Co.,
Maverick county.

Washed ege.

Washed nat.

Washed pea.

Washed pea.

Washed nut.

Washed egg.

Olmos washed nut. Sampled at MeNeil, Texas.
Olmos run-of-mines.  Sampled at MeNeil, Texas.
Rio Grande Coal Co., Taredo, Webl county.
Stewart Creck Coal Co., Jermyn, Jack county.
Texas & Pacific Coal Co., Thurber, Trath county.
Wise County Conl Co., Bridgeport, Wise county.

and 13, Olmos washed nut and mine-run, were taken

at the workz ol the Austin White Lime Co., MeNeil, where pro-
ducer gas was made for burning lime. Olmos minc-run is no
longer marketed.,

The analyses of these coals were as follows:
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37 and 53,
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Vola- X
Lile Fixed
comn- car- Ash
busti- ban
ble
malter
p Coal Co.—
istle, Young County.,....| 38.45 | 42.68 | 11.87
i Coal Co,—
Nc\\(mlle. Young Counly. . 40.38 | 43.20 | 16.42
Bridgeporl Conl Co.—
Bridueport, Wise County....... 38.30( 46.94 | 14.76
Cannel Coal Co—
Laredo, Weblh Connly.......... 51,00 | 37.97 8.03
Intcrn wtional Coal Mines Co.——
sagle Pass, Maverick County . 40.25 | 48.65 | 11.10
Inll*rn.l!:onul Coal Mines Co, {‘~.|)1 )
International Coal Mines Co, - | 39.20 | 57.73 3.07
Olmos Conl Co,
Lagle 17ass, l\I.l\,t.nLk(uunL:.. C33.70 | 39.96 | 26.34
Olmaos Coal Co.—
Woashed BRI oo R cee, S8.00 | 44.49 | 17.55
Olmaos Coal Co,—-
Washed nut . SRR Lo 87.58 | 40.49 | 21.93
Olmos Coul Co-=
Nashed pea...... SR 33.50 | 39.16 | 25.34
Iy Coal Co.—
Washied pen oo e, 34,80 | 39.19 | 26.01
Olmos Coal Co.— i
Washed nut ... .. 36.42 | 43.07 | 20,51
Olmus Coal Co.- - ’
Washotl @l@. . .o vovsonvovsasines 39,18 | 44.02 | 16.80
[)lﬂlll\ Conl Co.- -
T T Ry | e p— 38.10 | 33.76 | 28.09
Olmas Coul Co,—
B B T o 4 20,90 | 38.60 | 31.50
Rio Grande Goat Go.—
Laredo, Webl Counly .. G045 | 38.10 | 11,45
Santo Mining & I)l.wlumuu Co—
Weatherford, Parker Connty . ...0 39 50 | 50.99 9.01
Sanlo Tomas Coal Co, -
Laredo, Webb Counly ... ... .. 47.52 | 39.18 | 13.30
| Strawn Coul Alining Co. -
Strawn, Palo Pinto LCounly . A0.G0 | 49,56 | 10,81
Tesas & Pacilic Coal Co.- —
Thurber, Eralh Counly A1.05 | 50.08 7907
Stewart Greek Coal Co. -
Jormya, Jaek Connly, ......... S8.18 | av.01 | 2281
Wise County Coul Co- -
Bridgeport, Wise County ..., 37.40 | 47.37 | 1593
ANV s e A AT S9.00 | 43 _37 l? 63
I this table the Carboniferous cna.ls are Nos. 1, 2,
The Cretaccous coals are Nos. 3, 4

The Fuelz Used in Teros
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e IV.

Dry Buasis.
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Analyses of Texas Coals—Alphabetically Arranged—

42043, 50, 51 and 208,

Ileat-
Sul- ing
phur ower

. b,
q.24 10,213
2.13 10,970
3.41 11,196
2.25 12,604
2.14 11,605
1.80 12,527
2.00 9,636
1.30 11,545
1.70 10,807
1.80 10,412
1.62 10,380
1.56 10,720
1.20 11,412
(.74 10,200
0.56 11,000
2,00 11,740
2.10 12,410
2.05 12,470
3.17 12,265
1.98 12,526
1.84 103,510
2,00 11,269
é.'.'dF 1(3&
T,9,10; 11,

, 5, G, s, 3, 32,

On comparing these analyses with the analyses made on personal
samples we find as follows, the fivst figures representing company
samples aml the Tatier ﬁrrm-v« personal samples, averages alone
heing given:
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Company | Personal
sumples, samples,
per cenl, per cent.

Moisture. ... .. R R A S R B 32 7.40
Volutile combustible matter, .. ..., ... ..o iiveuiaieas 380 31.82
Tized arhon i Sadar i e e s ek e 11.07 A41.71

L S OB B T gy~ 16 .30 16.01
Sulnhur ............... W A PSP L e RSy S 1,46 2.19
LT 7 Y Y 54%.23 G0 .01
3 & L e e e e B R e e P e e AR A .37 4.25
L AN 10.39 8.3
T T T PR e et e A Rl e G 2.05 1.76
Healing power, B.t. w, perpound . ... ....ovviminsnsnsnssss 10,508 11,245

On dry basis, these hecome:
SaEass S L) e SN R i, A | g
Company | Personal

samples, sumples,
per eent. per cent,

Volatile combustible matter e Sl SR et . 39.00 37 .65
Frood warhon. i s G G A R RS SR : 14337 45 .06
BB o i e P R T S R 17 .63 17.29
R o T e i i s e R 2 238 .
6T T R e R e s e S e k G2 76 G4.74
FIWAROMCIL. v vy vt et et ninvesas asne nieassnessssesnrtnsns 1 .66 4.549
ORFBON - G a s L S B R i 11.00 9.00
11 T e L IO S R 2.2 1.90
Heating power, B. t.u, perpound .. .. ... R | 12,035

There are no very considerable diserepancies between these analy-
ses, and it may fully be concluded that they represent the composi-
tion of Texas coals as they are mined. Tt must he remembered
that they do not pretend to represent the composition or heating
value of the coals as they are used in actual practice. This is a
matter to he adjusted between the buyer and the seller. If the
consumer iy willing to continue the use ol a system hy which he
buys so much coal at such and such a price, without regard to
composition and its heating power, he is, of eourse, Tree to do so.
At the same time he must remember that he is not getting from
his money its foll service. ITe may be handling twice as much
ash as may be necessary. lfe may be gelting many heat units
less than he is entitled to, but co long as he does not buy coal under
speeifications, but simply on a tonnage basis, he will continue to
get a good deal less from a dollar than it has in il

These remarks apply not only to Texas coals, which represent
a small proportion of the coal nsed here, but to ull classes of coal
brought in from Alabama, West Virginia, Pennsylvania, Kentucky,
Arkansas, Oklahoma, Colorado and New Mexico.
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Other Analyses of Tewas Conls.
Brewster County.

In the southern part of Brewster county, within 8 to 10 miles
of the quicksilver arvea, there is a limited field of sub-bitwminous
coal. This coal has lieen used under steam boilers with satisfac-
tory results. We give three analyses of the coal from the Rough
Run district.

| |
Cub Kimble Chisos
Spring, Pits, Pen,
per eent, per cent, per cent.

MOIBLUTE oo vvvpn s e s s s e woamn 10.65 1.74 1.16
Volatile combustible matler. ... ... ... .. 50.91 28 .84 32.79
Fixed enrbont il disaiineian 19 .52 49 .84 44,53
D e o R S e e e 18,92 15.58 21.52
100 .00 100.00 100,00
S PR o T e D R R 0.86 1.26 3,39
Heating power, 13, Lu. perpound ..o n... 8,432 11,887 11,95

This coal field is 90 niles south of the Southern Pacific Railway,
at Alpine or Marathon. The coal can be used only for loeal pur-
poses, but it could be used in producers for making gas. for the
quicksilver furnaces instead of wood. There ave outerops of this
coal within two miles of furnaces. The Rattlesnake heds, 20 miles
south of the Rough Run district, are probably a continuation of
the northern heds.

Burnet County.

In Bulletin No.- 55, United States Geological Survev, 1889,
page 87, there ix given an analysis of coal from Burnet county,
exact locality mot given. The analysis was made by J. Edward
Whitfield, and was ag follows:

| I*er cent.

|
MolBRIGE L | s L S e R S R e e 3.72
Volatile combuslible matter. .. .civiiiviviiiioveiessscinernsnrraans: 42.27
FERROH BRI - s oot d s e m ot Sl e e AN 18T A RS B4 il A i 39 .41
R R I s , 11.60
Sulphur and B. L. u. nol given. 1 100.00
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Coleman County.

In the Fourth Annual Report of the Texas Geological Survey,
1893, pages 433-435, there arc given cight analyses of coal from the
southern part of Coleman county, near the Colorado river, and from
the Silver Moon Mine, northwest of Santa Anma. These analyzes
are as follows:

Analyses of Coal from Coleman County.

Star & Crescent | Silver Moon Mine
Co., near Rock- M. Ii. of Santa
wood,  Average | Anna.  Average
of 6 of 2
unalyses analyses
Moisture. ............. Ceme A ey ey ey 3.07 2,36
Volatile combustible matter. 5 33.05 a8 .55
Fixed carbon ., .. ....... . 30,10 43 .88
AN e R T 21.78 15.21
10000 100 .00
Sl e A R R 3.10 i

Oue of the coals from the Star and Crescent property gave
moisture, 4.71; volatile combustible matter, 39.26; fixed carbon,
46.24; ash, 9.79, and sulphur, 2.22. This is the best analysis given.
The analyses from the Silver Moon property represent a fair aver-
age of that coal, vicinity of Jim Ned creek.

None of these coals is now worked, except, perhaps, for purely
local purposes,

In the First Annual Report of the Texas Geological Survey,
1889, page 215, there ave given five analyses of coal from dilferent
parts of the Waldrip beds, McCulloch county (Carhoniferons), and
in Coleman county. These ave as follows in pereeniages:

Analyses of Coal [rom the Waldrip Beds, Colewan County.

I Vola- " l
’ tile Fixed
LOCALITY | Mois- | matter | earbon | Ash Sul-

| lure phur
WARIAID . osansmmmes s nnmme v i am i s e 8.20 | 38.27 | 47.27 6,20 by B
WANRIATIIN o oiih5 o s By s o R o e ok 2w | 1.59 | 38.50 | 44.80 | 12.14 7.96
Bull Creek and Coleman County........ .. A5 | 4040 | 46,75 8.80 2.87
Bull Creek.....coovvrmvvirsasereressnns 1040 | 35,9 | 49 .46 4.14 1.53
Silver Moon Mine. ... iiiiiiiiinan . 6,00 | 36.00 | 41,10 | 16.00 41.56

1

*#Sample laken from the dump; not considered a fair smmple.
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In the Second Annual Report of the Texas Geological Survey,
1890, page 351, there are given six analyses of Texas coals, as
follows in percentages:

Vola-
LOCALITY Mois- tile Fixed Ash Sul-
ture | matter | carbon phur

Bridgeport, Wise Counly................. 56,32 B.15 2.06

Thur er bha[l. near Bc\uc Montague

ounbyed sl roe e gl e Saig 61.28 1.14
Gilfoil S 'lft Younzz Connlby....overeerenns 43.00 4.60
Thurber Shafl No. 1, Erath County . | 5698 1.64
Thurber Shaft No. 2, Erath County. 60 .01 1.28
Thurber Shaft No, 3, Fruth Countly 53 .16 1.48
Sanlo Tomas Coal, Wehb County 30.01 1.50
From 25 miles N. W, of Sanio Tom

U o s s s e 37.09 0.86

No coal is now mined in Mnntaguc County
2Brown Coal and Lignite, Dumble, 1892, p. 190.
The analyses of the coal from near Bowie, Montagne county, is
quite remarkable as showing only 0.60 per cent of ash.
In a note appended to these analyses it is etated that the coal
from the Gilfoil shaft, Young county, was taken from the dump,
and was not a [air sample.

Jack County.

An analysis of coal from Lost Valley, Jack county, has been
given fo us, with no name signed. "I'his analysis was as follows:

As received, Liry,
per cenl. per cent.
MBSO s oai st s 10038 |[|smuneeeei
Volatile combustible matter 20.149 25011
Fixedcarbon. ............ 8oL 10 60.77
Ash 9.13 | 11.12
100,00 | 100 .00
|

Mareriel: County,

In Bulletin No. 164, United States Geologieal Survey, 1900,
page 66, there i= civen an analysis of enal from near Eagle Pass,
Maverick county, as Lollows:
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As received, Dry,
per cenl. per cent.

Moistlure....... R R R e e R 387 Joeieinises ..
Volatile combustible matter. . . .......coiiiiiirinnennensns 39.42 40 .92
Fixed carbon. .......... P P (S R Ly S Y P G G T e 41.70 43.29
B L 55 i S R W R T 4 A R A R 15.21 15.79

100.00 100.00
I e s e T e e S S e S e e (LF0. S e

The following analyses represent an average of the coal from the
Dolch Mine, near Kagle Pass, Maverick county, and were made

by the Burean of Mines, Washington:

Mch. 7, 1911, | Sepl. 14, 1911,

per cent. per cent.
Moisture 1.60 2.80
Volalile combustible maller. 32.40 32.80
Fixed curbon, ... .....00.... . H8 .00 55.55
P S R R RS I R e 7.05 8.85
100.00 100 .00
BUIDBOE. ..o v viscn oo s marenas s wasim s mitc e R A 1.70 0.80
B per Dounil. i iiivesesninsse st ve s as doees 14, 13,165

Wo received from the Olmos Coal Company, Eagle Pass, in
April, 1913, four samples of coal, one of lump and three of washed

coal. These somples gave the following analyses:



e

. Olmos Coal Co.

Eagle Pass, Maverick County. Washer Plant.




Analyses of Coal from Olinos Coal Company, Fugle Pass, Maverick:  County.

Washed pea. : “Washed nut. | Washed egg. Lump.
As rec’d, Dry, As rec’d, Dry. [ As rec’d, Dry, i\ As rec’d, Dry,
| per cent. per cent. per cent. per cent. per cent. per cent. __per cent. per cent.
MoiStUTe. - . v oeeons TR 7.98 8.68 |......... T
Vo?;gtiileriombustible m ’ 28.53 32.10 30.00 30.94 33.88 . 32.68 35 .84
Fixed carbon. . . . 42.26 47 .54 40 .06 42.94 47 .02 | 44.8Y 19 .24
Sho.evernnns I 18710 2036 21.96 17.44 19210 | 13.60 1492
Sulphur | 1.06 1 0.94 0.90 1.02 0.90 0.99
British thermal units......... ..., i9,698 10,910 9,681 10,361 11,455 | 10,911 12,001

SDTIJ, WY Poss) SJons] U

4G
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Mr. C. S. Plant, Superintendent, Fuel Service, Sunset-Central
lines, has kindly furnished us with the following analyzes of coal
from the Olmos Coul Company, Eagle Tass:

Ordmar‘i'
Choice lump an Washed
lump, slack, caga,
per cent. per cent., per cent.
Moisture. . ..ooovwvniuennnn 7.48 6.43 .43
Volatile combusl:ble mattcr 32.18 32.43 20.33
leed carlmn — 45.67 42 88 40.73
Ash . e AR e R A e 14 .67 18.26 23.51
100 .00 100.00 100 .00
B.t.w.perponnd....civaiiesinsivnsivia 11,530 11,240 I 10,146

During the months of September and October, 1911, the Inter-
national Coal Mines Company, lagle Pass, Maverick county, sold
800 tons of coal to the IFederal Government for use at Iort Sam
Houston, San Antonio. The analyses were made by the Burcau
of Mines, Washington, and were as follows:

400 tons, Sept., 1911, | 400 tons, Oct., 1911,

As ree'd, Dry, As ree'd, Dry,
per cent. per cent. per cent. per cent.
Moisture. . ...., A A e e e 7| I e 108 lovidiigas:
Volatile combustible matler. ......... 32,80 33.74 33 .10 33.901
Fixed carbofi.....vovensrsnnessnass 55.50 57.15 58.95 59.85
L el e IR S R e e 8,85 9.11 G.15 6.24
100.00 100.00 lUU 00 100.00
SR oo s s R Wt .80 U .82 1.70 1.73
Bnhsh lhermal units per pound ...... | 13,163 13,044 14,020 14,213

Palo Pinto County.

We have received from the Strawn Coul Mining Company,
Strawn, Palo Pinto county, an analysis of coal made for them by
The Detroit Testing Lahoratory, Detroit, Michigan, December 14,
1912. 1t was as follows:

As rec'd, Dry,
per cent. per cent.
NAORSEOTS., . v sinpnieon s omrimms wma s o 5 N e e TR0 i v
Volatile combustible matler. . ..o iiiiiiinriiiianaas 39,28 | 49.70
T ET T i T IR AR S o e SR E R e S oo, 12 50,65
.o A e L e L P S T D e e AT 0.0 9.65
IIIU 00 100,00
Sulphur. . ..ottt s s st e 2.88 2.0

British thermal units perpound ... ..o i iiiiieinan 13, 421 13,063




International Coal Mines Co., Eagle Pass, Maverick County.
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Since December 10, 1912, we have examined five samples of coal
from Strawn, Palo Pinto county, for Mr. J. R. Elliott, State
Purchasing Agent. This coal was sampled from the bins and the
boiler room of the State Epileptic Colony, Abilene, November 27,
1912; Jannary 4 and 15, February 11 and March 20, 1913.

The average of the analyses was as follows:

| As ree’d, Dry, )

{ per cent, | per cent.
IVBEARTITIR: - i o 0 8 A 0 SR 50300 W 3 R 208 iiisapes
Volatile combustible matter. 33,22 33.89
Fixed carbon. .. ......... S S i 45.08 146.02
T e el B e e e I el B 19.62 20.09
100 .00 100.00
I B B 3.96 4.05
British thermal units per pound .. ovivenniiersraivsaranos 11,258 11,506

Presidio County.

This coal is in the San Carlos district, from 20 to 25 miles
south of Chispa, a station on the Southern Pacific Railway, 145
miles southeast of 1l Paso.

Withont, at thiz time, expressing any opinion concerning the
value of that field from a commercial standpoint, except that it
appears to be worth further investigation, we give two analyses
of the coal which are qnoted in the Mineral Resources of the United
States, Tinited Statez Geological Survey, 1893, page 385. The an-
alyses were sent to that survey by Mr. R. . Russell, General Man-
ager of the San Carlos Coal Company, a Pittsburg organization.
There were said to he two benches in the seam, separated by from
G to 18 inches of slate. The lower heneh was said to average from
30 to 10 inches and was solter than the upper beneh, which was
52 inches, widening out, in places, to 6 feet or more.

Two analyses were given, but nothing is said as to which one
represents the Jower and which the upper bench.

Analyses of Coal from the San Carlos IPield, Presidio County.

Vola- y
Mois- tile Fixed Ash Sul-
l Lture | maller | earbon phur
B, |
I Lo s o B T R R T R I R e 1 .00 ’ 39.05 | 49.05 | 10,00 | Trace
f ! AR | D896 5.62 0.64
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Mr. Russell said that coking tests of this coal had been made at
Connellsville, Pennsylvania, and that 48-hour bee-hive coke gave
carbon 93.7 per cent and azh 6.30 per cenl.

A railroad test, made on coal that had Dbeen on 1he dumyp for
five or s«ix months, and that was practically crop coal, showed a
haulage of 52.21 miles per ton of coal, passenger train with five
or six conches.

In DBulletin No. 164, [Tnifed States Geological Survvey, 1900,
page 87, there arve given five analyses of the San Carlos coal and
one of coke, by Dr. Peter Tireman. These analyses were as follows:

Analyses of San Carles Coal, Presidio County.

Upper Above
) pairl Above | Below clay, Coal
No. 4 MINE of binder | binder | lower shaft
seam seam
e e e Sy o
Maolsture, oo i daniiiingaii 1.4 1,17 1.19 1.68 0.97
Volatile combustible matter. . ... ... 36,61 39.93 39.73 0. 37 40.95
Fixed carbon........ A5 .20 30340 A0.30 24 .84 43.77
1 e G T b 21.01 23.01 18.78 13.06 14.31
100,00 | 100,00 | 100.00 | 100.00 100.00

Sulphur and B. t, u. not given.

The analysis of the coke was:

Moisture: i, .oy iy s
Volatile combuslible matter .

The coke was described as eoherent, hard and lustrous.

During the summer of 1913, Dy, J. A, Udden, geologist for this
Burean, visited the field and brought back samples of the coal from
two localities. The analyses are as follows:
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Analyses of Coal from the San Carlos Coal Field, Presidio County,
Tezas. Samples collected by J. A. Udden, in July, 1913.

Upper vein, 300 | Upper vein, near
yards S. 15, of S. W, corner
old Ingle See, 67
tunnel
As As

ree'd Dry ree’d, Diry
MEOISEEIS . oo inmre munm e s s sy woad 001 3 — W1 F——
Volatile combustible matter.................. 30.20 { 41,13 | 32.80 3149
Fixed carbott iy aniiilnags 50.10 5247 | 43 A
i T N R S e e M ] 6.10 640 149,26

100,00 100 .00 100 .00 100 .00
I o i e e S S AR e B A S 0.62 0.61 () .85 (.88
Bnlﬁh lhcrrn.ul units per pound ... ... ..., 12,157 | 12,757 0,663 10,161

The San Carlos Fickl would appear to merit n more carelul ex-
amination than it has vet had, especially in view of the possibility
of developing a good eoking coal.

Stephens County.

The undeveloped coal in Stephens county, in the vieinity of
Crystal Talls and up the Brazos river from this place; west and
southwest of Breckenridge, ete., has not heen sufficiently openced
for one to express a positive opinion econcerning it.

On Coal Braneh, a few miles wesl of Cr \ctai Falls, Stephens
eounty, there is an outerop of coal with two benches, ench 12 inches
thick, which was sampled by Wm. B. Phillips, December 13, 1906.
The analysis was as follows:

Analysis of Coal from Coal Branch, Stephens County, Upper

Bench.
[ Per
| cent.
T & 5 |

Moisture. . ...... A R R T S T R S R .80
Volalile combustible matter .. .........oiiiiiin i iiniarianrins s Ak 38 .07
R s R S S G S T T S LS 37.03
e e L S e e A L ) e 18.00
100,00
ST 0 st s e 8 BT 9 0 8,4 S e n o a gm0 010 l 6.49

This coal contained an excessive amount of sulphur and ex-
periments were made to sce what proportion of it could be elim-
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inaled. A large sample was put through a #-inch sereen and thor-
oughly mixed. A sample was treated in zine chloride solutions of
specific gravity 1.30, 1.35 and 1.40. The coal that floated in 1.30
was 29.50 per cent of the total, and contained 11.34 per cent of
ash, with -£.10 per cent of sulphur.

The coal that sank in the solution of 1.30 speeific gravity, hut
floated in 1.35, was 29.50 per cent of the total, and contained 19.24
per cent of ash, with 5.36 per cent of sulphur. The coal that
sank in 1.3, but floated in 1.40, was 4.50 per cent of the total,
and contained 18.80 per cent of ash, with 6.29 per cent of sulphur.

The coal that sank in 1.40 was 36.50 per cent of the total
and confained 35.60 per cent of ash, with 8.54 per cent of sulphur.
1t is not likely that this coal eould be improved by washing to such
an extent as to warrant the expense to be incurrved. The best of
it contains over + per cent of sulphur.

The hottom hench of this coal, separated from the upper bench
by from 3 to 6 inches of boue and slate, shows a much hetler
material.

Analysis of Dotlom Bench of Coal, Coal Branch, Stephens

County.

Per

cent,
Maoislure. ..., .. A S R A R R I R A .15
Volatile combustible malle 11.495
Fixed ¢arbom ... .ocv e eans 433 .60
B e T e S o A P e A T e A R A e N AN A TR IO 11.30
100 .00

Per

cenl,
Moisbore, . . .oces i diasiveia R B A A S R R 5.02
Volatile combustiDle mialler. oo i aa e i eatns e A1).01
P Er T W T T e N A AN I et e el L At B e R T A e AN .46
I e a0 R LSRN A AT S g A T8 11.51

LoD .00
U s S A TR LR B S e A R 5.12



Cannel Coal Co., Darwin (near Laredo), Webb County, San Jos€ Mine.
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There has been, of late, an increase of interest in the Stephens

county coals, and some work is now being done there, but no coal
has been shipped, as there ave no railvoad facilities.

Webb Counly.

We have received from the Cannel Coal Company, Laredo, Webb
county, a copy of an analysis of their coal made by the Technologie
Branch of the United States Geological Survey, Pittshurg, Penn-
sylvania, February 21, 1910. The sample represented a lot of 1,000
pounds taken at the mines hy an agent of the Survey and was not
freed of the impurities which arc ordinarily removed when the
coal is shipped on regular orders. The analysis is as Tollows:

As rec'd, Dy,
per cent. | per cent.

1 (111401 R N ORI N e PN o P (207 (T
Valatile combustible matler. . ... iiiiiiineinainisannn 43,63 A5 .43
TERROC EATIIONE .. ¢ ooren.snosnonomonm:nncncag s s moms g e, anscm on oh oo e 418100 SRS B a6.15 37 .65
AR e R R R R e R R 16.25 16.92

100,00 100,00
SRR v wcsinramon i e s s s e AR o e R T T 4.18 4.356

British thermal units per pound. ... ..

S e 11,588 12,067

An analysis ol coal from the Laredo district, Webh eounty, has
been given {o us by Mr. Otto Stolley, Austin. It was made by Dr.
J. R. Bailey, University of Texas, as follows:

Llave coal.

As ree'd, Dry,

per cenlt. per cent,
L o N | s M e
Volatile combuslible matter 3 L34
Fixed carbon 10.71
N T R L B 8495
100,00
SUMRNE s s s RS P e e 3.052 :5_1;%
British thermal unils per pound.. oo, v e i ennenenns 13,107 j 13,508

In Buolletin No. 161, United States Geological Survey, 1900,
page Gl, there ave given two analyses, by Dr. Pefer Fireman, of
simples of coal from the Rio Grande Coal & Irvigation Company,
near Lavedo, Webh connty. They arve as follows:
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Upper hench. Lower bench.

As ree'd, Dry, As ree'd, Dry,
per cent. per cent. per cent. per cent.
Moisture ... .oovvevenrnernnnns e 226 [...... ey 283 boileiiaiss
Volatile comhustible matter.......... A8 .61 49 .77 1567 4691
| G T o T DRSO P 36.15 G600 3996 41.04
o RS SR o S e 12.95 3.2 11.74 12.05
I ‘I{)(L(Jlil 100 .00 100 .00 100 .00

Sulphur, not given. "
British thermal units, not given.

A sample of 25 pounds of coal received from the Santo Tomas
Coal Company, Laredo, Webh commty, June 17, 1912, gave the
Tollowing analysis:

As ree'd, Dy,
per cenl. per cent.
ML O G s e R S R R TR SR RAOLY Ly
Volatile combustible matler. ..o i 151.5) 47 .32
Fixed carbuon. ... oo e s 37 .67 3018
b1 | R P S e o e L e s e A s s 12 .83 15,30
0000 100,00
L T e L e 1.97 205
Brilish thermal vnils per pound (.o o0 o0 oo iiia, 12,000 12,170

On Qctober 12, 1912, we examinad two samples of Santo Tomas
Coal, Laredo, Webh county, for the University of Texas Power-
house. The analyses were as follows:

Special, Carloals.
& As ree'd, 1y, q As ree'd, Dry,

. per cenl. per cent., per cent. per cent.
Moisture . .. ... i o< T 1 ¢ HN [ —— o TRLETH SO OO
Volatile combustible matter. .. ..., .. 46 .14 47.70 45.27 A6.40
Fixed carbon........ L T— 34,08 40,00 29,27 30.00
Al S S SRR R R e i 11.93 12,30 22 .00 23.60

) 100,00 | 100.00 | 100.00 10000
SUlphUC. s esans wes s S 2.044 240 2 .44 2.50
Brilish thermal unils per pound ... ... 12,339 12,660 10,917 11,190

Another analysis of Santo Tomas Coal is given in Table 1V
unider No. 802,

Trom the hest information to hand, derived from our own analy-
gos and such as we have heen able to procure, we think that the
following statements of the average composition of Texas coals

snd the range of cowmposition are reasonably correct.



Santo Tomas Coal Co., Minera (near Laredo), Webb County
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Average Composilion of Teras Sub-bituminous Coals.,

As mined, Tiry,
per cend. per cenl.
Moislore. .. ..ooovvinnninns B.8L  |eriasd IS i
Volatile com bustible matler 35 .60 38,12
Fixed carbon., X 41.40 44.33
1 IS o e R A o T Ry MR S R I U 1630 17 .55
100 00 lﬂll 00
Sulpltornssssssimase s 212 2.28
Br:mh tlml mal units per pound. . Lo 10,80 11,672
L T o L e e ey 59.62 3.84
Hydromem . . oottt et e 1.31 1.61
e | P O P A e e A D A D N T R T L 9.30 10.02
I T e 1 B B B s g e e T o AN N 1.490 2.03

These ligures do not corrvespond exaectly with the averages given
on pages 15 and 21, but the discrepaneies are due to taking a larger
numbaer of analyses than appear on those pages.

Taking the same number of analyses as are vepresenied in the
vreceding statement, more than 60 in all, we find that the range
ol composition of these coals is i< follows [natural condilion]:

From, To,
per cenl. per eent,

Moistire, .. .... T R e e A Y e M e R e 13.44
Volatile combuslible matter, ........ N R S e 19.05
o4 Y e R b e SO S e S 03.00
N s R e e B e .34
b T 11Tl i S 4.706
Bl‘:ltlhh tht,rnm] units per DR, .. L o i s e e 12,315
L3 v I i~ A el 70.62
wdpoin 5 s R S S S 0 .6d

RNTOIY v cn i w om0 T8 0 0 S0 N R B BT 14 .27
N L s e R T S e s b a 3.62
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CHAPTER IIIL
COMPOSITION OT COALS BROUGIIT INTO TENXAS.

We lave attempted to secure analyses of coals hrought into
Texas from other States, but we have not been as successful as
we could wish.  We had not the means for sending a man to vari-
ous cities and towns to secure samples in person, so that we have
been compelled to accept samples that were sent in by coal eom-
panics or their agents.  We have no means of ascertaining whether
or not these samples correctly represent the coals as received and
used and we distinetly diselaim all responsibility in the matter,
except as to the analyses.  The services of this Bureau have heen
and arve still at the disposal of citizens of this State who wish to
know the quality of the fuels they are using and we hope that the
publication of this bulletin will he a means for calling attention
to this imporfant matter. Tt is likely {hat the valne of the coals
brought into this State, for railroad, industrial and domestic pur-
poses, is not less than $10,000.000 annually.

Alabama Couls.

We have received a sample of coal marked “Alabama Tump.”
It was dry when reeeived and had the following composition:

Per cent.
Volatilt: combastible MAtTEr; . onsvumas i mmrsss s R 38.50
Ly (IR L e i el e ) 56 .00
A R R R R R i S R T R R TR 0,50
100,00
S, s o i e 00 e ST A B RN S B S R A AR 1.70

British thermal units, per pound. .. ..o eneen i iirnnninnnenanns 14,200

We have received from Jung & Sone Co.,, New Orleans, Ta.,
three samples of Alabama coal, which is marketed in Texas. The
composition of these samples wag as follows, in percentage:
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1. 2 3.
Per cent. | Per cent. | I'er cent,

Moxsturc. as rcccn L e e SR Jo 1.40 1.70 1.60
On Dry B: i

Volalile comhust;blc o TLTA €1 RPN 35.92 38.07 31.89

Fiked earbon; s S S e TR R Sl 57 .85 5477 66.08

NS o s o s ey S e Tt TR RS 6.23 7.6 2.03

100 .00 100.00 100.00

T 0.85 1.71 1.08

British thermal units, per pound ................ 13,989 13,944 15,126

1. \l(‘cln Red Ash, Cahaba. I‘u](l Bibb county, Alabama.
2. Oak I Mine, White Ash Coal, Walker

o

county, Alabama.

3. Bear’s Creck, No. 3 Lump, Etowah county, Alabama.

We received from the Consumers Fuel and Tee Company, Aus-

tin, a sample of Alabama blacksmith coal, from Yolande. The

composition of this sample was as follows:

PUOIBUIID -« oo s v R A e T e B

Volatile combustible matter
Fixed carbon

The J"a]lo“mo' .mn]\%s have b('nn kindly

Asrec'd, Dr_sr.
per cent., per cent.,
M) s e
24,20 25,30
63.96 6 .63
7.70 8.07
100 .00 100.00
0.86 0.90
13,499 14,061

Turnished bv Dr

Evgene A Smith, Director of the Geological Survey of Alabama,
the amalyses having heen made by Mr. R. 8. Hodges in the lahora-

tory of that =survev

) Volatile Fixed

Analyses.| Moisture, | combustible | Carhon, Ash, Sulphur, B. t. u., per

per cent. mallter, per eent. | per eenl. per cent. pound
per cent. calculated.

1.62 35.53 10.72 2.23 cl [17?’
1 .(‘(l 35.35 15.60 2.99 .'.'-'
1.3 29,57 10.28 1.08
1 ! ‘S‘F 28 .32 8.27 1.08
1.00 31,02 8.02 1.26
0.97 32.00 8.65 1.37
0.73 28 .58 5.04 1.38
0.80 29.80 4.94 1.32
1.83 35.00 6.52 .65
1.02 26.13 9.43 0,99
1.74 34:61 5.27 0.61
0.84 20.2 6.21 1.50
1.39 32,606 13 .48 0.53
1.51 32 .18 11.15 0.59
0.78 26,17 16.13 0.75 1 82
0.91 27.50 16.82 0.98 Not del’d
2.31 33.70 10.67 1.40 Not det’d
2.49 32.78 12.27 1.46 *12,515
1.1l 37.74 4.30 0.44 11,688
0.08 36.75 .23 0.51 11,365
1.39 36.438 G.89 0.36 13,946
1.35 36.5 &.00 0.39 13,623

*Determined l:} Burc.su of I\Ill‘.l.t.‘i W mhmglun
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Deer Creek Coal Co., Tidewater.

Same.

Central Tron and Coal Co., Kellerman,

Same.

Alabama Consolidated Coal and Iron Co., Scarles,
Tennessee Coal, Tron and Ruilway Co., No. & Pralt.
Tennessee Coal, Iron and Railway Co,, No. 3 Pratt.
Tennessee Coal, Iron and Railway Co., No. 5 Pratt.
Tennessee Coal, Iren and Railway Co., No. 5 Blocton
Tennessee Cloal, Tron and Railway Co., No. 4 Jolins.
Tennessee (oal, Iron and Railway Co., No. 7 Blocton
Tennessce Coal, Iron and Railway Co., No. 3 Praif.
Galloway Coal Co., Garnsey.

Sawe.

Alabama Consolidated Conl and Tron Co., Mary Lec.
Same,

Galloway Coal (Yo, Na, 6 Carhon ITill.

Same.

Wadsworth Red Ash Coal Co., Falliston.

Same,

Conmers Wyman Steel o, Falliston.

Same.

The analyses sent to us by Dr. Smith included also the ullimate
composition of these coals, but it does not appear nccessmry to
give these delerminations here, as our purpese is merely to show
what is the proximate composition of well known Alahama coals.

Arkansas Couls,

We have received from the Dow Coal Clo., MeNlester, Oklalioma,
a sample of coul marked “Hartford, Arkangzas, semi-anihracite.”
The eomposition of this sample was as [ollows:

As ree'd, Dry,
per cenl. | per cent.

Moisture. ............0.. 1380 ([l
Volatile combustible matter 16.71 16,94
Fixed carbon . 77.32 78.26
Ash 4.71 4.80
100 .00 100 .00

SUIBHAY i sinmidi s s e s eie e e 0.88 0.5¢
14,650

British terminal units, perpountd .. ..ovn e e e raerrnnas i 14.4?1
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A sample of Arkansas semi-anthracite cold for domestic uwse in
Austin at $10 a ton had the following composition :

As rectd. Dry,

per cent., per cent.
149 3T a1 e s L S e T vommonizaames
Volatile combustible matter. ... . ... o i, 11.54 11.67
LT TR ) e G R e M e R o 73.22 74.06
B e e e e e e o i i e b e L e 14,10 14.27

100.00 10000
Sulphme. ccovpivisasiieiie 2.16 2.19
British thermal unils, per pound 12,621 12,770

A sample of Arkansas semi-anthracite taken in Musting \ugust
20, 1913, showed the following composition :

Asrtee'd, Dry,

percent. | per cent.
1426 |osswangins
18,51 18.78
6.3.20 64.10
17.00 17.21
: 100 .00 100.00
Sulphur... .. 00 R P S RS 1.28 1.30
British thermal units, per pound.......oooiuiiniinienan.. 12,390 12,548

Nore.—As 50 per cent of this coal passed a l-inch seveen, it
might be classed as slack,

We have received from the MeAlester Fuel Co,, MeAlester,
OKklahowa, a sample of Arkansas semi-anthracite marked “Bernice
Slack.”  The composifion of this sample was as follows:

As rec'd,

per cent.
IVIOISEIIEA s civ s mssess ooy s s S S s S TS B e 1.30
Molatile ehmiBus BRI TRIELAT. | o ovucoummismsmam s s s st s 13.60
8 Lt ) B R S R e SR R R R O R 70 .49
L I ) S e e 14.61
o] L e T e S (R e (e e e N el ey N GO e e B ST mp:gg
Eritish thermal unils per pound. . ..ovvniiniienirinnrrrerrnrannnnns 12,619

Coloradn Coals,

Two samples of Colorado coal from Trinidad were obtained from
the Consumers Tuel and Tee Co., Austin.  The composition of these
samples was as follows:
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I. 1I.
Asrec'd, | Asrec'd,
per cent. per cent.

Molsture. .. .coececiiivininsinisansnnans SRR R 3.80 3.80
Volaulc combusnble matter. 37 .48 34 .43
Fixed carbon. ..cvuueiiniann 52.78 49 .83
IR v N T R R e W e W A e 5.90¢ 11.94
100.00 100.00
S N R R R S e e B R U.88 0.
British thermal units, per uuund ........................ 13,271 11,9905

The Colorado coals as used by the railroads in Texas carry about
3 per cent of moisture, from 30 to 35 per cent volatile combustible
matter, from 50 to 55 per cent of fixed carbon, and {from 8 to 12
per cent of ash.

llinots Coals.

A little Illinois coal comes into Texas and we have rcceived
from Jung & Sons Co., New Orleans, a saumple of Blue Ridge coal,
Saline county, which had the following composition :

As rec'd, Dry,

per cent. | per cent.

Moisture... ... e g e e e e s e 201 S | —
Volatile combustible matter. . ......ooieiiiiiinineaniniass 34.88 35.81
L e e G 55.42 56.90
pU SR e e L e S D e A S e 7.10 729

IUU (ViV} 100.00
BUIDINIE ¢ oo oo T R B o T B B R 2.93 2.20
British thermal units, perpound........vveeeienrinenrinnss 13,150 13,501

Kentucky Coals,

Some Kentueky coal is marketed in T'exas, but we are unable
io give any analyses,

New Mexico Coals.

New Mexico coals are sold in El Paso and other citics and
towns of west and northwest Texas. We give three analyces of
these coals from samples taken in El Paso in September, 1913.
These are as follows, as received :
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‘ 1. [ "1»:. ’ 3.

I*er cent. n Per cent. | Percenl.
Moisture 4.35 1.50 1.12
}r(}illﬂb t?mlmst:bie matter ?2 %‘; ;}E "_!(E Ij(.")i 33
Fixed carbon . ... ... .00 9. B al.
shf.:..l,) .................................. 12 .80 15.00 13.20
100 .00 100 .00 100,00
P T e e 0.82 0.68 0.68

Bnllsh Lthermal units, per pound ............... 12,516 12. 4{18 12,546

1. Anthracite from Cerrillos Coal Co., Albuquerque. Mines at
Madrid. Sells in El Paso for $6.50 a ton.

2. Biluminous coal from Raton, Swastika Tuel Co., Raton.
Sells in 191 Paso at $3.50 a ton, wholesale.

3. Dawson coal, sells in Tl Paso at $3.50 a ton, wholesale.

We have received from S. C. Awhrey & Co., Tl aso, under
date of September 18, a letter in which they state that the fixed
earbon in Cerrillos coal is about 85 per cent, and the ash about
6 per cent. They have kindly sent us an analysis of a sample
representing a carload which was shipped to Mexico City. This
analysis is as follows:

Per cenl.
L LT 2.92
Volalile combustible malter. .. ... . oo iiiiiiiiiieaininisnssasnnnsns 4.35
F chtl Ty T L L §3.00
............................................................. G 54
Suiphm‘ ........................................................ 0,79

They also inform us that the bituminous eoal from the Raton
district carries moisture from 0.85 to 1.0 per cent; volatile com-
bustible matter from 36 to 41 per cent; fixed carbon [rom 51 to
63 per cent: and ash from 6 to 10 per eent.

Olfaloma Cloals.,

A great deal of ceal from Oklahioma is hronght into Texag, for
railrond, industrial, and domestic purposes; hut no stalistics on the
enhjeet ave now available,  We have received from a number of
sperating companies samples of the coal shipped to Texas, and
we herewith present the analyses which have heen made on the
same, a8 Teceived:
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Volalile 3. tu,

Analvsis. | Maoisture, | combustible Fixed Ash, Sulphur, per
i per cenl. matler, carbon, per cent. per cent, pound,
per cent. per eent,

.50 13,206

1:01 14,495

) 1.68 135,716

1.t 13,791

0.67 15,586

2 .81 13,403

1 .47 13,871

0,80 13,401

1.31 12,976

4.2 12,702

q4.12 12,312

2.70 15,002

1.10 13,927

1.29 12,983

3.79 12,567

.83 13, h6

1.17 13,0549

0.56 13,833

1.20 12,963

1.67 12,957

1.499 12,846

3.00 12,538

300 11,968

2.73 10,831

3.3 12,603

.61 13, 805

oS 11,027

260 10,1448

3.20 Nol det’d

Averagge ., 51.98 _‘_ 7.09 1.98 12,503

—ad b Saeial 2 i o = N .

1. Trom the receivers of the Bolen-Darnall Coal Co,, MeAles-
ter; May 30, 1913,

2. Degnan-MeCounell mines, Wilburton; July 18, 1913,

5. Dow Coal C'o., Adamson; May 50, 1913,
4. Dow (‘oal Co.. Savannah: June 16, 1915,
5. Dow Coal (Mo.. Poeahontas: May 30, 19135,

G, Tlailey-Ola Coal Co., TTaileyville: July 19, 1913 : No. 1 mine.

7. Iailey-0la Coal Co., Haileyville: July 19, 191:3: No. 2 mine.

8. Hailey-Ola Coal Co., TTailevville: Julv 19, 1913 ; No. 6 mine,

0. Menryvetta Coal and Mining Co., Ienrveila: June 28,
1913,

10.  MeAlester-Edwards Co,, Pittshurg; July 18, 1913; mine-
ron from No. 1 mine.

11, MeAlester-Bdwards Co., Pittshurg; Julv 18, 1913; mine-
run feom No. 2 mine.

12, AleMester-Edwards Co., Pittshure: Julv 18, 1913 ; washed
nut.

13, MeAlester Fuel Co., MeAlester; Angust 15, 1913: Buck
No. €.
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1L MeAlester Fuel Co., McAlester; June 28, 1913; Pleasant
Valley Coal Co. Coalton, No. 1 mine.

15.  AleAlester Fuel Co., McAlester; June 28, 1913; Pleasant
Valley Coal Co. Coalton, No. 2 mine.

16,  MecAlester Tuel Co., McAlester ; June 26, 1913 ; Great West-
ern Coal and Coke Co., Wilburton, Mine No. 3. '

17, Oklahoma Coal Co., Dewar, May 30, 1913.

18.  Osage Coal & Mining Co., McAlester; June 25, 1913 ; No.
5 mine, MecAlester vein.

19.  Southern Fuel Co., MeAlester, June 213 Brewer-MeAles-
ter domestic Tump.

20, Southern TFael Co., MeAlester, Jone 21: Brewer-MeAles-
ter chestnut.

21. Southern Fuel Co., MeAlester, June 21; Brewer-MceAles-
ter slack.

22, Sonthern Fuel Co, MeAlester, June 21; Cancy Creck
domestie lnmp, Coalzate.

23, Southern Tuel Co., MeAlester, June 21; (faney Creck
chestnut.

24, Southern Fuel Co.,, MeAlester, June 21; Caney Creck
slack.

25, Southern Fuel Co., MeAlester, June 21; Chamber’s lump
conl.

26G. Sonthern Tnel Co., MeAlester, June 21 ; ITartshorne lump
coal,

27, Southern Fuel Co., Dallas, September 4, 1911; sereened
pea from Brewer Coal & Mining Co.

28. Southern Fuel Co., Dallas, Texas, September 4, 1911;
slack; from Brewer Coal & Mining Co.

29. Southern Fuel Co.,, Dallas, Texas, September 19, 1911;
Midway MeMlester coal.

We have also examined a sample of so-ealled MeAlester slack,
sampled at Austin, Texas, April 27, 1911. 'I'he analysis was as
follows:
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! As ree’d,
MOISEUIC . o oo vvwiraseia s nssssnnsssnnasssssssnnsssansssasssssnssns ! 3.70
Volatile combustible matter................ e R e e 27.09
TR o L ! 44.93
B e S B e R T e R S R R e 24 .28
100,00
Sulphur......... R R L R 8 W A 207
British thermal unils, per pound Y ! 10,366
|

The following analyses represent samples of Oklahoma lump
coal submitted to us for analysis:

30. 31. 32.
Per cent. | Per cent. | Per cent.

MOIBIIIS . . . vodnvie it iiabanenssnrssnssnsses 2.00 1.12 1.00
Volatile combustible matter.................0.0.. 35.78 37.12 37.00
Fixed carbon . .ccecveeirsettioeatisesirnosanns 68.33 58.61 57.70
To 1 DR e R S S O O 3.89 3.05 4.30

100.00 100.00 100.00
SIIDRUL v v v g s s s e A 0.80

British thermal units, perpound...........c00n.. 13,725

14,059 11,788

30. Buck MeAlester lump.

31. Xrebs McAlester lump.

32. Osage MeAlester lump.

But coal that is termed “Oklahoma domestic lump,” may depart
very widely from the above composition, as the following analysis
of a sample taken from a private residence in Austin, March 16,
1913, will show: ™This coal was bought for Oklahoma domestic
lump and the price was $8.50 a ton. The analysis was as [ollows,
as reccived:

P’er cent.

IVIDESEUNS . osvov vnninn windin sibiniy pib T S A N N S D P RPN 1.81
Volatile combustible malter. .. ... iviiirrsasviosssisisnssonassissasss 31.60
IO COTOM 10 2nie semnininsiominsinaasinse smmmses s ressss s saresessss e sy 46.20
R e e e S B B T i PR NI R R ins 17 .26

i F 100.00
SUIPINE s s e e s S o e i e G I A e Y i e .01
British thermal units, perpound ... ..cvviieiinereernianerieiaranananas 11,845

This coal contained 20 per cent of material that passed a $-inch
sereen.

During the scason of 1912-1913, hetween the dates November
20, 1912, and April 2, 1913, we made 41 analyses ol samples of
washed McAlester Chestnut coal delivered at the University Power-
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house, Austin, Tevas. The analyses represent more than a thou-

sand tons of coal and the average composition of this coal was as
follows:

As rec'd,

per cent,
Moisture .. ........ T 1.86
Volatile combustible matter. 341.88
Booet: SarbOm ., »v s sumine winmsmnes " i v 56.36
7 et e L LR e 6.90
100.00
T ] L T R e S P ST e e 1.02
British thermal nnits, perpound . .. ooviiiiireiirneniieriasscersssrans 13,556

It iz to be noted with respect to these analyses that the moisture
in the coal as reccived is probably considerably higher than the
results above given, for the samples were not delivered promptly
to the laboratory and lost a good deal of water between the time
of sampling and the time of delivery to the laboratory. In these
analyses the following variations were noted :

Washed MeAlester Chestnut.

From, To,
Per cent. | Der cent.
Moisture swa e 4.00
Volatile combustible matter, p 24.56 4596
Fixed carbon . . 46.04 66.24
Ash 3.00 16.20
ip) : L 029 218
British Lhermal units, per pound. ...vcveveeravecsarerasrona 11,705 15,305

1t is also to be noted that the sample carrying 16.20 per cent
of ash was, in all probabilily, not washed MeAlester chostnnt.
Just what this eoal wag we are nnable 1o say, but we do not be-
Heve that it was washed chestnut.

The Tollowing analyses of Oklahoma coal were made in our.
lahoratory for the State Purchasing Agent, Austin, by J. E. Stull-
ken, assistant chemist:

Medlester Lump

Samples from State Lmnatie Asylum, Austin, Texas, November
30, 1912 to April %7, 1913. Average of 7 unalyses, as received ab
lahoratory :
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Per cent,
Moisture........ R R N R R G R R 4.08
Volalile combustible motler.. ..o or i e iiiiaairasssrarssnans 30 .94
Eheed gapbon @ oo r i s e i e R R S R SRR 53.49
R s T o e 0 R T S STt 4 T R 6.49
-
100.00
SUIDRNT, o s s asrasannsasvens 1.39
13,042

]3[‘1|.Ib-h thermal units, per pound .,

Samples from Deaf, Dumb and Blind Institute for Colored
Youth, Austin, January 30 to April 18, 1915. Average of 6 analy-
ges, as received at Inboratory.

1 Per cent.

Moisture. ... ... T S e e e e e e ! 3.8h
VolalLile combustilble mutler. ...ttt r s ci s ia i 3510
T I EOONTN 0 . 5 S S 52.37
AR e R R S e e e S S e 10.68

100,00
Sulphur, . ....... e R e R e R R R 1.97
British thermal unils, per pound....oovueeiiiiiiiiiseieiisiissrenesnnas 12,314

Samples from Confederate Home, Austin, January 17 Lo March
21, 1913. Average of three analyses, as received at lahoratory.

Per cent.

Moisture .
Volulile t_r:mbusl
Fixed carbon .,

L0 S

Sulphur. . ....... A L S S R
Brilish thermal unils, per pound

The average of two samples of McAlester Mine Run, from the
North Texas Tlospital for the Insane, Terrell, January 3 and
February 5, 1913, gave as received at Inboratory:

1
| Per cent.

Moisture, .. ... s e e e R A s i s e e e 3.25
Volatile combuslible maller. e vii srmsnamssinsssssmernssvansiss 30,00
LT T e Sl s e e o AR e | 52.20

4.2

A A A R R R A A R R R e R R e R R e A A 14.55
100 .00

I NI i o o v W T A T T s s | 1.41
British thermul unils, per pound. ... oo civmaiinniiiscarsiiarsnnsrass F 11,486
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The average of four samples of McAlester Mine Run from the

Southwestern Insane Asylum, San Antonio, January 7 to April 13,
1913, as received at the laboratory, was as follows:

Per cent.
IRORRTINGG . s e e B S R B 2.96
Volatile combustible matler.....coovviiivaniirrsrseissiiresiiiassiies 34.40
b e e h ) Ty A i g 49,04
ARl e R S s S R RN R R 13.60
100.00

T T e e e e e e bl s 1.6
British Lhermal units, per pound. ... ...ttt 11,507

The average of fourtcen samples of Dewar coal, Oklalioma, ex-
amined for the State Purchasing Agent during 1912-1913, gave
the fellowing, as reccived at the Jaboratory:

Per cent.

IVIORSEUIEE & & 4oc v st s eiao s aeaoas e binesoas e s s e bo se e s aiae ke s sk e e e e 3.90
Volalile combustible matter..... ... iiiiiiiiiiiiiiiiiiiii v asiines 35,87
TEAKOCL BRI i w51 A R LT 6 B0 B BT B o 0 o o 38 h3.0
L e P e D e et e R e S s e T 7.72

100,00
Sulphur. .. ...... e e L e e T e 1.95
British thermal units, per pound........ R e 12,690
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CHAPTER 1V.
DRY DISTILLATION OF TENAS COALS.

We have investigated the eoals mined in Texas with reference
to their zus-producing and coking qualities, not at all for the pur-
pose of saying the last word on the subject, hut to ascertain whether
any of them was suitable Tor gas-making.

There is not much coal used in Texas for gas-making, the total
amount heing Jess than 30,000 tons a vear. None of this conl, how-
ever, is ‘T'exas coal, Oklahoma and Alabama supplying the demand.
OF the two establishments that vsed Texas coal in producers, one
hits elosed its producer plant and the other is now uzing oil-fired
Kilns,

By far the greater amount of city gus used in Texas is made
hy the Lowe system (water gas), or by a combination of water-
gas and oil-gas,

The inquiry that was set on fool did not involve illmninating
oas at all, but was restricted to fuel gas. The eandle-power of
the gas made from cach coal was determined in an American
Bunsen pholometer, with single or double standard candles and an
Argand burner. By use of a Welshach mantle, candle-powers Itomn
30 to 10 were observed. The equipment ol the experimental gas
plant consisted of a steel relort holding fwo pounds of coal, hroken
to 1-1 ineh and dried: pipe-eondensers for waler, annmonincal li-
quor and tar, and galvanized iron boxes for holding the caustic
Time for absorption of enrbonic acid,  The mag, alter passing
through o Wright meter, was conducted into a eapacious 1ank,
commterbalanced and water-sealed. The temperature within the
refort was taken with an eleetrie pyrometer (Chatelier. thermo-
couple). The wires were carried into the retort through a silica
tube, tightly packed with ashestos. The tewmperature ob=erved was
that of the retort immediately above the eoal : not the Lemperature
ol the eonl itsell; and was kept as near 600° 1. as possible. Porter
and Ovitz have shown® that the temperature of an clectrie farnace
may he from 167° to 248° IV alove that of the highest fempernture

Pur, Mines, Washington, Bull. 1, 1910, pp. 29-30.
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reached by the coal, the difference being less as the temperature
of the furnace rises.

From the containing holder the gas was piped to a Junkers
Continuous Gas Calorimeter and to the photometer. The heat
units in the gas were also calculated from the analysis, both sets
of figures being given. For calculating the heat units the follow-
ing factors were used: illuminants, 1,700; carbon monoxide, 315;
hydrogen, 264 ; methane, 853; for 60° F. initial temperature and
328° F. final temperature. In mal;y cases there was a substantial
agreement between the observed and the calculated heat units.



Tasre V.

Results of Distillation Tests on Teras Coals.

Analyses by S. H. Worrell.

] e
s Gas—Dry. Coal—Dry.
2l i ; '
= I! Composition. @ | | B. t. u. Proximate Analysis. Ultimate Analyses. B.t.u.
3. ' S g | pereuft. j— o L e e
.’\n{llysis ‘ ue &g % . [ ! = g i | T | A -g
No. %2 : S g 3 ] < e . 154 LI
e r= o 5] o - 4 =~ < . s i 5] 4 =1
od | 8 =5 g’| g Y 20 ! ) ! | —232| 5 -] = ¥ < A ! 2
g R- P ) b T L Sg ¢ g2 = e 2 &% s I &
1 B , E |28l " 8 2 3 = PO B gl . of 15 = 2 5 = 5
22 121855 84 2 | B 5 8 % s8'x285 4 | 3 E > | o= 5
FrIgIC®|E I BB & (€ T8 |8 |21 &8 | 2|8 | & £
| | | '
246....... I 7.480 2‘2'14.8,49.' 6.1 ] 410 ' 1.0 562 559  38.45| 42.48! 11.87| 4.24| 58.25 4‘17{ 12.3: 2.12110,213
LT ooz [ 5,966 2.6 5.1’554.- 8.2 ] 55 1.5 H90 573 1 38.301 46.91! 14.76] 3.41| 65.42| 4,40, 9.21| 2.80;11,196
248 i 7,320| 5.5] 2.1142. 6.0 .38D | 1.6 687 630 : 54.00] 37.97{ 8.03| 2.25| 71.04| 5.65| 10.0: 3.00712,604
249 6,935 ‘.Z/lil‘ 042, 9 7.7 I 441 12.4 700 622 | 40.25| 48.065| 11.10] 2.14| 67.38] 4.83| 13. 1.47|11,695
a8 i 3( 1,6;12.014-!;' i37.2, 4.8 427 ' 9.6 637 622 ! 39.20( 57.73| 3.071 1.80{ 74.74| 5.08 13.6 1.64112,527
1.5] 1.9,54.0129.1| 13.5 355 | 4.0 591 533 | 33.70] 39.96| 26.34; 2.00; 55.44° 4.14  9.f 2.52| 9,636
1,()i12.2{~_14.7|3().8 10.1 ;© 446 | 6.5 530 516 | 35.50! 39.16! 25.34) 1.80| 57.20 4.40] 7 A 3.30:10,412
2.2:13.4!50.2(27 .47 6.0 110 | 10.0 510 527 | 38. 44 .44| 17.51 1.30| 64.12: 4.92i 10. 1.74[11,515
2.0] 9.4!41.6/27 1| 16.8 j 490 1 2.5 475 483 | 37.58} 40.49| 21.05! 1.70{ 60.01, 4.63" 9.¢ 1.80i10,807
3¢ 1 54111 .8:40.3139.0) 3.5 | 428 | 6.5 724 702 | 50.45] 38.10! 11.45| 3.09| 66.06| 5.72| 12. 2.50(11,740
257 7 148{ 5.2142.2141.2! 8.2 i .421 | 8.1 641 638 | 39.50] 50.99! 9.51; 2.10{ 70.911 4.85] 9. 3.34(12,410
123 < vawmiave | 6,110 (_).420.8}!64!24.2 7.6 437 1.5 474 471 | 38.18| 39.01| 22.81| 1.84( 60.28; 3.77' 9. 1.42(10,510
802 1 7o147] 5.4176.6143°636.2| 8.2 | 421 | 15.4 [ 702 | 667 | 47.52] 39.18] 13.30| 2.05|. ... x.|. ... S| PP 12,470
B o it 8,112 3.0l 4.5(50.834.2| 7.5 378 i 7.0 632 615 | 39.60| 49.56| 10.84; 3.17| 70.00| 5.15 §. .70112,265H
6% s madu. 5,752 3.8 7.5!52.1[33.5; 3.1 .330 , 4.2 598 606 | 41.95| 50.08| 7.97° 1.98| 71.78! 5.35! 10. 17,12,526
(4131 SRR ] 7,058 1.051-1.2 19.724.4] 9.7 424 | 5.3 162 474 | 37.401 47.37; 15.23, 2.00{ 63.80] 4.67:' 11. .90111,269
Avcrage.{ 6,790 2.61 8.3/16.732.6/ 7.9 ; .410 ‘ | 596 577 | 40.59| 44 .50, 14.38] 2.30{ 61.02| 4.48' 9.86 21{11,489
| 1 {

sora, fo Apswnug oy) jo' uo e[
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Eaplanalion of Table V.

216, Belknap Coal Company, Newcastle, Young county.

217, Bridgeport C(foal Company, Bridgeport, Wise county.

218, Cannel Coal Company, Darwin, Wehb county.

219. International Coal Mines (0., Eagle TPass, Maverick
countv.,

250. International Coal Mines Co. “Special.”

251. Olmos Coal (0., Buagle Pass, Maverick county.

T4+ Olmos Coal Co., washed pea.

699.  Olmos Coal (o, washed egg.

700, Olmosz (onl (Mo.. washed nut.

310, Rio Grande Coal Co., Tarcdo, Weblh county.

257, Santo Mining & Developing Co., Weatherford, Tarker
county.

753, Stewart Creck Coal Co., Jermyn, Jack county.

802. Santo Tomas Coal C».. Larvedo, Webh county.

341, Strawn (eal Mining Co., Strawn, Palo Pinto county.

396, Texas & Pacifie Coal Co., Thurher, Trath county.

698, Wise County Coal Co., Bridgeport, Wise county.

Note.~—Numbers 257 and 753 represent coals that are not now
mined,

In order to compare these results with those reached in the dis-
tillation of well known coals nsed in Texas for gas-making, an
Oklalioma eoal was selected.

MeAlester pea coal gave 6,130 cubie feet of gas per net ton, with
the following composition :

Per cent,
IR § o e S A R S e T T T s 1.60
%ﬂl;jhon TOHOREAR Loy s b s s b e b i s S B s e 7.60
ORI ol T B SR e i b A e B N & T A B e b ea A 43.00
M}(:.lhnnc ............................................... 45.00
........................ 2.8

Nitrogen (hy dill). ... ool ...

The gpecific gravity of the gas was 0.400, the observed heating
power, per cubic foot, was 708, and the calenlated heating power
was 636. The candle-power was 7.0, The composition of the coal
from whieh this gas wag made was as follows:
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Dry,
per cent,
Volatile combustible matter. ... it iiniaran 36.87
T T e T Do o e e e R AL e O 58.81
B e " 4.32
SONDIIR i 5 0 R S e s w? 251]3
Br:ush thermal YT T T T e 13,090

There was lefl in the retort 75 per cent of good coke.

In the operations, as conducted, it was not possible to deprive
the coals entirely of their volatile eombustible matier, and the
amounts left in the residues from the retort varied from 1.91 per
cent., as in the case of a Carhoniferons coal [rom Palo Pinto
county, No. 341, to 8.75 per cent, as in the case of a Cretaceous
coal from Maverick county, No. 310.

Table VI gives the results of the analyses of the several residues,
1he percentage yield and the character of the residue, i. e., whether
it was coke of fair quality or not.

TasrLe VI.

Composition and Characler of Residue Left in Relort after Dis-
lilling the Coals L’.ﬂp?‘r?srn?ﬂ’:f in Table T,

Vola- | B Hesidue.

Lile -~ British

com- | Fixed Sul- | thermal |

No. bus- | ear- | Ash. | phur. | unils, | Yield,
tible | bou. per per Characler.
| mat- pound. | cent.
| Ler. .
|

| %3.30 21.'.'12! 4,72 | 11,523 | G2.50 1id nol coke.

718 23.00 3.31 | 11,081 | 62.50 Did not coke.

| T8.31] 18.18] 2.01 | 12,050 8L25| Coke fair,

73.80| 17.45| 0.73 | 11,530 | 62.10 Colce Tair,

1 00.19) 3.66| 0.91 | 13,082 | 6G3.00 Coked feebly.

73.12| 23.95 0.71 | 10,848 | 68.7 Did not coke.

69.38| 28.40; 0.61 | 10,327 | 68.0 | Did not coke.

70.87] 26.32) 0.85 | 10,679 | 65.0 _ Did not coke.

73.63] 18.261 1.35 | 11,661 | 62.5 Colke fair.
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|
Vala- : Residue.
tile British
. com- | Fixed Sul- | thermal |
No. | bus- | ecar-'| Ash. !|phur.| units, | Yield,
; lible | bon. per per Character.
! mat- pound. | cent.
ter
257 } X .
736 2.52 | 85.16| 12.32| 1.76 | 12,414 . 68.8 Coke fair.
753 } .
769 7.51 | 63.38 29.(}31 3.17 | 11,248 | 68.0 Did not coke.
341 i ! i
TE2 | oomemviaansd 1.91 | 81.06( 17.03| 2.95 | 11,914 | (8.7 Coke good.
396 }
TR cmrvennaing 2.47 | 83.41) 14.12) 1.38 | 12,090 | 75.0 [ Coke good.
698 |
AL Fossvenmvwns 2.47 | 79.44| 18.00| 2.23 | 12,083 , 68.0 .  Did not coke.
Average.. ....' 4.26 76.3;‘)| 19.39 1.91 | 11,610 | O e m—

A study of Tables V and VI gives some very interesting results:

First.  "The highest yield of gas was not from a coal containing
the largest amount of volatile combustible matter. The highest
gas vield, 7,780 cubie feet per ton, was from a coal from Parker
county, containing 39.50 per cent of this matter, whereas a coal
from Webh county of 54 per cent (the highest percentage nbserved)
gave 7,320 cubie feet of gaz per ton. Each per cent of volatile
combustible matter in the one coal gave 1.97 cubic feet of gas and
in the other coal 1.56 cubic feet.

Sccond. The lowest vield of gas, 5,752 cubic feet, per ton, was
not from a coal containing the lowest amount of volatile combus-
tible matter. This pavticulay coal, from Erath county, contained
41.95 per cent of this matter, whereas a coal from Maverick county
ol 53.70 per cent (the lowest percentage observed) gave 6,926
cubic feet of gas per net ton.

Third. The coal giving the highest heat value in the gas, viz.,
724 B. t. w. per cubic foot, was from the Rio Grande Coal Co.,
Webb county, and the coal giving the lowest heat value in the gas,
viz.,, 462 B. t. u. per cubie foot, was from Wise county, the yicld
of gas heing, respectively, 6,600 and 7,058 cubie fect per net ton.

Fonrth. The Carboniferous coals, Nos. 246, 247, 257, V53, 341,
396 and 698, contain, on the average, 39.05 per cent of volatile
combustible matter and yield, on the average, 6,894 cubic feet of
gas per net ton, with 566 B. t. u. per cubic foot.

The Cretaccons coals, Nos. 218, 249, 250, 251, 744, 699, 700,
341, and 802. contain, on the average, 41.8 per cent of velatile
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combusiible matter and yield, on the average, 6,711 cubic feet of
gns per net ton, with 621 B. t. u. per cubie foot,

Fifth. Of the seven Carbonilerous coals, two (Strawn coal,
Talo Pinto county, and Texas & Pacitic coal. Erath couniy). save
a goad eoleo: one, from Parker county, gave a fair coke. and four
showed no coking qualities. Of the seven Cretaceous coals eox-
amined for coking yualities, three gave a [air coke, one coked feebly
and three showed no coking qualitics. The three Cretaceous coals
giving a fair coke were from the Cannel Coal Co., and the Rio
Grande Coal Co., Webh county; and the International Coal Mines
(fo., Maverick county.

Sixth.  Three of the coals examined gave a fairly good eandle-
power gaz. These were a coal from the Cannel Coal Company,
Laredo district, Webh county, with 16 e. p.; a coal [rom the Santo
Tomas Coal Company, Laredo distriet, with 15.4 ¢. p.; and a coal
from the International Coal Mines Company, Eagle Pass, Maverick
county, with 12.4 ¢. p. A coal from the Olmos Coal Company,
Eagle Pass, gave 10.00 c. p.

These coals are all Cretaceous and gave a fairly good coke, with
ash ranging from 13 to 18 per cent and sulphur from 2 to 2.25
per cent.

Seventh. The highest heat value, 12,604, expressed as Dritish
thermal units (B. t. w.) per pound, on dry basis, was observed
in a coal from the Cannel Coal Co., Laredo, Webb county. Coal
(rom the International Coal Mines Co., Eagle Pass, Maverick
county ; from the Texas & Pacific Coal Co., Thurber, Treath county;
from the Santo Tomas Coal Co., Laredo : and from the Strawn Coal
Mining Co., Strawn, Palo Pinto vounty, also contained more than
12,000 B. t. n

On the average, the Carboniferous coals contain 11,484 B. t. .
per pound ; and the Cretaceous coals, 11,493, on dry hasis.

Eighth. On the average, the Carhoniferons coals contain 13.28
per cent of ash, and the Cretaccous coals, 15.21 per cent.

Ninth. Trom these investigations it would appear that we have
in this Stale coals that are well adapted to the manufacture of
both illuminating and fuel gas and that from some of them. a
good metallurgical coke can be made, suitable for copper, silver
and lead smelting. It may not be possible to meet the severe re-
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quirements for coke used in iron smelting, where the specifications
as to strength, ash and sulphur are more rigid.

We have not investigated any of these coals with reference to
the yield and quality of the tar and ammoniacal liquor. As some
of them are high in nitrogen, it is likely that they would yield
a liquor rich ¢nongh in ammonia compounds to render the manu-
facture of sulphate of ammonia attractive. But this method of
utilizing hy-products can he profitably applied only in compara-
tively large establishments, uzing from 10,000 tons of coal a year
to 20,000 and upwards.

The coal that yielded a 16 candle-power gas contained 3 per
cent of nitrogen and yielded 7,320 cubie feet of gas per net ton.
From. a ton of such coal it would he possible to obtain at least
25 pounds of sulphate of ammonia, worth 75 cents. A gas plant
using 10,000 tons,a year could produce $%,600 worth of this ma-
terial, and 732,000,000 cubic feet of gas of more than 600 B. t. u.
per cubic foot. In heat units this gas would compare very favorably
with the natural gas now used in Texas. as also with the hest oil
or water gas.
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CHAPTER V.
GAS.

The fuel gas used in Texag may be classed under two gencral
headings, namely:

1. Manufactured

a. City gas.
b. Producer gas.
2. Natural.

1. Manufactured Gas: a. City gas:

During the year 1912, according to statistics gathered by the
United States Geological Survey, the total quantity of fuel gas
(city gas) sold in Texas was 787,898,000 cubie fect, of which 70,-
652,000 cubic fect, or about 9 per cent, was coal gas, and 717,-
246,000 cubic feet, or 91 per cent, were oil and water gas. The
price per 1,000 cubic feet for the oil and water gas was $1.21, and
for the coal gas $1.42.

The statistics since 1902 are incomplete, with respect to coal
gas, as they were not obtained for the years 1906, 1909, 1910 and
1911. Tor the other seven years, inclusive of 1912, the total quan-
tity of coal gas sold fur fuel was 713,101,000 cubic feet, of an
average value of $1.36 per 1,000 cubie feet. The following Table,
No. VIA, gives the production and distribution of coal gas and
hy-products from coal sinee 1902, with the exception of the years
just noted.



Tasre VIA.

Production and Distribution of Coal Gas and By-Producls from Coal in Texas—1902-1012.
Arranged from Statistics of the United States Geological Survey.

I
Coke. Tar. Gas sold for Fuel gas sold. | Fuel gas.
| | Total | illuminants.
No. of Coal, ' quantity Total
Year. , estab- carbon- | . ! Value Value | gas pro- Value | Value value
. lish- ized, I Yield, g ! Yield, per | “duced i Quantity | per _ Quantity | per Per cent of all
! ments. short l short’ ‘ short | gallons. ' gal. [in M. C\.‘lblC in M, cubic{ M. iin M. cubic! M. 0! gas sold.
. ! tons. tons. ton. | feet. fect. cubu, l feet. ~cubic total.
. ! | ! i :Cents.l | ‘ | feet.
1902.......... P9 1-;).2@7' 9,162|85.30 - 218,943 9.5 142,415  79,547.81.82 { 47, 942 s1.44 | 33.6 S 214,479
1808 45 covnnn i 8 . 15,653] 8,755! 5.72 i 154.6‘29| 8.6 139,400 75.515] 1.75 ! 56,095, 1.31 40.2 | 205,949
1904, . cossesns 9 . 16,560° 10,114' 6.02 | 185,36 7.5 ‘ 149,975 60,5121 1.76 78,677 1.34 52.5 i 211,962
19055 0 560050 10 | 19.188| 11,984] 4.55 | 236,341 6.4 177,287 60,402, 1.75 l 106,515 1.38 60.1 L 253,566
1907 0% 7 ! 28,2821 12,049 4.68 225,394 5.6 ( 251.233 53,281| 1.66 167,886, 1.33 66.8 ‘ 312,792
T908L. - srirvinivs 2ane 8 | 30,461 8,733 4.55 01,580 5.7 284 53,717| 1.83 ! 185,534| 1.29 65.2 239,251
31912, ccoanny 4 | 9,581| 2.5481 4.88 ; 88, 6801 5.3 ‘ ,220I 3,697 1.30 : 0,652 1.42 78.3 105,038
L | l i i
Total and i ! _ : ; | | i |
AVErage: i o« o sosiei l 134, 982i 63.343555.10 il,210.931| 6.9 l 1,235.181“ 386,671($1.69 l 713.101|Sl.36 | 56.7 ‘$1.543.037
| 2 I !

SDXO L ul pasy] Sjang YL
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The tolal amount of coal earvhonized was 131982 {ons, [rom
which there were produced 63,345 {ons of coke, of an average
value of $5.10 a {on; 1,210,931 gallons ol tar, of an average value
of 6.9 een{s a gallon: 1,235,181,000 cubic feet of gas, of which
386,671,000 cubic feet, or 43.3 per cent, were =olid for illuminat-
ing purposes, at $1.69 per 1,000 cubie feet, and 713,101,000 cubic
feet, or 56.7 per cent, were sold for fuel purposes, at $1.36 per
1,000 cubic feet. The yield of gas for all purposes was 9,150
cubic feet per ton of coal and the total value of all gas sold was
$1,543,037. The maximum amount of eoal carbonized during
any onc year was 30,461 tons, in 1908. During this year there
were sold 185,534,000 cubie feet for fuel purposes. In 1912, the
amount of coal carbonized was 9.581 long, and there were sold
70,652,000 cubic feet for fuel. No attemipt is made in this State
to utilize the ammoniacal liquor, Sowme of the tar is distilled for
roofing and paving purposes, but this industry is not extensive.

An analysis of the tar produced by an establishment using Me-
Alester Distriet nut eoal, f[rom Oklahoma, has heen made in onr
laboratory.

Anafym's of Coal Tar from Oklahoma Coal.

B T Ll - T 1.252
{ Per cent.
B O B A B e A R R 4.00
FIee eaDON ..o v vve s vmmeniososs smesn s i 25.32
Ash in free carbon 0.40
Coke viald, o s s s i v i 332%

Ashincoke.......ocvvnen P [y S

The digtillation gave:

Per cenl., Specifie

gravity.

A1 Llcnamnaay

2.97 0,981

6.24 0.990
11.84 1.090

BB oo
B89 ..o

085 Yiaseing
100.00
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The distillation of the light oil gave:

Per cent.

O e S s R N s A T s T e Y e e e A R e 9.23
Toj284 deg. I {raw benznl I). ......cccnueiinraninaneninsins 31.80
To, 348 des. FF. (raw benzol I1) 2.57
Tol383 deg, F. (earholioil) oL i soadiilaniniiiniinai 17.90
Pesldue . vvivmmmeninisnmimg L T L A R S 37.90
88 1 4 ek 4 ke e e e e et et e e e ettt eeeae 0.60
Total.....oovvvvvenns 100.00

Per cent.
L]
To 284 deg. I, . e . 0.60
To 348 deg. I’ 0.58
To 383 deg. I i 12.15
To 428 deg. I . 56.60
Restdue: i soaniiil - 28.10
2.07
100.00
Per cent.
T0 BB defl T s miin s e e R A e e e 0.48
To 428 deg. IV 33.22
To,518 deg, F v 48.21
g ot L T S e AL F 18.00
| .1 SRR s R R e PR S e e S 0,00
O o R T B R e i e e 100.00
From 1,000 gallons of this tar there ¢ould be recovered:
Commereiul benzine, BallonS . ... ouu vt ou ey or e inie e s e nrerrrerrsnnnes 8
Solvent naptha, gallone: =55t s el s sy s 3
Heavy naptha, gallons. .. .. T SN R SRR S e e e 42
Wood preserving oils, including creasols, gallons.......... ... ... .. 000" 170
Naptholene, DOURS . oo i dvne oo s hivm s s s e e e e e 739
P'ure, nlhunof. L s S S 32
Medicinal eresol, POUDAS . . . .vecissvnsviaiesnivsensnissesn s, 43
Lechnical eresol, DOUndS .. .. vueen e inientriernennrnrnnnnernmosnrnsins 15
Pitch, melting point 106 deg. I*,, pounds. . . ....ovvnreeennnenmoonniis 7,100

During the last few months we have made a number of analyses
of coal gas supplied to a Texas city of about 35,000 inhabitants.
This gas is, for the most part, coal gas, but a little oil and water

gas iz mixed in. The average composition of this gas was as
follows (23 analyses):
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PPer cent.

Carbonie 8cid . .. .oueri s reuiisrranarrasasrisarirasa sy 5.5
TR s L e e S S SR A R R R 7.4
OXYEeN. v vennenans . 0.9
Hydrogen..... PoE it 45.8
Carbon monoxide. . . 9.6
M ARG s i G A i A i an e 19.8
IITOBER KD ALY o st ans vws s i 3 b i a e P e 11.0

BB s o i e S A T R AT B R 100.0

During this period the average candle-power was 15 and the
average British thermal units per cubie feet were 546, by Junkers
Calorimeter. TIn this city the quantity of fuel gas sold in 1912
was about 68,000,000 cubie feet, at the following prices per 1,000
enbic Teet:

+ Amount,

|
Less than 10,000 cubic feet, $1.50....................... less 20 per cent; 51 20
From 10,000 10 20,000 cubie feet. ... .cooiiiiiieiioinnenranninnaas net 100
20,000 cubic feet and MOTe. . ... ivviiniiiiiieie e net 0 90

On these terms, the cost of 100,000 cubic feet would be:

Amount.
FArst 10,000 etdbie Tovks o ov e sneniose sim st s s irslae e $13 00
Secontl 10,000 cubic feet . oo v vuvviserroavsnsnssmsssvorsresssssesrenes 10 00
Remamning: 80,000 cabic feel. | o el fanill 45 08 Slin SavE i d0ET 72 00
1071 2 LT $95 00

This gives an average cost of 95 cents per 1,000 cubic feet.
The maximum production of fuel gas in any onc establishment
during 1912 was 340,000,000 cubic feet, and the selling price was
$1.00 per 1,000 cubic fect.

The United States Geological Survey has also collected statis-
tics ol the production and distribution of oil and water gas, in
Texas, for the years 1905, 1907, 1908, and 1912. No statistics
are available prior to the year 1905. The following Table, No.
VIR, has been prepared from these statistics, and sets forth the
number of establishments, the vield and value of the tar, the total
quantity of gas produced, the distribution of the gas, whether
cold for illuminating or fuel purposes, the quantity of fuel gas
cxpressed as percentage of the total, and the total value of all
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gas sold. The returns in regard to the tar in 1908 are included
with those from Florida, Louisiana and Mississippi and in 1912,
with those from Alabama in addition.

Norr—The gas coke made from Oklahoma coal at a plant in
Texas contains volatile combustible matter 3.32, fixed carbon
76.76, ash 16.52 and moisture 3.40. The sulphur was 1.28 and the
B. t. u. per pound 11,322.



TasLe VIB.

Production and Distribulion of Oil and Water Gas and By-Products in Texvas—1905-1912,
Arranged from Statistics of the United States Geological Survey.

| |
Tar. ! Illuminating gas Fuel gas sold. I
‘ Total sold. I R
| : quantity Fuel + Total 'value
i No.of i ' of gas N X gas, per | of all
Year. ! establish- Yield ' Value : produced ' Quantity Value Quantity Value cent of ; gas sold.
| ments. in ! per | in M. | in M. per M. | “in M. of M. total.
: ) gallons. | gallon cubic feet. ' cubic feet. | cubic feet. | cubic feet. | cubic feet. ;
| Cents. i !
| - . | | |
1905, are wssssanse i 7 23,900 - 5.0 ! 231,992 93,511 $81.51 196,960 | $1.40 61.2 | $418,754
YOO0T vsicre Sstemadiii 10 102,781 DT i h91,644 l 191,529 1.35 3'}0,849 1.27 56.8 | 686.106
1908. . ... ... .. 11 *5568,714 2.7 671,360 | 286,206 1.27 306,458 1.27 45.7 754,732
) €15 | 16 668,702 * 2.5 1,149,840 © 303,559 1.19 717,246 1.21 62.14 i 1,231, 1923
Totalandaverage. . .........|cc.cuun... Lo ssspmatane, ‘2,734,836 ; 874,805 $1.28 1,556,513 ' $1.27 56.9 ‘ $3,091,515

*Includes also Florida, Louisiana and Mississippi.
tIncludes also Alabama, Florida, Louisiana and Mississippi.

39
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A study of this table shows that:

1. There were produced, during the years mentioned, 2,734,-
836,000 cubic feet of oil and waler gas, as against 803,390,000
cubic feet of coal gas during the same period. The production of
oil and water gas was more than three times as large as that of
coal gas.

2. The quantity of illuminating gas sold was 874,805,000 cubic
feet, at an average price of $1.28, as against 171,097,000 cubic
feet of coal gas at an average price of $1,73 per 1,000 cubic feet.

3. The quantity of fuel gas sold was 1,556,313,000 cubic feet,
at an average price of $1.27, as against 530,587,000 cubic feet of
coal gas al an average price of $1.34.

4, The fuel gas expressed as percentage of the total ranged
from 45.7 to 62.4, with a general average of 56.9, which is almost
exactly the gencral average for the fuel gas made from coal, ex-
pressed as percentage of the total.

We have made a number of analyscs of the oil and water gas
supplied {o a Texas city of abont 35,000 inhabitants, the same as
mentioned under coal gas, and have found the average composition
to be as follows:

Per cent,
Carbonic acid 2.3
Hluminants 10.1

T e R S SR M G S S S e e d
llle"‘ogen ............ Jgg
Carbon monoxide . . 28.0
MELhans. ..o ovisiaessinse 6.8
Nitrogen 15.6

T T N

British thermal units, per cubie foot.. ... . 1 Il Tl mgifg

For comparing the composition of oil and water gas with that
of coal gas, made in the same city and by the same company, we
state the two {ozether:

Coul gas. Oil and
water gos.

Carbonic acitl:. .. ivsimmeriiin e s v s v v 5.5 2.3
IIRIMADANER. oo c e visovio b arasioraiainisinre ol ginn aole 7.4 10.1
N e st b sl AR S A 0.9 0.9
e L e Ly 45.8 36.3
Carbon monoxide. ........covivvivnininncsanes 9.6 28.0
i e e s s 19.8 6.8
L T i ) | 11.0 15.6

ROl S R T T A S P e 100.0 100.0
British thermal units, per cubie fool. . .......cooevanenn. 546 573
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In the coal gas (with a small admixture of oil and water gas)
the carbonic acid was 2.4 as much as in the oil and water gas;
the oxygen was the same; the hydrogen was 1.26 as much, and the
methane was 2.9 as much. In the oil and water gas, however, the
Hluminants were 1.39 as much as in the coal gas, and the carbon
monoxide was 3 times as much. The British thermal units in the
two gases were practically the same. These analyses are repre-
sentative of those made over a period of three years.

In each case the Brilish thermal units were made in a Junkers
Coutinuous Gas Calorimeter of the latest design, and were not
calculated from the analysis. Particular attention is called to
this because of the variation in the British thermal units obtained
by caleulation, according to the factors used. Thus, if we take
the following analysis, viz.:

Per cent.
B IS N R T A e O T A S R A R R 7.4
Hydrogen.....ooovennes 45.8
Carbon monoxide.......oociveiiiisrcarirssrsirions St 9.6
IVBERANNG oo w5 8 4 8 0 O 4T RO B S o1 19.8

and calculate the heat units by the factors 1580 for illuminants,
324 for hydrogen, 324 for carbon monoxide and 1010 for methane
(the factors used in some producer gas plants), we have B. t. u.
458, as against 546 by actual determination. If, for an initial
{emperature of 60 degrees I. and a final tewperature of 328 de-
grees ., we take the factors 1700 for illuminants, 264 for hydro-
gen, 315 for carbon monoxide, and 853 for methane, we have B.
t. u. 446. Again, if we iake the factors 2000 for illuminants, 326
for hiydrogen, 324 for carbon nonoxide, and 1010 for methane, we
have B. t. u. 528, as againset 546 by determination. In case the
heat units have to be determined by caleulation, when the sample
of gas is not sufficient for the calorimeter, we use the following
factors:

! Factors.
BT TIN5 b A A A B T e J 2,000
L N = e Bl O R O e 1 326
Garbomn moneRide s e L R S G R R S 324
BUERERRNIR v 500 S A gy A TS S g l 1,010
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For sccuring considerable quantitics of gas, we use a steel
exlinder capahle of holding 50 cubic feet under a pressure of 30
pannds,

The consumption of [fucl gas in Texas for the year 1912 was
ahoul as Tollows:

Coulsie feet.

Manulnclured gis (Cily 808) . .. .. v ciriveisntirianscsaisaaasain th?.tl‘i!_iﬁ,ﬂ“l)
NatUBAL S i s sl it iR AT NS e AL 7,400,373 ,000
Producer gas (made mosthy from Hanite) oo oooooooooo oo 3,450,000, 000

1] 11 0 U)o SRRSO ST QU TRy b= 11,308,271,000

The figures for producer gas are approximate, but it is thought
{hat the total conswwntion of fuel gas of all kinds during the veavr
1912 was helween eleven and twelve hillion cubie feet. The con-
sumption during e year 1913 will probably e considerably Targer.

Owing to the increasing cost of gas oil and, to some extent also,
to local conditions, there is a tendency towards the manufacture
of coal gas. One estublisinuent which used a combination ol the
Lowe system and oil and which sold, in 1912, (8,519,000 cubie
fect ol fuel gas, has erected retovts for coal gas, nsing Oklaloma
coal.

In most, if not all; of the cities and fowns using mannfactured
gas, the illuminating and fucl gas are conveyed through the same
pipes,

Na statisties have heen gathered as 1o the cost of manufacturing
city gas in Texaz, hot it is likely that an average of 45 cents per
thousand cubie feet is not far from the Lrath.

Manufactured gas is largely nsed for domestic purposes, whereas
natural @as is laraely used for indnstrial puwrposes. The heat
unifs in the hesl natural gus arve a good ddeal higher than in the
best mannfactured gas, hut, as a general vale, theve are only from
150 10 200 more B, t. n. per cubie foot in the natural gas usged
in Texas than in the manufactured gas. Many gas engines of
comparatively small horse-power are operated on manufactured
eas, hat some of the gas engines operated on ratural gas and lig-
nite producer gas are of 1.000 hovse-power,

The nse of the candle-power as a standard for gas is of but
little valne in this part of the eouniry and under the conditions
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that are likely to maintain. T'here is no longer any considerable
illumination from gas direet, lor the extensive infroduction of the
Welshach and other “maniles’ has done away with ihe old-lash-
ioned gas burners.  The encroachments ol electric lighling have
algo heen a serions factor in the gas ndustry, especially sinee the
introduction of the metallie filament.  Neetvlene, Wlav-gas, ele.,
have also added to the competition,

A striking illustration of the advanlages 1o be derived from the
use of an ineandescent ‘mantle’” iz shown by the fact that oas dis-
tilled from lignite can bhe made to yicld an illumination equiva-
ient o 40 eandle power, although the gas ifsclf has a verv low
eandle nower,

[t 3¢ mueh to he desived that the “DBritish thermal unil per
eubic fool™ ¢hould vepluce the “candle-power™ as a standard for
gas,  When the British {hermal wnit per cubie fool is given, a
statement should he made whether the fizures arve from direet de-
termination in some accepted ealovimeter ar from ealeulation, the
factors used heing given in the latter case. '

Ag the greater quantily of gas made or produced in 'exas is
vsed for Tuel purposes, the change of the <tandard From eandle-
power to Brilish thermal nnits per enbie foot would enfail no
hardships in the trade, upon producer or consumer,

Manufactured Gas:— b, Prodicer (s,

Producer gas in Texas is made almost entively from lignite. and
the lollowing pages eive the chiel points of interest in conneelion
with this husiness. Tt will he seen that during the year 1912
there were usced about G5.000 tons of lignife for this purpose, no
attempt heing made to save the hy-products such as tar, anomoni-
acal liquor, ele.

The Use of aw Lignite in Gas Producers,

In Bulletin No. 189, Uiversify of Texas, issued in 1971 and
entilled “The Composition of Texas Coals and Lignites and the
Use of Producer Gas in Texas,™ there was o special chapier on
this subject, prepared by Drury MeN. Thillips. who was in the
producer-gaz  department of  fhe Nouthwestern Stafes Portland
Coment Company. at Bagle Ford, near Dallas,
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At that time {here were in the State fittv-six producers for mak-
ing gas and forty-seven in active operation, represenfing 12,270
horse-power. There were fwentv-three establishments using Texas
lignite exelosively, with a total consumption of about 180 tons per
twenty-tonr hours and a total engine hovse-power of 11,490,

Most of the installations were and are still of comparatively
small size, as the three ecment plants (at Fagle Ford, TTarry and
near San Antonio) vepresent 9,000 enaine horse-power out of the
fotal of 11,490. NSince Bullelin No. 189 was issned, one large
cement plant has changed from lignife producer gas to natural gas.

It does wot seem f0 be necessary ab ihis thme to repeat the
statisties wathered in 1911, so we shall merely give the items of
chiel inferesf and then dizenss, hriefly, the condition of the indus-
tev ab the elose of (he year 1912, As the lignite avea in Texas
represenls about one-half of the fotal known area in the United
States, and as the production here is twice as great as [rom any
other Stale. =0 the use of lignite in Texas for making produccr-gas
is largely in excess of sueh use in all of the other States combined.
Texus leads the enfive eountry in area, production and utilization
of lignife. :

In Balletin Na. 261, 1905, United States Geologieal Survey,
there are given the resulls of nsing Texas lignites in gas producers
at the Tuel testing plant, St. Lonis.  These tests were wder the
carc of Mr. Rohert H. TFernald, now professor of mechanical
engincering i the University of Pennsvlvania.  As we gave the
re=ulls obtained in our Bulletin No. 189, ahove referred to, it is
nol necezsary to repeat them here in detail and we shall merely
quate the chicl poinis of interest:

Lignite I'rom the 1Touston County Coal and Mauufacturing (‘om-
pany, Crockett, Honston county, gave 28.4 cubie feel of gas per
pound of raw lignite consumed, in a No. ¥ Wood producer, and
this gas showed 1697 B t. n. per enbie foot. The averanee com-
position of the oaz was:

1 Per eent.

Carbonie neid

....................................... 11.10
Caorbon monoxide 11,13
Mvdrogen. ... 10.451
B T T e T S Ay o e G B A P 7.8
Nitrogen . .. | Wy, 22

Oxyuen .
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LPer brake horsce-power developed at ihe engine there were con-
sumed 2.54 pounds of lignite, on an assumed cfficiency of S5 per
cent for generator and helt.

Lignite from the Consumers Lignile Company, Hovt, Wood
counly, gave 34.2 enbic feet of gas per pound of lignite and this
aaz showed 156.2 B. t. v, per eunbie foot.  The average composi-
tion of ihe gas was:

Carbonie acid. ... 9.60
Carbon monoxic 18.22
Hydrogen. . ... .. . .63
IBLHUNG oo i aiamae s S i e . 4.81
i LT e L | i b i PR AR G O A A i T ' 07.53
s o s s e e el S i e e .20

Per brake horse-power developed at the engine, there were con-
sumed 1.98 pounds of lignite, on an assnmed cfficiency of 85 per
cont Tor wencrator and helt,

In Bulletin No. 332, TInited States Geological Surveyr, 1908,
there ave given the results of prodncer gag tests on lignite from
J. 0. Oleen & Song, Rockdale, Milam county.  The yield of gas
is not given, but the B, t. w. per cubic foot were 171.8.  T'he com-
position of the gas was: ‘

r Per cent.

T D O ] o s T e s A 0 7 g A T e [ 103
e D O IO v e et P 8 7 3 e e N e R TR H N e e 19.8
1 ilydroguu ...... 11.8
Methane. .. ...... 2.4
Nitrogen., .. ....... .3
ORNEN s e S ; n.7
Ethvlene. .. ..o, 0.7

Per hruke horse-power developed at the engine, there were con-
stned 217 pounds of lignite.

The Westinghiouse Machine Company, Pittsburg, Pennsylvania,
in ile cireular W. M, 503, September, 1909, gives the results of
testing lignite from {he Consumers Lignite Company, 1ovt, Wood
counly, as follows:

The totul lignite fired was 16,970 pounds.  The average load was
128 Lrake horse-power and {he gross lignite per Tirake horse-power
was 1.85 pounds. The gas was delivered through a line of S-inch
pipe over 650 feet long, with no eorrection for leakage or for gas



The Fuels Used i Tevos 6y

consumed by three pilot lights burning continuonsly in the pro-
ducer houge, laboratory and engine room.

Another test made by this company on the same lignite showed
a mag vield of 49.03 cubic feet of gas per pound of lignite fired,
the gas giving 128.3 B. 1. n. per cubie fecf, tolal, and 117.1 B. t. n.
effoctive.  The composition of the gas was:

|
| Iercent.

COrhONIe Q0I0 i ze e s s s s S S A ST S B R R | 12.4
C OO TOVOMIRAC]C i vonars i o e e SRS T TSR 0 oo S8 oW 6 ! 15.3
B0 1.7
Methant . ool e i e T i s e B e 3.6
TR o5 v, i s 0 8 RN R S S A an.1

The Smith Gas Power Company, Lexington, Ohio, is anthority
for the statement (hat a certain plant using Texas lignite for an
80-horsc-power installation saved $3.50 a day as compared with
steam,

An irrigation pumping plant on the Nueces river, Nueces county,
used lignite from {he Bear Grass Coal Company, Jewett, Leon
county, under a gnarantee that one brake horse-power should he
given hy 2.50 pounds of lignite, the cngine being rated at 225
lLiorse-power.

A large cotton seed meal company in Ifonston wsed lignite from
the Houston County Coal and Mannfacturing Company, Crockett,
Houston county. The specifieations called for a gas of 140 B. t. u.
per cubic oot and the engine was to deliver one hrake horse-power
for each 10,000 eflective heat units. In this establishment the
consumption of lignite was said to be 1.75 pounds per brake
horse-power.

In a report made by Drary MeN, Phillips and by permission of
the Southwestern States Portland Cement Company, Eagle Tord,
near Dallas, very complete refurns were available in regard to
operations theve. Six Harvey produeers were in use and two sels
of figures were seeured.  Tn the first case, the total lignite charged
was 116,280 pounds in twenty-four hours, or 4,845 pounds per
hour; the lignite coming from fhe Consumers Lignite Company,
ITovt, Wooil county, and costing $1.62 a ton, delivered. The total
number of kilowatt hours was 16330 (=21,882 horse-power
howrs) and the consumption of lignite was, on the average, 3.6
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pounds per k. w. hour (=2.7 pounds per h, p. hour). The cost
of the Tue] was 2.18 mills per horse-power hour.

In the second case, the total lignile charged was 117,640 pounds
in fwentv-four hours, or 4,902 pounds per hour. The total num-
ber of kilowatt hours was 16,010 (==21,153 horse-power hours)
and the eonsumption of lignite was 3.2 pounds per kilowall hour
(=2.4 pounds per horse-power hour).

Taking this test as a whole there were nsed 233,920 pounds
(=116.96 tons) ol lignite, with a production of 66,710 kilowatt
hours (=89,411 horse-power hours). or a general average of 3.5
pounds of lignite per kilowait honr (=2.6 pounds per horse-power
honr). With liznite at $1.62, delivered, thiz represenied a raw
fuel cost of 2.83 mills per kilowatt hour (=2.11 mills per horsc-
power hoar).

The I3, t. u. per cubie foot, during the first run, varvied from
106.5 to 139.9. the average heing 119.8 During the second run,
the B. t. n. per cubie foot varied from 116.0 to 138.0, the average
being 127.1.

The average eomposition of the gas, during the two runs, was
as follows:

!

First run, ‘ Seccond run,

ner cenl. per eent.
Carbonic acid } 10.8 | 10.3
Carbun monoxide . 14.3 i 12.6
Hydrogen....... 8.1 ‘ 8.7
Methane..ooooivuirnaen. v : S0 4.8
L9 5T o 1) At e O, A I P e ST P s e 0.6 .5
Riiinienh o e e ‘ 619 | 624
1L 8 ST A R — 6 S | 0.5 | 0.4

The heat unite were determined by ealeulation, the factors nsed
being for: ’

Carbon. monoXitt oo e i niic iy Do s e T R R 324
Hydrogen......coviiminiininnnnsnnennnens 324
Mathaon el SO I T 1010
Dl DI RE 1 caoe oo S R R 0 A A T 9 A N T BN 1580

At this cstablishment the cquipment consisted of six Tlarvey
up-draft pressure producers and three 750 k. w. Allis-Chalmers
horizonial two-cylinder tandem double-acting gas engines.  On the
main shalt there were Allis-Chalmers generators of 2.300 volts.

So far as eould be ascertained, the consumplion of lignite in
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1011, for making producer gas, was ahout 180 tons a day.  Several
plants van intermittently so that it iz not likely that the total
consumption of lignite during the year, for this purpose, exceeded
G0.000 tong,  1f we allow that a ton of lignite vields 50,000 cubic
feet of gag in a producer, we wounld have 2.500,000.000 enbie feet
of gas from the 50,000 fons. I we allow, forther, that this gas
earried, on the average, 125 B. t. u. per cubie foot, we would have
a total output of 312,500,000,000 B. t. w. for the vear. 'This
amomnt of heat weunld exaporate 32,000,000 pounds of water from
and at 212 degrees T

During the year 1912, 20 lar as conld be ascertained, the con-
sumption of lignile in gas producers was about 63,000 tong, a gain
of 15.000 tons, ar 30 per eeut over the velurns for the vear 1911
"The delivery prices varvied from 73 cents to $3.32 a ton according
to quality and distance hanled.

One large consumer repoits the use of 32808 fons ol lignite
at $1.50 a don, the vield of gas being 69,000 cubic Leel per ton.
Another reports the use of 7,600 tons ot $1.60 a ton, and a calorim-
eter card, typical of the practice there, shiows a gax of very uni-
form heat value, Trom 133 to 165 B. . w. per cubie foot,

Lignite gereenings, costing from 75 cents to $1.00 a {on, are
also used in gas producers with satisfactory vesnliz,

There is practically no recovery of hv-produets in producer gas
practice in Texas, At =ome of the plants the tar is hurned under
auxiliary steam hoilors and at others a Tittle tar iz used for “creo-
=oling” telephone poles, ele.  No tar is diztilled, nor is there any
attempt to wiilize the ammoniaeal Tiguor,

It i« not the enstorn here to meter the was, so thai there are but
Tow velinhle stafistics g fa the vield of gas per tom of lignite.
One consumer, alveady referred to, reporis the use of 32,808 fons
of Hanite during the vear 1912, and savs that the vield was 69,000
eubie feet per ton. This may he in excess of ihe average vield,
bt we have no means of aseertaining whether it i= or not. Tor
purposes of ealculation, we wonld prefer to take 50,000 cubie leet
af 125 B. t. u. gas per lom of lignite. and he on 1he sale gide.

Duving the last vear there has been considerable inferes in the
cglahlishment of a central power plant located al or near zome of
the lignite mines and the matier has been looked into carefully.




T2 Bulletin of the University of eras

The plans contemplated the erection of a modern producer gas
plant, with recovery of hy-producte, such as fav and ammonia,
and the wiring of eleetrie power o cilics, towns, cotfon wins, irri-
salion installations, ete.  Irom some of the lignites available, it
would he possible to recover from 75 to 100 pounds of sulphate of
ammonia per ton of lenite and {his is worth from 2} to 5 conts
a pound, with a steady market all the vear round.

I we allow that the 65,000 fons ol lignite used in gas producers
in Texas in 1912 eould have viclded 50 pounds of sulphate of
ammonia per ton (a very reazonahle assumplion) the total value
ol this zalt, at 2% cents a pound, would be $81,250.

Owing to the seatlered locations of the producer plants it is
imposgible to recover the sulphate ol ammonia [rom all ol (hem,
so we can eonline the matter more closely.

The plant that wsed 52,898 tons of lignite conld have recovered
sulphate of ammonia to the value of $39,122.

The plant that uvsed 7,600 tons could have reeovered snlphate
of nmnonia to the value of $9,500, go that fhese two planis could
have recovered $48,622 worth of this valuable wmalerial, all of
which was losi, ‘

A cenfral power plant, using 200 tons of lignite a day, could
produce, in one year, sulphate of amnmonia to the value of §136,875,
o =ay nothing of the value of the far and the prodneiz obtainahle
from it hy distillation. I'urthermore, these estimales do not in-
clude the value of the eleetrie current 1o he secured from genera-
tors operated hy gas engines,

The value of this current wonld depend almost entirely npon the
Iocation of the plant with refcrenee to power consumption, not
with reference {o populafion exeept as this may tmplv the con-
sumphlion of eleetrie power. Thus, in north and north ceniral
Texas, within 100 miles of large deposite of lignite, the popula-
tion of twenty cities and towns is about 350,000; hui we de not
know what are the power requivements in this area, inclusive, not
only of the cities and towns, hut aleo of smaller rural establish-
ments.  Llectric power is already snpplied to the larger cities and
towns, g0 that any new supply would have to eompete with a busi-
ness which is active and progressive. It is not as though one was
going into new {erritory, unoccupied hy electric plants, hut he
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would have to invade a territory faivly well supplicd at present.
This could he done sucecssfully only by providing cheaper power
or more uniform and dependable power.  With the recovery of
vahuable hy-produets from the eentral power plant, hoth of these
requirements conld be met, but withont such recovery the invest-
ment dees not appear to he attraciive.

In 1909, the Consumers Lignite Company, Dallas, Texas, sent
several carloads of TToyt lignite to the Westinghouse Machine Com-
pany, Iast Pittshurg, Pa., for testing in gas producers. The fol-
lowing iz the complete veport, made hy dMr. 11, T Longwell, con-
sulling engineer:

“October 23, 1909,

We beg 1o report that the several earloads ol 1loyl lignile,
received from your company, have been cavelully iried out in our
testing plant at Jast Pittshurg fo determine the question of the
suitability of this fuel for use in gas producers, and the results
have been highly satisfactory.

The gas was free from tar, and averaged 128.3 B. {. u. total,
and 117.1 B. t. u. efleetive, per cubie foot, at 30 inches barvomelrie:
pressure, and a {emperature of 62 degrees I

We have experienced no trouble with clinkering, and the labor
required to opevate the producer and keep the fires in good con-
ditiou iz noticcably less than with a coking eoal. TIn fact, the
operator mmst he eautioned nof to poke the fire too much, as we
have found that too zealous poking is not only unnecessary, but
is absolufely deterimental in operating the producer with this fuel.
As comparved with Poealiontas, or any other high-grade hituminous
coal, the value of yonr lignite for use in a gas engine and pro-
ducer piant is practieally in dircet ratio to the British thermal
nnils in o pound of the respeetive fuels.,

This has heen determined hy comparative tests with Poeahontas
coal made under the same condilions as the tests made with vour
lignite.  Summaries of the tests ave given helow:
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luel.

Pocahonlus coal.

Doration of Tasl. .. ooreeevrmpvesmes s s H 4G% hours 72 hours
Total coal used . 12,6593 1hs, 10,6949 s,
Average load of ¢ | 151.5 brake h, p. 119.2 brake h. p.
Gross coul per brake-horse i 4 1hs, | 0096 1bs,
B.t.w. per pound of conl, .. ..... ... ¥,007 15,085

B. t. u. per :r.lim-hnrsn-powu.r hou . 11, J12 3 13,8927

Tn this ease there is a variation of 3} per cent in the number
of British thermal unils supplied per Lrake horse-power, hat we
should consider that this difference iz well within the Timit of
agrecinent that we would expeet hetween two tests made with the
same kind of fnel,

Two other tests at approximately 125 lorse-power show very
mueh closer agreement :

" IFuel.
IIn\'I. llgnllm | Pocahontas coal.
S e e Rk Koy

Duration of tesl. . . ..ot vinsiinsanss 72 hours A8 hours
Tolal wonl msil, v s i Giiei o e 16,970 [hs, i 6, 1k Lhs.
Average lond of engime. LT 128 brake h, p. 1263 brake h, p.
Gross coal per hrale-h -power howr L., 1.85 Ibs. 1 .06 Ihs.
B. L w. per pound of coal R 8,007 13,083
B. t. u. per brake-horse- puwer hour ... .. 0 .. 11,812 11,821

From the Fforegoing fesls it will be readily seen thal wilh a suit-
ably designed produeer, the brake horse-power developed by the
engine i< onlv a matter of the nomber of British thermal unils in
the Tuel supplied hourly to the prodocer, and il s hmmalerial
whether this mumber of British thermal units is contained in a
given quantity of Pocahonias coal averaging 14,000 T {, . per
pound, or in a proportionately greater quantity of Tlovt lignite
mveraging only about 8,000 1, £, w. per pound.

We were somewhat feavlul that the extra weight of lignite re-
quired to develop a given power might necessitaie a proportionalely
Iarger producer than wounld he rvequired for coal of a higher leat
value.  This we fourd not fo he the case. As a large portion of
the weight of the lignite consists of moistare and combustible
matter fhal is already in a volatile state, the additional quantiiy
of fuel charged honvly docs nol mean that the prodncer is really
being worked with any greafer intensity.

LFor vour information we give helow the eomparative proximate
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analvses of 1he oyt lignite, and Pocaliontas coal tested, also com-
paraiive analyses of the gas from the two kinds of fuel:

C'oal Analyses

!_ Hoyt lignite, Pocahontas coal.

. nper cent. per cent.
TGIBEIBE 1 v comnm v gvnimscsss iy so ettt e ] 23 .83 1.39
Volatilematter. . ........c.covviinrvvianes ] 48.32 16.01
Fixedvonrhn. 0L s e aimn el 20 .33 74 28
ABI 7 s i ivie s b v B R R SR e ! 8.63 8.32

| 10000 10000
B. L. u. per pound, by calorimeter.......... ; 4,007 13,983

Gas Analyscs

Hoyt lignile, PPocahontas coal,
I per cenl. per cent.
12. 7.9
0.9 0.5
13.3 18.1
Methane {nmrhh l..u.) ................. 3.0 2.6
IR RARIEI o s e misasmor s v ey 11.7 12.6
Nitrogen . :uaeeiin g R R e A Do Pl fa L [ 5H.1 58.3
: 1000 mu 0
Total heat value perenbic foot. ... 0L 1283 13 Lo 126913, 1
LEflTeetive heat value per cubie foot .. ... ..., 117.1 B. L. u 117.8 B,
| '

1t is proper to add that the lignite as tested at our liast Pitts-
burg plant had lost considerable of ifs moisture in transit, and
in storage.  With freshly mined lignite we should cxpeet the
B. t. u. value per pound {o he less than in the samples tested, by
reason ol the probably higher moisture content, and as a conse-
quence we should expect the fuel consnmpiion per hrake horse-
power per hovr {o he proportionately higher than shown on onr
tests with the partially dry [uel.

However, Lhis does not aflect the main point of interest, i. c.,
that in a snilable type of produecer this lignite ean be ulilized not
only conveniently, but as cfficiently in proportion to its actual
thermal valne as any fuel whatsoever.”

As Lo the advantage of nsing producer gas, My, Williamm Movey,
Jr., has stated the matter in an exeellent manner. He says!

“Phe eornbined effiiency attainable in the hest steam engines
and hoilers, operating under the most favorable conditions, is ahout

(O

The Amerieans, Vol TX, Article—Gas Producer.
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12 per eent of the infrinsie heat energy of the fuel used. On the
ather hand, the modern gas engine, even in small powers, will give
an efficieney mueh higher, but iff it he supplied with illmminating
eas Tor fuel, a large amount of the economy due to the higher
efliciency i< lost in the cost of the gas. [Leat cnergy in the form
nl coal gag at a dollar per thousand feet. costs thirleen {imes as
much ag an equivalent amount of energy in the form of conl at
three dollars per ton: therefore, in order to utilize a gas engine
to its full advantage, the gas used must be produced as economically
us possible. This is exactly the Tunection of the gas producer, and
by it= use a good gas engine with a theoretieal thermal eflicieney
of 75 or 80 per cent, or a practical thermal elliciency of 25 or 30
per cent, will readily convert inte actual work, or available power,
25 per cent ol the heal encrgy of the gas delivered to it. The gas
producer of such a plant will transfer to the gas abount 80 per
cent of the intrinsie energy of the coal, zo that a gas-producer en-
gine operaking on an inferior grade of coal will show an efficicney
of 20 per eent, as against the 12 per cent of a steam engine and
hoiler plant using the hest steaming coal,”

2 Natural Gas,

We first quote from “I'he Production of Natural Gas in 19127
advance chapter from the mineral resources of the United Stales
calendar vear 1912, United States Geological Snrvev, prepared
hy B. LI wnder the supervision of David T, Day.

“The year 1912 was the best in the history of {he natural-gas
indnstry of Texas and the Clay county field wasg the grealest source
of gas supply. the Lone Star Gas Company being the principal
producer.  This company does not distribute gas to consuwers
direct, but supplies its gas to the North 'Texas Gas Company,
the Fort Worth Gas Company, the Dallas Gas Company, and the
County Gas Company, which supply consumers. The following
named places were supplied with gas from the Clay county gas
ficld in 1912: Alvord, Arlington, Bellevue, Bowie, Bridgeport,
Byers, Dallas, Dalworth, Decatur, Denton, Eagle Tord, Fort Worth,
Grand Prairie, Menvietta, Trving, Petrolia, Rhome, Sunset, Wichita
FFalls.?

1Additional towns supplied, Oectober, 1013; Gainesville, Whitesboro,
Sherman and Denison.
We arc informed by the Lone Star Gas Co., Fort Worth, Texas, under
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During 1912 a total of 13 wells were drilled in Clay county,
of which e¢ight were gas producers, the number of gas wells at
the close of the year heing 29. Although stray gas sands ave oc-
cazsionally stmck at 1,250 {o 1,500 feet, the best wells in 1his
field range from 1,550 to 1,730 fect. The pressure varies from
GO0 to 712 pounds, the highest original rock pressure of wells
in this ficld. The average pressure on January 1, 1912, wag 6359
pounds and on December 31, 1912, it was 626 pounds. One well
in thix field not in nse during 1912 never fell below 750 pounds,
and for five months stood at 740 pounds. A fest of gas from a
numhber of wells in the field made hy 8. F. Worrvell, ehemist for
the Bureau of Eeonomice Geology and Technology, University of
Texag, shows 700 British thermal units per eubie foot.

Sceond in importance to the Clay county gas field is the gas field
in Webb county (Reiser field) from whose wells gas is heing sup-
plied to eonswmers in the fown of Laredo by the Border Gas Com-
pany, which veceives its supply from the ’rodueers 011 Company.
Another gas ficll of importance is fonnd in Shackleford county,
(Moran field), from whose wells gas s being supplied to eon-
sumers in the town of Moran by the Pioncer Natural Gas Company
and to the town of Albany by the Albany Natural Gas Company,
hoth of these companies receiving their supply of gas from The
Texas Company operating in this field.

Other fields in which developments were in progress in 1912 are
as follows: In Angelina couniy a well was drilled to a depth of
312 Teet, with a showing of oil and gas; work was dizcontinued
and the well not finished. On 1lolloway Mountain, northwest part
of Brown enunty, a gas well waz deilled to a depth of 306 fect,

date of October 29, 1913, that their pipe Tine mileage, in main and hranch
lines, i= as follows, in round numbers:

SEETRRIE TN L o Sm i e i o a o sty bt spai 17
0 T L A 5
FRHED IO coemmrnn ma A s AT 43
el AINe morsrsaimmmms Ve s s S m s Wi 42
Boamell e s e i e S T e A 14
L7 O & T s D o 40
VIO THNB s s s prers sres e 50
5 5 1 3 LT 5 1 1 O S P 153

366

In addition {0 main and branch lines, there were between 15 and 20
miles of gafhering lines, from 2 inches to 10 inches, in the field.
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whieh Turnished more than enongh gas to operate an engine;
another well drilled in this locality to a depth of 310 feet also
furnished gas to run an engine. Two gas wells were drilled in
Wichita county, gas heing nsged for field purposes. In Gonzales
county a gas well was completed at 168 feet, with 150 pounds
preszure, product to he used in field work. There has heen completed
in Limestone county (Mexia field) three good, dry gaz wells, having
an extimated combined eapacity of 10,000,000 cubie feet. In pros-
peeting for oil in Maverick county, considerable gas was found in
one well at depths of 725, 975, and LU feet; in a second well
only one gas sbralum, at 911 Jeet, was discovered, this well not
being dreilled deeper. The first well at a depth of 725 feet has
about 50 pounds pressnve, and gas has heen used [vom it for drill-
ing. Two wells were drilling in MeCulloch county at the close
of 1912 fowr wells completed in {his county in 1912 weve aban-
doned.  In Falls county an experimental well was drilled to a
depth of 760 feet, with considerable showing of oil and gas; at a
depth ol about 160 feet it caved and shut oul prospective findings.
Coleman county was a field of activity in 1912, hut up to the close
of the year only two gas wells had been completed, the produet of
which was used Tor Tuel in the field.

Considerable gas produced in the ol fields of Navareo and
Harris eounties is conswmed for ficld purposes.  Consumers in
Corsicana are supplied with gas from Navarro county wells.

In Atascoza couniy several arviesinn wells have been drilled,
which produee a small quaniify of gas with ihe water. TFrom a
fow of these wellz, gas is heing used by the owners of the wells for
illnminating and heat.

The tolal quantity of zas produced from wells in Texas in 1912
amounted to 7,170,575,000 cubie feet, valued ot $1,105,077, an
average price of 18.81 cents per 1000 cubie feet ax compared with
550,393,000 cubice Teet, valued at $1,001,915, an average price
of 1811 centls per 1000 cubie fect, in 1911, This iz a gain in
value ol $390,132. The grealer portion of the value for 1912
was reeeived Tor gas supplied for domestic purposes, which ag-
arogated $906,112, or nearly double the value of the gas eonsumed
for manulacturing and power purposes, which was $198,665. Sowe
gas is used in Texas for hrick manulacture, For power purposes
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it is utilized in operating gaz engines and boilers at waterworks,
ice plants, cotton gin<. and also largely in field work.

"The total number of gas wells in this State was 87 at the close
of 1912, of which 21 were drilled in 1912. The number of dry
holes drilled was 23, and the number of gas wells abandoned was
§ix, :

In the year 1908, there were 21 producers having natural gas
wolls, with 1,225 domestic, and 18 industrial consumers. In the
vears 1908, 1909, 1910, the amount of natural gas consumed and
the value were combined with the returns from Alahama and Lonis-
iana.

In the following table is miven a record of the natural gas in-
Austry in Texas from 1909 fo 1912, inclusive:

Reeard of Natural Gas Industry in Tezas, 1909-1912.

Tolal | Wells,
] Number [Number of consumers. value  f——— ————
Year. of of gas Diritled. Produe-
producers. _— prod A e e | V02
Domestie, \ Industrial. Gas. Dry. | Dee. 31,
1909 17 2.2 n2 S 127,008 7 G a8
1910 19 11,719 133 417,275, 22 4] h2 .
1911 29 22,4972 303 1,014 .915| 19 11 GY
ima 41 27,226 l 329 1,105.0??| 24 l 23 K7

The acreage eontrolled hy natural gas eompanies in 'Pexas, is
ghewn hy the following statement, taken from the volumes of the
Mumeral Resources of the United States, issued by the United
States Geological Survey.

Aereage Controlled by Nalural (las C'ommpanies in Teans.

g 3
Year. Leased. |(ina righls.

In any account of nafural gas in Texas mention is 1o he made
of the promising fichd at Crowther, northeast part of MeMullen
county, where the Boston awd Texas Corporation has fonnd cxcel-
lIent gas under good pressure. Our analvsis No. 239 in Table VIT
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gives the cowposition of this gas. 1t had high healing value,
917 B. t. u. per cubie toot.

We have made no analysis of the gas from the Mexia fields,
Limestone county, but in a pamphlet issued by the Mexin Com-
mereial Cluh it s stated that the heat units were 1,060 Bt u.
per cubic foot, on the authority of H. C: Morrig, of the Dallas Gas
Company.

Unider date of November 3, we are informed hy ihe Mexia Com-
mereial Club that they now have 17 produecers in that ficld, rang-
ing in volume from two to fifteen million cubie fect per 21 hours,
making approximately 150,000,000 cubie feel production per day.
The pressure of the wellz is uniformly 275 pounds fo 1he square
ineh, and the depth varies from G50 1o 725 feel.

The eomposition of natural gas from Texas is given in Table
VII.

Tavre VI

Courpusiltion. of Texns Natluwenl Gas—Analyses by
S. I Worrell.

| = l § o , [ 2 ‘ 3 | =
| 2| § | = | € S 28 B
Analysis e | 24 & e £t g T o F
No. | 3z | & € lgs i E = ey = | ES
18 | E) 2 {5F (3 |2 |25 |48 &
| < | = 5 | 3 fecd - 7z o wy
el et e e A e
oy R | - T l ........... " coee[700
| 7 b B g ) Nune | None ] 2.2 | None None | 503 | 475 503 | .....
Pl & A R o] None " None | None ! None None | H6.0 | 410 619 [0,
2....... veeeo) None  Nowe | None o None NMone ; 85 | 1l G |RG2 57 .
F 1L S e S None Nooe ] 0.2 MNone " None 90 0 | 9 6 14913 PTG
L T 0.1 3 Nonel 0.2 | Null:‘ P2 TLL0 2.6 117 0,458
| L] e B \t:lll' | None | 1.0 i 1 None - 318 | 626 Fi(ll] aE 0826
POV vits it s ahans P None | 2.6 f\lml' 25.8 | 8.3 | w0l adeds L
11 R I\unv None | None  None | None | 80, 2 M35
BoZo ..o ..o None | None | None ' Mone | Noue N
41 & T i e | None | None | Peace | None | None .8
{174 UNERE o (el piremnnl RMRE R ISR
170 oo None | None | 00671 0.4 | None
CHher Analyses.
R ORIt L None | D8RO | 0.0 | Prace | None
1} Uy BN aa | 020 | 030 | 010 | ...... 0,50
| SR S et None [ 0.30 | 020 L0300 | 1.0
I 1

Explanation of Table VIT
Analyses Nos. 362-367, inclusive, vepresent heating power as
m.nummi in the 2as from Vetrolia, Clay connty, for the Lone Star

*Dt'lcrunm'll by ealenlation from the analysis, using the following faclors:

Hhwminants, 1,700; carbon monoxide, 315; hydrowen, 261 methane, 853 for 0 deg.
F. initial and 32 78 deg. 17, final I.t-mpun!.ur{. In analysis B there was reporled 12.5
er cent. and in analysis G 3.50 per cent. ethane, which is not included in the caleu-
alion of thermal units,



Kirkwood Burners for Natural Gas. Wichita Falls Light & Water Co., Wichi
Falls, Wichita County.
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Gas Company, Fort Worth: the average of all tests heing
given. _

No. 443, eus from Petrolia, Clay counly; taken from the main
in Fort Worth, and received by us in steel tank, January 9, 1913,

Analysis No. 213, gas from Petrolia, Clay county, [rom scrvice
pipes in Dallas, May 20, 1912,

Analysis No. 502, Ifrom a well nine miles west of Gonzales,
Gonzales county.

Analysis No. 822, feomn a loeality 14 wiles west of Crockett,
Houston county.

Analysis No. 239, from ('rowther, MeMullen county, Boston &
Texas Corporation.

Analysis No. 166, depth of 712 feet, Fleming & Davidson well,
Maverick county.

Analysis No. 197, gas bubbling up through Red River, at mouth
ol Cash Creek, Red River county.

Analysis No. (96, sample taken [rom gas line, 16 miles [rom
the wells ai Morvan, Shackelford county. Lone Star Gas Company,
Fort Worth.

Analysis No. 852, sample taken from a spring, 1 mile cast of
Prinity, Trinity county, Texaz,

Analyses Nos, 511, 621, and 171, gas supplied to Laredo from
Reizer, Webl county, hy the Border Gas Company.

Ao Gas from Pelrolia, Clay county.  Analysis by W. M. Ruos-
S@III, lale city gas inspector, 1ort Waorth,

In our Bulletin No. 216, Oil and Gaz Fields of Wichita and
Clay Covmiies, page 283, this analysis is erroncously given, The
figures for hydrocen shonld he those Tor methane, as Mr, Russcll
veported no hividrogen, Woe nsed the analvsiz that was sent fo us,
not, however, hy M. Russell, and regret the ervor.

B, Gas from Petralia, Clay county.  Analvsiz hy United Cas
and Improvement Company, Philadelphia, September, 1909,

. Same, November, 1910

D, Gas from Caddo, Tonisiana.  Analysis by Fo o Phillips,
Pittehure, oo Thiz gas is =upplied to Texarkana, Marshall. At-
Lanta and Pitfshurg,

[n all of these analvses the B. t. w. marked * have heen ealeulated
by the Lactors given above. 1t is fair to say that ofher factors aie
used and that they give higher vesults than those we employed.
We heliove that the Tower results will approach nearer commercial
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requirennents than the higher ounes. The B. . u. not marked, were
determined in the Junkers Continuous (cllunmgtut' in our own
lahoratory.

Aceording lo statislics gathered hy the United States (1eological
Survey, the total quantity ol natural gas produced in the [nited
States 1in 1912 was 562,205,152 A cubice feet, with an average
value of 15.04 cents per M cubie feet, West Virginia led with a
production of 259,088,068 M cubie feet. Texas ranked ninth in
production and total valwe. Tn the quantity of nalural gas con-
sined, Penngylvania casily leads all of the other sfates, for, in 1912,
it us=ed 173,656,003,000 cobie Teet, valued af $26, 186302, or 15.25
cents per thousand. In Pennsylvania the grealest consumption was
Tor industrial purposes and the average value of (he gas was 11.45
coenls per M oeubic foet. For domestic purposes, the average value
per M oeubie feet was 2053 cents. A great deal of gas from West
Virginia is piped o and consumed in Penngylvania.

Aecording fo Poole,' the variation in, and the average composi-
tion of. 21 samples of natural gas from dilferent loealities in the
linile] States, iz as follows;

IFrom. | To. Average.

Coarbondioxide. .........coiiiiinnrrinneranss Truece | 10.11 1.51
Muminants O e feardiin e i Trace | 39.64 8.48
Oxygen., ..... A O e A T g | 0.12 2.10 0.69
(9T T8 L s T LA e B el e S A e ‘ ‘I'race .00 0.48
TIVAPDEBI o aciiw i e o b s e e e e 1.20 24.56 6.84
L5 e R e | 143 | 96750 7966
INIREABRIN S Vi s e s i sens s s 2.6 27.84 4.83

EARYIBIIE . . o vee i gimosiwinimiain s nie soniwismimin s o ahmceosl sinm o .15 ] 18.12 2.77
Hydrogen sulphide . . 0.15 0,21 0.18
British_thermal units p{'.r cubie Toot. . ... ooei, | 5492 l 1,170 975

Of the 20 analyses given, eight contain hydrogen sulphide, in
amounts vavying from 0.15 to 0.18 per cent.

No gasoline is made Trom natural gas in Texas. This industry
came into prominence in 1917 when there were produced in the
United States 7, 426,559 gallons valued at $531,704, or an average
of 7.16 eents per gallon.

In this year the natural gas used for the manufacture ol gasoline
was 2, 175,697,263 cubie feet, valued at $176,961 ¢ the vield of guso-
line, per thousand cubie fect of gas, ranging [rom 2.68 to 3.56
wallons. Some kinds of natural gas yield from 8 to 10 gullons of
uasoline per thousand cubic feet.

The Calorifiec Power of Fuels, 2nd Ed., 1907,



Natural Gas Line at Plant of Northwestern Brick Co., Wichita Falls, Wichita County.
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In 1912, the production of gasoline {rom natural gas rose to
12,081,179 gallons, valued at $1,157,476, or an avernge of 9.6
cents per gallon. The quantity of natural gas used was 4,687,796,
320 cubic leet. As also in 1911, West Virginia was the largest pro-
dueer of easoline from natural gas, the other states, in order of
rank, heing, Pennsylvania, Ohio, Oklahoma, and California. The
returns fvom Tllinois, Colorade, New York and Kentucky were
combined.

It wight e possible to establish this industry in Texas, vsing
natural gas or lignite gns, Iut the cost of sueh investigations has
prevented us from working in this direction.

Natvral gas at 9 cents per thonsand eubie feet compeles with
lignite producer gaz. There are two large establishments in the
same immediate vieinity engaged in the same line of indngtry, and
using about the ame amount of power. One of them has natural
gas, and the other lignite producer gas. The natural gas consumer
formerly used lignite producer gas and changed to natural gas
withoul, however, dismantling the producer plant.

The prices at which natural gas is sold ave as follows:

I Dallas—net, minimum bill per month:

Cenls per 1,000
cubie feet.

TSt 10,000 QUBIE TE0L. v v v oo e eeee e e e e 45

Next 5,000 cubic feel . 40
Next 15,000 cubie {eel.. 35
Next 70,000 cubic feel .. 30
Next 000,000 cubic feel............couuune. e A 20

All over 1,000,000 eubic feel. ..o vv oty i iinenaennns 14

Boiler rales on term conlract guaranteed minimum bill $60.00
a month:

Iirst 250 M cubic feet, 20 cents per M cubice feet. All in excess
of 250 M eubic leet, per month, 10 cents per M cubic feet. Boiler
rates on yearly contract, guaranteed minimum bill $1,200 per
anninin—9 cents per M enbic fect.

In Wichita Talls natural gas is offered at 7 and even 6 cenis
per M. cubic foot, the piping distance from the wellz in Clay
county heing from 15 to 20 miles.

Im Marshall, which derives its natural gas from the Caddo ficlds,
Louiziana, the following prices maintain, the piping distance heing
25 to 30 miles:
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Domestic rate, 25 cents per M. cubic feet, less 10 per cont if
bills are paid on or before the tenlh of the month following the
purchase.

School and chureh rate, and lor steam heating plants, 25 cents
per M. eubic feet, net.

Factory rate, 15 cents, less than 250 M cubie leet.

Tactory rate, 13} cents, 250 M. to 500 M. cubic lect.

TFactory rate, 12} cents, 500 3. 1o 1,000 M., cubic feel.

Faclory rate, 11 cents, 1,000 M. to 1,500 M. cubie [ecl.

Factory rate, 10 cents, 1,600 M. eubie feet and over.

For 80 days’ consumption.

The gross sales in Marshall, for the fiscal vear ending July 1,
1913, were 186,000,000 cubie feet lor domestic and 126,000,000
cubie [eet Tor industrial purposes.

In Fort Worth the prices are:  Low pressure steam rafe, heating

only:

Per 1,000 cu. ft.
Eitst: 230 Bhonenid o siesrive s i ibe s S i as 25 cents, net.
All over 230 thomsand .. ............. ] R R R ) 5 10 eents, net,
HEVTLEL =30 0T LK IO SRR AP et Co . -0 T U SR O fye 9 eents, net,

In Texarkana, which uses natural eas from the Caddo felds,
Lonisiana, the net rates ave 2.0 cents lor domestic and 10 cenis for
industrial purposes per M. enbie fecf. In 1912 there were sold in
Texarkia 1,360,000,000 cubie feet, of which ahout 65 per cent
was for industrial purposes.

Waco will soon have nalnral gas from the Mexin ficlds, Lime-
gtone connty, aud the price will probably he 50 ¢enis per M. cubic
foo! for domestic purposes.  The price of industrial gas will de-
pend upon the amount consumed.  The distance i ahout 15 miles.

Brownwoeod is fo have natural gas [row the Bangs lield. Brown
county, a distance of about 10 miles.  The domestie rale will he
o cents per M. cubie Toot, hut 15 cents for the use of Lhe munic-
ipalily.

Port Avilur now has natural gas from the Caddo field, Louisi-
ana, utilizing an oil pipe line.
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CHAPTER VI
LIGNITE.
Location and Exztent of Fields—Conpostlion,

In the Tnited States there are about 127,200 square miles of
lignite tervitory distributed as follows:

ATEDMTITG o cvriomianies e wimesm i mirsin i e et o s et #1858 3 6,000
T L T e e e e e e 5,000
TOMEETCRY & v s e ian e s e e s ST o % B SRR 500
FOMUISIITE oot e S o o) e B L W R R 35 8,300
ATIREISRIPIE o ommmmmnwsiem s s wims e e oo st s ais 3.000
NEGTTITIIA —icnins s s vas e o S e R P T B 2 v wesres A0
Ntntl DRleoln sy v ) e s sy e 31,000
SOUTH TIRKO o veeinoaie sime ot simnsomiemmimre sobisne s, sinby 4,000
FREEITTEREONT o o ot 6 925 s s M T R A0 S0 S R 1,000
TRORRR o s s aere o o2 o B e i s 60,000

TRORIL smoviicarinrussio s e s e e S e S B 127.200

The Tignite area in Texas comprises nearly onc-half of the entire
known area in the Unifed States and is nearly as large as the en-
tive State of Missonri.

The lianite fields of Texas probably extend over 60,000 sqnare
miles. The original supply of lignitie may be taken to have heen
in excess of 30,000,000,000 tons and as it has searcely heen
touched, the supply of this fuel need oecasion no anxiety for the
next thousand vears or =o. There is found in Texaz every known
variety of lignite, from a material earrying hut a few per cent
of fixed carhon to nearly <15 per cent, and with from 50 per cent
of volatile combustible matter {o more than 76 per cent,

Physically the lignites range from what is hut little more than
carhonized wood to @ material almost like hituminous coal.

In thickness, the beds run to 15 feet and more, and they are
found from the surface to depths of 100 to 800 feet.

The eountics in which workable heds of lignite ocenr are the
following: Anderson, Angclina, Atascosa, Bastrop, Bowic, Brew-
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ster, Caldwell, Camp, Cass, Cherokee, Dimmit, Faveite, Freestone,
Grimes, Harrison, Henderson, Hopking, Houston, Jasper, ILee,
Leon, Limestone, McMullen, Marion. Medina, Milam, Morris, Na-
cogdoches, Newfon, Panola, Rains, Robertson, Rusk, Sabine, San
Augustine, Shelby, Smith, Titns, Upshur, Van Zandi, Webh, Wond
and Zavalla.

The lignite-producing counties are: Bastrop, Favetie, ender-
son, Mopkins, Houston, Teon. Medina, Milam, Rains, Tohertson,
Van Zandt and Wood.

In a general way, workable lignite is found in all that part of
Texas lying cast of the 97th meridian of west longtitude and
north of the 31st degree of north latitude, but there are important
areaz outside of these boundaries.

In the year 1892 Mr. T ‘1% Dumble, State Geologist, issued a
comprehensive and valuable report on Brown Coal and Lignite,
and this still remains the chiel source of information as to the
geology and oeccurrence of lignite in Texas. In addition, many
analyses ave given and they are referred fo in this Bulletin,

Mr. Dumble elagsed the brown coal (lignite) deposits as helong-
ing to the Tertiary formation. They occur in the Gull slope, from
the Red River to the Rio Grande, in an area G50 miles in length
and 200 miles in width. 1Te says that the greater amount of the
deposits are Tound in the Kocene series ol the Tertiary and in the
following divisions:

TFayette.
Yegna.
Timber Belt.

The lowest deposits are in the Iimber Belt series, and this con-
tains the heaviest and best beds, T'his series is especially developed
in the counties extending southwest from Bowie county, on the Red
River, sueh as Cass, Mavion, Harrison, Morrig, Titus, TTopkins,
Camp, Upshur, Wood, Rains, Van Zandt, Smith, Henderson, An-
derson, T'reestone, Limestone, Teon, Nobertson, Milam, Lee, Bas-
trop and Caldwell.

The Yegua division, including the lower portion of the Fayette
beds, is divided into three scetions, wviz.: Iast Texas, Brazos
river and Rio Grande.

The Favette division of the Tertiaryv, comprising the uppermost
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beds of the lignite-heaving Focene, he divides into four scctions,
viz.:  1ast Mexas, Drazos river, Colorado viver, and Rio Grande,
As this Bulletin is not intended for any discussions of the geology
of Texas coals or lignites, it is suflicient merely to call atlention
to the matter in a general way, and to refer those who desive de-
tailed information to AMr. Dumble’s “Drown Coal and Lignife.”
Tnasmuch ns the development of the lignite industry in this
State has come ahout since the publication of that excellent report

and to a aveat extent heeause of it, move recent and more detailed
analyses of the lignites mined and in use were undertaken by the
University Mineral Survey in 1901-1902. These were published in
Bulletin No. 2 of that survey, hut this has long been ont al print.

At that fime samples were taken, in person, at the mines and
were placed in tight cans, which were sealed. In this may the mois-
ture in the Hgniles, as wined, was capable of aceurate determina-
tion.

The mines visited and sampled were as follows:

No. 1535, Carr Mine, Lytle, Medina county.

No. 1536,  Dertetti Mine, Lytle, Medina county.

No. 1537, Glenn-Belto Mine, Bishop, Bastrop county.

No. 1538, Worley Mine, Rockdale, Milam connlty.

No. 1539, Black Diamond Coal Co., Rockdale, Milam county.

No. 1510, Lignite Bggetle Coal (0., Rockdale, Milam connty.

No. 1541, J. J. Olzen & Sons, Rockdale, Milam couniy.

No. 1542, Big Lump Coal Co., Rockdale, Milain eonnty.

No. 1513, Awnsas Pass Lignite (‘o., Rockdale, Alilam county.

No. 1511 Central Texaz Mining, Manunfactwring & Land Co,,

Calvert Blulf. Robertzon couanty,

No, 1515, Houston County Coal Co., near Lovelady, Houston

county.

No. 1516, Timpson Coal Co., Timpson, Shelby county.

No. 1517, North Texas Coal Co., Alba, Wood county.

No. 1518, North Texas Coal Co., Alba, Wood connty,

No. 1519, Comao Coal (o, Como, Hopkins county.

The production of lignite at that time and year by vear since
is given in the Table of Production of Coal and Tignite on page—
of thiz Bulletin.

The analyses made on the samples taken in 1901-1902 arve as
follows:



TasLe VIII.
Com position of Teras Lugidte, Sampled at Mines by niversily Mineral Survey, 1901-1902.

Analyses by O. H. Palw and <. 17, orrell,

S8

soxaf, fo fipswonrug) ayp fo uyoyng

I T v 0
Proximate Analysis. ) Ultimate Analysis. !__llc_ut_ Value. | .

. - v " i - - - British thermal =

Natural condition. Dry basis. I Natural condition. ‘ Dry basis. unils per pound. o8

T R i i e S = =5 7 =L | 5 &

! ! | )

5 X I ! i ) I | | ' ‘ L n

e | ! 3 i = =

Analysis = | P gE g | i l i ' i ! o=} 3

No. . £ . S D= l i s | 5 | - | . . = & I ér‘;,l 2

2 = o S g i & ; g 21 sl 2 : g | =2 IR

& a = o S 2 . 2 o e = = 1 X ] o == < = =

3 5 EE.-:‘ ‘z cle2| g . 518|g| & 81 &2 5, %8

5 4 & | = g ;'-3‘: = > & ':[? 2 & = . & g <

= = °c Lo 2 | 3 i Mt o] = 5 o = K | = | &+ &

& 2R e LI < | & | © = | < % | G4 A =] | Z 4 3 = bl e
(7,17 RS 0.93; 56.1532.21111 .61 1.4541 .36| 3 07;’10.76! 1 A()4!63.931 4. L .(52! 12,215]1 .28! 0
15865 worsainz s 8 31 1.20! 61.36'28 1711().-17i 1.84141.01 3.2513.82: 0.73,61.03 1. 1.00 11 .470]1 42 T
3 531y (e L | 0.9 56.9132.86{10.20! 1.47(42.24 3.13 10.67' 1.00[65.40 4.8 1.5(3! 12,166!1.30 8
1538 1.18! 55.20 34.10110.70 1.76/41.01, 3 .25 13 .82 0.73[61.03 4. 1 1.09 11,5561:1.32 D
IB3G),. i i rasars 31 1.04, 0231.8211.16. 1.6011.93] 3.1211.03 0.85[64.24 4. 1.31 11,792(1.20 .0
1510 2.3 4122 51(12.05 3.42 38.56; 2.85 14.85 0.96(56.91 4. 1.43 10,901[1.37’ 0.6
15 0.% 11.21.18.27- 1.50 38.78! 2.70:10.89 0.86[58.41 4. 1.30i 11,08811.37 3.6
BDADstrasrewiavs moane i 0. 25.57 9.45 1.3641.15] 3.36i11.68 0.86'60.10 4 .¢ 1.27 11,7501 .39 .9
1543 3 31.4924.67. 4.6538.65| 2.73 7.32' 1.40154.51 3. 1.98] 10.489(1 .4~'1i ).0
1 0 14.26;13.02i 1.3043.17| 3.2012.78 0.83:61.56: 4.7 i 1.19 11,305,1 .39 .8
1 0 31 .'_’.f‘)il(i 700 0.64134.93] 3.17:13.69 0. 4.6 1.40, 10,994:1 .35 1.4
1 1 58.10,33 .89 8.05 2.16143.85] 3.32/13.05 2. 4. 1.26 11.8.'_37!1 46 2
1: 0.« 70.21'18.02:11.77 0.73 40.06; 2.91112.01 1. 4. 2.20 11,751°1.16 .5
1i 0.56 63.47 70.19 6.34; 0.8642.27: 2.87,14.83 1. t , 1.61 11.‘_3.94'1.335 3.1
17 : : 0.68 69.39 5.1625.45 1.04 34.05: 2.3011.15 1. 3. 1.65 9,790 1.18. 7
Average....... 33.37| 10.39:17. 1.12 60.61 25.88513.51! 1.68(10.13] 3 03i12.29 1.18! 4. 1.47 11,427i1.33' 83.1

: i i i H : z
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The variations in these analyses are as follows: Material as
mined—

| I'rom. To. Average.

Moistlure. . i vvnrsennraas R T 29.07 36.16 33.37
Foiullllt ci)mbustzhlc multe 2%2? gigg ?ggg
P o | T | i

ulp ur. i g 4
Carbon...... . 34.93 43.85 40,13
Iydrogen, . ... 5 2.30 3.37 3.03
OORYBEIL v s o S AT T ST AT 10.67 14.85 12.29
POEPOREN o o5 isvm s s R A B S S 0.85 1.41 1.18
Heating power, B. t. u, perpound . .. ........... 6,474 8,053 7,614
On dry basis these become:
Vol.;ticcnr:'lhuslihtn ;naue.r...,,....,..,......... 40.84 72.72 60 .61
Pl a0y e S T S lE v s e  EEE 5.16 34.82 25.88
Fa 0] | S S s e i e R O P g e 1S 6.34 25 .45 13.51
Suljshane i i R S 0.64 4.65 1.68
Carbon . ....ouee i i i 51.50 65 .40 G0.23
Hydpogem . o oais s i B iR 3.49 5.13 4.55
ORENRONE . o v om0 T A RN R et T R 10.33 22.91 18 .45
DERORE- o L S e R e e R T T R 1.09 2.20 1.47
Heating power, B, t. u, perpound .. . ......o... 9,790 12,215 11,427
Specific gravity . ... covvaiiiiscsniasinisssanass 1.16 1.44 1.
Weight per cubic foot, pounds. .. ............... 72.5 90.0 83.1

Tanre IXN.
((-m;mm!mn uf the Ash o,f Texas Lignites.

Oxide of Sul-

Analysis Silica. | Alumina. |Oxideof | Lime. Mag- | Mangan- | phuric

No. iromn, nesia. ese, acid.
12.27 5.95 None Trace 1.00 13.71
16.92 8.32 15.60 1o lvsaadieano 15.54
13.18 11.7 23 .59 0.88 3.32 14.22
16.20 11.10 25.23 4.36 2.00 18.01
16.77 §.47 23.08 1.38 Trace 17.10
28 .87 21.85 7.00 Trace .52 10 .45
11 .41 5H.08 38.17 1.00 1.60 7.79
23.02 2.02 15.493 2.12 Trace 12.81
23.18 18,32 6.064 Trace T'race 4.58
31.26 2.02 12.08 TLACR: | onninre s 9.52
20011 3.69 10 .58 A8 0.48 5.47
19 .08 12.92 18 .68 Lol Yo weiisn 20,92
6.00 24.11 T'race I'race §.51
7 .40 i1 ) RN PR I 11.32
7.70 10.549 I'race Trace 3.58
Average . . i 9 04 | 16.81 | 0.91 | 0.81 12.90

In these lignites {iw Fnﬂm\mw wnnimnc in ﬂw mmpmltmn of
the ash are to be noted.

From. To. ! Average.

BT 1 | |
Percentof ash...oovvvnnnen wor o e R T 4.87 17.60 0.00
Si |ca°. ...................................... ’ %; g‘; | 22 g? ‘ %%‘E‘IZ
A RO T A et st i s A S A E: 3. 6
xide of 1 202 | 240k3 j 9.04
0.00 35.17 16.84
3.53 ] 20.92 | 12.90
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With the lignites, as with the coals, there is a considerable varia-
tion in the composition of the ash, leading to the conclusion that
the conditions, wilh respect to vegetation and the in-wash of sedi-
ments, varied within wide limits.

On comparing the eomposition of the ash of the<e lianites with
that of fhe coals given on page 16 it is scen that the lignite ash
carried considerably less silica, alumina, and oxide of iron than
the coal ash, but considerably more lime and eombined sulphurie
acid.

What deductions may be made [rom these facts does not now
appear except that it is probable that the vegetation forming the
coal was different from that forming the lignite, and also that
the in-wash of extrancous materials was difterent duving the pro-
cess of the formation of these beds.

Whether the coal and lignite heds have been formed “in situ”
or by “drift,” or hy a combination of these two methods is an open
question. 1t is likely that conditions varied a good deal not only
in the coal period as a whole, but also locally, and, to some cxtent,
while the same seam was heing made.

The analyses that have so far lieen given and discussed represent
samples of lignites that were secured from the mines by an agent
of the UUniversity Mineral Survey in 1901-1902,

In order to bring the matter down to date and present new and
detailed analyses, the operating companies were asked to send. in
typical samples of the material they were mining and shipping.
These samples were, for the most part, received in tin cans, with
close-fitting covers. In those cases in which the moisture runs
much below the normal the samples (id not come in such cans, and,
therefore, show a less amount of moisture than iz usually found
in our lignites.

As the analyses are given on the samples “as received,” and
on the dry, or waterfree basis, also they may readily be compared
with each other.

The analyses of these “Company samples” are as follows:



Analysis

No.

TasrLe X,

Analyses of Texos Lignites—Conipany Samples. By S. H. Worrell, 1910-7911.

|
As Reccived. I Dry Basis. . Heating
= : — ! Power.
Proximate Analysis. i Ultimate Analysis. Proximate Analysis. Ultimate \n.llysls T British
| i i | i | : i thermal
! ' 5 : . | v ;o ! ; : ! : units,
| .'50 | g | | i | - O~ | | ; per pound.
U= L s . | © " 2 : | ] 4 i —
8 TR - g g © o Ee o . ¢ 8 < <5 8
s |838 Y | £ g ¥ g .8 =25 « | y Bt € 0B = 5| %
= TSRS o .8 g2l g L NEaR w i e E. B .22 23
S lase. AV E 2 % B0 PR 2,200 B EiELa B 1 TR
4;-,“*.-;-. < S (R & iz >"‘:'.-.‘< 17 2= 7 ~ =
i ; i
. ] | ! |
.57‘ 39. 19, .30 ')-ll 7,238'10,220
.91 19 4 20, 4 .21l 5 8 789.10,340
09 3 17. '1.18! oz, 6.2911 8,079
Bl D 10 .- .78, '10,411° ll 130
70! 14. | 6,903, 9,805
.55 16. 196 ' 81156110.510
71 11. 475 7,068 9.:
A1 15. .40 L 6,717 10,600
.08 15. 1.70 7,412 ]0,.)10
61 25. 15 19,670 10,840
73l 16 1,70 6,727 91782
A8 17 12§ . 7,682:1 40
60 16. : | 7,532 10
D7 13. 02 6,416 10, ”()
.50 7 14. 7,010 9,709
1 12, 6,688 9,709
.60 44 16 . 9,774111,182
62| 17.9 ©9,525 10,900
207 < 14. .09 6,920 10,030
31 3 17. 70! 6,797: 9,957
25.64! 35.5) 43, 17.. d 7,459 10,()30
20.64 36 16.70,3.54] 15. 2.501 8,262 10,410
32.12! 31.30 4() 162.60 15 96,2.58 6,690, 9,805
: 7,661 10,212

Y
St
—
J
e
<1
2t

=
v
&
R
o
=

.65, H ()\" .5:‘ lb 491 47 50.48 37.81 l]ill 90 H8.85 1 .48 22.20!1.86;
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The key 1o these “Company samples” is ag follows:

Analysis

No.
10,
59,
12,
1%
13.
14,
16,
1.
A if 48
A,
18.
B

4N

21

B 1)
23

g

ety
53.
A ks
18,
2.

206.

a4,

24

Alba Lignite Co.. Alba, Wood county,

Alha-Malakol? Lignite Co.. Aba, Wand county.

Ameriean Lignife Briquetie Co., Big Lump, Milam county.

American Lignite Briquetio Co., Big Toamp, Milam counly.

Bear Grass Coal Co, Jewell, Leon connfy.

Bertetti Coal Co., Livtle, Meding connty.

Carr Wood & Coal Co, Livtle, Medina county.

Comao Lignite (o, Como, Topking connty,

Consimers” Lignite Co., 1oyt, Wood connty,

Consumers’ Lignite Co., [avt, Wool county.

Cookville Coal & Lamher Co., M. Pleasant, Tilns county.

Edgewood Coal & Fuel Co., Wills Point, Van Zandl county,

ITouston  Clounty Coal & Manufacturing Co., Crockett,
[onston connty.

[ndependence Miniug Co., Phelan, Baztrop county.

Lone Star Lignite Mining C'o., Como, Hopkins eounty.

Meleher Coal & Clay (Yo, 0°Quinn, Fayetie county.

Rockdale Coal Co., Ticks, Lee connty.

Roclkdale Congolidafed Coal Co., Rockdale, Milion county.

Rockdale Lignite Co., Rockdale, Milam county.

Rowlett & Wells. Rockdale, Milamm connty.

Southwestern Tuel & Manufacdturing (fo.. Calvert, Robert-
son conniy!

Texas Coal Co., Rockdale, Milam county.

Vowel & Lovenz, Hockdale, Milam county.

Note~ “I'he Alba-Malakoll Lignite Company is suecessor fo the
Alba Lignite Company. The Vogel Coal & Manufacturing Com-
pany is suceessor fo Vogel & Lorenz.

Analysis No. 41, Rockdale Consolidated Coal Company, repre-
sentx lignite sampled af the works of the Anstin White Lime Com-
pany, MeNeil, Travig counfy, January 13, 1911,

The variations in these analyses ave ag lollows:

Now Sonthwestern Fuel Company.  Main office in Waceo,
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Sumples as Beceived.

| IFrom.

e e ]
N e e T s e e | 7.30
Volatile combustible matter. ...t 20,33
Fised carbon. . ... .. E————— e . | z%gﬂll
SUIAIE e e oemes s s s e 0.41
Lo ) DS e A S 3616
Hydrogon ., oiviasiiaminys R I e ey 2.60
(87011 TR i S B P R R e e 11.76

Nitrogen...........

IHeating power, 3. L. u A |mr ]wulul, Ao

On a dey basis these hecome:

Volulile combustible matter. ... ovvevnrinrans 43 38
Fixeonehon. oo i i i e 3000
Ash............. e Ly e Ll .62
T T e e I i o G L e A A NPT 0.5
Coarbon.,............. bk T 280
FEN VORI, ) s e e g A AT L e =iy b B
Oxvden 15.57
T Ly e i TR e P LR L P L.20
Healing power, 3. Lo perpound ..o, 00 0oL L. B.9749

Average.

Paner XI.

Praciwale Analyses of Tevas Ligniles— Al phabelically A rranged—-
Dry Basis. By S, J1. Worrell.

1,

Vola- l
b Aile Fixwd
Number and deseription of sample. | com- | enur- Ash.
busti- | bon,
ble |
| matler.
Alba Lignile Co. I |
Mba, Wood Connty ... ..... . ;18100 A1 05 | 10,85

o

Alba-Malakoll Liguile Co,
Alba, Wood Counly
Ameriean Lignite Briguetbe Co.

American Lignite Briguetle Co.
Big Lump, Milam Counly .. ... S £ I0LH I ¢ 1 3
Rear Grass Coal Co,

Bertetli Gonl Co,
LvtleNMeding County ..
tiarr Wood & Coal Co.
Lytle, Meding Counly
Comno Lignite Co.

Big Lump, Milam Counly . ... .

Jewell, Leon Counly . oooooao o | D950 BT

......... S I [} | S8 018 1 10,08
‘ POy § B 1T 1 S B e

Ha.00 31 %1 100

Comn, Topking Counly . ... .. o] 1070 | a6 63 | 12,67
Clonsumers Lignile Co, |

Hoxt, Waoud Connty . ........... | I T T I N Y |
Consinmers Lignile Go. : |

Hoyt, \\ oad County.. cocc b IGUTR DAL | 10 20
Cookville Conl & Lumber Co. : i

ALt Plepsant, Titus Connty,, .. .0 S8 .60 130 61 | 100,76
Ialae o Coal & Fuel Co,

Wills Point, Van Zandt Counly . ST b I ] 1 12
Houston Connty Coal & Mg, Co,

Crocket!, Honston Connty .. ... .. 52 90 | 33 499 | 1311
Independence MNining Co, : | S

Phelan, Basteop Counly, ... ... MLT6 0 34951 LN
Lone Star Lignile Alining Co. 5 | -

Caoma, Hopkins County ... o | 1851 | 37.65 | 13.81
Aleleher Coal & Clay Co.

O'Quinn, Fayette Counly ... | 149,28 | 32.00 | 17.82

Sul-
prhor,

i
B0
R
0 |
A

_

IMeating
power,
B. L,
per M.

10,220
10,310
8,474
11,230
9,850
10,510
9,311
10,600
10,510
L s
0,782
10,510
10,120
10,226
9,704
0,700
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1}
l Volu- | . ‘ ‘ .
tile | Fixed I Heating
o ! eom- car- ! Sul- power,
MNumber and description of smmples. | busli- bou. .,  Ash, | phur. | B. t u.,
ble | . per lb.
matter. | |
i i
a3, NRockdale Coal Co,
Hicks, Lee Counly . ..ovvvvinnnn. | 31,20 . 38,78 , 10.02 TR 11,182
41, Rockdale Consolidaled Coal Co | i l
Rockdale, Milam Counly . ... . ... | 338 13 [ 15.19 0l I 10,900
28, Nockdule L:gml.t- Co.

= Bockdale, Milam County . | A7.60 ¢ 11.31 ! 11.04% A 10,030
25, Rowlett & Wells, |

Hovkdale, Milam County ... .. oo 40U 00 7 .00 BT 9,757
26. 8. W. FFuel & Nfg. Co. i

Calvert, Hol;t‘rlwll Counly . . ‘ AT .80 10T P 1149 | 1,29 10,050
39, Texas Goal |

!lm:ldl.:k‘, Mlimrl Counly. sy FaBD O .11.12
29, Voupel & Lorenz, ‘
Rockdale, I\]u!.un Connly ..., ..

- |

i
; 1.8 .80 10,410
39.20 ] 10.28 | 1.20 0,855

11.71 L0 ] 10,212

37 .81

The heat units in perfectly dey ignite compare faivly well with
the heat units in Texas coals as they are mined, bat the heat units
in lignite as received at points of consumplion are much lower than
in ey lignite and much Tower than they are in coal.

But (his is the very point nol covered in this Bulleting We
have no means of knowing, excepl in a lfew cases, how mueh mois-
ture lignites contain as they are used, In comparving one lignile
with aoother or lignite with coal for practieal purposes it is
necessary to know how mueh moisture they coutain, for upon this
depends, to a greal extent, theiv value asg fuel, The following
table shows how greal the dilferences in composition of lignites
may he, according ag tin-\ are considered with the moisture thev
contain or on a dry hasis,

Average compozition of Texas lignites with moisture and with-
oul moisture:

With 25 l
per venl, Dry.
of

mmsture,
Volatile combustible maller. ... .. . oo, " 37.69 50.48
(3 Th il £ ] IRt i R B S O S R Rt S BT 28 .45 37 .81
Al oinaainiselig T R T g R.79 | 11.71
F T g (O S S e e e o R T 0.6 i 0.90
Heating power: B WG lasiminiiiiana s 7,661 | 10,212

The pereentages for any infermediate amount of water may
readily be caleulated from the “dey™ aunalysis, In comparing one
lignite with another it is necessary to know how much waler they
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contain, and what the composition would be if reduced to a dry
basis.

Bat since it is fmpracticable to dry lignite before it is used,
and since it is costomary to wse it as soon as possible alter it is
wined, the amount of water it econtains, as il is wused, is a very
iiportant consideration.

A case has recently heen reported to ws in which the heating
pewer of g certain lignite, as received at the works, was 6,410 B.
L. u., the moisture heing 31.15 per eent. Theoretically a pound of
thix lignite should evaporate 6.63 pounds of water from and at
212 degrees Fahrenheit.  The relurns reported an aetual evapora-
tive power per ponnd of lignite of 3.25 pmmnds ol water, or less
than 50 per cent of the theoretieal evaporative power.

While a part of this los= may have heen due Lo an uncconomical
installation, ver it docs not appear that this would account for
all ol it. In dealing with lignite we have to remember that we
have a fuel which may contain a full thivd of its weight of wafer,
and that, aside [rom this, the volalile eomhustile matler, and, we
suspect, the fived earbon also, is dilferent nol only in amount, hut
in guality. from euch substances in coal.

In producer practice and in ardinary steam installations these
facts must be horme in mind, and hoth ibe praducer and the fire-
box grates and aiv inlets designed accordinglyv. There is a marked
difference in lignites, and a producer, for instanee, designed and
built for a certain lignite, and which gives good resulls from it is
not necessarily suited for all lignites. Nor is it merely a question
of design and construetion. The actual handling of the plant is,
perhaps. of even greater importance. There are (raveling grates
that ave used with a mixinre of soft coal and lignite, and one
operating snceessfully on lignite alone. Tland-firing, with a hoiler
similar in type to the half-Dutch oven has given, we understand,
the best results from lignite.

In order to compare the heat units in lignite as actoally deter-
mined with those obtained by caleulation, we have prepared a table
based on onr recent analvees,  The CGoutal formula was used for
the calenlation based on proximate analyses and the DuLong
formula for these hazed on ultimate analyses. The results are as
follows:
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I Leating 1*ower, B. t. u., Dry. ‘I'heoretical
o Lwvaporation
] Calculated. | in Pounds of
Analysis No. s Water from
Frum From . and at 212° I7,
Proximule Ultimate Determined. per Pound of
| Analysis, Analysis., Lignite, Dry,
AN AR A R 12,0918 B, 802 10,220 10,58
B G i wer  wh 12,570 9,081 10,310 10.71
e e L s 11,933 8,512 8,979 9.49
[y e R 11,885 1), 853 11,230 11.62
F 12,154 10,115 0,850 10.19
R4 e RN AN 12,106 10,107 10,510 10 .87
T s . 11,800 9,910 1,341 .67
TS e e R R 13,088 9,247 161, 600 10.97
I Poo12,611 10,201 10,510 10 .87
R e e e R I 0 TR A 111,810 11.21
AR et e e R e 11,877 9,018 0,782 iv.12
I Ve I 12,530 10,282 10,510 10,90
b S M b e 12 10,026 1,120 10.47
) P 12, 10,330 10,22 10.58
R S 12 9,811 0,709 10.01
', SRS — 11 9,832 0,704 10.04
B T 13, 10,751 11,182 11.57
ol b SR e S e e 1 1,315 100, 000 11.28
A AP S e T L 12 0,847 10,030 101 .38
D e e e T 13, 0,872 9,757 10.049
26 . 12,856 {4,570 10,1030 10,38
39 .. 12,601 9,811 10,110 10.77
29 12,570 ( Y,271 9,855 10,19
ANCrnge . . .covmmn o 12,484 9,784 10,212 10506

An examination of this table shows that the Goutal formula
applicd to the calculation of heal units from the proximate analysis
of lignites gives on the average, results that are 22.30 per cent
higher than thé heat units obtained by actual determination. It is,
therelore, unreliable and cannot be used with a reasonable degree
of aceuracy.

The modified Dulong formula, applied to ultimate analyses of
lignites gives, on the average, results that arve L10 per cent lower
than the determined heat units, and may he used for approximate
results.

Applied to proximate avalyses of coal, the Gontal formula gives
results which, on the average, are 10.6% per cont too high, and the
madified DuLong formula applied to ultimate analyses gives re-
sults which, on the average, are almost the same as these oblained
in the calorimeter.

In the table giving the caleulated heat units in Texas lignites
we have ineluded a caleulation of the theoretical evaporation in
pounds of water from and at 212 degrees ahrenheit per pound
of lignite, dry hasis. The results vary from 9.29 to 11.62 pounds
of water per pouund of lignite, the general average heing 10.56,



Underground Electric Haulage, American Lignite Briquette Co., Big Lump, Milam Count




Tipple and Boiler-house, American Lignite Briquette Co., Big Lump, Milam County
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dry basis. In actual practice the efficiency of lignite as a fuel under
steam boilers varies according to circumstances, and no rule of
general application can be given.

Analyses of lignite made in the lahoratory of the Bureau but
not included in Table X, page 91.

Atuscosa counly, near Potect, as received:

Analysis No.— 036 { el GO0

Ly ()T 01Ty R 7 R 1 e ) 21.00 25.00 34 .82
Volalile combustible matter. h 36.07 18.20 19.73
FiXed carBom . oo avsvasmsosmme ‘ 32.97 43 .80 31.82
h i 6.96 13.00 10.83
100,00 ! 100.00 100,00

Sulphur. . oo e e e 0.62 1.23 1.26
Bt U, por Pound ;i s e e s e 0,002 8,105 7,860

936. TFrom Jos. A, Burger, San Antonio, 30 o 40 feet under
cover; thickness of vein 4 to 5 feet.

599, From Toteet Sand & Coal Company, San Antonio.

G00. The same.

Dastrop counly: As received:

IEGERETI . o R S S T Po24.50 10,00
Volatile combustible matter. . ... i 38 .02 47 .00
Fixed enrbon: & R S s S S 30.54 i 20,09
iuh .......................................... e 6.4 | 15,491
e f—_—
e 100,00 100,00
Sulphur, cooeeeiisinaas R e T .61 1.80
Bt t, PEr PO . oot eie e e in et s —n

4,114
192.  Independence Mining Company, Phelan,
175 Outerop near Clopton Switeh, 6 miles south of Tlein,

Bowie county: Sample from R. W, Rodgers, Texarkana. An-
aly:iz No. 38, as veceived ;

| I'er cent.
e

ISR v oo crm i ecaigmpo missmiw st s e
Volatile combustible matter.
Fixed carbon..............
Ashi.o.....

100 .00

ST | 018
Bt s, per pound e s e S T R R SRR SRt Ta e A et TS 10,370
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Brown counly: Sample from D. F. Johnson, Brownwood. An-
alysis No. 695, as received. A typical form of lignite showing
carhonized woody fiber, jet black in color:

100 II'U

SO s e o s R S e e e s e 1.77
D I e 10,741

Fayelle counly: 1I'rom mines of The Lower Strata Lignite
Mining Company, Ledbetter; formerly known as The Big Four
Mines, as reccived, percentages:

. O . i G e

Analysis No,— 61 (G2 [ 157 181 237

1

MO e s s e s R 27.80 | 33.50 | 39.00 .50
Volatile combustille maller, 38 .31 [ 3345 A0 6Y i—l 77
Fixed carbon ... oovivinin 15,08 15.23 21.05 19,99
U e B e e e 20.21 [ 11,82 4,28 4.74
100.00 | 100.00 | 100.00 i 100,00

Stlphnr:: sovsansmiisvssretaaes L d. n.d. 1.47 n. d. n. d.

Nos, f;l and 237 are ~a11! to upwsent ‘rhc 8-foot scam, 35 fc'cl
helow the surface.

Nos. 62, 157 and 181 ave said to represent the ?-foot seam, 95
feet helow the surface.

Henderson county:  Sample from W. Reid, Dallas Lignite Com-

pany, Dallag, of 12-foot vein, two and one-half miles from Stock-
ard.  Analysis No. 216.

Per cenl.

T T s i S T R e PR R R R AR S R e i 25.00
Volatile combuslible matter. .. . i v 36 .81
Fixedcurbon............... el Lok 29 .8%
R R R R RN s 8.30

100.00
IITEHIANT. ;. om0 0 0 0 A N 0 T 1 i A 0.70
| T Y TV AT i A S e e R o I 7.950

'\bmmmw tlle same amouut of moisture, Ledoux & Company,
99 John St., New York, gave analysis of lignite from the Dallas
Lignite Company’s mine at Tredlow, one and one-fourth miles east
of MalakofT, as follows:



Alba-Malakoff Lignite Co., Mine No. 2, Malakoff, Henderson County
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Per cent.

[
N O o s T e N e R S B S S R i e 25.00
Yolautile combustible maller.....covieiiaieresisrsirssssiisssassssnessa 31 .:IE
Fixel COPDON . o2 cnvrnnnrnearsriaapsnsssnssssssesssnsnsssssssssnssees 33.25
Al e T N e e R R R R R S RS R 7.28
100 .00

On {he samne hasis, an analysis of this lignite, made hy the Bab-
cock & Wileox Company, New York, gave:

|
| Per eenl,

100 .00

The vein al this localily is said to show 10 fect 6 inches of clean
lignite without a parting.

A sample of lignite sereenings reecived from the Malukoll mines
of the Alha-Malakeft Lignite Company, May 15, 1913, had the
Tollowing couposition :

Analysis No, 751 Per cent.

ILOISLUITE Lo it i et e e 2 .14
Volatile combustible malter. ... .0 00 0 il 34,19
TERREL BINETHOEL Lo s i 0 5 TN 0 A T T SR A R S R R 19.83
L | e e B SR P i e L D e e e 1654

100,00
L 8T <R 1.08
B P o e S R S S S R R B R DS 7,578

Houstow county: A sample of liguite screenings from the Hous-
ton County Coal & Mannfacturing Company, Wooters, sent in
by the MMuntaville Light & Power Company, Huntsville, had the
following composition :

Analysis No. 618, Per cent.

T T e A e o 30,05
Volahie ('nml)ushlllt MEEEERE, o0 e v b g0 w0 0as ie 32.84
Tixed carbony: i i i S a e e e b e A R T 27 .64
BRI ot vt g PR A T S b S B I 3ot ot g g e o B BR) Bt 8.07

100.00
L DI i o T T A, 0 A e AT 34000 1.43
B, L 0., Per POUD .o v ovnissrvassinssnsionsmnnsssssnson 7,855
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Leon county: Bear Grass Coal Company, Jewett: as received:

Analysis No.— _ 531, 307, 933,
Per cent. | Per cent. | Per cent.

IIOIBLUIG: oo won waewi a5 0 R S e 28.20) | 27 .00 26.50
anntlll.. combusllhle matter. cs 5 I L ST 28,90
Fixed carbon.............. A 24.72 27 .80 28 .81
S . it e 12m 721 15.73
10000 I 100,00 100.00

BRI i st s o e i B AR R R 1.02 0.44 111
Bt per polnd., i i e e i e e e 7,805 i 7,308 6,028
i I -

Note.—Analysis No. 933 represents sereenings through straight
bars with #-inch openings at hottom. About 20 per eent of the
mine ran passes the sereen. Newbhy,

Mr. A. Bement, Chicago, made an analysis of Bear Grass lignite,
March 11, 1909, Tn the samples as received, the moisture was
16.i7 per cent, the ash was 11.2:1 per cent, and the B. t. u. per
pound were 9,362,

1louston County Coal & Manufacturing Company, Tvansville,
Leon county:

1
Analysis No. — 342, 027, 024,
| Per cenl. | Per cent. | Per cenl,

G NS Se e E95.80 21.60 31.80
Volatile eombustible matter. ... ..o o0 o.... i 33.39 4260 29 .28
Lt T B e i e e e e i 32.70 30,25
1o SN Tl s R el R ! 10,10 5.67
100.00 ‘ 100.00

Sulphur, . . .0onnnn. 0.62 0.55
B. L. w., per pound. ... 7,760 7,619

Medina county: In a communication from the Care Coal Com-
pany, San Antonio, May 26, 1913, it is stated that the following
analysis move nearly represents the average of their Tuytle lignite:

"er cenl,

Moisbore s i amirs i A T P A P LR e SR e 21.50
Volalile combustible Maller. ... .vue i iieiveiissirs e svvsaisreins 35,00
TIRXCUTBETENIIN o.cvrincim monm g ttsin o o e m A S 10 3l m T b R 30,00
1 SR A s R e b R o e el e R T e 10.50
100.00

Milam county: T'wo samples representing the lignile mined
nt 'Iiiﬂ' Lump by the American Lignite Briquette Company. Analy-
= No. 420 represents the deep vein and was sent to us by the
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Company, January 4, 1913.  Analysis No. 833 represents a sample
taken from the boiler room at Big Lump by Mr. E. L. Porch, Jr,,
July 11, 1913.

Sa—se e oy L i GEESSN WAL A L ;
Analysis No.—| 420, | 833,
Per cent. | Per eent.

157 (115 ¢ S v U o | 24.20 32.00
Volatile combustible matter...........ooiiiiiiiiiiiiienn.. 36.28 29,77
Fixed EOTHON v s mairss pasuses TR — 30.62 29.20
L e e T ———— T T . §.90 0.03
100 .00 100 .00

“

LT 5 1.14 1.24
Bt prr ok S S S R e e B 7.684 I 7.812

Lignite from the Texas Coal Company, Rockdale, sampled i
University power house, May 9, 1913:

Analysis” No.— 745,
Per cent.

L e Ty e L e o oLt oo e ey o D e 29.60
Volatile combusubla bR L I N s e s el 31.50
leed BUPRON L, - rire o vivoriisrmm v irsais oo s b KT TS e s T e 30.24
.............. Aospte s ap A o §.66
100.00

RO o L o ot o ot m T T .00
B. t. u., per pound 7,293

Lobertson counly: TFrom near Bremond, Jul) 5, 1913:

Anah, sis No,— 823,

AR Per cenl.
31.00
34.02
27 .88
7.10
100.00
S DRI, v s s B S T L A R T
B.tu,perpound...... ... ..ciiiiiiiiiiinannan | 8[.]583

We have recently received some samples of lignite from near
Wootan, Robertson county. The analyses of the samples and the
descriptions are as follows:
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\ Samples as received:
Anulyses Nos. |

|I 033 |I 954 |. 955 D56
| e —
Muisture....... l 20.40 29 .10 l il 3110 A0 6
Volalile combust 43.12 | 29.51 | 32.2 2936 | 30.19
Fixed curbon. . ... S 201 257,16 31.25 G107
1 T bl ] w8 70 7.9 0 5.1l
100,00 | 100,00 | 100,00 | 100,00 | 100,00
Sulphur. ... coiiiiiinrrinsinnaas o 0.73 .91 .88 I 0,588 .86
B.tu,perpound......civnniinenns 8,110 7,138 8,219 | 8,356 B, 058
gy B ils Coesswgape e yltoases s 2 JR e

953. On farm of Strumensky Son, 2§ miles northeast of
Wootan, Rohertson county, Texas. Thickness of seam, 6} leet, in
well 72 feet deep.

954.  One and a quarter miles south southwest of farm of Stru-
mensky Son, near Wootan, Roberizon county. ‘T'hickness ol scam,
G feet, in well 73 feet deep.

955.  One-half mile north northwest of locality given in No,
954, Thickness of scam, 6 fect, in well 53 feet deep.

956, One-fourth of mile from loeality given in No. D53,
Thickness of seam, 8% feet, in well 333 feet deep.

957, From mines of Southwestern Fuel Company, Calver(, Rob-
ertson county. New mine. Sample taken 700 feet [rom shalt,
north.  Thickness of seam, 6} feet.  Depth helow surface. 60 lect.

Smith countly: In a communication from AMre. T M. Coup-
land, Troup, December 9, 1912, we were given an analysis of a
sample of Hgnite said to be from a depth of 800 to 900 feet, near
Whitchouse. made by N. . Tlamner, Dallas. Tt waz as follows:

I Per cenl.

IVTORSTARTR L ooy s e T 0 W S s P i e S S i 14 .45
Volatile combuistible matter. .. o.v e ivivois s e vams et s svnns 34 .82
gk LTo BT T R e e e e A R A 35.18
R e N e AT e e i 2o e i s oot a6 a e e e 11.55

100 .00

s s s N e e T e T b B B L S e S T A R 0.93
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Upshur counly:

Analysis No.— 5, 148,
Per cent. | Per cent,
INLOREUNTIOR L. oonicvsims oy s s A AT R RSN ST ML 11.40 25.20
Volatile combuslible matler... ... ..o iiiiiiiiiiiiiiianss 42 .80 37.30
FERR BT 5 o ammrniiinsivia vt S b4 s T AN T NN 33.76 2609
) D ey Ry i 12.04 11.21
100.00 100,00
1] ) (e e 0.88 1.20
B i DR DO v s s s s b e s e r .......... | 7,650

No. 5+  Sample from R. B. Nelson, Gilmer.
No. 148. Sample from R. 8. Ezekiel, Kelsey, top of vein.

Wallcer connly: Trom 10 to 15 wmiles north of ITuntsville and
south of Trinity river. Analysis by P. S. Tilson, Houston, of a
sample from G. A. Wynne, ITuntsville, Febrnary 8, 1909:

| Per cent,

Moisture

Volatile l.omlmshblt. malter
Fixed carbon.............
Ash

Wood county: A sample of lignite sereenings received from the
Alba-Malakoff Lignite Company, Alba, Wood county, May 10,
1913, had the following composition, as received. Analysis No.
T44.

‘ Per cent
L e e e A O e 25 .80
Volatile comlmsublc matter, o~ o 3655
Fixed carbon. ; 24.67
B om0 o5 b e e e A iU BN O AR e s e S e 12.98
| 100 .00
Sulnhur .......................................................... H 0,61
B, B, Moy DD DO v s ecivm irimnrs ey s e e o i st e e a st e 1 TO8,085
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Consuniers Lignite Company, Hoyt.

PERCENTAGES.
A I
Annlysls No.—| 282 592 | 593 | 701 [ 913 [ 914 | 915 | 9016

|

Moisture: jious v s 24.10' 33 .46 33.14| 32.79} 25.35[ 27.51 26.54° 24.95
Volatile combustible mal- ' | |

1 R R 36.18 | 31.51, 30.81 29.51 35.58: 33.42: 30.85 32.21
l"le.tl earbon s v\ orn e 31.924 27 44| 27 39| 28.94) 31.30; 28.12| 32.71| 32.06
F.T e a 7.50| 7.59, B8.66 S.Tﬁi 7.27| 10,95 9.90, 10.78
100.00 {100.00{100,00{100.00/100,00{100,00: 100 .00{100 .00
Sulphur......c.ooo00iennn 1.00( 0.61' 0.65 0.85 0.68/ 0.70
B.t.u., perpound....... 7,882 | 8 ‘25?[ 7,038 7, 43?] o 9?4 b 2 739 7 728 7,785

Note.—Analyses Nos. 282 and 913 arve of 1ump, 593, 915 and
916 are dust; 914 is nut; 592 and 701 are screenings.

An analysis of this lignite made by Crossley Bros., Manchester,
England (probably in 1909), gave the following results, in per-
centages:

Per cent.
B oiabame s s e T A N P R R R R i 24 .50
Volatile combustible mattcr ......................................... 31.30
: LT T 1 IS O s e oo P s s e T e DA 38.00
B T R R I S e B R S G e e 6.20
100.00

TIPS e 0.98
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CHAPTER VIIL

Orirer ANALYSES or T'rxas LaaNTres,

In Bulletin No. 22, Burcau of Mincs, Washington, 1913, there
arc given some analyses of Texas lignites made by the United States
ieological Survey, and in the lahoratory of that Burcau. A de-
scription of the samples and the analyses is as follows:

Houston county: Crockett, 11 miles south of Wooters Station,
Room 17, north entry 3,890 fect from foot of shaft, 5 foot cut:

Per cent.

IVIREBRERI . oo b A 0 R T e S S A R 32 .58

Volalile combustible matter 37.02

le.cd carbon.....oooiuin. 19.56

Ash 10.84

0.56

33.50

39.50

16.25

10.75

............ 0.56

B. L. u., per pound. . 7,142
Same, over §-inch bar secreen:

Nloishune 1 e i e R i e A e e e e \ 34.70

Volalile combustible matter. ... ...ooviviiiiiieiiiiiniieearivinnnies 33.23

Fixedecarbon................. B A U o I T e 21.87

BHE G s i e R B e A g P R S S LN [ 11.20

Sulphur . . i e e e T OSSN N e i 0.79

B M DB OUIG n ‘ 7,056

Medina ceunty: Lytle, Carr No. 3 mine, 350 feet, northeast
entry No. 6, 514 inches cut:

Per cent.
Moisture........ T B B er g b e o b g B e s K R BT . 31.67
Volalile combustible matler..... ... . i iriiiiii s 24 .81
e CATDOM . . ¢ e o v s et et eitaie s ee et ae stne e seaim s s sa e n s nee e e e : 26.49
AR S s D R R e s e B S e R 17.03
TV N e e e T e e 3.55
Same, 600 feet northwest; room st middle of northwest entry No. 5; 40934
mchcs cut:

NWIORBLURC (5 v s s it o e B s P S e S s 532.92

\_’oiatilc combust;blc matler............... e R A AN R s S e e 27 .42

Fiped cathon ol s s s S e e A e SRR e 27.08

B b A A A A R0 N T 08 A oA b 0 12.58

Suluhur .......................................................... 1.46

B, PO POTN i 2 el s eim o o e e ST R BB Sk e 6,840
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Milam counly: Near Rockdale, Olsen mine, 400 fecl cast of
shaft, 77 inch cut:

| Per cent.
MOISLUTC ... ove s e et A R e e it 36.01
Volatile combuastible mabber: ol iianlisiinidaimiuaiting s 27.95
d S BT L Rt e 28 .66
Bl R R L R R e A e R R T R Ko 7.38
Ll T s om0 b o e 0 N R A AR B A AT B AT exiad 0.77
i - BE B A T T e R R S R e e S R Ol j 7,182
Same, H00 feet east of shaft, 79-inch cut: '
IVDOIBLMEC . wavs e doinvs v w68 e e R B S b B T 35,56
Volalile combustible matter.. . .........cocverirerssimrrsnsirrnany : 28.91
Frond CMEDON L s s R s e e 27.49
Ash......... F N 5.04
Sulphur......... 0.75
TR T SOV RV SRR | K
Same, lump, over %-inch screen:
Moisture........ v e e G R N 41 .06
Volalile combustible matter.............oooiiiiiioriiiiiiininan. 27.67
1‘1xed L4 e o S DU oo e (e e 33.39
............................................................. 7.88
Suiphur .......................................................... (.99
B i per ponnd e s R L R R RS E ! 7.870

Biw Lump mine, 720 fect north of opening, entry No. 6, 7 foot
cut, “big vein”

, l PPer cent
N P oo S T e A A A e e e T s 35 .86
Volatile combusLible Matler. .. ..o vuv v inens sanmassmeteiasssrssassiis 26 .50
m., LT o e e R S T S e S R e B e e 20.72
............................................................... .92
SquIlur .......................................................... 0.87
Same, 1,020 feet northwest entry No. 8; 82-inch cul _
OIERITe . R R e R S R S s R e e 35 .30
Volatile combustible matber.. ... .coooviviiisirinsnseavsnsssssssnss 26,22
b T v v B P e R S e S S r 29.58
B e e M S e S R T | 8,90
L T R s Y e T e S e e T L) 0.76
Bt s par Domid i s e S Al e e e e e e A e e |[ (i, 898

Robertson county: Calvert, Calvert mine, room 4 of cni'l’y 1
south, 250 feet south of opening, wpper 81} ineh bed, ¥%-inch cut:

Per cent,
ITOISEIIEE . o 4 in v o iy s e s b e i b e wae o e e e e e 34 .32
Volalile combustible matter. ... 35.94
hxed TR s e R S e U R A SRR AN 30.93
AR e T e i e S e P R R e e A e A ey 8.80
S\lehur ........................................................... 0.95
Bt b per penitl L il sin e e e e S e i e 7.214
Same; room 8, off east entry north, 550 [eet northeast of opening; 834-inch
_bed, 784-inch cut:

IEGHIEYE e e oo oo b cae B b bt b ey b bt Ao 33.50

Valatile combuslible matter. .. .o o il iiiaiaaranaiainsea 26.006

bixed CTIVINEN .15 a0 B B s AT W i %ggg




Coming up the slope with-a trip of loaded cars: .Coilsumers_ Lignite Co., Hoyt, Wood County.
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Wood county: 1oyt No. 1 mine, south entry, 2,500 feet from
month, 83 fool ent:

Per cent.

L —— 28 .86
Volatile l"OlIll}let!hlL mAller, . oL e e i RPEs i T A :L‘_),fll)
Fixed carbon .. i e A e e e e 27 .20
] e e e e e e o | R AT x 7.02
T B AR e R e e A S o o R - S < __ll W
B e N s e S S R 7,406
Same, No. 3 Mine, fool of air-shafl; 91- ll'l('h cut: p
l\Iolslun. s e i e e D (e LA o AU a1.34
Volatile combustible matter ... S TR WAL AT P — A1 .18
e e IO L D e e e S B R R S s 15,08
B i oo s i e e TR s A e e e A R R S R &.50
R TR e 4 i s st s M U 0.07

Same, run-of-mine:

PABISEE. s v s R I R A e L A R B S
Volatile combmstibie matter... .| _—
Eiged earhion . o e i i s e
L e N T b e e e e e
Sulphur .
B.t.u .pcrpom\{l
Same, screened:
L R R R R T AT 33 .98
Volatile cﬁ'l'lllllﬁf.lhll. matter. ... .. S e A a1.m
Fixed carbon . T T EA L M eI 27 .33
ARl R e i S 7 .68
Sulphur. . N i e i 0.56
Same, 1,100 feet southeast of slope; G3-foot cut:
Moisbure. ., oov i N AR o 3680
Volatile combustible matter. ... ... ... ... 28 8
l-vlmdnrmn 2808
7,V R L e S y
Sulphur........... Y |
. Lo, per |mund ...........

Same, 400 feet northeast of slope; $1-fool cul:
Motire 500 s e S
Valatile combustihic matter
Fixedcarbon ... .....ovunns

{1 R e e iR
Sulphur ............... .
Same, run-of-mine:
foisbure. ... .00 0h00.

Volatile combustible malter ..
Fixed carl)un
L | IR

Snlphur
B. t. u., per pound .....
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Progimate Analyses of Texas Lignites. Compiled from E. T.
Dumble’s “RBrown Coal and Lignile, 1892.7

Vaolatile !
Analysis. Moisture. Combus- Fixed Ash. Sulphur,
Lible Carbon. I
Matter. :
1
8.35H 41 .28 42.73 6.40 H 1.24
12,40 36.37 37.77 i 13 .60 - not del'd
13.28 59 .86 18.52 8 .32 not det’d
11.11 a7 .05 26.46 4.50 87
10 .6 36,12 S8.10 15.12 3.5
15,80 30 .12 49,78 4.99 not det'd
7.17 A0 .55 31,27 17.19 2.21
20.29 | 32.67 2658 17.50 3.11
12,43 38 .37 38 .00 8.50 1.34
6.25 891,05 3:3.47 627 60
16.56 A45.10 32.89 5.19 nol det'd
8.41 38 .41 5 23.38 T4
16.50 36.07 37.17 8 .60 1.66
10.35 G908 43 .20 6 .87 v i)
12.00 42.00 32,00 13.00  not det'd
13.25 A1) .62 36,47 8 .40 | 26
15.89 42.24 31.46 6.80 | 1.06
.80 : A6, 61 28 .02 17.72 | 2.22
20.80 i H2.08 42 .67 3.47 | A8
10,17 39.52 36,60 12 .80 | R
1645 | 4020 3589 805 117
13.51 45,36 32 .44 8.15 .88
13,10 37 .21 41 .22 G.07 2.36
10,11 37.37 21,39 27.59 1.15
e 18.26 43.51 29,63 8.70 1 2.46
b I R P P g 9.67 30,59 39,90 i 10.08 h .70

‘.-—-:’\‘vcrugc af two analyses. 2 —Average of four analyses. ?—Average of
five analyses. *—Average of three anulyses.

Key to analyses of lignites compiled from “Brown Coal and
Lignite, Dumble,” 1802:

A. Anderson county. I'rom an outerop on Cuaddo Creek, ahout
seventeen miles mnortheast of TPalestine: thickness, about
two fect.

B.  Angeclina county.

C. Atascosa county, near Somerset: thickness, 5 feet 3 inches to
5 feet G inches.

D. Bowie county, near New Boston: thickness, 12 feet. One of
the analyscs shows 1.45 per cent of ash, with 76.41 per cent
of volatile comhustible matter and 10.62 per cent of fixed
carbon,

E. Caldwell county. Burdelt Wells.

F. Cass county. Stone Blufl.

G. C(herokee county. Bean’s Creek, six miles south of Alto; near

Jacksonville; MeBee’s gchool-house,
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Fayette county. Manton Bluff: thickness, up to 15 feet. On
O’Quinn Creek the lignite is of excellent quality and has a
thickness up to 8 feet.

Harrison county. Robertson’s Ferry and Rocky Ford, Sabine
River ; MeCathern Creck: thickness, 2 to 6 feet.

Henderson county. C. M. Walters headright: thickmess, up
to 6 feet.

Hopking county, near Sulphur Springs: thickness, up to 16
fect.

Houston county. 1lyde’s Bluff and Westmoreland Blulf,
Trinity River; J. Bethel headright ; Wallace headright, near
Calthorp @ thickness, -+ to G feet.

Lo¢ county.  Blue Branch: thickness, ¢ [ect.

Leon county. near Jewett: thickness up to % feet.

Limestone county.  Tlead’s Prairvie.

Medina counly.  Lytle: thickness, 5 feet.

Milam county.  Rockdale: thickness, | to 6 leet.

Morris connty.  Pruit place: thickness, less than 2 feet.

Panolc county, Mineral Springs  Ridge, near Beckville:
thickness, 1L lect,

Rains connty.  Lmory, and seven wiles east.

Robertson county.  Tittle Brazos: Calvert BlufT: (hickness, 3
to 7 Tect.

Rusk county.  lron Mountain; Graham’s Lake, 12 miles west
of Menderson: thickness, 3 {o 6 fect.

San Angostine connty.  Sabine and Angelina Rivers: thick-
ness, 6 to 15 fecl.

Smith county. Southwest of Tvler, 84 iles; south of Tyler,
6 miles; sontheast of Tyler, 12 iles: west of Lindale, 3
miles: thickness, 3 fect and npwards.

Shelby eounty.  South of Timpson, 7 miles: thickness, 4 to
3 fecet.

Wooll eounty.  Alba and Mineola: thickness, 8 feet.
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Ultimatc Analysis of Teras Brown Conls—From “Brown (oal
and Lignile,” Dwmble, 1892,

l
) | Uxveen |
County. Moisture,] Carbon, | ITvdro- unl Ash. 1 Sulphur,
pen. Nilrogen. |

= 2 R | 52l
Anderson . s ’ 5306 1.06 21.12 17.71 T
Bowie.....cooo0 59 .81 G100 2697 0,10 1.

Cherokee. ... ” 66 67 .81 2208 o83 1.
GREgH v o viloniva [ il 4. 23 .68 9,27 4
ITartison........... (6,32 3. 21.56 8.407 2.
Houston....... ., =] [t . W 3. 22 .56 0.68 14K
| N i 62 18 3. 20 80 11.96 14K
Leon........ x 1 hdLeo 4. 20002 7.79 a0
Medina. ..ol 60 .92 o ')..’: +l 9.70 1.17
Milm . .vvnnn.. (YR 4, 27 11.36 1.32
Milam ., . iuaoyieni : . 132 .50 ’Il 81 7.0 A7
8.0 11111 PR 4 G150 2076 .00 81
Morvis. oo onennn. R 7 o .87 24,35 8.0 2.42
]‘.llhs....‘ ........ : HY R 2018 1:3.35 1.11
Rains, D RRSMSIN | oy rene] 99032 ) 20,27 1663 i
Roberison.. ... .. i DEUIG 13.11 12.%7 1.50
Robertson......... 16 .40 65,11 19,28 9.21 1.15
BRusk,...... e 16,63 LIRS 22,14 1008 .61
Sun Aul.uslma.. T e ey I 1) P . 24.53 7.70 gk
Bmithe. oo paarnrs 9.83 /7 .40 23 .31 11.71 5
\\tl)b OULErop) - oo ile s BOL28 16,98 17.56 849
Woolk. . ovueramerss 10.85 ot .33 J 2413 14,39 S

Average., ....... | 13 .67 60,98 | 4.01 22,16 11.01 1.18

I'he ealculated heat units of some of the Texas lignites were also
given by Mr. Dumble as follows:

British thermal
units, iu.r pound,

From Meding ounly. .. .o visnseiirssesssrssnnrssssnis

11,32
From Milam county . : 11,169
From Milam counly . .. i 11,278
From Robertson county 3 11,320
|

In the Seeond Annual Report, Texas Geological Survey, 1890,
page 535, there are given some additional analyses ol "Texag lignites
but they do not materially affect the resnlis given above.

In a report on general mine conditions at Mines 5 and 6, Hoyt,
made for the Conswmers Lignite Company, May 8, 1913, hy W. S,
Hamnett, representative at Dallag Tor the Pitt<hurg Testing Labo-
ratory, the following analyses were given:
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Percentages as received.
Lo| 2 | 8 | 4 | 5 |

Analyses Nos.

MGG . covvv i s wvmsvn s s 27.03] 26.00| 28.45 27.27| 28.28
Volatile combustible maller., . ... 33.41| 32.4i| 33.15| 34 .44| 31.061] <
Fixed carbon .. v 30.25] 20.63| 30.56| 28.69( 27.16
- 0.31] 11.96] 7.84 9.60[ 12.95
Sulphar e e R R 0.79] 0.83 0.73) 0.79] 0.8
B.t.u,perpound.,............ 7,813 7,538( 7,7006| 7,809| 7,246

1. Taken from the head of the main north entry, Mine No. 6.

2. Taken from Room No. 1, eighth cross from fourth east entry,
Mine No. 6.

3. Taken from Room No. 10, fourth west entry, Mine No. 6.

4. Taken from Room No. 19, eighth cast entry, Mine No. 6.

5. Taken from Room No. 4, sccond cross off sixth cast entry,
Mine No. 6.

6. Taken from the heading of third cast entry, Mine No. 5.

7. Taken from Room No. 3, second east entry, Mine No. 5,
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CHAPTER VIII.

Raw LigNTIE As A FuiL UNDER STATIONARY BOILERS.

There are four principal methods of utilizing lignite (brown
coal) in Europe, where the industry has long been established on
a very large scale. "T'heze arc as [ollows:

1. Raw coal, as a fuel under stationary hoilers, cte.

2. Raw coal, as a [uel in gas producers.

3. Briquetting (1) the raw coal, or (2), the dry coal.
4. Dry distillation and recovery ol by-products.

The use of powdered lignile as a fuel under boilers has been
recommended ang some establishments have done a considerable
amount of work in this direction. A little lignite is also used for
domestie fives. In Texas, a small amount of dust lignite is used in
the manufacture of hollow brick tile for building purposcs, as
the lignite on burning out imparts a certain porosity to the product.

Of the four principal methods given above the first two are used
in Texas, There is but little lignite used in Texas for houschold
purposes or for use under locomotive hoilers. We may now con-
sider the various methods for utilizing lignite in the order given.

(1) Raw Lignite as a Fucl under Stationary Doilers, ele.

Irrespective of its use in gas producers, which will he considered
later, and its use in hounschold fires, the ehief value of lignite is as
fuel for generating steam, whether under stationary ov in loco-
motive boilers. Under stationavy hoilers it may be used divect or in
the form of pulverized fuel.

Of the 13,776,992 tons of lignite used in the United States be-
tween the years 1895 and 1912, inclusive, it is likely that 95 per
cent, or more than 13,000,000 tons were used for making steam.
For this purpose, the lignite is ncither air-dried nor artificially
dried, but is used, as mined, with such loss of its original moisture
as may be due to air-drying between the mine and the consuming
plant. Just what the loss of moisture may be, duc to this canse, is
not known with accuracy, for it is seldom the case that the moisture
in the lignite as shipped and as received is determined. There are
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several factors that influence thiz matter, ¢. g., the wmount of
moisture originally present; the size of the lignite; the depth
of the lignite hed in the car; the character of the car, whether a
“apndola’™ or a hox ear: the atmospheric moistore and temperature
the lepgth of time elapsing hetween shipment and receipt: the
method of femporary storage, cte.

As a mle, lignite is not carried in stock, it is nsed as rapidly
as possible after mining: hut it has not infrequently happened

{hat zhipments have heen delayed for 15 to 30 days in transit,
even when the distanee did not exceed 100 miles.

As soon as it is exposed to the air, lignite hegins to lose moistnre,
and this may continue, in a hot and comparatively dry climate,
until 50 per eent of the original moisture has been removed. Dur-
ing this drving the lignite breaks up into smaller and smaller
picees and more or less “fines™ vesnlt. 1f the lignite is stored lor
considerahle periods, =ponfancous combustion may set in and the
writer has heen informed of a fire that hegan in thiz way, in a pile
of Mexas lignite. Sponfaneous combustion may arvise from the
or dust, or finely divided pyrite (sul-
phide of iron) but does nat seem 1o he much influenced by high

presence of excess of “fines,

volatile matter in the lignite. 1t 1s due 1o the oxidation of com-
stituenis in the lignite if=ell and when the heat generated v this
oxidation iz not lTost through radiation or convection as rapidly as
it is formed, the heating ol Lhe lignite may become so marked as
to eanze i 1o eateh five,

So Far as now known there have heen no svstematic tests on onr
lignitee to defermine just whal loss there may he on weathering s
bt in certain 1linois eoals, which, liowever, do not eorrespond ro
lignites, o ealovific loss of from 1 fo 3 per centl, in a vear, has
heen reporfed. In certain Wyoming coals, there was a lose of 2,50
per cent in the first three monthe and of 5.50 per cent in 2%
years,! ,

[t is probable that, up to a cerfain point, varving largely with
the nature of the ligniie it=ell, the loss of moisture inerenses the
value of the dignite for Tuel purposes; hut just where this poiut
mav beisaomatter to e settled for each case separaiely, On a

Womp. Bull. 35, Univ. HL Enge Bxpt. St 1909, Chemieal  Engineer,
Vol 12, July, 1910, and Tech, Paper No, 16, Bur, Mines, Washington, 1912,
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cutload of eoal weighing 30 fons, and moved, we will sav, 100 miles,
in Texas, the freight is 60 conts a ton,

With an average content of moisture of 31 per cent. there would
be 9.30 tong of waler in this car, on which freight has to be paid.
The freight on 30 tons of Henite at 60 cont= a ton 3= $18, of which
£5.55 0= paid on the water, This waler is of uo value in the lignite
except as o sort of hinder. When it i vemoved. the Hanite hireaks
up: and the question is, whether the move solid lignite plus the
water can be more cconomically nsed than the finer lignite minus
the water. Up to a certain point it is probable that there would be
a decided economy in removing a large proportion of thiz water,
cspecially 16 this could he doue on drying floars, or in revolving
evlinders, heated by the wasie heat from the hoilers.

“The harmlul elfeet of excessive moisture in lignite on steam
boiler operation, is due to the fact that a large part ol the heat
held by the moisture is below the temperature of the water in the
beiler, and lience is not available for making steam. This can Le
ilustrated by a specific example.

“Suppose a hoiler operates nnder a pressure corresponding o a
gtear temperature of 350 degrees Fahrenheit (about 135 pounds),
alisolute), that the tewmperature of the products of combustion =
2,000 degrees Fahvenheit and thatl the lemperature of the atmos-
pheie is 70 degrees Fahvenheit. Under these conditions, one pouni
of moisture in the products of combustion contains heat unit: helow
the temperature of 1he water in the hoiler (and hence not available
for absorption hy the boiler) as Tollows: helow the boiling point
(212—=70) 112 Bt n.g latent heat of <team, 965 B. €. super-
heating sleam to 350 degrees Falienheif (350—212) x 018766
B. t. v, making a total of 1,173 B, 4.

“Che heat units in thiz pound ol moistire above the temperature
of the water in the boiler CGind henee available for absorplion)
are (2000—350)x 0AR=192 B Low. These figures show that
the larger parvt of the heat in the moisture is not available for
making steam. o Fael, the moisture in lignite and the moisture
formed by hurning the hydrogen of lignite are equivalent to a
small boiler placed in the Mrnace and making steam cqual in
weight 1o the moisture passing out ol the Turnace, thus absorbing
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that amount of heat before the wmain hoiler gets a chance to
ahsorh 1.7

A temperature of 150 o 173 degrees I would suflice for drying
the lignite withont serionsly endangerving the heat units through
loss of volatile combustible matfer, for there docs not secm Lo be
un appreciable loss of such matter nnder 220 degrees T,

If the moigture could be reduced to 20 per cent there wonld he
a gain in heat muts of 1,548, or 20 per cent; and if the moisture
could be veduced to 15 per cent, the gain in heat units wonld be
1.939, or 26.30 per ceni. Whether this gain in heal unifs would
be more than connterbalanecd Tiv the cost of drying and the loss
ol fine lignite through the grate, is a question still to be =cttled.
No gencral rule can now be stated, for lignites vary a good deal
with respect 1o the proportion of “fines” resulting [rom drying.
They do not all hehave alike nor do they exhibit the same rapidity
of drying under similar conditions.  The more [riable ligniies, of
comparatively loosc fexture, dry move rapidly than those of a more
clay-like texture, although there may be no remarkable differences
in chemical composition. The differences in friability among the
lignifes is especially noticeable on grinding, whether in a machine
or by hand in a wortar.  Some of them go to powder within a
short while, while others are more or less spongy or smeary and
o to powder only after long grinding.

The larger proportion of “fines” in the dried lignite, and the
inlluence of these “fines™ on the ecombustion and on the cdinkering,
has alzo to be eongidered.  While the hoiler setting, the characler
of the firehox, the pegition and arrangement of the five avches and
the eombustion ehamber. the rate of fiving, the size of the fuel.
the thickness of the luel hed, the amount of aiv supplied and the
vate and pressure at which it is supplied, ave of great importance
in all steaming operations on solid Tuel, vet {hey are of particalar
moment when we consider lignife.

It is much 1o be regretted that in 1he Stale where there are (he
Targest deposits of lgnite and where the eonsumption of this luel
i< areater by Far than elzewhere in the eountrey, there hould have
been so Tittle systematic study of the ceonomic nse of such Tuel.

T Randall awd Tenry Kreisinger, DBulll Noo 2, Bur. Mines, Wash-
inaton, 1010,
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Here and there, i Texas, there have been altempts fo solve some
of the more pressing problems in this connection, hut there is no
Tuel testing station in the Stale where such investigations may he
conducied by trained observers. Most of the information we have
on the subject is derived from North Dakota. wheve the Tignife
arca is only ahout one-half of that in Texas, where the production
of this fuel is not hall of the Texas production, and where the
demand for cheap and effective fuel is certainly no greater than in
Toxae,

So ar back ag 1894 hoiler fests on North Dakola lignite were
made at Jamestown, North Dakota, under the care ol Mr. Thomas
Pettigrew, Chief Lngiveer for the Hospital for the Tnsane.!

Under natural draft, the water evaporaled per pound ol lignite
actually consumed was 4.20 pounds, and 4.46 pounds per pound
of combnstible.  "T'he ash in the lignite was 5.93 per cent. The
hoiler was 6 feet in diameter and 16 leet long, with thirly 11-inch
e, The grate surface was 4 feet 5 inches by 5 leet, or 22.8
square feel.  The Jignite burned per square foot of grate surface
per hour was 18.72 pounds.  The total amount ol water evaporated
at the temperature of the feed water (¥4 degrees 1) was 14,157
pounds,  In eomparison with Youghiogheny (Pennsyvlvanin) bitu-
minons eoal, the water evaporalion per pound of combustible was
4.46 : 7.10 pounds. The cost of the bituminous coal was $6.80,
and ol the lignite $2.80 a ton.

From another test of North Dakoia lignite (same authority as
above), with natural drvaft, made by the Miszouri Valley Milling
Company, Mandan, North Dakota, the following report was ren-
dered

Boiler Tests on North Dabolu Liguite, o Manda, N 1),

Duration of test........... .

11 honrs
Kind of furnace........... Smilh-White
Grale surface. .. it - O 30 sap [
Widlh of air space in grale... ... S A R e ST A R e e e e 14 inch
Waler Boating SUPTH0E i oo v essave s s s oy i . 1,544 sq. ft.
Rulio of waler heating surfuce to gratearen, ..o 51 tal
Average steam pressure, pounds per square inch, ..o 1o
Average temperature of feed water entering hoiler. ............. ... 175 deg. F.
Lotal Hgnile fed Lo TUTIRACE .. ..\ v v e esr e e e eineeeiaaeaanns 12,221 pounds
Moisture In EIREE . L i i i e b s b v Bodoi s 30 o e ates s oo e e 23 per cent.
Lignite consumed per sg. ft. of grate surface, per bour............... 37 pounds
Total ggstolligaibe, iy S S B A S 5$9.77

T, A, Wilder, U, 8. G. S, Waler Supply and Trrigation Paper. No. 117,
1905.
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Cost of lignite delivered at mill, perlon. ... ... cooiiiiiiiiiiin,, __81.60
Tolal weight of water fed to boiler.. ..ot iiiniiiviivinaas 56,350 pounds
Waler evaporated per hour, [rom and at 212 deg. Fo.. ... ... ..., . 0,554 pounds
d T e T L P e e e e R T el Y e 163

Cost of fuel for evaporating 1,000 pounds of water.................. 17 .34 cents
Average horse-power of CHgIine. ..o nnenniiieiienneaieennas 190

Cost of fuel jror FLP; BoOrs Lo d sy s i O T e s B 0.47 cent

The capacity of the mill was 450 barrels of flour per day and
the cost of the lucl was 4.46 cents per barrel.

From a test made on North Dakota lignite at the Fargo-Edison
Electric Light Plant, Fargo, N. D)., in 1901, the following report
was rendered :

Boiler Tests on Norli Dalota Lignite, «t Fargo, N. D.

Natural Draft—

12 hours
Total heating surface. . 4,823 sq. ft.
Total grate surface.......... 88 sq. It
Avernge steam pressure, pour 83

Average temperature of feed
Total weight of Lignite fired. ..

140
26,400 pounds
Cost of lignile per net ton ut $2.60

‘Total cost of lignite...........cciivuaas $34. .32
Total weight of water apparently evaporated. . ...oooviiiiniiiannne 97,500 pounds
Water evaporaled per pound of lignile, from average pressure and

B O I L L e e it T e e ek e WA A e 3.70 pounds
Iiquivalent water evaporaled from and at 212 deg. 1*. ... ........... 4.10 pounds
Lignite burned per square foot of grate surface, per hour. ... ... ... 25 pounds
Cost of lignite to evaporate 1,000 pounds of waler. ................. 35.2 cents
Motebore sn Hamites L i e R S RS AR T s 30 per cent.
AR IO o iincs o s e oo SEwcmas oo i o W T S S T e 8 T 3.50 per cent.

Another natural draft test was made on North Dakota lignite
ut the Novth Dakota Agricultural College, in 1902. The report
was as follows:

DIOIRLION OF ToSE .o wu i i v el dawa ss uia's s s s 40 0 47000 el s 4s s #.5 hours

Boilers used---Commeon fire tubular, with 62 flues 3 inches in diameter
and 16 ft, long; diameter of shell, 60 inches.

Tolal heating surFace . . ..o ve e e i in e ia et rieorasan 962 saq. ft.
Total grate surlace. o o sl inins B i e s E 24 sq. [t
Total weight of lignite burned . .......civn it iiinerenrennnns 3,907 pounds
Waler apparently evaporated per pound of lignite burned . . ... ...... 3.16 pounds
Equivalent water evaporated fromand at 212 deg. Fo...oovv v, 3.38 pounds
Lignite burned per sq. ft. of grate surface, perhour................. 18 .38 pounds
Masture Iy lignite. Lo o si B il s ninia v e 36 per cent.,
Y TR 1R T e At s S —————— 9.03 per cent.

Under forced draft, a test of North Dakota lignite was made
at the University of North Dakota, in 1904. The boilers were fire
tubular, with a diameter of shell of 54 inches. Tach boiler con-
tained 48 flnes 16 feet Jong and 31 inches in diameter, and had
R41.76 senare Teet of heating surface.  Fire brick arches were nsed
in the fornaee.  The test lasted twelve and one-half hours,  Per
pound of fiel there were evaporated 4.30 pounds of water.  After
four dave®® air drving. the moisture in the lignite was 10 per cent
and the ash 7.82 per cent.
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Mr. Wilder remarks that with boiler and grale conditions abont
like those used in the fest at the Asvlum for the Insane, three Towa
coals, tested at Des Moines, gave a water evaporation, Lrom anl at
212 degrees I of 544, 5.21 and 6.52 pounds per ponnd ol Tuel
used, and that Cour standard Missowrd coals save 681, 6,27, 6,23
and 386G pounds, respectively.  In compaving these coals with
lignite, he allows for the lignite an evaporation of 4200 pounds of
water per pound of fuel and emsiders thiz conservalive.  Other
ingtances of the foel valne of Novth Dakota lignite are given hy
Mr. Wilder as follows:

I'he 500-barrel milling plant ol the Russell-Milley Milling Com-
pany, Jamestown: A wzingle boiler 72 inches by 16 Teet, with
seveniy-two 4-inch flues, a shaking grale, 56 square leet, with
4-inch air spaces, fovead dralt. The engine was a Corliss com-
pound eondensing rated at 165 horse power.  The full power was
maintained for twelve hours with 7,600 pounds ol fuel, o1 one
horse power from 3.3 pounds of the fuel per hour. The cost of
the lignite at the mill was $2.45 a ton.

The Kenmare Roller A6, Kenmare:  Boiler 66 inches by 16
fect, with a grate ol #-inch spaces. There were nzed 161 pounds
of lignite slack per hour, for 40 horse power, under 65 pounds
steam pressure.  The Minot Eleetrie Tight Company, Minot. had
two hoilers 54 inches by 16 feet. and maintained 50 horse power
for ten hours with two fons of raw lenite.  Natural draft was
used and the engineer did the firing.

Aulomatic stokers and Torced draft have given good resulis, hut
these have alzo heen seeured with natural drvalt and ordinary hand-
firing.

Oune of the most complele testz of lignite as fuel under stalionary
boilers was condueled by D. T Randall and TTenry Kreisinger,!
at Williston, North Dakota.

The boiler was ene of six Strling waler-tube hoilers installed
for the Williston irvigation project of the United Stafes Reelama-
fion Serviee. 1t had three stesan drums, one mnd deam and three
nesls of tubes.  The furnace wag of the tyvpe which hus heen termed
“semi-gas producer,” with a deep-sel grale and a narvowing of the
space between the hridge-wall and the end of the prolonged fire-

Pull, No. 2, Bur. of Mines, Washington, 1910,
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brick arvel.  The 2rate waz 21 inehies helow the lower edae of the
charging door.  The air for combustion was pre-heated 1o 200
to 300 degrees F.oand blown info the furnace mder a water pres-
gure of J-ineh to 1-inch.  The grate was of the roeking-grate tvpe,
and had fwo rows of hars. Cold air was Dlown through a 2-inch
pipe which supported each arate har, with the hope that the
formation of elinkers would he lessened or prevented,

Tnasmuech nz con<iderable care was {aken thronghont {hiz inves-
tigation, it has heen thought hest to speak of it at some length,

The principal dimensions of the Turnace, hoiler and grafe were
as Tollows:

Princiyal Dimensions of Furnace, Botler and Grale Used in Tesls
of North Dakota Lignite, Williston, 1908.

Furnace:— Iiring door:——
Widthinfront,............... 6.6 ft. || Lower edge, above grate. .. .. 21 in.
Width back of hridge wall. ... .. 7.5 1t Height -0l Seamini 14.75 in.
T ] O 8.0 [t. s (B ——— 19.75 in.
gt s ey as s 7.0 It. Chimney:—

Roof of furnnce:— Height ahove _(,'r'tlc ......... 155 ft.
Lcl'l.l.,l.ll.(hll' vight portion) .. ..... 8.5 It ‘ T L ) ARG 04 in.

rakesides e SR 15.8 ft. Boiler:— ~

Yodinmiddle. ... ... 15.3 It. Builder’s rating, H.-....... 5
IIeight in rear, above bridge Water-heating surface, . ... .. 2,087 sq. ft.

| O SO 23 in. Diam. of steam drums....... 42 in,
Number of openings .. ........ 16 Length of steam drums. ... .. 10.33 ft.
Size of openings. . ceveeeans 2%d0 in. || Diam. of mud drums. . ...... 42 in.
Width o dt‘lltluﬂ:{ ............ 2 in. Length of mud drums. ... ... 8.33 It

Bridae \\ alli— Number of tubes........... 209
WAL L DUSE . o vvwviaevasroven h ft. Diam. of tubes............. 4.25
Width on top £ 3 ft. Grate:—

Height . . 40 in. Width, .. e 6.6 It.
Number of 01 2 6 Length,,oonnon e " 8.0 ft.
Size of openings. . .. .. 9x2.5 in. || Widlh of grate b . 74 in

Side door:— Widtholrib...... » .44 in.
Lower edge above grate........ 7.5 in.[|| Width of air spac : 0.44 in
3 TE 1 17 in. || Depth of air space 1.75 in
L3 A R e R B B 14 in.

‘Note—0Openings in roof of furnace were 6.5 it. from front of furnaee
*Nole.—~0Openings in bridge wall were 9 inches from front of bridge wall.

The average composition of the lignite used was as follows:

I'er cent.

WEOELIRG o s s e e S e e S S A T R D TR TR RS T 42.61
Volatile combustible maller. . ...t it st e e cnre s enrennne s 21.09
| 00T BT ) B S e e L S R e S O R U 26.27
i ) oo ey e R S S e | 7.03
I 100 .00
Solphur......... R A S T R S R R AR e T s i 1.01
G LA g, A ot It T 42.06G
MR e R e S R L e R N R R S l 3.04
TIRBRUIBNG, o oo oo s 8 B8 A o R NS SO 14 .80
P . e s e e e A s e s I 0.75
5 I SN B o ) e L1 PO G e R P S S e P AT LU e P R ML e
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The total weight of foel used, with moisture us above, was
431,326 pounds=215.66 net tons.  The average amount of carbon
left in the ash was 22.15 per eent, which, in the Tieat balance, rep-
rescntz an average loss ol 1.93 per cent, due to incomplete com-
bustion of the curbon.  The equivalent amount of water evaporafed
from and at 212 degrees T, per pound of fuel, a< fired. was an
the average, 3.50 pounds, with an average developod horse power
of 238.8. 'The over-all efliciency of the boiler and furnace wasg,
on the average, 35.88 per cent, caleulated from the chemieal anal-
ysiz of the conl and ash.

There was considerable trouble from ¢linkering and the removal
ol the elinkers wag rendered ddiflienlt both by the deep setting of
the grate and the inability fo use tools through the side opening.

The chiel conclusions reached by Messrs, Randall and Kreis-
inger, from the tests at Willistou, are thus stated:

“The combination of hoiler ad furnaee selting deseribed gives
good results with North Dakota lignite.  Steam ean be wmade with
a luel eflicieney ol 35 1o 58 per cent of the heat in the coal, and
no difficulty is experienced in obtaining the full capacity ol the
boiler.

“The results compare very favorably with the results obtained
in the average plant using a good grade of hituminous coal when
the heat available to the hoiler is eonsidered.

“Little, if any, advantage is gained by erushing the lignite by
hand instead of in a power crusher,

“To reduce the moistuve in the lignite by weathering seems to
improve the economy, hut these fests are not sufficient in nuwber
fo determine definitely the condifion of the fucl and the time
required for weathering to insure the best resulls,

“The steam hlower for the agh pit is ineflicient, and there is no
gain in supplving superheated steam to it. A considerable saving
in steam: and cqually good results could probably be obtained by
substituting for the steam hlower a fan suel as is commonly used
for loreed dralt.”

In tests at the Fort Worth Waterworks, Tort Worth, Texas, for
the fuel contract ol 1908-1909, lignite from the mines ol the Bear
Grags Coal Company, Jewett, Lieon county, Texas, gave the follow-
ing results:
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Hours run, 662 pornds of lignite used, 102018 ¢ enllons of water
pumped, 8877050 ; gallons of water pumped per ‘pound of coal, 95.
The delivery cost of the lignite was $2.22 a ton, i. ¢., $1.50 at the
mines and 52 cents freight,  The cost of the fuel, per million
anllons of water pnmped, was $11.68,

This test was made in comparison with bitominons coal from
Oklahoma, Arvkansas anmil Texas,  The cost of [uel, per million gal-
lons of water pumped, was:

Name of company and kiml of fucl. ‘ Cost.
. |

Southern Fuel Company (Oklahoma eoal) .. . . coee 8 0.
Bear Grass (Texas Lignite, mine run). . 11.68
R. J. Clark (Oklahoma coal).......... i 11.68
Dow Coal Compuny (Oklahoma coal) L N Sl | gy i 12 .86
Interslate Coal Co. fArkansas eoal) .. .. .oiiiiiiiiiiiiiirinreainnss 14.16
Jenny Lind Coal Co. (Arkamsas coal) . .oovvviiiine oo iininiiiiinenn. ‘Hgg

il

Roul Croak-Coal Cia, Pakne Lo Sl e i S Pt e ae. i3

The vesulis of some tests made at the Dallas Waterworks, Dallas,
Texas, <howed the following evaporation per pound of Oklahoma
coal, with water temperatore of 110 degrees F., 7.23. 7.30. 7.8%,
6.42, 7.20, 5.32, and 4.91; an average of 6.61. Touwr Texax lig-
nites were tested at the same time with the following results:

. Water temperature,
Location. - Lo
110 deg. F.) 212 deg. F.
Comp; Fobkins coundy oo viaanaaviae e s v oo sais 3505 A.05
Alba, Wootl COmmbY .. ... i e e 4001 oL 60
Hove Wokd Boaly i ol S et s e e 3,981 4,51
Boar Girnes, Lonn Gomnis . . v i sus iis e s s scimedasias G667 7.308

Several vears ago some fuel fests were made by Cyvpress Bros.,
Caldwell, Texas, with a 60 horse power shell hoiler, each test heing
for cighty-fonr hours. Bituminons coal was charged off at $5.50
a fon. black jack (oak) wood at $3.50 a cord, fuel oil at 80 cents
a barrel of 12 gallons, and Rockdale, Milam county, Texas, lignite
at $1.%5 a ton. The results chowed that fo produce one horse-
power the relafive costs were as follows:

Kind of fuel. . Cents,

For bituminous coal .. ................... e S e 1.3
For wooc 0.9
For fuel oil 0.80

Pordignite e s Vi s e e el 070
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In other words, it cost nearly twiee as wuch per horse power fo
use bituminous enal as it cozt {0 use lignite, one and a thind fimes
as much for wood ag for lignite. and a little more for Tuel oil than
for lignile,

In a test condueted by 0 P Greenwood, M. 1L Dallas, ab the
plant of the Colwmbia Manulaelnving Company, Dallas. Texas,
in May, 1912, with Hovt screened lump lignite (Constmers Lig-
nite Company) it was ascerlained that the average evaporaiion
per pound of Tignite per honr was 441 pounds of waler.

The equipment eonsisted of a hatlery of 1wo O'Brien horizontal
return tubular boilers, in brick settings, with a I-inch air chamber
wall vented fo the outzide.  Eaeh boiler was 72 inches in diameter
and 22 feet long, with {wenty-six 6-inch {fnhes.  There was a
furnace of 84 square feel of surface, common {o the lwo hoilers,
The stack was 4 feet in diameter and 100 feet high, set on a twin
up-take nver the two hoilors.  In the up-take there was a hank ol
2-inch pipes for inercasing the Lemperature of the feed water, The
grates were ol gpecial make, known as “Velvet,” and were built
for using lignite.  They were 4 inches wide hy 6 feel lTong, the
width of the furnace heing 14 feet.  Bach linear fool ol grate
surface had twenly-five round holes, 2-ineh in diameter.  The
draft doors of the finmace were hricked up =olid and in the center
of each fwrnace there was an Argand sfeam hlower, the steam
entering at the eenfer of a ring throngh eighteen holes, 1-32-inch
in dinmefer,

Ag already stated. the fuel used was Tump lignite from the mines
of the Consumers Lignite Company, oy, Wood connty, Toexas,
gerecned over a d-ineh sereen and it showed S.030 B, 1. u. per
nound,

There were six furnace doors, one fireman uzing each door aller-
nafely every few minutes.  The average length of lime the doors
were openeael honr was 24 per eent.

The fire was kept on the hill-and-valley svstens, on acconnt of
the large lumps of Heniteo and Mr. Greenwood observes, in his
report, that the lignite should have heen hroken into smaller Imnps.

There was a f-inch steam pipe Tor cach blower and the valves
were kept wide open during the test.  On aceount of fhe design
of the hlower equipment, almost no ash el through the grates.
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The light a<h went aver the hridge wall and was deposited in the
combugiion chamber.  The clinkers, amounting to 4.50 per cent,
were 1aken out throngh the furnace doors,

The heating surface of ihe fwo hoilers was 2351 squarve feet.
While the huilider's rating on {he boilers was 291 horse power, there
was aclually developed 110 horse power.  The combined efficieney
of the furnace and hoiler was 54 per cent.  (Compare the efficieney
of 59.8¢ per cont obtained hy Messrs, Randall and Kreisinger on
North Dakota lignite, with Stirling water tube boilers.)

The duration of the fest was ten hours, During this time the
following averages were obtained:

l Average.

B PSRRI S & e B e P R e N S e R T e ' 105 pounds
AT COIMIETHRITE ¢ cvoc 0 im e w v babas b g oo 0 s e d B p Aeh o p b bt mun o 80) deg. I7.
LID-Lnke teMPernbULe. .o v v dimuniivasves sismnss sase s srsie i SG3 deg. F.
Feed-water Lemperalure., o ... oo eeennrnesivsrarirsras 192 dew. IF
Pounds of fucl per square fool of geate surface, per hour . 36
Botltr, ROEs DO o im0 o i 410
Pounds of waler evaporated per pound of fuel 4l

The total amonnt of fuel uszed was 30,302 pounds and the total
amonnt of water evaporated was 133,801 ponnds.  On a fuel basis,
the cost of evaporating 1000 pounds of water was 16.9 cents, allow-
ing that the coal cost $1.50 a ton, delivered. This represents a
cost of $1.50 for evaporating 8,880 ponnds of water. (Compare
the cost of 17.34 cents for evaporating 1000 pounds of water with
North Dalkota lignite.)

In a private communication from the Consnmers Lignite Com-
pany, July 3, 1912, it is stated that evaporative tests on nut and
slack lignite, through a 1-inch seveen, showed 4.07 pounds of water
per pound of lignite. The opinion is expressed, in that communi-
cation, that with an experienced fiveman and wnder good condi-
tions, the Hoyt lignite will show an evaporation of 5.50 pouuds of
water per pound of fucl,  The average for Oklahoma coal appears
to be 6.61 pomnds,

In a test- made at San Anionio, Texas, in 1910, by Charles V.
Gambs, ehiel enginecr of Ihe Lone Star Brewing Company. on
lignite supplied by the Mmerican Tignite Briquette Company. from
its mines at Big Lomp, Milam connty, Texas, it was reported that
the evaporation of wafter from and at 212 degrees J. per pound
of the fuel was 3,50 pounds.  Following are the items of this test:
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Baoiler Tests on Teras Lignile ab San Autonio. Terns.

|
: Descriplion.

Iand: of ligniteumed o i S0y e S s e | Big Lauump lump
Duration of trinl, BOUS. ..o vt cvariasrrrs s nsvasosos s | 21

Kind of hoilers USed ., ... vvr et rrrsrssrrsesoosnerssenss i Ieine wialerjtube
Number of boilers used :

Average stenm pressure per gauge, pounds ..o oo e e 100
Average Llemperature of feed water, degrees 19, ... .. L. 3 iaaa 150
Avernge almospheric temperature, degrees 17, e G
Total lignile consumed in 21 hours, pounds, . 64,011
Total water evaporated in 24 hours, pounds | 324,720
BREE A  S e T Natural

‘Total water evaporated from and at 212 deg. IF.,

Evaporation [rom and at 212 deg. I
lorse-power developed, per hour. .
Temperature of escaping gases, (Ivg F

wounds. ..

358, I'!EI
per pound ‘o fuel, in punnr a0

In tests lnaﬁe at the Temple Wdtm“mhu 'F{'m]:}c Texas, in
1909, hy Pat DBracken. superintendent, on five different kinds of
Texas lignites, the results were as follows, each est heing rim for
twenty-four hours:

Lignite Walter 1 Cost,
Mine. used, pumped, per 1,000

pounds. gallons. ‘ gallons.
{11 0Y o S, 6,600 at §1.58 758,000 J o S0 L0068
Bastron o e 6,200 at 1.38 756,000 I 0.,0056
Milano Coal Co.....ovovvvnnnanes] 7,100 0t 1.30 712,000 1 .0061
Burnet Fuel Co.................. i 6,400 8t 1,30 756,000 0.0055
Standard Lignite Co............. | 7,600 at 1.30 900, 000 0. 0054

The [uel cost of pumping a mlllmn O"tilons of water, [rom this
test, varied from $5.40 to $6.80. The number of gallons of water
numped, per pound of eoal, varied from 100.30 to 121.90, with
an average of 114,70,

Report by J. P, Greenwood, Dallus, Teras, December 6, 1911,
Central Texas (lotton Oil Company, Temple, Texas.
Duration of test, 10 hours.

Grate surface, 108 square feet.

Heating surface, 4,647 square fect.

Super-heating surface, not given.

Steam gauge, 120 pounds.

Draft, 0.5 inch.

Temperature of external air, 66.8 degrees IMalhrenleit. .
Temperature of fire room, 66.8 th.gxeu, Fahrenheit,
Temperature of stean, 319.6 degrees Fahrenheit.
Temperature of uptake, 4G3.5 degrees Fahrenheit,
Temperature of feed water, 198.3 degrees Fahrenheit.
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(9]
1

Furel,
Lignite consumed, 24,872 pounds.
Ash, 8 per cent.

Waler.
Actually evaporated, 104706 ponnds.
Fyaporated per pound of lignite, 4.20 pounds.
Evaporated per pound of combustible, not given.

Rale of C'ombustion.
Lignite per square foot of grate snrface per hour, average 23.5
pounds.
Cammercial Horse Poier.
(3L} poundz water at 212 Fahvenheit) h. p., 320.7, average.
Nated: TI. P., 3 hoilers, each 150,
Maxiimumn h. p. developed, 341.5.

Minimum h. p. developed, 295,
Boilrrs.

Three, each T2 inches hy 18 feet. Set in one steel casing with
independent  [urnaces of the hall-Dutch oven type. The steel
hrecehings were side dralt type and extended into a nipple on a
100-faot steel stack, 66 inches in diameter.

The fuel was Rockdale lignite, no analysiz given.

(rle Surfure,

Bach boiler had 36 square [eet, or 108 for the three. Grates were
of herring hone type, with 2-inceh aiv spaces.

The lmgitudinal space was 1-inch,

The el average per hour was 2,187.2 pounds,

Water average per hour was 10,170.6 pounds,

The average evaporation per pound of fuel per hour was 1.2
pounds of water [rom and at 212 degrees Fahrenheit.

The average amount of eavhonic acid for the 10 hours was 5.76
per cent. 2

Dailer Efficiency. Per cent.
PG s v e e e e 8y ey A T
Nitlp 2 nowmnresamsssnres R TR 7l
o e T R e I Lt 70

After cleaning fives the highest evaporation was reached, 5.33
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pounds when burning 19,5 pounds of fuel per squave foot of grate
snurface.
The hoiler feed pumps, 2, were 6 inches by L inches by 6 inches.
The heaters were ol open type T.X1. Cascr-1ledges and raised
the temperature of the water to 198 degrees Fahirenheit.

Fuel, I Witer, Lvaporation | Per square foot
pounds. gullons. pounds. of grate.

4.
4.4,
4.
4.
3 cleaning fires)
cleaning fires)

In July, 1913, with the permission of the American Ligniic
Briquette Company, Mr. . 1. Porch, Jr., made some observations
for this Burcau at the DBig Lump mines, near Rockdale, Milam
county. Iisz report is ag follows:

“Descriplion of the Power Plant”

“The boiler plant consists of two Casey-Hedges veturn tubular
boilers (hali-Duteh type zctting).  Both hoilers are contained in
the same setting and use a comnmon 60-loot stack, the height above
the graies heing about 75 fect. The boilers are 18 Teet long.
G Teet in diameter, and contuin 86 Si-inch fubes, giving a heating
surface of 1,120 square feet, for the tubes plus 170 xquare fect
Tor the bottom of the hoilers; or a tolal heating surlace of 1,590
square feel Tor cach hoiler.

Sach grate is G feet deep and 53 feet wide, giving each hoiler
a grate surface of 33 square leet. The grate bars are the ordinary
cast iron hars with V-shaped openings,

The steam pressure carvied is 100 pounds. although it varied
at times [rom 80-to 105 pounds.  Liach hoiler is vated at 150 L. p.,
fotal 500 L. p. Rum-of-mine Tignile is nsed in the hoilers. the
picees of lignite too large to fire heing hroken hy hand on the hoiler
roont floor, Sewe of thiz lignife used 1= quite wet, as it comes
from 1he mines, alzo the hoiler room  (inelnding the lignifey is
sprinkled oceasionally to Tay the dust, this wet lignite being fived

directly into the boilers. The hoilers are fired approximately every
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fifteen minutes. the hed on the grates heing carvied from G to 14
mehes doep,

The water Tor the boilers b= pumped from the mines hefore 1he
by =il woes fo waork, there heing no night shift, 1he exhausl
steam from the compressor, the generalor engine and the hoisting
engine, coes through o (jet) eondenzer, no water heing used in
the condenser, however s ad the very small part of the steam that
condenses runs fram the condenser throngh the feed water heater
and 3 pumped up to the supply fank. The machines {o which
stenm i< supplied consists of :

One Ridgway engine (rated ol 160 W p.) driving o 100-k. w.
(361 amperes, 250 volts) D. C. Thompzon-Ryan Generator. The
norinal load on the generator was 75 amperes and the highest noted
during the test was 330 amperes, This great variation ol the load
was caused hy the staeling and stopping of the clectrie Tocomolives
that are used Tor the undevground haulage, sinee they only operate
a part of the thme. Ao Ingersoll-Rand air compressor of abom.
A5 he paoa heisting engine of abont 60 o po and asaw-mill en-
gine of about 15 h, p, tolal, abont 270 h. .

The results ol the test do not show the hoilers 1o e very rapid
evaporators, hut on Tuesday the plant was operating helow its nor-
wial working capacity and on Friday conditions were still worse,
For this reason Tuesday’s and Friday's vesults were kept separate.
Some sinoke was noted douring the test (as mentioned elsewhere),
bt the majority of the time the stack gave off no smoke.  I'his
sected to be due to the type of setiing, which gives an unusually
lavge aren of combustion, and pos=ibly also to vegulavity in firing.
The beds were not raked very olten (3 to | {imes a day only) on
account of the large amount of unbured lgnite that would fall
throngh the grate info the ash-pil.

Friduy’s Tes!

Druration of Lest 10000 0. m—1:00 pom ey A hrs., 20 mins.
Tagniba brnwdd oo vivviiniiviie s AL L BB s,

Lignite borned per sq. 00 of grade sur
Water evaporabed.. ... oo,
Waler evaporated per how

3540 Ibs.

Water evaporaled per hour, per boiler . e SHS . PR T P 1,772 1bs.
¥ e toet] poer Tisur per potnd of lenile, eouals 2566 gal., equals
RIS [ETLIE B T e D e i L e 2,81 s,
Ashies desown for Uhe Lime specilied, 1,200 Ths, equals, per bodler, ..., GO0 Ths,

A very small amonnl of smoke was noted at 12:53 p.om., 1:30 p.m, 1245 p.om.,
S paomn, 15 o, aned 330 pom, : y N

Ao nousoal amount of simoke for these hoilers was noticed at 2:25 p. m., 2:45 p, m.
and 3:00 p. .
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Tuesday's Test

Duration of test==9000 s nn=0:00 Do i, oo i e e 7 hrs., 20 mins.
Lignite burned . . ......oooi0vnan i 9,116 1hs.
Lignite burned per sq. ft. of grat 18.9 1bs.
Water evaporated.. . ...... et e e : 31,911 bs.
Waler evaporated per hour 1

; I
Water evaporated per hour, per e 2,176 1bs.
Water evaporated per pound of lignite

PN L e e 4.5 Ibs.
Ashes drawn for the time specilied, 1, TG Ihbs.

A very small amount of smoke was noted at 2:12, 2205, 20108, 107 and 1227 p.om.,
which may have been due to o toe vigovous vaking of the fires, or to Lhe holer room
having been sprinkled at about 2:00 pom. The amount of ashes oblained in Lhese tests
is nol exnclly correel, beeause the mine pumps are run every morning from 3:00 4, m.
to 7:00 u. m., and the amount of ash made during this lime hod o be estimated and
dedoeted from the tolul amount drawn.

Uinder date of June 17,1973, Me. AL (4 Kihler, Superinfendent
of the Amerienn Lignite Briquette Company. Big Tump, Milam
eounty, wrote s as follows:

“We have two 130 he . hoilers of the hall-Duteh oven tvpe,
made by the Casey-Tludges Company, Chatlanoogn, Tennessee, at
our Big Lump No. 5 mine, that Tiave heen in continuous operation
for the past three vears. While we have kept no exacl cosls on the
operation ol these boilers Tor any great Tength of thwe, we have
made comparisons with the other types of hoilers used heve under
the identical conditions and find thal we can operate the semi-
Duteh oven type far more cconomically, making a saving in luel
alone from 40 to 30 per cont. The first cost on the installation of
these boilers was high as compared to the old style, hut we Feel that
we have saved the difference several times over. in the fuel con-
sumption.

As 1o the abgenee of =moke:  the eombustion is so thorough that
they may he said to he smokeless. When properly fived, there is
only a thin film of smwoke and condensed vapor from the stack
and this only for the noment when the fresh fuel is heing fived.
Allogether, this style of hoiler and setting is the most satisfactory
we have seen yel, expecially when Jignite is the fuel used.”

Under date of June 10, 1913, Mr. M. F. Smith, Manager of the
(ieorgetown Ol Mills. Georgetown, Texas, writes us as follows:

“Wo have been using the hall~Duich oven type of hoiler, with
steel setling, for about three years and we like it very much. We
helieve it 1o he more economival where a low grade of fucl, snch
as lignite, is used.  Wilh this iype of oven, the fuel is completely
burned and there is almost no smoke, unless a forced dralt is used.”

Mr. . (. Roberts, Manager of the Ladonia Coiton 0il Company,
Ladonin, Texas, writes us a< follows, wnder date of June 10, 1913
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“Answering vours of the 7th instant, with reference to our ex-
perience with the Cazev-Hedges Company half-Dutel oven type of
boiler and their steel casing for same, beg to advise that we have
had but little experience with same, using lignite as a fuel; how-
ever, the six or cight weeks that we used lignite, we found same
to he very ceonomical as against slack eoal, and that our [urnace
gave entire salizlaction Irom point of eombustion, no smoke heing
visible from stack only while furnace doors were open.

The reason we don’t use lignite altogether is hecause our hoiler
capacity is rather limited, and when it hecomes necessary to clean
our fives, any low grade fuel gives ug trouble, as we only have one
unit and a Hnited smount of capacity. '

We are well plea-ed with the hoiler jobh the Casey-Hedges people
gave ug, as we have redueed onr fuel cost almost 10 per cont sinee
its installation, and lind that we ean vse any grade of fuel 10 much
belter advantage (han formerly.”

Much other testimony eould be adduced to show thaf, under
proper conditions, lignile gives entive salislaction as a fuel wder
stationary boilers and that it ean he wud is burned with almost no
smoke. 1E may appear zomewhat strange that t(here =hould remain
in the minds of some people any doubt as to the advantaze of this
fuel, when we consider that Texas alone congmucs a million tons a
year and that the husiness is steadily growing.

The necessity of adapting the grate to the Tuel led My D. C.
Earnest, Dallas, Texas, to fake out patents on what is known as
the “Velvel™ grate. Tn a letler of Nugust 31, 1913, M. Farnest,
who is president of the Consumers Lignite Company, wriles as
follows:

“I'o show how the lignite Imsiness has developed, as Iav as Lhis
company is converned, T will sav that cight years ago il wa= the
custom to load strictly mine-run. Among some aperators there
was a custon of forking the coal in the mines, It the miners got
go expert with the forks that very little, if anv, dust failed to get
into the pit-cars. With the idea of producing a betier arade of
conl, we almost immediately installed sercens, thinking that we
could dispose of the sereenings at some price. But we discovered
that we could not even give this coal away, and the expense of
merely throwing it away was, at Limes, Fron $230 1o fpe e 2 et

Sin:'-e that time, the Velvet grafes, in connection with the
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gleam Dlowers, have enabled ns to sell the sereenings, or conl which
comes through the f-inch sereem, at from 30 {o 60 cenis a fon,
f. 0. b mines. We have one customer, a hrick wmannfacturer, who
will falke all the dust we ean produee.”

In responze to onr request, Mr. Earnest kindly sent the following
deseription of his =Velvel™

SUhe s Velvet™ grate har is especinlly adapted Tor hurning lignite
or any low grade Tuel, ¢ither Tump, mine-run, o slack.

The prineipal object of the grate is to socure a thorongh distri-
hution of air 1o the fuel on the grate, and (he retention thereon,
alter raking fhe five, of cuflicient ineandeseent fuel fo ignite a
Fresh supply of fuel.

wrate bar, which i< Hostrted.

The =Velvet™ grate hary i ils geneval outline. ix like the ordi-
narv grate bar commonly used in boiler furnaces; heing approxi-
nedely rectangular in eross-seetion, and wider al top than holtom,
1= provided on s top face with mavginal vibs and fransverse
ribs or partitions, forming a plurlily of hndividual Tuel pockels
adapted to retain fine Tuel, and on its hottom Faee with recesses
[srming air pockels corresponding fo the Tuel pocket=. These - Tuel
pockets are aboul one-hall to five-cighths of an inch deep. The
Fuel pockets arve conmected with the air pockers by ventilating holes,
fapering, and laraest at their lower ends, heing about three-cighths
ol an dneh o diamefer at the top and Gy per cent Targer al the
hotiom.

The tapering form of the ventilating holes tends to eanse a dis-
chavee of (he air in jets info the Tuel,

Inordinary grates, especially where a foreed or induced dreaff is
used. there is a tendency of the air fo rush through the weakest
places in the five. Tn the “Velvel™ grate the individual air pockets
mnderneath tend to prevent the aiv roshing past some of the ven-
tililing holes and overcharging others. These air pockets Torm
separate sources of supply to the separate groups of ventilating
holes and eause an even distribution of the air to the fuel pockets
in the top of the bar throughout the grafe surface.

A steam Dlower is used with these grates; the hlower may he put
throungh the ash-pit wall, or through azh-pit door.

“\elvet™ grates have heen installed at more than 160 steam plants
in Texas. Below ave the names of a [ew:
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Greenville Eleetric Light Plant, Greenville,

City Light and Water Plant, Terrell.

Grand Saline Salt Company, Grand Saline.

Teler Cotton Ol Company, 'I'vler.

Tyler Kleelric Company, ‘T'yler,

Sinith Connty Conmpress Company. T'yler,

[Touston Packing Company, Houslon.

Fidelity Cofton Ol and Fertilizer Company, TTongton.
Magnolia Petrolenn Company. Corseana.

Brazos Vallov Cotton Mills, Woesi.

Giddings Manufacturing Company. Giddings.

Unidon Lron Waorks, ITonston,

Quanah Cofton Oil Company, Quanah,

Texas Power ad Light Company, Palestine.
Henderson Cottan Ol & Ginning Company, Henderson,
Farmers aml Ginners Cotton Oil Company, Sulphur Springs,
Fraser Brick Company, Ginger,

Boulimm Lee Company, Bonham,

Phanters Cotton Ol Company, Bonhinn,

Bonham Caotton Compress Company, Bonham,

Many foel consumers have the erroneous idea that move hoiler
capacity is necessary when lignite coal is used as el This is un-
guestionahly unteoe when =Velvet™ orales are installod, These
evates are installed on a guaranfee of saiisfaction, and when han-
dled acconling o instruetions, increased eflicieney will he shown.

Velvel™ wrates are coverad by Pafents Noxo 962805 and 972065,
doted June 280 1910, and Ocloher 18, 1910, Patent is owned, and
installabions are made, he 1L O Farnest, Dallas, Texas,

Relerence has heon made to the hoiler setting Tor lenite man-
wlecetored and installed by the Casey-ITedges Company, Chatfa-
pecgn, Tennessee. What ix known as the Lall=Duteh oven stocl
selting has proved to he very satisfactory on Texas lignites and
fult particulars can be secured Trom that company. We can pre-
sent here only a partial Hst of the installations in Texas, compiled
to May 25, 1915,
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Boilers.
Name of Company Luocation. Number. Size,

Inches—TFeet
American Lignite Briquette Co..... Biglnmp...oooovuvnn. , 2 72 x 18
Central Texas Colton Oil Co....... Betple, o vovrneeravis | 3 72 x 18
Brownwood Ice & Fuel Co.,....... Brownwood............ | 2 72 x 18
Bruceville Cotton 0il Co,.......... Bruceville, ........... 1 78 x 18
Cartlhage Ice & Fleetric Co........ Coarthage. . ooieevnvies i 2 72 x 18
G, o Fitehugh . .o acins e, Beaumonb. ........... ' 3 2 x 18
Georgetown O Mill. .. ... ...... Georgelown ., .......... 1 78 x 20
Ladonia Cotton Oil Co............ Ladoni: l 1 81 x 14
Lampasas Light & Water Co 1 60 x 16
Midlothian Oil & Gin Co ; 2 81 x 18
Paris Oil & Collon Co....ovvnnn.. 3 72 x 18

Totul number of instullations, 21. Of Lhe stundard casing installations, this com
pany had, in Texas, 61 up to May 23, 1913.

Other large establishments are now concerned over the question
of nsing lignite on stokers and the possibilities in (his direetion
would appenr to warrant all of the attention now heine given to it.

In November, 1913, Mr. Jas. . Kennedy, Brenbam, Texas,
read a paper on “Tignite Stokers” hefore the Southwesliern lee
Manufacturers’ Association, at Marlin, My, Nennedy hag kindly
placed this paper at our disposal, and we make the lollowing ex-
tracts from if, a2 hearing particularly upon this =uhjeet.

My, Kennedy says:

“In handling the subject of lignite stokers, 1 cannot draw
from my own experience, but must rely entively upon facls and
figures which I have obfained by corrcspondenee with parties who
have experimented with stokers or are using stokers for burning
lignite.  Just here, Bowill say that there have heen and are yet o
great many experimenters, hul the wsers are very scarce,

“To gt to a specifie application of {he stoker to lignife-hurning,
I will {ake the ease of a «toker which was installed in our plant.
The president of our company tells me that this stoker was the
best noncy-maker that he had ever had olfered him—on paper—
and before it started to operate.  "The econstrueiion wag the usual
pattern of chain-grate stoker.  The grate was huilt to cover the
widiih of the furnace and was a unit without divisions loneifudin-
allv; but was arranged with rails and wheels o as to allow of re-
moving it for inspection or repairs. A Duteh-oven construetion
exfended from about 18 inches back of the frent water hy 5 Jeet
G inches on the horizontal out in front of the boilers.  The roof
of the Duteh oven was lined with five-tile and had an ineline out
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and downward of ahout 15 degrees, from the horizontal. The top
was one ool From the grate at the front end and two feel four and
one-half inches at the back end.

“The top of the Duieh oven was called hy the manufacturers the
“ienition areh.”  Tis business (according lo the literature) was to
gct white hot and ignite the fresh lignife soon after it entered the
furnace. The operation was o be this: The five was to he started,
as on anv oiher grate, and allowed to heat up the surfaces, and
especially the “ignition arch,” at which time the stoker was sot in
operation amd would take care of ilself as long as vou fed it coal,
The hurning five on that part of the grafe and of the arch under the
{ubes would radiale sufficient beal (o maintain the arch at a white
heat, awd the arch would ignite the incoming lignite.  The operation
was this:  The fire was =iarted in the usual way; evervthing was
heated up nicely, also the aveh; then the stoker was placed in op-
crafion hut right here liction stopped and actual evenls hegan to
happen.  When the fresh lignile was struck by the heat from the
ignition arch, the large amonnt of moisture the fuel contained
arose in o volume of steam and cooled the arch, and ignition was
delayed until the fuel veached the furnace proper. It was also dis-
covercd that the fuel burned out hefore it reached the point where
it was supposed 1o he ashes. This sloker was an absolute failure,
® % *

“In my endeavor to ohtain information, I wrote fo various con-
cerns which are reported to have hurned ligoite with mechanical
slokers zuceceselully.  Tleve is an extract from a lelter:

““We have burned a little lignite on hoth of these grates with
very good resulls, as compared with hand-firing.  However, these
grates were not installed at this plani for the purpose of hurning
lignite. They are strietly semi-anthracite” Another paragraph
reads:  “In burning lignite, a great deal depends on the areh. On
this, if you go into il, vou will probably have to o =ome experi-
menting with different construelions of arches” T understand that
this installalion gave a great amount of {rouble when it was first
put in.  JTere iz an extract from another letter from a man who
had made a study of Texas lignites:  “We f{ried out lignite on a
chain-grate stoker wnder a 200 h. p. B. & W. boiler, but found
that it did not hurn sonccessfully heeanse of the moisture in the
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fuel. The fire died ont hefore the end of the grate was reached
and, of course, the ignition wag too slow.””

“Tlere is one from Colovado: “We have six B & W, Doilers,
four of them 300 h. p. fwo 400 ho pooequipped with chain-
wrate slokers, Have had them in operation abant theee vears. Our
tolal expense [ vepairs on wrates, gear, engine belts aued brick-
work, has been about $100 per vear.  We hurn lignite allogether,
except when there i< labor trouble.  We are saving from 20 per
cout 1o 23 per cent ol coal aver good lomd-fring. | am sending
vou analysis of the conl we burn, alko some ofher information.’
Following are the analysiz and evaporation:

Kind of coal, Cruches mine run. | Per cent.

Volatile matler.. ... ..o o0oeo oo R S R SO T I T 70
g BT T RN e SR R e ot ey el N 30,25

TR R e e SRR e T e 247!
Calorilic value; British thermad unils. .. oot onn oo iiiininiiiieiintinran 1" l:(lU

Wailer equaporation from and al 212 deg, per ., natural coal . 5 ihs,
Waler equporalion from and ul 212 deg. m'r Ib., dr\ riml ..... 6.5 Ibs.

Efliciency of boiler and furnaee, 56.49 per cenl.

Diraft suelion uplake. ... 0.57 inches of water.
Nraft suetion over Ifre. 021 inches of water,

Capneity of boilet... .o = ke S0 1L 1.
Load developed. .. .. A W i et s 1L P,
O I R e T e e A e S T L ey 20 per cenl.

“CUThis was from an cight-hour test run hefore stokere were pul
in, stack temperature Goo to 700 degrees I
*Another test yun after gtokers were installed, same coal usged

Waler evaporated from and at 212° per pound, nalural ecoal, |mn|u.lx ...... | 6.1
Waler evaporaled from and at 212% per pound, (In coul, ]muml» 2 500
Eflicieney of boiler and furnaee, per ¢enb, ..o oo e inrans | 69,7
Dieafl suction uptake, inches of N e e e 0. 498
Diralt suclion over lire, inches of waler'. 0000000000 P AN R e ok 1,232

Capueity of boiler, 100, p

Horse-power lh.\'a.lnpld JU?

Over raling, 28 per cenl, Average (00O 10 Lo 12,

Stack temperatures helween H00 and GO, l

“Both tests were van Tor cight hours, and in the ease of fhe
stoker we were not familiar ab the time with the hest method of
liring. 1 helieve the ehain grate is the only stoker Tor lignite.”

“Uere are two analyses of the lignite we are hurning at Bren-

hai, Texas:
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Lo 2
l'l aken from in front
of boilers as il
AL the mine. | was being lived.

Puer cenl. Per cent.
Moisture . S ”US’ 13.74
Volatile rombus i ot s i a8, 10
Fixed ¢ .mmu . 38,30
4. K
10,070
11,670

Note.—Analysis No. 2 is more relinble as we had it made by a reputable, unbiased
chemist, I am not so sure uboul No, 1. .

STt has been impossible Tor us, on aceonnt of making alterations
in our plant, to get exactly our evaporation factor, hut, in the tests
run st vear, we had tests which van as high as 5 pounds of
waled to a pound ol lignite as fived : onr avernge heing 1.5 pounds.
Comparing the Colorada lignite and the lignite which we are
using, il =eems as i we would be hetler fixed 1o use a stoker than
they are.

“P'he manufacturers of the tyvpe of stoker nsed with Colorado
lignite elaim o have more than sixty stokers hurning lignite, in
(olorado.

“What I have learned abeut stokers for lignite, as we lind it in
Texas, [orees me to the conelusion that they arve still in the process
of development and, while T hear very oiten of what has heen ae-
complished at this or that place, it has hoen impossible for me to
secure aufthentic results ol test.

“There arve vaviables conmeeled with lienite which make ollicient
stoking difficult.

“As zel Torth in another place, there is the moisture, the most
variable of them all. Il it leaves the mine in fair, dey weather,
its moigture confent will he Tower when it reaches vou: and, if the
wenther is damp or it is raining, vou have more moisfure,  And
oo aperafion or. rather, good ignition and combustion hy the
stoker, requirves =ome stability of moisture.

“The same mines have heen known o produce lignite of vari-
able chemical commposition. 1 think this is true of all wmines, al-
though our lignite 1ums very uniformly.

“The recuisites for suecessfnl mechanieal sloking ave the clim-
ination of most of the meisture: the bhreaking up of the Tumps to
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uniform sizes so as to obiain, as far as possible, the same grad-
ing; come mechanical means for avoiding surface coking; and
the consiruetion of iegnition arch applicable to the particular fuel
to be used. T have been informed that one of the large companies
in this State is about to earry on some extensive experiments with
a liznite stoker, We will all he glad, T am sure, o sec suceess
crown their efforts, ag the fuel situation in this State is becoming
a serious one.

“In conclusion, T wish to tell you that recently we are develop-
ing ahout 15 per cent over capacity with a hoiler which formerly
never exceeded Y5 per cent of its capacity. The source of this
increase consiste of three clements: CO, Recorder; Rocking Grates
and African musele. The latter is a little hard to keep wmoving,
but is the only stoker we have heen able to rely on.”

With vespect to stokers using lignite:  We have been furnished
with the results of a test made on lignite from the mines of the
Southwestern Fuel Company, (falvert, Robertson county, at Fort
Worth, December 23, 1912, T'he steker usged was the Green Chain
Grate, and the water evaporated per pound of lignite, under actual
conditions, was 5.02 pounds, the horse-power developed having
heen 524, with a hoiler cfficiency of 73.4 per cent.

The details of this test are as lollows:

Boiner Tesr a1 Forr Wonir,

BOILER.

Duration of test, 6 hours.

Plant, Swift & Cowpany, No. 9.
"Mepe, B & W. Water Tuabe.
Diumeter of shell. 42 inches,
Length of <hell, 20 feet 4 inches.
Number of tubes, 224,

Diameter of tobes, 4 inchea.
Healing surface, 4544 square feet.

FURNACHE,

Type, Hovizontal T, Type GECO.
Dopth, 11 feet.
Width, 8 feet.



The Fuels Used in Texas 137

Grate area, &8 sq. ft.

Kind of grate, Green Chain Grate.
Percentage ol space, 13.

Ratio of heating to grate surface, 51.7:1.

COAL.

Kind of coal, Mine-run lignite.

Bought from Southwestern Tuel Co., general offices at Calvert,
Robertson county.

Broken to cgg size for firing.

Weight of coal as fived, 19,200 pounds.

Percentage of moislure in coal, 30.17.

Weight of dry eoal consumed, 13,407 pounds.

Weight of ashes, 1441 pounds.

Weight of combustible consumed, 11,966 pounds.

Percentage of ashes to dry coal, 89.3.

Calorific value of fuel, dry, 10,669 B. t. u,

COAL PER HOUR.

Coal eonsnmed, actnal conditions, per hour, 3,200 pounds.
Dry coal consumed per hour, 2,235 pounds,

Combustible per hour, 1,995 pounds.

Dry coal, per =q. ft. grate surface, per hour, 25.4 pounds.
Dry coal. per sq. ft. heating surface, per hour, 49 pounds.

ANALYSIS OF COAL. Per cent.
1o eafhon cusasm i sl N e e s b st U e e 24.03
Volatile matter ...t it et cie e 38.32
DEOTEEUNG L wivers e e crime e o A A G T R A e 30.17
ASh ................................................. 7.48

ANALYSIS OF ASH,

MEOISEOTR! o vnrstinem armarmine v e i PR S e S0 S e S 35vs 0.28
Volatile combnatible matter. .o vvvvineinniiiinnneiinanns 16.01

WATER.

Total water evaporated, pounds.........cocovvueninnnnn. 96,363
Equivalent water evap. from and at 212° F., pounds. ....108,408
Water evap. per hour, pounds. ......oovvevnennaiannn.. 16,061
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Equivalent water evap. per homr {rom amd at 212° I,

POUNUS! s v mmusimeinm v oW s R e S R 18,068
Pactor:of evaporation s e s e s e s aasiess 1.125
Water evap. per sq. ft. heating surface, pomnds. ..., .. 353
Water evap. per pound coal, actual conditiong, pounds. ... 5.02

Water evap, per pound eoal, from and at 212° I pounds. 5.61
Water evap, per pound eombustible, actual  eomditions,

T A S S ) s e e e e e 8.05
Quality of steam, per cent, dry.....vovivivniiirnnnnns. 99.3

I'RESSURES,

ST RIS POt ey o RS e 146
Draft at uptake in inches water. .......... ... ... ... 0.77
Draft entering cconomizer over fire. ....oovvviieveeinnn . 0.24

TEMPERATURES,
Feed water, 136° 10,
Bscaping gases from boiler, 503° F.
Boiler room, 517 T.

HORSE POWER,

Rated horse-power of hoiler............ i 870 AN e A 154

ITorse-power developed from and at 212° F. (1 h. p. equiv.
L4 pounds water) ...

Percentage ahove rated b, p

ECONOMIC RESULTS,

Water evap. per pound coal, actual conditions, pounds. ... .. .5.02

Euiv, evap. from and at 212° per pound coal, pounds. ... .. 3.64
Equiv, evap. Trom and at 212° per pound drey coal. pounds. .8.08
Eauiv, evap. [rom and at 212° per pound comb., pounds. . ... 9.06

EFFICIENCY.

REficieney of hoiler (heat absorhed by hoiler per pound of com-
hustile, divided by heat value 1 pound comb.). per cent. ... 748

Efficiency of boiler (heat absorbed by boiler per pound dry
coal fred, divided hy the heat value of 1 pound dry coal),
por eent oo GIRT SR R A SRR R e ST R



e
o
fon

o
:

e
o
o

.

T
o
i
.
e
S
.
e
o

S
o
.
e
.
W
e
e
.
e
L
t
o
o
e
o
.

o

)
i
s

o
@
.
e
=
o

i
b
-
e

i

o

e
e
.
i
o

-

o

-
e

.
S
o
L
-
o

L
L
e

e

s
i

e

e
ook
e
e
e
o
o

e

Consumers Lignite Co., Hoyt, Wood County

e

o
o

o

e
L

.

e
e
S o
o e e e s
c e
.
Sam e
-

ca

:

o

i

-

o

-

.

o
i

o

o

e

o

W

Lo

“,,
o
o

o

i
e

S
S




The Fuels Usod in Teras 134

A large tonmage of lignite i now fived by hand and while this
method unguestionably gives good satisfaction when proper care is
hestowed on ity vel Tor laree establishiments, the nge of an anto-
malic stoker seems 1o be necessave. There are no insuperable oh-
strcles to he overcome. The main points (o congider are thal in
lenite we have a fuel that parts with ils volatile combustible mat-
fe more quickly than ordinary hituminous coal does, and that the
fivedd canhon ds nat oft a coking nafure. This means thal a laree
quantity of aiv must he supplied within a shorl time affer the Fuel
Legins to part with its volatile combustible matter, and =upplivd
ar the requisite points, The <moke muzt he prevented from form-
iy Fone 10 s diflieult to handte it after it is onee Tormed. The lixed
arhon will take care of itsell, il prevented Trom falling throngh
the interstices ol the grate: it i= the volalile combustible matler
that has to he cared lor.

tr does not appeare thal there ave greater variations in the com-
position of lgnites than in coals with which they are {o compele,
=0 that a stoker installafion snecessful with one lignite <hould he
capable of hurning any other Hanite, under comparable conditions.
The preparation ol lignite, aecording 1o size; has g direet bearing
o the use ol aufomatic stokers. In this connection we quate a
lorter veceived From the Consumers Lignite Company, Dallas, with
veference o the practice at theiv mines at Hovl, Wood commiy,
SThe eleaning ol lignite slack, or ils separation into nol amd
sty wits livsl sugeested by the practice of the Fraser Brick
Company, of Dallascat its planf al Ginger, Rains county, ol niix-
ing o certain amount of Tenite dost with the raw material Tor mak-
ing fire dile. Their practice was to pul fhe standarnd slack—all
meterial throngh a f-inel bar screen—-through a Wiltliams crusher,
cof Tor [=inch. "The possibility of making a separation ol matervial
ul iz size ab the mines lod Ao experiments at the mines of the
Cotsumers Lignite Company, Hovl, Wood county, Tesas, in the
stnimer of 19120 under the care of Mo Ao M. Hodges, assistant
mansagers and M Deney MeN, Phillip=e mining engineer.

Tie ariginal cquipment prn\'iriml for o two-size separation. grade]
as Sl amd slaek,”™ the Tomp being all material over a0 $-inch
e seteen 12 Toet Tong snd 5 Teel wide <ot at an angle of about 35
degrees, ad the slack heing all material through fhis screen,
These two grades of conl are deliverad hy gravity to gondola freighl
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cavs on two parallel tracks under the tipple, which is for slape
hoisting.  The amount of slack in mine-run coal varied from 18 to
2% per cont for the last vear, Allerations in the existing installa-
tion were, of necessity, very limited and it was decided {o provide
a bin for the dust instead of loading it divect info the cars.

Preliminary cxperiments on a small seale showed that nproeoyi-
mately 25 per cent of the slaek was of suitable size and could
be oblained through a properly slofted sereen. This experimental
sereen was ol ovdinary corrugated ivon, supported two inches aboce
the floor of the slack pan, and extending two inches hevond fthe
lower edge, neross which was fitted a nozzle conneetad fo the suction
end of a gin fan. These experiments were go succeszful that a
lavger installation was planned, initial operation of wlhich hag
shown a salisfactory extraciion,

T'he seveen at present used for waking the separation into “nut”
and “dust” is of No. 16 guuge galvanized sheet steel, in which
have been ent slots I-inch wide hy 4 inches long.  The sereen
is 1% lect long and 5 feet, 9 inches wide, with a pileh of 35 degrees.
The <lots are arranged in pavallel staggered rows 1] inehes apart,
with 2 inches of metal between slots in the same row, Thus there
are 24 slols inoa row and 50 vows, o fotal of 1,200 slots with an
area of 1 sruare inch each, making the avea of openings about 15
per cent of {he total aven.

Galvanized angle irons of 1 inch are riveted along each side of
the sercen and through these angle irons are drilled six equally
gpaced I-inch holes, corresponding to similar holes drilled in the
sides of the slack pan 3} inches above the floor. "T'hrongh these
lioies and flush with the lower surface of the sereen are passed
d-inchi stud holts, secured by jamh nuts at each end. The lowet
edoe of this sereen exlends 3 inches hevond the lower edge of
the slack pan proper, thus affording ample clearance for the larger
particles that slide on the sereen without interfering with the finee
material that passes through the slots and slides on the pan.
Extending across this lower edge of the slack pan proper is a nozzla
s0 designed as to give a uniform suetion across its enlive width
and this nozzle is conmected with an 11-inch sheef iron pipe run-
ning to the suction side of a 43-inch A. B. C. high speed fan. The
distance fram the mouth of the nozzle to the fan inlet is 17 feet,
with u rice of 4 inches. The lan is belt-driven from a 30 horse-
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power Lansing engine, with a maximuam speed of 1,800 r, p. m.,
hut the necessary speed ravely exceeds 1,500 v, p, m. The distance
from the fan outlet to the bin is 48 feet, with a rise of 7 feet, and
the delivery pipe has a diamefer of 11 inches. The bin is con-
stracted lo discharge into gondola ears through Tour spouts and has
a capacity of 50 tons of dust.

The following analyses, made in the laboratory of Hm Bureau of
Eeconomic Geology, Iniversity of Texas, show the comyposition of
the varions sizes, the samples having heen {aken simulfanconsly
av three different peints. The Tump and nut were faken from rail-
road cars heing loaded at {heir respective shutes and the dust was
collected at the mouth of the nozzle. The sample marked “dry
dust™ was laken from the hin and represents material alfer ifs
passage 1hrongh the Tan and exposuve 1o the air Tor several Tours.

dnalyses of Liguites Trom Consuwmers Lignile Co., Ioyl, Wood
Couitly, 1'raas.

IPer cenl., as receive.
Lump | Nut. Dust. Dry Dust.
i o A i T S At | -1 ot
NOISLUFS e essoesaeeeens ' o25.85 Il 9650 ¢ 20.95
Volatile eombustible matter. .. ....... I T S0 8o d2.20
Gk Y e r T S — 31.30 3271 32,006
A e R A R AL e S 7.27 i .40 10.78
1060 .00 1060 0t 100 .00 l(I(i .00
YT P O ST TxE R R (.51 (.62 0 GS t:l 70
British thermal units per pound. .. 7.974 7,739 7.728 L T8
1 i
PHSSTREERERES B T E I*er vent. on l.ll'l Ilil}'-i‘\ B
| A o
Lump. i Nul. Dust., !'lw tusl,
Volatile eombustible matler . ... ..., .. 47.99 A6, 10 42 .00 42,92
Fixed enrhon. oo cdiiiaedas 42,21 58,80 44 .52 42,72
Bl e [T 1510 1318 1136
| PRS-, - . o - i S g
100,00 100.00 100 .00 100 .00
SULINOY oo puiso e ssis s .73 .85 0.92 ¢ .95
British thermal anits per pound...... 10,751 10,676 10,520 § 10,598
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CHAPTER IX.
THIE BRIQUITTING OF TENAS LIGNITE,

Ruport of Professar [0 Babeock, Universitv of Narth Dakora,
(rand Forks,

We do not propose Lo enter upon (his <ubject in delail, for it
would vequire a hook Lo itself, N Ahat s necessaey af this time
i< fo wive the vesulls which have heen vecentlyv obtained From {he
hriquetting of typical samples of Texas lHanite in the Mining
Fxperimental Sub-station of the 1'lii\'l'l'.~:i{‘\' ol North Dakota. We
shall pot discusz the briquetting of raw lienile, for we are of the
opinion that {his offers few, i anv, commereial advaniges over
ovdinary lignite,

Liznite hriguettes ghould be made of carhonized material or
material that has had mos=t ol the volatile combustible matler re-
moved, whether inclosed retorts or in hee-hive or recovery ovens,

We are aware of the experiments that have heen made on the
hriquetting of raw lignite, hut we do nol consider the resulis ob-
teined o of <uflicient importance o warrant further discnssion
at this time. Furthermaore, it is nol necessary to disenss the livi-
quetting o other lignites, Tor the heart of the matler lies in the
vesulls actually obtained Frony Texas Tgnites.

During the summer o 1902, we <ent to the Mining Sub-=lation
ol the University ol North Dakota, three separvate shipmonts of
1000 pounds each of the following lgnites, contributed by the
conpanies coneerned ¢

Bear Grass Coal Company, Jewetl, Leon counfy,

Cov<inmers Lignife Company, Hoyvt, Wood county.

Houston Counly Coal and Manulacturing Company, Evansville,
Leon county,

We also =hipped thiee bareels of Texas asphaltum (petrolenin
residue), contributed by The Texas Company, Houston, to he used
as a binder for the hriquettes.

The composition of the three lignites <hipped was determined
at (he School of Mines of the Tniversity of North Dakota, as
follows:
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Bear Crass Coal Company, Jewelt, Leon Counly.

As rec'd, Dry,
per cenl. per cent.
Moisture. .. .. T —— ik 9.30 j.......
Vaolatile combustible nl.:Llc' s S T e o e 42.40 4635
l-lx-.dcnrmn Dk i e e TR N e S R R - 39.51 4:3.18
Ash., e e D e O ————— 8.79 10.47
I 100,00 100.00
S PR s e A S e A cvvof nob det’d | not det’d
British thermal units per pound. . .....cooviiiiiiiieia] 10,263 a5
Consumers Lignile Company. Hoyt, Wood Counly
As ree'd, Dry,
per cent. per cent,
MO iy smmmm sy s s __ ........... B R 10 .68
Volatile combustiBle MuLLEr . .o oo e e ee e e ieaaeaas 40 87
Fixed carbon.. .. ... R R o akas R e 41.03 11
At el L e B e e e e e L RN 7.42 LS 1
100,00 100000
G L e e S T e S R S nol dete’d | nol detr’d
Brilish thermal units perpound ... oovvenn e 9,923 11,008

Hoaouston County Conl and Mawufacturing Company, I ransrille,
Lieon Counly.

As rec'd, Dry,

per cent. | per cent.
L E T S L T N Tey L Wl | levessaese
Volatile o hll]l:l.l-b\ll)!L 1 o R T A s Tl = AR.00 43.12
| R TT ELH T ) S i it R L SR P et Ve B e R R AT A AR I LH R 40 87 4637
P T N7 10.51
100 .00 100,00

Selpbrr oo RO e R YA e S S ] not det’d | not det’d
British thermal units per imund ................. e 9,612 11,142

While these conls were in transit from Texas to North Dakota,
they lost a lavge part of their original moisture.

The briquetting fests were under the immedinte supervision of
Professor 15, 1. Baheock, Dean of the College of Mining Enginecr-
ing, University ol North Dakota, whose excellent work on the
North Dakeota lignitegs needs no commendation heve,

In abridging his thorongh report we have omitted no essential
facts hearing ou this investigation.

Erperimental Melhods, Bquipment, ele,

Report of Professor I8 JJ. Bahcock.
ITe says, under date of July 8, 1913
“The tests given in this report were carried on hoth at the School
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of Mines and the Mining Experimental Sub-station of the Univer-
sity of North Dakota. The analyses and tests of the raw coal, the
tests of the coal for the yield and quality of gas and carbonized
residue, and the analyses of gas, residue and hriquettes were all
made at the experimental laboratories of the School of Mines at
the University.

The carbonization of the residue for the production of hriquettes
and the manufacture of the briquettes from the varions samples
of coul and the vavions binding mixtures, was carried on at the
Mining Experimental Sub-station under myv supervision.

All of these tests were very thoroughly and carefully made with
the purpose of approaching, as nearly as possible, conditions which
could be sceured in a commercial plant. The most serious difliculty
in these tests was the lack of sullivient quauntity of the different
kinds of coal. For this reason, the gas tests were all made in our
smaller plant at the School of Mines, but this has proven very
satisfactory.

The small experimental gas plant in which this coal was lested
for gas is very complete and of sufficient size to give accurate and
reliable results and it approximates very closcly the methods which
might be actually used in the manufaeture of gas from lignite on a
comercial scale.

The retort is so arranged that pyrometer readings can be taken
constantly during the carbonization, thus showing the yield at
varying temperatures. The retort is connected Dy a rizer to the
hydranlic main. This hydranlic main is then connceted with a
seeendary tar extractor of special design. From the extractor the
gas passes to the condenser which removes water, any remaining
tar and other solids or liquids. Beyond this is the scrubber pro-
vided with spraver, coke {rays, ele. From the serubber, the gas
passes to the purifier, having compartments for cither lime or oxide
of iron. An exit pipe leads from the purilier {o the gas holder
which is very carefully constructed and calivrafed, and is provided
with an aceurately graduated scale reading the gas contents at any
lLieight to the one-hundredth of a cubic foot.

The holder is so constructed that the gas can be oblained under
any pressure desired, and so compensaled as lo give a uniform
pressure with any quantity of gas. It is also provided with ther-
mometers, pressure gauges, ete. I'rom this holder the gas is piped



Lignite Briquetting Plant under construction, Minot, North Dakota
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direetly to the gas testing lahoratory, where the chemical analyses
and the ealovifie tests are made. T'he gas determinations were all
correeted 1o normal temperature and harometrie pressure.

Standard 1. G. 1. gas festing apparatus and government methods
and a carelully standardized Sargent gas calorimeter were used.
The gas and coke determinations were made in this experimental
plant, (A more eoplete deseription of this plant may be found
on page 30, bulletin entitled “Investizations of Lignite Coal Rela-
five to the Production of Gas and Briquets,” hy E. J. Babeock,
University of North Dakota, 1911.)

The earbonization of the ligniie for hriguelics was carried on at
the Mining Experimental Sub-station and in our standavd ull zize
gas retort. The experimental gas plant at the Mining Sub-station
consists of a hench ol one retort, hyvdranlic main, condenser, cx-
hauster, two serubbers, purifier, meter, all of the full size nsed in
conamercial plants, and one gas holder, together with pressure
ganges, pyrometers, femperature recording apparatus, ete.

The gas heneh containg a standavd vetort 9 feet long, ecapable
of carbonizing about 100 pounds of coal in four hours. This plant
is complefe and confainz ctandard full size apparatus of the Iatest
fype. The temperature apparatns is very complete and eonveniently
arrunged =0 that the temperatare of the retort can he taken at any
tiine by means of a high temperature pyrometer and the tempera-
ture and pressure of the gas ean be taken in any part of the plant
by means of a central temperature recording deviee and a central
differential pressurve gange,

The Texas lignite earhonized in this plant was used for the pro-
duetien of briguettes. No determination of gas was made in the
earhionization in {he Tavge plant as there was nol suflicient quantity
of the coal. Iurthermore, the coal wasz not completely cirhonized,
az it was thought that with this parficular lgnite, and under your
climatic conditions, it would not be necessary oy desivable 1o at-
tempt o drive off all of {he volatile mafter, o as to produce a
briguette which would he v=ed as o subztitute for anthracite conl.

For this veason the Texas lgnite uzed in making briquettes was
ouly partially carhonized and in each case a different proportion of
oae wis extraclod, leaving each residue entively different in its pro-
portion of fixed carhon and volatile matter. This method was pur-
sued prarposely heeanse of the small quantity of coal available and
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the lnrge mumber of fests desived. 1 was thought that by adopting
ihis method, a lge amonnt of dana could Tie seeured with the lhm-
ited .~aI|1|||||‘\' ol coal. No analyses are given of the residues used in
ihe hreiguettes. The relative mmount ol earbonization and some
e of the chareter of the vesidue i cach ense can he obtained hy
relerring ta the chemieal analvses ol the hriquettes,

11 campiete exrhonizaiion iz desived, the composzifion of the
residue ean he seen by oreferving (o the gns and pesidue fosgts,
Briquettes made From vesidue from which the gas has heen nearly
all extrocted, will, of course. have a somewhat higher heal value
and will give a denser and somewhat stronger and hetter produet.
But it was thovght thal in oany eases in the Texas distriet it
wottld not he desirable (o exteact all of the gas.

After the lignite was carbonized, it was removed from the refort
and quenched by #praving with water. [T was then conveved to the
grinding room wheve it passed throngh the pulverizer which re-
duced it 4o a size ranging from dust to fine <hot. [t was the in-
tention to have about 75 per cent ol it pass a T0-mesh, hut pe-
fained on o 20 or 30-mesh sercen T running these small samples
it was, however, impossible 1o put the samples through owe Lo ger
erushers, elevafors and mixers, sivee a considevable part of the
=amples would he lost,

For this reazon it was "JI.l'l't'-i:-'Jll"\' fo orind these smples of lig-
nite inea dise pulverizer and as the Tesas lignite itsell produces
a oo deal of fine material in crushing, and heeanse of this type
ol crvinder, the proportion of over line material was loo large, as
will be seen by veferenee to the sereening tests given in another
part of this veporte An excess ol fine or coarse material willy in
cither case, lower the quality ol the hriqueties, espectally with ref-
erenee toostrength amd abrasive qualities.

Aiter the residue was ground it was conveved to a steam-jackefed
miver inowhich it was heated 4o the proper temperature amd {he
hinding matevial mived with it. The hinding waierial consisted
¢ proportions of piteh and low grade flour, or gronnd

-

ol varyin
serectings. The proportion of cach ix given in the deseription of
ihe varions hriguette rons in anaother part of this report,

The proper proportions of water and stean were then introducd
and the mixture thoroughly made, al a femperainrve of 190 to 18D
I.I-t';_'"‘('i‘:-' Fahrenheit., ATter the misxture was completed, it was cooled
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to the proper hriquetting temperatare and then passed through a
rotary hriquette pressc making hrignettes weighing from 2 1o 2}
cunees. This press has o eapacily of abont twenty {ons per fon
hours,  The hriguetfes were then conveved on a2 cooling helt {o the
storage hin and then were sacked rewdy Tor festing.

As L alveady heen stated, we were unable fo run these samploes
of coal completely through our Targe hriquetting plant. Tt was nee-
essary fo use o small grinder and mixer, agalready deservibed. ad
theve heen sullicient quantity of the Texas Hgnite (o earload) 1o
fave run threough onr complete plant, considerably hetter hriguettos
conid, no doubt, have been produeed, although the small sample
lot= which we made ave very good, faking evervthing into consider-
ation.

The experimental hrigquetiing plant at the Mining Suab-station
i~ o continnous one with a capacity ol about fwenty tons per ten
hour<. Tu this plant, as normally operated, the cavbonized vesidoe
aoes fivst to a dizinfegrator which hreaks all Tumps of residoe {0 a
quarter ineh and finer. This is then conveved fo o st ol rolls
which reduee it fo the proper size for higquetting, Tt is then ele-
vated {o a4 bin from which it passes through an atomatic feeder
which gives the correet proportion ol vesidue to hinding material.

AL thiz point, an aufomatic feed delivers also the proper smount,
ol wrannd screenings. or low wrade Hour, hetween T aml 2 per cent
aencrally heing used. This mixtore of grovnnd residue is then de-
Bversed foa prebeater o convever which conveys and mixes The
ey material and at the same time hrings it {o about 100 degrees
Falerenheit and delivers i, al this temperature, info the mixer,
Al this point, the hinding pitelr s introdoceed throngh o rolary
meters giving the exact wmount of pitel hindey desived. "The piteh
nEed is generadly what is known as 145 degrees melfing point,

This piteh is pelted inoa stenm heated tank from which it flows
by gravity fo the eters Teis then spreaved and hlended with steam
in the mixers This omixer = steam-fackoted and so desioned that
it thoroughily anixes the hinding inaterial and the lgnite residoe,
at the =atne dime moving it forward aoed delivering v :‘\:11'”‘\'
the proper speed Tor the briguetting press. Oncits way fo the bri-
quetting press it is eavelully fempered by o special deviee which
coals the misture to the proper temperature and which can he
recnlated Lo meet the ehanges in atmospherie temperature. The
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mixture then passes through the press and the briqueties are de-
livered to a cooling belt which convevs them to briquetle sforage
bins.

This plant is complete and no hand work is done from the time
the residue is delivered to the ernsher. All of the machinery is very
carefully timed o that every parl operates at the proper speed and
delivers exactly the right proportion of material. Considerable care
and skill is requived in the operation of the plant to keep the ad-
justment exactly right, hut the plant has heen so carefully worked
out that it operates very uniformly and with comparatively Tiitle
attention.

INVESTIGATIONS ON TILE SEPARATE LIGNIIES,
Bear tirass Coal Company, Jewctl, Leon Counly.

The analysis of this lignite has alveady heen given. The lignite,
as received, vielded 11,130 cubie feet of unpurified gas per ton,
the temperature of the retort ranging from 1,172 to 2,057 (degrees
Tahrenheit (800-1,125° C.). The composition of this gas was:

| Per cent.

CArBOIE RGN oo vt a6 s S e S B 14.1
Carbonmenoxade; . & LT R S N S e 17 .90
FTHATRIDRIRER - e e Sl s 0 TR e 4 % SR e 150
Bk 5 T e S S L 0.30
BI e s e e e s e sl e e 44 .60
IMERNANE o voorvoeie e moniromonss socaomon srsiace s eome oty s 0 oo 0 SRR 9 A 16.60
11 H T e R e R R T SR e S R R R T S A l 1.80

1 o0 00

British thermal nnits per cubie foot, 334.8.
The yield of vesidne waz 32.5F per cent of the Jignite as veceived
and it had the following composition, dry:

Volatile eombustible matter
Fixed carbon
L e s

Britich thermal units per ponnd, 12,820.
The yiclds of tar and ammoniacal liquor were not determined.
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Briguelte Tesls,

A seriex of hriquetting tests was made wnder varying conditions.
The gas was not all driven oft from the residue which was briquet-
ted amd on this account an enfirely new series was obtained., The
carhonization was carvied ou in a larger gas oven, only a portion
of the gas heing vemoved. The rvesidue was crushed to the following

21703

_— . S e A T " :
Per cent.
Couarser than H-mesh ., ... .. o ___- _ ............... 0.38
Between 10 and 30-mesh....... ... A T s b S W e SR -3‘1,72
Bet o ] BO-mesli. ... et 20,66
Bebween 50 and 100-mesh. ..o iiiiiiiiiiiiin e 12.11
Finet LINm TODAIIEE . v emn b oo s oo i s o e e i e a8 4 e e 32.13

By rcference to this it will be seen that a large amount of the
residiue was crushed finer than 100 mesh. This was unintentional,
as we aim to have very little as fine ag 100 wmesh. This residue
scemed Lo erush to a fine powder much more readily than our North
Dakota lignites and was ground finer than we intended. As a re-
sult, the briguettes are not ag slrong as they would be il there
were not in them so much very fine material. It will, however, be
difficult to get a large proportion of the vight size without consid-
erable fine dust from this residue, as fhe Texas lignite does not
seem to give as havd a residue a= that ebtained from the North
Dakotla lignite.

Briguettes:  'This coal was used for the production of hriquettes
under a varviety of modifications, some made of raw coal and gome
with the lignite residue, and cach lot was made with varying pro-
portion of hinding materiale. The purpose of this series of fests
was to seeure a wider range of lriguette products so that a com-
parison ol composition, heat value amd general quality could he
made, taking into nccount differences in cost of production, ete.
The following scries of briquettes was made from this coal:

Laboratory No. 2,887 A. These briquetfes were made from
slightly carbonized lignite vesidue. The carbonization was made
in the regular ctnvdard size gas retort. The following mixture
was used :

G per cent. coal tar piteh, about 145 degrees melting point.
2 per cent. ground sereenings, or low grade flour,
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5 per eent, hituminous coal,
ST oper cont, slightly earhonized lignite residue.
The composition of these hriquetles is as Tollows:
. Cleoprival | nolusis Briguelivs,

As ree'd, ey,

per venl. per cent
Moisture. .. .. RN N R T . 5.1 A
Volatile combustible my |ttrr ................. 41,81 S660
Fixed earbon. ........ P ATFE s 13 .12 A5 .65
1 Y 16 G 17.75
- ) 00,00 | 100 00
British thermal units per pound ..o . A DR 11,110 11,616

These hriqueties have fairly pood physical properties, although
nol as good as the other samples made from carbonized residue,
prohahly for the veason that the residue From which these briquettes
were wade was only slightly eawbonized. A« has already been ex-
plaimed as in the case of the other briquettes, these hrigueties are
not as strong as those made from the havder North Dakota lignife
residue, due Jargely 1o the fine powder obtained in crushing the
carthonized residne. This can probably he eonsiderably redueed
in the operation of a plant by careful adjustment of the grinding
machinery o bt in this test the gquantity was too small to admit
ol experimental changes in the grinding.

These  hriguettes, however, are quite =atizfactory. 1'hey are
nearly jet-black in color and have a very good surface. They are
ciflicientlv <trone o handle without great hreakage and =tand in
the air without fendeney o slack. Mthongh but =lightly earbon-
ized, they hold their forme well and burn well in the Furnace.

These hriguettes huen with o little move Dame than thoese which
ave more Fully earhonized, hot after the combustion is well under
witv. the e hecomes very small amd fhere s but Tittle smoke.
They T quite freely, hetween the more Tully carhonized and the
raw lignite heiquettes, hul sinee a portion of the lighter was has
heen faken outs they hold together well while burning, These hri-
quettes are good Tor stenming coal under boilers and are excellent
for furnaces, five places and ranges s and while they ave betfer than
the raw lignite hriguettes for use in sell=feeding antheaeite stoves,
thev arve not as desipable Tor this purpose as the hriquettes made
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from the completeiv carbonized residue.  These hriguettes, how-
ever, wonld prolmbly give very good satisfaction.

Lalioratory No. 2887 B These hriquettes were made Ivom raw
lenite which had heen dried. but from which the gas had not heen
removed. The Tollowing mixture was used :

11 per cent coal tar pitehy ahout 115 degrees melting point.

, .
3 per cent gronml screenings, or low arade flowr.
5 per cent hitmminons coal.
81 per cent raw lignite, dry.

Chemical Lueanlysis Brigueltes.

As rec'd, Pry,
per cenl. per eenl.
L o e e S T 1 Yot | (e s
Valatile combustible mabter. . ... 000 iiieironersienes 3686 38 80
$ar EO B 2 T | (R R e B e L Ry B U S S e 4698 A8 .43
] e e e e L B e L o s 10,90 11.70
104 (K} 100 .00
British thermal unils perpound. .. ... i ieeeiaens 11,010 11,654

These hriquettes ave strong enough to stand a limited amount
ol handling hut ave not nearly as strong as they would he if they
were made Trom earhenized Henite and therefore the hreakage will
he considerably greater, The color is nearly black, The shrinkage
is comparatively small.

These bhriguettes stand very satistactorily in the air, but as is
usnal with raw lignife hriqueties, they erack considevably in the
five, due to the wapid produetion and eseape of gas. Towever, they
do not disintegrate and They stand up quite well in burning. s
with all raw Hgnite hriguetles, there s considerable volume of
Hame, especially naticeable on Fresh fiving, and af ihis period there
i= al=o conziderahle smoke, dve to the conl tar piteh used, hot alter
the fire has gotren well started, the flame and the smoke are hoth
avgely redneed,

These hriguettes e very freely and too rapidly to e used as a
<tib=titute Tor anthreacite, Farthermore, they contain foo much
i Lo e peed with entive satisfaction in self-feeding anthracite
stoves, They can, however, be used in furnaces, ranges and onder
Foilers, hul will not Lold the fire as well as briguettes made Trom
carhonized  lignite residue and will not stand handling as wll.
They have. however, a very good heating value.
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Consumers Lignite Company, oyt. Wood Caunty.

T'he analysis of this lignite has alveady been given. 'T'he lignite
as received, yielded 9,970 cubie feet of unpurified gas per ton.
The temperature of the vetort ranged from 1472 1o 2012 degrecs
Falirenheit,  (800-1,100° ) The eomposition of {hi= gas was:

Per cent
CUrlORIC A1 5 sivivsmsniis s S b 538 5 SRR TR S VAo S 20.30
DT M ONORIAE. . o i s s ity s s e AR AT s e e 15.30
lliuminunts ....................................................... 1.30
iy e S e T e e EERT e S e e A ] “lti' ,:l(l
Hydrogen.................... U BN R e AT A1 .04
M,t;thunc R 21.07
llmf«n ......... R B R R WA AT S B A i 669
British thermal units per cubie foot .. . . ................ S 435

The yvield of residue was 51649 per cent of the lignite as veccived,
and il had the following cowposition, dry:

PPer cent.
Volatile combustible mntler 11.37
uerj carbo . 73.53
AR v v ek 15.10
Hrtunh thermal units per pound . 13,360

The yiclds of tar and amwoniacal liquor were not determined.

Briguetlte Tests: A zevies of briquetting lests was wade under
varving conditions, on material from which all of the gas had not
beer vemoved. The carhonizalion was carried on in a larger gas
oven at the briquetting plant. The vesidue was crushed to the fol-
lowing sizes:

Per cent.

Conrser than 10-mesh . . ....cviveniinrioneiisnnssrncecsssassssnsnsnns 1.48
Between 10 and 30-mesh.........o.oniivnrnrrrnreocnassssssiansnns 44 .63
Belween 30 and: SO08h. . o oonoe oo e onisieiniiseiis s s ase s s 16.52
Between 50 and 100-mesh. .. ... 0o i ciiiiacanaanans 11.01
o T T R N o T A S B L L JreH 26.34

As i the ease of the preceding tests, the large amount of the
residie waz ernshed finer than 100 mesh. This was unintentional,
for the purpose was to have very little material as fine as 100
mesh, This residue seemed fo crush to a fine powder much more
readily than our North Dakota lignite, and the briguettes are not
as strong as they would be if made from coarser material.

Laboratory No. 2,885 A. These briquettes were made from par-
tally carbonized lignite residuc, with the following wixture:
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]

(=3

per cent coal tav piteh, abont 145 degrees melting point.
per cent gromid sercenings, or low grade flour.
jer cent hifuminouns coal.

S )

o
=3

[

per eent partly earhonized lignite vesidue.

The eompozgition of these hriguettes was as follows:

As ree’d, Tirv,
o per cenl. | per cenl.
MoiSture. ... oo cviivinenernnan.s 250 ...,
Volatile combustille matter o 2244 | 23 .00
Fixed earbom . . ... et i e 58,53 | 60 .00
AR G e U R R R R e i R e e 16.53 17.00
" 10000 100 .00

British thermal units perpound. . ..o oo i 11,640 11,938

These hriquettes have faivly good phyvzical qualities, aud will proh-
ably give satisfaction. Their color is nearly jet black. Theyv have
a reasonably good surface and arve fairly dense. They are sullici-
enily strong fo handle without an execessive amount of hreakage.
They stand in the aiv withont any tendeney to slack.  They burn
with a small amount of flame which is noticeable mostly at the be-
ginning of the five, but after combmstion is well started, they hurn
with hub little lame and @noke. They burn freely and hold to-
gether well while hurning, They can be used in an anthracite self-
fecding stove and in furnaces, fire places, or ranges. They can also
be wseld for steam purposes, although with a little wore volatile
matter they wonld give a longer flame. For general fuel purposes,
these hriquettes would wive very satisfactory resulls,

Laboratory No. 2883 B, These briqueties were wmade from
partly cavhonized lignite residue.  ‘I'he carbonization was made in
a standard gas retort. The briquettes were made with the follow-
ing mixture:

10 per cent conl tay piteh, about 115 degrees melting point.

2 per cent ground sereenings, or low grade flour.
a per cent bituminous coal.
83 per cent partly carbonized lignite residue,

Thie composition of these hrigueties was as Tollows:
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As ree'd, l Dy,
per venl. | per cent,

..... G0 S RO s

Volatile combus J2.61 Bha
FFixed carbon . . ol 81 | 53,10
Anhs e aans Loy 13 15
. . Lo oo 10000
British thermal wwits per pound ..o L Y B L 2 12, 4220

These briguettes have faily good physieal propertics. and wonld
predmbly give sati=faction, and the =ame remarks made ander 2,885
A are applicable heree They seem o he somewhat stronger than
briguettes No, 2885 .\ and would doubticss =tand handling =ome
what hetter,

Laboratory Na. 2885 (', These briquettes were made from raw
ligeite, Trom which most of the waler was removed, hut without
the removal of the gas. T'he Tollowing mixture was used :

10 per cent coal far piteh, about 115 degrees melting point.

2 per eent ground sercenings, or low grade flour,
5 per cent hitwminous coal.
85 per cent raw lignite, drey.

The composition of these briguettes was as follows:

Ax ree’d, Diry,
per cenl. | per cent,

NEOIAL TG s b s s sative s S TR R (' B S
Volatile combustilde malter. ... ..o : 4610
Fixed eurhon:. Dol borisn Tiiu o S S R 1125 4360
BTN o i N R S G R e LTl T e A ety .40 1030

1O 00 100 (0
British thermal units perpound ... ... .. ... ... 12,070 12,788

These hriquettes are prohably stroug enough (o stand handling to
a limiled degree, but they ave not nearly as strong nor as =alizlae-
foryas the hriguettes made from the carhonized lienife,  The waste
in breakage where there i mueh handling would he considerable.
These hriguettes stand very satisfaetovily in (he aiv, hut in the fire
they eraek considerably, due fo the wpid production and escape of
gas. They o not, however, disinfegrate, hot will <tand much pok-
ing while burning, There s o Large volume o fiome, especially
noticeable on Fresh fiving, and in this vespeet They ave very similar
to dry lignite. There is
this period, due to the eoal tar piteh nsed, hut alter the five is well

al=o a considerable amonnt of =moke at
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started the flame is somewhat vedoeed, and the smoke Targely dis-
appears These hriguettes e very Freelv, and too rapidiy o he
sufislactory as o substitute for anthrmeite: and they also contain 1o
mueiy gas 1o he used in o gelf-fealding antheacite stove, They could,
Bowever, Lo nsed in Turnaces, vanges, and ander hoilers but they
e carhon-

do not hiold the fre ag well as the hriquetfes made From |
ped Tignite residue, They could not he considered very satis-
factory Tor general commercial use,

Laboratery No, 2885 1. These briqueties were made from raw
ligmite, Frotn which most of the water had heen removed, ot with-
ont the removal of the gas, and in this respeet they were similar
to briqueites 2,885 (. The Tollowing mixture was used :

L5 per cent Texas petrolewm residue,

1 per cent ground sereening, or low grade flour.
A per cent hituminons coal.
O per eent raw lignite, dry.

Their compogition was as follows:

COAS ree'd, Dry,
per eent, per cenlt.,
Moisture...... . S L b e el Dl Llh e ow dois iy
Volatile combustible matter. . ... ... SR AR S R A 40 K0 13.10
Fisedearbon. . ............... A B TR Sow o 44 .54 A7 .10
¥ ¥ e e AR RS S AR e G N A E e e e R B8 1RO
II:JU a0 100 ()
1

British thermal units per pound . ., .. b A e A RN T 090 12,705

These hriquettes are very goad physically,  They ave quite dense,
and as soon as they are dry from the press, they stand handling
very well, and 1 hink that the hreakage in any veasonable handling
would T comparatively small. The eolor is almost eoal hlack.
The surface i< very smooth and satisfactory and they stand ex-
postive to the aiv withont any sizms of change. They crack in fhe
fire considerably, but do not disinfegrate, although they do nof
sland much poking while hurning.

LEwill he notiead that we vedueed the pereentage of Aowe and an
avnitional nount of asphalt was vsed, and iU is probable that 15
prev eent ol the asphalt conld be used without making the hriquettes
too costlv, There b= a0 large volume of Hame, especially noticeabie
am Tresh diving, but not moch smoke. These briguettes, with 15 per
ceni petrolenm vesidue are mueh better than the briguettes made
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from raw liguite with cither 10 or 12 per cent of coal tar piteh.
The Texas petrolenm residue seems to be an excellent binding ma-
terial. It evidently vequires a little longer {o gain its strength than
coal tar piteh does, and it is not quite as hard. It sccms to be
much more clastic, and therefore the hriquettes will prohabiv stand
haudling fully as well as the hriquettes mades ol coal tar piteh.
It also has the advantage of giving mneh less black smoke.  These
briquetfes hurn very freely, and probably too rapidly (o be used as
a substitule for anthracite, and they also conlain too much gas to
be used to good advantage in a sell-fecding anthracite stove.  They
could, however, be used for the same purposes as briquettes No,
2,885 C.
Lahoratory No. 2,885 TN,  T'hese briquettes were made from raw
ligmite from which most of the water had been removed, bhut with-
out the removal of the gas. "The following mixture was used:
12 per cent coal tar piteh, about 145 degrees melting point.
3 per cent gronnd screenings, or low grade flour,
3 per cent hitiminous coal.

S0 per cent raw lignite, dry.

T'heir composition was as follows:

As rec'd, Dry,
per cent. per cent,
Moisture... ... N Y A 0 A B AT smsesras
Volatile combustible matter . 41.28 43 .00
Fixedcarbon., .............. ¥ 45 .89 47 .80
40 o M st i e el N s Nyl 8.66 9.20
- ! 100.00 100 00
British thermal units perpound......ovvvviieicnneiniineias 11,180 11,666

These hriquettes ave very similar to No. 2,885 C. They seem fo
he a little stronger and will probably stand handling, to a limited
degree, a litlle hetter, but they are not as satisfactory as No. 2,885
D, wade with 15 per cent of Texas petrolenm residue. The color
is a hrownish hlack.  These hriquettes ave eonsiderably smaller than
those made from carbonized residue. The shrinkage iz greater on
thrving than in the briquettes made from carbonized residue, and
ulso greoter than in the raw lignite briquettes in which 15 per cent
ol petrolenm residue was used. They stand very satisfactorily in
{he air, but in the five they crack considerably., They will not



Houston County Coal & Manufacturing Co., Tipple at Evansville, Leon County, Lignite.
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sland nmeh poking while burning. There is a large volume of
flawe and considerable smoke,

Tt will he noticed that in this mixture a lacge per cent of pitch
and flour renders the binder rather expensive, especially when ap-
plied to raw lignite. These raw lignite briquettes cannot be con-
sidered commereially satisfactory.

louston County Coal and Manufacturing Company, Fransville,
Leon County.

The analysis of the lignite has alveady been given. The lignite
ag received vielded 10,250 cubic feet of unpurified gas per ton,
the temperature of the retort ranging from 1,742 fo 2,012 degrees
Faloenheit,  (950-1,100° (LY. The eomposition of this gas was:

| IPer cent.

R RTB U s b ot B B b o b e S . s | 14.90
Carbon monoxide 17.60
Hinminants 1.60
Oxyaen. ... i .60
Hydrogen. . R R TR T P [ et 11.25
L] R R i S Mo e e T U e A S : 15.87
Nl_lf_ﬂttcll ........ R B g R MR € TR B AR n ok ST P l 8.18
Rritish thermal units perecubic foot. ... .. ... .. iireiiiiiiiiiananaaat 335.20

The yield of residue was 49.3 per cent ol the lignite as received,
and it had the following composition, dry:

Volatile combustible matter., .

Fixedearbon . . .............
Ash

ss 3 10000
Hritish thermal units perpound. . .covvviiiiienieiinnieeciinnennns 12,527

The vield of tar and ammonia was not determined.

A series of briguetting tests was made on waterial from which
not all of the gas had heen removed. The residue was erushed to
the following sizes:

1]
| Per cent.

Conrser than 10-mesh . o .ovviiiiiiiann, T = = o) upifie (TN
Helween 10 and 30-mesh. . ... i cniiiiniieia i, e 2318
Between J0 and SU-mesh... .............. T o e U e AT . 13,0
Between 50 and 100-mesh. .. . .. A e b W s T ks S 1 .57
Finer LR ADO=IERR . e e e e e b o1 G108 o b aioad 8.6 0 on T a 0 M A7 .80
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The same remarks inoregard to sizing apply here as in the other
cases,

Laboratory No. 2886 A, These briguettes were marle Tron
partly earhonized lignite residue, the carbonization having heen
niele in the regular standard gize gas velort. The Tollowing mix-
ture was used:

8 per cent coal tar pitel, about 145 degrees melting point,
2 per cent ground sereenings, or low grde flonr.
A oper cent hituminous coal.

per eent partly carbonized lignite residue,

The compaosition of the hriquettes was as lollows:

As rec'd, Dry,
per venl, | oper eenl,

DN O LUBS 5 s oo s i S e e S R i

Volalile combustible maller, ... ..o 0o, oy 19 .26
| el BT D) IR e S SR P SRS e I B SR R G148
L e R e aE 14 .26

wE 3 100 .00 10 .00
British thermal units perpound. ..o oo oo iiiiiiiiine, 11,100 12,0832

These hriguettes have good physieal propercties and would give
gowd satisfaction. Their color i nearly jet black, they have good
corfuce and are guite dense. They arve sofliciently strong to uolle
without great hreakage,  They stand in the air without any tend-
enev to slack, and in the furnace they burn well and hold their
forne sati=factorilv. They burn with a =mall amount of ame whea
the fire i liest started, bhut after combustion is well under way. the
farne i very slight and there i hut little smoke, They b Freely
and hold together well, They can be used o anthracite sell-foeding
stoves, in Fornaees, five places, ranges, ele. For general faed pur-
poses, hese hriguettes will give very satisfactory resulls.

Taboratory Noo 2.886 B, These hriquettes were made Trone raw
vas haud not

ligtite which had heen dried; bot from which the
heen removed. The Tollowing mixture was used:
12 per-cent coal G piteh, aboul T degrees melting point.
2 per cent gronnd gereenings, or Jow grade Hour,
S per eent bituwminous coal.
SL per cont raw lignite, dey.

Their composifion was as follows:



The Puels Used in Teras 1Y

I
1 As rec'd, Dry,
per eent. | per eenl.
NOISUIFG o e S e AR ||
Volatile combustible matler. oo oo i i s 20 .81 43,20
Fixed enrbon . ... 0.0 e R S R A R A8 18 a1.00
y L TT—— A £ A A AR i . 1035 12 .80
100 .00 1060 .00
British thermal vnits perpound ..o 1,490 11,847

Laboratory No, 886 (. These hriguetfes were made from raw
Ngnite which had been dried, Imt from which the gas had nof heen
revioved. The Tollowing mixture was nsed

10 per cent coal tar piteh, abont 145 degrees melting point.

+oper cent ground sereenings; or low grade flour,
5 per cent hituminous coal,
S oper cent vaw lignite, dry.

Their composition was as Follows:

As ree'd,

per cenl.
10 ) E A e ey 1| B 1 ol
Volalile combustible matler P e e R N S1.32 4370
Fixed earbon .o 0L A AL.G7 O 60
A R e e S s e )] 1,70
N . oo | 100,00
Biritish thermal unils per pouned ... L. e e e, I 1 1 15.¢ ) ] 11,797

Noso 2886 B and 2,886 C arve both made Trom raw lignite, The
ditference heing that the per cent of piteh in B ix 2 per cont higher
than in ¢, while the per cent of flowe i i 2 per cont higher
than in B. T consider the B the more desivable briguette. These
briguettes arve so nearly of the same character and composition that
the fallowing <tatements apply ta hoth alike:

They are probably strong cnough fo <tand handling (o a lmited
degree, hut they are not as gtrong as the heiguetios made from car-
hoized lignite residne. They arve, however, hoth very goold Tor
raw lignite brigqueties. The waste in hrea

e where there is mueh
bandling would he higher than in the heiguettes wade Feom earhon-
izedd Tignites The coloy i almest hlack, and there is comparalively
Firthe <hrinkage They stand well o the aivs but in the five they
tead 1o erack considerably, without, howevers disintegrating, There
i a large vohome of Hame and considerable smaoke, but after the
fire is well started the smoke i< not as noticeable. These hriguettes
may he considered very good considering the Tacl that they are
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preduced divectly from vaw hgnite, but it is very doubtful i raw
lignite lriquetios will prove to he generally satizfactory for com-
niercial use.

Laboratory No. 2.838.  Briguetles made from partly earbonized
North Dakota lignite. The carbonization was careied on in a mod-
ified bec-hive oven: and Texas petrolewm residue wis n=ed as a
binder instead of coal tar pitel. The following mixture was used :

6 per cent Texas petrolewm residue.
2 per cent ground sereenings, or low grade lour.
b per cent hiluminous coal.
87 per cent partly carbonized North Dakota Lignite.

The composition ol these hriqueltes wag as follows:
As ree'd, Dry,
per cent, | per cent,

Moisture. .. .
Volatile comb
Fixed carbun
o0 e

- . 10000 | 100,00
British thermal units perpound ... .. .ovvunnrreereinnnannn. 12, 140 12,4981

In this sample the ash is uno=ually high hecanse of the et that
some of the residne was reduced Lo ash in the burniug and quench-
ing. Under ordinary condifions, the ash would be considerably
lower.  These hriquettes have excellent physieal qualitics,  They
are very strong and hard and stand exposure to the air without
any fendeney to slack.  They wre almost jel black in color, have
an oxcellenl surface, and ave very dense.  They stand handling re-
markably well and there iz very little breakage.  In the fire they
stand well and hold their form satizfactorily, although they do not
seem fo he quife az havd as the briguelies made with conl tar
piteh.  They hurmn with a small flame and hut little smoke.  They
would make an excellent substitute for anthracite in self-fecding
stoves, and would also be an excellent material in furnaces. fire
places, ranges, efe. TFor general fuel purposes these hriqueties
would give excellent satisfaction.  This fest was vun for the pur-
pose of defermining ihe valoe of Texaz petroleum residue as a
substituie hinder for coal tav piteh, and the sample which we made
this test with has proven very satisfactory for this purpose.  The
briquettes are not quite as hard as those made from the coal far
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piteh, whieh we have deseribed and nsed in other fests in this re-
pori: but thev arve very tongh snd elastie, and T think would stand
handling fully as well as hriqueties made with the same precent-
age of harder hut morve briftle conl tar piteh, and wounld give losy
breakage.

This Texas petrolenan vesidue works very satisfactorily and pro-
duces an excellent hriquetle. Tt hag an advantage in the fact that
it produces much less Dlack smoke than eoal tav pifch does.

Coiclusions.

The resulfs obfainad in these testz wonld indicate that the meth-
ods which we have worked ot and which are applicable 1o North
Dakota lignites, ean algo be used with o Faie degree of suecess on
vour Texas lignites. The special characleristies of the Mexas lig-
nifes requive slight modification in the commercial applieation of
thiz process, hut no material changes in principles or methods,

On account ol the climatie eonditions and the cost of (uels, it 12
prohable that the {vpe of briquette should be slightly different from
that which would he considerved ozt desivable commercially in
Noith Daketa. The main difference wonld probably he in the degree
to which the earbonization should take place, and possbily in the
use of erwde pelyolenm residne, if it can be obtained in =ullicient
quantily and al sulficiently low price, as a substitufe for coal tar
piteh.

By reference to the earlier part ol this report, it will he seen
that the samples of air-dried Texas lignite will produce, per ton,
from 9,000 to TLOOO cubic feet of gas of about 335 B Lo, un-
purified. Althongli the heat value is somewhat low, the vield is
very good. It i~ probable that il this coal were complelely dried
belore carbonizing and the earbonizing were done al a somewhat
lower temperature, the gas would he of higher heating valoe but
of correspondingly smaller yield. Moreover, if the gas were puri-
fied, as with ordinary eity gas, its Bt uo would he comsiderably
raised.

In commereinl praclice it would probably be more econmuical to
dry the coal in a rolary drier before carbonizing 3, as this would
increase the rapidity of carhonizing and the quality of the product.
By so doing, it ix probable that a yield of 8,500 to 9,000 eubic feet
of gas could e counted on in g commereial plant.

This gas is valuable for heat and power purposes and il nsed
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with a ‘luantic’ ix excellent for lighting,  Considering the ease with
whicl it ean be produced and the low cost of the original lignite
and the value of the vesulting vesidue, cuch lignite was chonld, in
many localifics. have a good commeretal value. 10 produced as a
he-praduel in eonneetion with the Iiguedting of Teniteo i could be
solil unpurified ar a very low prices especially if usel far hieat and
power gas. .\ very few cents saving on ihe hv-product aaz wounld
nel g considerahio revenne per ton of hriquetfes.

I addition fo thi=o i desived. some saving in amnonia and
Hanite tar could he effected. The vields of these two =ubstances
wore nob determined on these festz of Texas lignite, hut it iz not
prohable that they wonld vary gveatly from {he resulls oblained
with North Dakota lignite (see “Investigations ol Lignite Conl
Relative to the Production of Gas and Brigquets,” by 1. J. Bab-
coek). Ihis lignite tar should have considerable eommereial value,

The residue produced altee the gas has heen extracted is of high
Fuel value. It is probable that in commercial practive about 50 per
cent of this earhonized residue eould he obtained per ton of mow
aiv-dricd Jiguite with most of the gas removed. When the hinding
malerial is deducted. i will he ccen that it will require about a ton
and three-ymariers of raw coal lor a fon of finishad hriguettes.
These bricuettes, however, wonld e of high fuel valve and il car-
honized to that extent should he an excellent substitute for an-
thracite eoal.  Sueh briqueties would have many advantages over
the raw lignite.  They would be much higher in heating value,
fhey wonld not disintegrate when exposed to the aiv or on hurning,
would he wniform in size and econvenient to landle and wonld he
of high cconomie value,

The results of these tests lead me to helieve that in consideration
of the climatie conditions in vour vegion, the cost of other fuel and
fhe special characteristics of the raw lignite, it would not he
desirable, in many cases, to make a completely earbonized residue
hriquette, bhut rather an intermediate quality in which the lignite
would be partially carbonized by a cheap and simnple precess and
thus produce a hriguetfe which conld be marketed at a much lower
price than a completely carbonized vesidue hriguette conld he sold
for, unless a Taiv price conld be obtained for {lie gas,

Such a hriquette from partly earbonized residue, would prove an
excellent steaming fuel and also good for most household pur- .
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poscz. It would he of good heating value, mueh ahove the raw lig-
nite and would he sufficiently strong for ordinavy handling. These
conclusions are borne ouf, I think, hy examination of the accom-
panving hriguettes made from the partially earbonized rvesidue, the
tests of which are given in this report.

v osueh a partial earbonizing process. the moisture and lighter
volatile gages would he driven ol casily and with Tittle cost and the
residue vielhl would be, ol conrsey correspondingly lavger. 11 these
hriquettes were made wilh the proper proportion of binder lhey
would undouldedly give a salisfactory produet Tor fhe uzes men-
{ioned,

On the other hand, these tests would mdicate that it would not
be desirable fo attempt to produce, for commercial pnvposes, raw
o vesrlonized hriquettes, Raw lignite brignettes will not stand
the weather ar handling very satisfactorily, as will be seen by rel-
crence to the samples which aeeompany this report. They erack
ad cvumble quite veadily ino the Furnace, due to the vapid pro-
duetion and escape of o Javee quantity of gas which iz present in
the raw lignite.  Furthermore, these briguettes have not as high
heat valne,  Raw lignite briguettes wonld cost nearly as mueh to
produoce as The partially carhonized residue hrigueties anl would
he very much inferier in rlun!it:\'. Thevetore, T would nof adyise
any aftempt at the wanufactuore of raw or unearhonized lignite
hriguetfes,

L helieve, however, that iy the pactial carbonization of the Texas
lgnite and the use of the proper proportion of “Tesas Pefralonm
Residne,™ 00 it ean be secnrved at low coough price and in lavge
quantities. a satisfactory commercial product can be suecessfully
produced in localities or under conditions where there is not de-
mand for all of the gas which would e prodaced e complete
cathonization. 11, however, there i= g good market for {his hy-
product gax, the more conpletely earhonized  residue hriguettes
should be produced ai a eommercial advantage.”

Thiz coneludes the yeport of Professor Babeock.

The investigations wide by Professor Babeock arve the flivst at-
tempts 1o bring this matrer into the sphere of commercial possi-
hilitie=.  He takes what =ceins to s to be the only rational view
of the =ituation when lie savs that it is doubtfal if raw lignite can
be made into acceptable hriquettes. It is not necessary to quote the
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resulls of experiments that were made in St. Louis and eisewnere,
by the United States Geological Survey, for they do not lead us
in the right direction. These experiments looked 1o the manu-
facture of briqueftes from vaw lignile and it secms to us fo he
quite nscelss to hane for a profitable exploitation of {his field.

We are decidedly of the opinion that {he hesi. if nat {he sole.
outlook ig in the dirveetion of hriqueites made from envbonized lig-
nite, whether 1his eavbonization is partinl or complefe, with re-
covery ol gas, tar and ammoniacal liquor. ‘The development of
this industry will, we think, depend on the ulilization of all of the
preduets derivable from lignite, viz.: the =olid residne. the eag, the
tar (and products of its distillalion) and ammonia compounds
to be obtained from the ammoniacal liquor.

In order to throw some light on this subject, we built in our
own laboratory an experimental gas plant for distilling lignite in
a closed retort and determining the vield and qualily of the prod-
nelg obtained.  This investigaiion was an clahoration ol cur work
on samples of all of the coalz and lignites mined in Lexas, and
was confined to one parlicular lignite beeanse it was impracticable
to condvet so detailed an experiment on more than one sample.
This special work occupied us for nearly four months and had we
extended it to embrace all other lignites produced in the State,
it would have been three vears hefore the work could have heen
finizhed.

In this specid investigation we were greally aided by Dr. W,
Bredlick, a Bohemian chemist of wide experience in such matters,
and our gratelul acknowledgments are due hin, a= al<o 0 Mr. J.
L. Stullken, assistant chemist {o the Burenu. The detailed results
of this gpecial work are set forth in Chapter N1
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CHAPTER X.
UTITIZATION OF BROWN COAL AND LIGNTTE IN
EUROPE.

BY W. BREDLICK.

The utilization of the lirown coals and lignites of Turope, hy
hriquetfing and by destructive distillation and recovery of the hy-
products, has reached a high slage of development. This industry
may be compared, for the purpose of illnstration, to the highly de-
veloped petrolenm industry in the United States. A barrel of
crude oil is worth about 1.00, sn the average, hul may be made
to vield eonsideralily more than this by distillation and refining.
The hrown coals and lignites of Inrope have heen enhanced in
value by hriquetting or made to yvield by-produets of greater value
than the original substance by {he process of destructive distilla-
tion.

The comparison may he eavrvied still further. Crude pelrolenm
from one distviet juay differ widely from that of another district,
even from different wells in the same district, vet these different
petrolenms can all he relined by similar processes adl made to
vield products of higher valne. In like manner, the hrown coals
and lignites of Kurope, of which there are many varieties and
arades, cither are ov can he utilized, within eertain limils, for the
manufacture of more concentrated fuels, and for their vield of hy-
products.

In view ol the facl that many of these Kuropean fuels, which
are thus treated. are not only similar to hut some nearly identieal
with and others even inferior to, the exas lignites, a description
of the industry as developed in Burope is of special interest, hecanse
the utilization of Texas lanifes will naturally follow similar lines
of developnient. Other chapters of (his bhulletin give the results
ohtained in the laboratory of the Burveau by the dry distillation
of Texas lignite.

It may he said of lignite that it is a somewhat inferior fucl;
that is, its heating power iz lower than that of coals in ordinary
vse, This is dne primarily to the fact that lignite contains a much
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lavger percentage of water than ordinary coal. and, also. that if
acarly always containg more oxyvgen and sometimes more ash.

The beneficiation of lignite may be accomplished by mechanieal
and chemical frentment in three ways,

The first, a purely mechanical treatment, consist= in dreving the
fuel. By driving off the moisture, usually from 25 o 30 per cent,
the percentage ol the other comsliluents i raiged and the heating
power intcreased. The elimination of the woistore vesultz in partial
disintegration of the fucel with the result that it cannot beap trans-
poriation or handling. The dried material must consequently e
compresseld into Iviquettes either with or withont a hinder,

The zecond method ix the dey or destroetive distillation. a purely
chemical treatment. Tn thiz provess, whieh i, in principle af least,
identieal with that used lov the manufacture of coke for metal-
lurgical purposes, the lignite is heated with the exclusion of air,
The products resulting are as follows:

Firsl. .\ residue composed of the fixed carbon and mineral con-
tained in the lignite.

Scceond.  The volatile hy-produets, consisting of was, tar, and
ammoniacal vapors.

The residue s not a eoke in the ordinary wse of the word, heing
disinfegrated into small picees instead of agolomerated into masses,

The gas resemibles coal gas made in the sune mammer: the am-
monia is, of conrse, the same.  The lar is quite different. as will he
ghown lafer,

The oldest distillation plant in Kurope is #till ju operation in
Saxon-Thuringen, in Gernany.

The third method of treating lignite is that of exteaction with
solvents. Thiz is a new indpsztry which hegan to Hourish only
during the past vear. Tt has fomnd practieal applicalion with the
Bituminous lignites (pyropissit) ol the Saxon=-Thuringen distriet.
Thiz particular lignite contains a soluble substance which can he
removed withont the usual decomposition by heat. This has heen
known since the beginning of pyropissit distillation, bat that it
et e conmercially accomplished on a large <cale is a modern
aehicvement. From this lignile the <oluble portion is removed by
tar vils of low hoiling point, made from hrown coal. .\ part of this
extiaet is purified hy the Bavens and siwilar methods, It is used
as o substitute for Carnauba wax and i< mixed with ceresin, 1t
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is Dlack-hrawn in eolor and has a conchoidal fracture. Tt i used
for making phonograph plates, for the manufacture of shoe-polish,
for sizing paper, efe. [tz extraction can he caveied on profitably
only from lignite containing o certain amount of {his waxy sub-
stance. Mowever, all kinds of Tignite (ealled bhrown coal in centfral
Europe) are freated cither chemically or mechanieally or hoil,
for the purposc of concentrating the heating power or for the re-
covery of hy-produets.

As vegards their properties for the purpose of treatment, the
lignites of centval Furope may he elassed according to their uze
into the following groups:

I. Tignites uzed as fuel without any preparation.
11, Tignites that are heignetied.
I'N1.  Lignites that are distilled,

To the livst group helongs the young lignife, veally a [ussil woodl,
then the common hrown coal, and the lgnite anthracite.  The
moistare content of these lignites varies from 10 per cent o 30 per
cent., They are all low in ash. This group iz represented in all
gradations by the Dohemian lignites of ihe northwest hrown coal
hasin. They are used exelnsively under boilers, for generating gas,
for all Kinds ol smelting and Tor houschold puiposes. Those rich
in gas are vged for the manulacture of iluminating gas. T'he only
treatment these lignites yoceive is zereening fo size them into Tunp,
put and gravel coal. o Bohemia, =ome ol Lhese lignites are hri-
quetted with the addition of a binder and a small guantiiy iz di=-
tilled fo obtain lignite coke. The industey is oeal, however.

To the sceond group helong Tie hriguette coals,  Their maisiure
content is hetween 10 per conl and 60 per conl. Sinee these lignites
are not compact and oftimes are =iy From excessive moisture,
they ave not suita’ile Tor fuel in the crude state, except when irned
on a special form of step grate or when dried Lefore firing. They
are nsed v briguelting Factories Tor loeal consnmption, nsually in
factorvies in the immediafe vieinity ol the lignite mines. They are
found in imuense lavers, sometimes 120 feet thick at a depth of
only 6 1o 10 feet Telow the sarface of the carth, consequently they
are mined ehiefly hy open-cut workings. To preparve them for bri-
quetting, when very moist, the larger picces of wond are removed
and then the vemainder iz dizintegrated and =ifted to separate out
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the ashy Lignite powder. The homogeneous lignite is then dried in
verticul or horizontal cylinders, until il containg enly 13 to 15 per
cent meisture. Under a pressure of 9 to 11 tons, this dried sub-
stance is pressed info hriquettes of various forms.  The lignites of
Germany can be pressed info brigaettes that are weather and water
proof witheut the addition of any hinding material like tar piteh,
or pelraleum piteh,  These briquetics do not suffer any loss by de-
teriorntion on exposure to the aiv.  'his is due parfly to the nature
of the lignite nsed and partly to climatic conditions. They are nsed
extensively Lor domestic purposes, not only in heating stoves but
alzo in cook stoves. For boiler heating and gas production, smaller
briquettes ave made that find a ready sale in central, soulh, and
west Germany,

This lignite, as mined, has a heat value of 3,600 to 4.500 B. t. u.
The briquettes made from it will run from 8,300 o 9,700 B. t. w.
The cost of mining by open cut workings is on the average 30 cents
per ton, "I'his iz the cost of the vaw material required, sinee no
Linder iz necessary. The profit in hriquetiing this lignite consists
in raizing its heat value from 3,600- 1300 B, t. u. per pound to
8,500-9,700 B. t. n. per pound. To express the relation in cost per
ton of briquetles, the following ligures are given:

1.92 fons lignite requived for 1 ton hriqueties, at 40 cents

per ton for the raw maferinl. ..ot $0.770

O PIOMAI i v ssotomtoie s b st tanreasas 91355 0.435
Tabor, depreciation, maintenance, interest on the investment. 0.750
Qoneral managemeht & o vevissii vissnisviemn i ees 2o 0.125
$2.080

The zelling price per ton in Germany is on the average $2.50,
making a profit of 42 cenis per ton on the briqueltes. A plant
with a capital of $110,000 can manufacture 36.000 tons of
briquettes per year, clearing a profit of $15,000, or nearly 131 per
cent.  Sinee 5 per cent interest is fncluded in the ahove calenla-
iion under the item of “Labor, depreciation, maintenance, interest
on investment,” the Iriquette Taefory nets a profit of 181 per cent,
i the average.

Other lignites, like those of Bohemia, need a binder, often as
high as § to 12 per cent heing necessary. In general, the older the
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lignite the more binding material is necessary. West Bohemian
lignites are made info briqueties in only three factories. The
hinder nsed is piteh.  The production in Bohemia is very small in
eomparicon with the ountput in Germany.

Besides briquetting with a press, there is another method in use
in some localities for working lignites. Tn ordinary hriquetting, the
heating value i< raised 80 to 90 per cent, or more, and the lignite

is also filted for handling and transportation. In the method about
to e deseribed. the heat valne is raised only 15 to 20 per cent, and
the tervitory of =ale iz limifed to small distances from the point of
production. The lignite is zpread on a floor. Woody pieces ate re-
moved and it is then woistened. The soft mass is then thoroughly
mixed by tramping on it. Thiz mass i« then placed on a flat sur-
face to the depth of seven inches. 1t is smoothed, moistened again
and i allowed to dey in the open air. Tt is then tampel down with
a wooden tamper and cot into cubieal hlocks, These blocks are laid
in rows under drving sheds, This work is generally done by hand,
hut can e done he a machine similar to that used in a tile Tactory.
This methad af preparing lignite is in nze in Hessia, Saxony Pro-
vinee, in the Thuringen Sfafes; and in the Kingdom of Saxony.
The total production of these hand briqueties in Germany reached
its maximum in 1901 with an oufput of 710,000 tonz hut was re-
duced to 583,000 tonz in 1906,

The third grovp of lignifez includes those that are utilized
throngl drv distillation, a chemieal process in which (ecomposi-
tion is effected iy heat. To thiz group belongs the cavthy hrown
coal with high hitumen content ealled pyropissit. Bituminous shales
are also freated in this way. The hrown coal, pyropissif, iz worked
on g large seale at present only in Saxony-Thuringen, of (fermany.
Tt econsistz of pyropizzit and fuel coal. Between these two exists
the real distillation coal, called Sehwell coal. According to its
composition, pyvropissit hiclongs to the wax coal, the fuel coal to
the hmus coal. In ovigin, pyropissit must belong to the vegetable
waxes and rozins of the Tertiavy age.  This explaing why these sub-
stances 0 ~tronzly resist deeay and dissolution and therefore were
preserved under conditions nmder which other parts of plants were
eommletely destroved.  The distillation ecoal in the damp condition
in which it oceurs in the mines forms a plastic mass, at times
greasy and fatty to the touch. When dry it is of a light color and
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resembles an carthy brown coal that is seaked more or less with a
wax-like hitumen. The deposit, which is mined by open cut, is nol
homogentous, but consists of layers of lignites vich in bitnmen,
pyropissit, and fuel coal.

The other material mentioned for destructive di-tillation iz hi-
tuminous shale. 1t helongs to the sapropel coals and is formed by
the addition of clay sediment to the decaying hog. I'his shale oceurs
at Messel, near Davmstadt, Germany. ‘I'he bituminous shale of
Scotlaud resembles that near Darmstadt. The German shale dis-
tillation works are not open to the public and the literature on the
subject, s0 lar as German practice is coneerned, iz meager,

The distillation of brown codl and bhituminons shale is similar
in the sense that in cach case a bituminous substance is treated.
As has been stated, in the hrown coal thal coniains pyropissit,
usually there oceurs alse the fuel-lignile. Tt iz euite diffienlt to
distingnish between them in a moigt condition. Bolh form a
more or less plastic hrown mass which, in the case of pyropissit,
turns on dryving to a vellow or white color, according fo its purity.
Distilling-lignite, when dry, shows an carthy fracture and feeble
gloss. Its specific gravity is 1.0 or less, while fhat of luel-coal
13 1.2 to 1.4, Distilling-lignite mells at 502 1o 392 degrees Fah-
renlieit (150-200 degrees ('), while fire-lignite never melts but
burns with a strong sooty flame and laint odor which changes,
on being hlown out, to the odor of hurnt shellae. Pure distilling-
lignite is Free from vegetable romains. 11 consists only ol amor-
phous resinous particles that saponify when treated with an alkali,

The composition of pyropissit, dis{illing-lignite, and fuel-lignite
respectively was ascertained hy Driickner as early as 1852.

Through successive extraction with oils and alcohol and altee-
wards by distillation of the extracts, a whole series of wax or rosin
products waz obtained. Speeial names and Tormulae were given (o
the isolated bodies. Inasmuch as pyropissit ix not a definite chem-
ical compound but a wixture. heing a fravsition produet® from
the resin of plants to fuel-lignite, there is a dillerence in the analy-
ses given hy different chemists, According fo Rieheck. pyropissit

has the following proximate annly=is:*

Llour., fitr Prak., Chem.. Vol. 57, p. 1.
*(Gracfe, Die Braunkohlenteer Industrie, 1906, 1. 3.
ts. ftiv Devg-iitlen und Salinenw., Vol, 24, p, 356,
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[ Per cent.

Per cenl.

CHYBON oo o s v s s e oo i S o T S B A 66 .24
Hy drogl..n ....................................................... 10,55
Nilrogen . . 0.01
Ox]ygen ................. e Trow 13.31
R D e e e R e T T 9 .86

10000

]'m[ lignite has the following unnpmltmn ln ultimate mml\ sis,
on an aiv-dried sample (\ Bredlik)

Carbons vepsr s s i
chlru_qun
Oxygen..
Nlll’l:l gen

The <1|-lallm‘r Iwmtv ﬂutmnmiu on- exposure 10 the air, as
Thede has shown analyiieally.?

I pyropizsit he subjected to drey distillation, it is decomposed,
according tn Richeek, into

Per cenl.
61.2
164
Gas and los ; 1118
100.0

I hs I|I!11w~hgm’[c. on {he of ho:' Imnﬂ. vields

Per cent,
e R e v e A N G A S L Y R s 33.0
T I wcb 00  BAE E Wg) Np E 8 rE  a B e e 23.0
SR A e e e e P R e e e R i v s 35.0
CROl OO O L i s w0 B R e e M e P . 9.0
100 .0

*Allgem. Oesterr. Chem, u, Techn, Ztg., 1802, p. 017,



132 Bultelin of the Universily of Tevas

Fuel-lignite vields by distillation :

¢ Per eceut.

[_“153

From fhese figures, it i< seen that thege substanees give dilferent
vields of far. In former times, greal care was taken to separate the
distilling-lignite from fuel-lignite. To the pure pyropissit, fnel-
lizmite had to be added, since, when alone in the distilling oven,
it melied and Nowed, making distillation diffieult. Al the present
time, the supply of very bituminons lignites has boen exhausted
and the operator must he salislicd with a mueh poorer wrade Tor
distillation. Thoze now treated hy this method vield hot 5 per cont
tir, The primary purpose of distilling these Hgnites is 1o ohtain
tar through the decomposition effecied hy heaf. In Saxen-Thurin-
gen the lignite coke ix the hy-praduct.

Formerly, the lignite was disfilled in east ivon retorts. Sinee
1858, vertical coke ovens have heen used exelusivelv.  'They are
about 18 feet high.  Within i a syslem of heveled east iron
rings placed one upon the oflier in the form of a column, .\ eross
seetion gives an appearance of Venelian hlinds. These flanges arve
fustened to each ofher in the central axig by a verfical vod passing
through the evlinder.  Tuside thiz evlinder then n hollow space is
formed abouf + feet in diameter. This column of cireular flanges
i walled in with a fire-prool material ealled Dinas filing.  The
spatee hetween this shell of tiling and the column of Nanges is about
G inches, and ds the space ocenpied by the Tignite duving the process
al distillation. Mle fame from the burning gases for distilling the
lignife passes upward through spaces provided in the Dinas tiling,
which is 0 construeted that it is in reality a hollow colwmn with
passages so arranged that the flame instead of going directly up-
ward is forced lo follow passagewnys around, spicallv. 'The lignite
i digtilled Dy coming inoeomtact with this heated {iling and in
realily i< heated hy radiation. the flame not coming in contact with
the lignite. The exterior of thiz Dinas tiling is enclosed with [lire
hrick and these in turn with ordinary brick. At its Tower end the
distillation exfinder is conical.  'T'o this cone is joined a ronnd
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hox. The top of the cvlinder is covered with an inverted fun-
nel-shaped hat. Two pipes earry off the produets of distillation,
one in the upper part and one in the lower. Outside they wnitle
and carry fhe distillation products to the condensing apparvatus.
The lignite ix charged at the top and passes vertically downwards
between {he cast iron rings and the heated tiling. The oven is
fired with the gas produced hy distillation after the gas has passed
Mrongh the condensation apparatus and hag been relioved of ifs
{ar and anmonia contents, The temperature i< lowest inc the npper
poriion and distills off the water fiest. Az the lignite sinks it
encomnters the hotter part of the Mnrngee. Diztillation oceurs in
e lower thivd of the oven. At the hottam of the oven the residug,
a lignite eoke, is drawn oft and guenched with water. The femperi-
ture from the top to the holfom inereases geadually 1o 8 maximum
of 1381 degrees Falirenheit (610 degrees €1). Gas begins {o Torm
al from 28 to 302 degrees Fahrenheit (120 to 150 degreees (L),
is drawn from the interior space of the oven hy means of an ex-
havster and passod Lo the condensatien pland, throngh the (wo
pipes mentioned above.

The condensation plant consists of a gvstom o pipes through
which passes the as with its Ieden of Lar, Conling was Tormerly
done with air, hut of late waler eooling has heen introduced 1o
save space and [o lessen the amount of piping neeeszary, The con-
densed subsfanee flows info a reservoir,

Distillation-lignite now heing treated viells aboat 1,900 cubic
feet ol gas per-ton, with a heal valoe of 510 B w. per cubie Toot.
The gas has:!

I Der cent.

Carbon thoxBde ..o e e e e

10.9

Lloavy B ree e O s s v e i L e L T BN T 1.1
RV s por e sscsimanar e sip 6.3
Carbon mon::xu!e 4.5
Iydrogen . | ] 2.6
Muethane ] G4
Ethaue. £ | 2.0
Nitrogen .. wisis] 12,2
‘ iUl'.l 0

Formerly the ms was allowed to escape into the air. Today it
i~ u=ed {0 heat the ovens and the swrplus is u!.lhn-d in ras cngines
for the generation of clectric energy.

Graefe, 'l Hir Gasbelenehtung n Wasserversorgung, 1903, p. 524
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The ammonia is not conserved, sinee only 0.07 per cent ix found
in the condensed water, in the Saxony-T
The coke ixoa granular produet of pale black coloy, containing
15 10 20 per cent ashoand 20 per cent water (from quenching)
and ha< o heal value of 500 (o 9000 Botoa, 18 bhuened ina suib-
able Turpaee, it i< an execllent Tael thal emits o amoke, deposits

huringen industry,

e =] ! TI:IS (418} ”il!l!{‘.

Thie principal produaet in point of valoe i dae, When warem it is
a diquid. when cold it grows <t (o g hattery consisteney, 1t has a
Iown color and an aromatic odor. s =pecific gravity is hetween
0,85 and 0490, The tighter the tar the grealep i the paeallin confent
and therefore the grealer it values Tar hoils between 302 degrees
Fahrenheit (150 degrees Cu) ol 252 degrecs Fabrenheir (100
degrees )y bot contains o <mall quantily of substanees of Jower
and higher boiling point<, 1 consists chiclly of Tiguid and solid
imemhers ol the paralline and olefin series, and other Tivdroearhons
of low hivdragen content, OF aonabic substance it confaine only
fraces of benzol and its homologues,” Besides these there oceur sinall
quantitios off l'rgtv acids and their esters with aleohols of high molee-
e weight, derived from undecomposed hitimen. An integral con-
stituent ol Tignite tar is sulphur in organic combination. Coal and
coke dost as well as water are Tound in tar as buporities, To sep-
avade the wator, the tar i collected in pitz where it remains winm
and fuid For some time, which penmits the suspended water 1o
settle out.

The Lary alter the water has been separated, it freated Tov tar
otl and paralfin and the hy-produects gas, eresole, and eoke. This
is effeeted by (1) fractional distillation, (2) chemical treatment of
the distillates, and (3) crvstallization. The method ol freating
the tar fram bituminons lignites in Saxonv-Thurvingen, the far
from hituminons shales, and the tar from the Bohemian Heniies,
i preity mueh the same. For this reason, the method common for
all will he deserthed.

The Scoitish industry since 1872 has used exclusively o hitumi-
nous shale as a distillation material.  This iz found in Linlith-
cow and Mid-Gothiun counties. Tt is deposited in the lower bitwim-
inaus conl Tormation. not hetween lavers of coal, hut hetween lime-
stone and sandstone. A distinetion is made between two kinds of
shale, one which hasg a shale-like Dacturee and iz gray, while the
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other has a conchoidal fracture and is black. Tn a moist condition
it s a greasy Teel and ix tongh, with the odor of clay. When dried
it is shaly and with leaflike layers. The chemical composition of
Scoteh shale iz as follows:!

PPer cent.

E;:rl)nn,,.........; ............ -___ ......................... 2?.2?
8 BT | D PP PP PP S PR .8 67
OXYEON ..o evnneneanasiiiniliiiin, o i)(iri
Nitrogen: .. Jln S is Suiiiismmmmnnsaans - 14
e A2 55 1L S 63,71
l-_ a9,06

The hituminous shale of France is analogous to hoghead coal,
compact and massive like compressed peat, and has about the fol-
lowing compuosition :*

Per_cenl,
ﬁar%}un“..,. . (13.2]%3
[ I'Dgcl'l -

N?trog(-.n . .78
Oxyuen s T R R T e L L v 0 = 1.38
Sulphur. . ...... e S P R R S T T A SR Bk Ty (.32
7 R e e e S e R R S e A 21.18
At Ore s e e e L S s 0.38

100 .03

The Litominous shales which are distilled in Germany, France,
Tngland, efe, dilfer from the distilling-Tignites of Savony-"T"hnr-
ingen in composition and in vield of the principal hy-products.
In the eage of the liguites, the principal prodoet is tar, the ly-
productz are coke and gas. Shale i= distilled for tar and ammonia,
and the hyv=produets, coke and gaz, are not considered. Since shale
in England comtains 60 per cent, in Germany 50 per cent, and in
France 2F per cent of mineval matier, the vesidue from the retorts
i< of little value as a fuel. The vield of gas is not sufficient even
fo supply the necessary fuel for distillation and the reforts must
be hieated with coal diveet or with producer gas.

The following snmmary shows the vield of different hituminons
shales, in pereentages:

tDestruet, Distill, Mills, p. 38.
Diet, de Chemie, Wurz, Vol T, part 1, p. 638,
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| ! .
Tar. ! Ammonia | Residue. Gias.
waler, |
(1.) Messel, Hessia, Germany .. vl B=10 I 40-15 40-50 |........
{2.g RBroxburn, Kaglaad . . ... .. 1 8 76 !
53. Bagnas and Aulunois, France . ] 10 81.0 | 2.0
4.) Subolioi, Servia..... ..o vivevaiin 1 31 | 8 36.53 : 11.47

The distillation apparatus used in the shale industry is quile
different from that emiployed in Saxon-Thuringen. Lssentially it
consists of a verlieal east-iron c¢ylinder, from 12 fo 1} or cven to
16 feet in height, and from 1} to 3 feet in diameter. 1 is heated
directly with coal or with producer gas supplemented with the gas
from the distillalion, In order to obfain the wrealest possible vield
of mnmonia, superheated steam is blown info the retorts. By this
means, the fixed carbon present is consumed. The gases are drawn
oft by suetion and condensed by air and water cooling and by
wazhing the gas in pavallin oil. The cooled was is also conpressed
to obtain liquid hydrocarbons.

The gas of the Seoteh industry has ihe following composition :#

I’¢r cent.
Carbon divxide . 15,40
Carbon monoxid 10.72
Hydrogen, ... ... REBLY
Methane. . e I 1.02
4, 5 g SRR P NS o S S e R R e SR e 35.33
100,00

One ton of shale yields about 3.000 enbic Teet of gas. 11 the
diztillation residue eontaing zome carhon, il ix huwrned and the ash
used to make bricks. The tar of the Scolel indunstry from vetorts
of the older svstem (without the use of superheated steam) had
a specifie gravily of 0.88 fo 0.90, the tar of the new system
(with superheated steam) has a specifie gravity of 0.85 fo 0.875.
It sliffens al 50 to 68 degrees Fahrenheit (10 to 20 degrees C.).
Its color is brownish red, the vdor is mild, and it Doils from 158
to 752 degrees Fahrenheit (70 to 100 degrees C.). s composi-
tion i similar to that of the lignite tar of Suxon-Thuringen, ex-
cept that its nitrogen conlent is higher, 1.16 to 1.5 per cent.®

iQcheithaner, Die Yabrik der Mineralle, p. 28,
3J°l Soc. Chem. Indust., Vol. 8, p. 100,

Dict. de Chemie, Wurz, Vol. 1, p. (38,
*“Verlag Berliner,” 1887, p. 2717.

1’1 Gas Lighting., 1893, Vol. TI, p. 399.

¢J’l Soe. Chem. Indust.,, 1891, p. 126.
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The yvield of ammonia is high in comparizon to the vield in other
distillation processes, heing inereased by hlowing in the soperheated
steam.  Necording to Young and Beithy, the nifrogen content of
the crude material Qs as follows :#

Per cent, er cenl,
withoul steam. | with steam.
As nmmonia in ammonin waler. .o 17.0 | i
Nitrogen in lar. ..., ..., e e, S S i 0.0 0.
Nitrogen in residue. ..o 626 | L9

The spectlic gvavity of the water i< L0530 and it containg, joe-
sides ammonda, pyridine and ofher organic hases. The water is
n=ually distilled ot in horvizontal evlindrical vessels) alter adding
3 per cent <laked Times The vessels have a eapacify of 135 {n 5360
enbie Teel and are heated by divect fire or by indiveet steam. The
gaseans ammonia goes through o scrubber and is passed into g
frough Tined with tead and containing sulphuric acid of 1.4 specifie
gravity, The ervstalz of ammoninm sulphate formed arve dried hy
decantation. They are not quite puve but contain some Free zul-
phurie acid, traces ol sulphurons pyridine that does not evvstallize,
and a little waterl One 1o of shale yields 59 pounds ol awm-
monium =ulphate, From which 15 pounds ol ammonia iz derived.

As already stated. the working ol the far ol the German lignite
ditillation and shale disrillation i practically the same and for
thi= reason the two processes will he deseribed together,

Lignite distillation and shale tar distillation may he considerad
ander three heads:

1. Fractionating distillation,

20 Treatment of the distillates with chemieals,

.0 Manuflacture o paraffin,

Alter the coal tar has been frecd Trom moisture, coke s coal
dust, it is subjeeted to the fivsd distillation, vielding the following
fractions:

. Paraffin-free oil.

L1 Paraflin mass,

[T Residue g

The distillation i< made in o cast=ivon velort of 30 to 100 cubic
Feet capaity, which has o special discharge for the residae,

“Zeit=ch, fily angew. Cliem,, 188930 o 108,
SPestrvuet, Distille Mills, p. 20.
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"The retort has a fire-brick setting and the firing is done on hori-
zontal stalionary grates.

The first part of the distillation is earried on under atmospherie
pressure.  When the water has been removed. the distillation is
continued under vacuum, ahout {wo-thivds of the distillation being
done in this way. The products are separvated into paraffin-frec oil
and pavaflin mass. These are dislinguished in thiz way. The par-
affin-free oil comes over firsl. Samples ave repeatedly {aken and
allowed to drop on ice. As soon as the oil stiffens, indicating the
presence of paralling the receiver is changed.

The far s seldom distilled to drvness, that iz, 1o coke. in the
same retort. Usually abont two-thivds is distilled off and the re-
mainder is discharged into another velort and there dried to coke.
In (his way, there are lewer retorls to be heated to a high heat,
and there s also a higher vield of paraffin. These second retorts
are similar fo the first exeept that they do pet have the pipe Jor
emptving at the hottom. The residue of coke 1+ removed hy chip-
ping it oll.

Thiz second distillation iz also made winder reduced pressure.
The reduetion in pressure iz omade either by means of the Nirting
steam exhaust or with a pump.

T this piteh vetort thé hanl paraflin mass iz obtained.  Toward
the e of the distillation as a resull of the destroction o pyrogene
there appear greasy reddish brown masses. the so-called red pro:d-
vet. These must he earefully scparated from the parallin mass,
sinee they inferfere with the purifieation of the paraflin. They
contain o considerable amount of aromatic hvdrocarhong, prine-
pally picene and chrysene. Anthracene has not heen proven to be
present. While the retort is glowing hot (here appear great mas-es
of gaz which are drawn off hy the vacuuwm pump.

The first gases to be removed are those that have heen ahsorhed,
especially hydrogen sulphide. Then Tollow products due fo pyro-
sene destruction. The gases hy weight amount to about 2 per cent,
co that one ton of piteh will vield from 30,000 to 10,000 cubie Teet
ol was.

The analysis i= a< follows:

] Per cent.

LRt er BV AROCREEINR . cvvviow wim v g v p e b g o S ot b i e 3.0
Hydrogen sulphide. ... .. Sl A e e e e We o R b Sy e 3.2
CHRDON TIRRC 1 ocoio s issimesce s g ssma g b st s s s e W . 2.4
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Per cent.,

Elenvicr By tdraearhOnS , o oo v miise s vt iy s e mie o oae soems o ¥ v bk e 6.8
[T D S e B e RS e R oS PR M A S D =R 3.4
Carbon monoxide. ..o coiiioniivne s vuiseansin iy R MR ¥ 1.9
Hydrogen. . s S A L1 L S S 4.9
Mellane, ... ... .. i o P R O S R 28.5
EUHANC. o vonreenettennme s A 32.2
Nitrogen. . .. ! 13.7

Theze gases may he nsed for lighting, alter the hydrogen =ulphide
has heen vemoved. Otherwise they are used for heating and lately
they are used as fael for gas engines. Ten enbie feet will generate
one linrse-power per hour,

The distillation residnes which amounts to 2 per cent of the tar,
ix coke. Sinee it confain- but a teace of ash, it finds a market as
carhon for electric purposes, after being Treed of undecomposed
hydroeavhons by heating {o redness,

At having a speeifie gravity of 0.86, vields the following prod-
nets doring the fivst distiliation :

| Per cent.

Nuisture . : i i S RS el some
Paraflin free oils. B ey pieace 300
Parallin mass : H FLIN s ST = R ok | ()]
Hed produets . T L e T e MY e R et 2.0
{52 0) 7 S A /A= B30 b e N | a9

OF the G4 per cent paraflin mass, 200 to 25 per cent is paraflin,

M distillation produets ol tar are treated chemically hefore
heing worked Turther: some are treated several times in their dif-
Fevent fractions. alter o sccond or even a third distillation, The
chemicals ordinarily vsed arve sulphwic add of 50 to 60 degrees
Baumeé, and sodinm hyvdrate. 58 degrees Baumé.  The produets are
washed in the Tollowing order,

L. Treated with 50 degree acid.
Treated with 60 degree acid.
Washed with hot water.
L. Treated with a small amonnt of 38 degree sodium hyvdrate.
5. Mreated with a large amount of 38 degree sodimn hydrate.
i Washal with hot water,

Tk

The tar distillates ave washed with dilute sulphurie acid 1o re-
move the last trace of water and to wash out the bazic components,
such as pyridine hases, They ave treated with 66 degree Banmé
sulphuric acid 1o vemove the coloring components, not only thes:



150 Bulletin of the Universily of Teros

present ax such, but also those which although originaliv eoloriess
will cause the produets To darken when stored awav. The part
plaved by the 66 degree acid in this washing i< quite complicated
Fronn o chemist™s poind of view,

After the distillates have been treated with sulphovie acid, they
are washed with water and then with =odinm hydreate. This i<
done 1o fix the dissolved and saspended reaction prodoets, hul os-
pecially o remove the plenol-like bodies, especially all the homo-
logues of the phenols.

After the treatment with hvdeate solution, wash water i< aoain
applied.  Washing the diztillation products is carvisd on in laree
covercd or uneovered exlinders o vats Hoed with Lol AL the
lower part a conical hase is soldered on. Mixing is done by means

ol a hovizantal orv vertieal propeller or hetter =till, by means off
compressed airv, which can alzo he nsed to transport the Hguid tar
prodocts and the chemical=. The reaction produets obtained are
acid rosins and sodinm ereosoles,

The acid rosins are hoiled with steam in lead-Tined vessels, By
this means, the sulphuric acid Formed by splitiing of =ulpho-ueids
i= ramoved as g hrown acid waste of 30 (o 40 degrees Banmé, This
i~ then nsed to decompose the soditm cresoles. During this de-
composition, ernde creosote and a solution of sodivm sulphate are
formed. The separated rosin and ernde ereosote are mixed togethier
aned distilled, the products heing ereosote oil and tar azphalt. The
paraflin ma=s and the distillation produacts o the paratlin-free oil,
i benzene and photogen, are washed inoa similar manner.

The loss in wishing consists of

I Per eent.

Bengene . ... ... it e ; Sl R B RN 1
| T T ¢ S s Gt A 2 TinaE g i AR SRR | 3
Raw ol . ; e e S e e b e i 15
Pacallin mass. ... ... ... - A S g e e e A I e g | 1 te 11

The washed crade oil is Fractionated i similar retorts into:

1. Light brown coal tar oil, specific gravity 0.59-81¢ [lash point
TY 1o 85 degrees (25 1o 35 degrees (L) @ boiling point 212 ta
302 degrees T (100 o 200 (1),

2, Light ernde photogen, specific gravity 0835 to 08102 flash
point 86 1o 104 degrees o (50 1o 40 degrees ) hoiling point

302 degiees I (150 dgrees ().
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It gives, up to 392 degrees F. (200 degrees C.), 35 per cent
distillate; up to 482 degrees F. (250 degrees C.), 60 per .cent;
and the remainder up to 572 degrees F. (300 degrees C.).

8. Clear paraffin oil, specific gravity 0.83 to 0.865; boils be-
tween 428 and 608 degrees F. (220 to 320 degrees C.).

The light brown coal tar oil, after being washed, is fractionated
again into benzine (colorless, specific gravity 0.790 to 0.805) and
solar oil (colorless, specific gravity, 0.825 to 0.830), with boiling
point 302 to 338 degrees F. (150 to 175 degrees C.). The
crude photogen and the clear paraffin oil are fractionated the same
way as the light tar oil. The fractionating distillation is dome
in the column apparatus known to the petroleum and coal tar
industries. _ .

The crude petroleum products of different specific gravity, boil-
ing point, etc., are fractionated according to special demands of
the market, and are given different trade names, as “cleaning oil,”
“gas oil,” yellow oil,” ete.

The residue of the fractionation ig added to the pitch and treated

as already described. The paraffin mass after chemical treatment
is cooled to 29 to 25 degrees F. (—3 to —7 degrees C.), whereby
paraffin is crystallized out. The congealed mass is pressed in a
hydraulic press. The separated oil, called press oil, is fraction-
ated as already described. The residue from the distillation of
this oil is a tar known as goudran.

The following scheme represents the treatment of lignite tar.

The commercial petroleum produets are in hold-faced type.

Gas oil

Benzine

Solar oil

Cleaning oil
1. Crude oil Light photogen Yellow oil

Residue Hard scale

Residue
Coke
3. Red products.
4. Coke and gas.
TAR Hard paraffin scales

Heavy photogen

Gas oil

Red oil

{ Light photogen
! Soft scale
R Soft paraffin mass
2. Paraffin mass { Press oil | Paraffin oil
Hard scale
Hard paraffin mass .
Press oil

| Goudran



182 Bulletin of the University of Texos

The paraffin scales, zeparated from the oils by pressing, are
treated in the same manner ag the paraffin scales of the petroleun
industry. A deseription is unnecessary since the \merican praciice
is well known. It should he mentioned, however, that the paratlin
seales of the petroleum industry contain no homologues of {he
phenols, while those of the lignite tar indnstry do contain these
homologues in eonsiderable quantitics, 10 to 15 per cent. When
waslied with sodium hydrate, a disagreeable odor is sometimes per-
ceptible and a yellowish color in the light that can he yemoved only
by refining. The lignite paralling therefore, mnst he treated more
thoroughly with benzine and decoloring powder (potassivm ferro-
eyanide, potassium ferrievanide and polverized clay) than is nee-
essary with the parafiin from petrdeum.

It hasz been shown that from the lgnite tar are manulactured
oils, paraftin, and coke. A brief description of them and their uses
is as follows;

Benzine is a colovless liquid with a bluish fluorescence, specifie
gravity 0.790 to 0.810, boiling point hetween 230 and 392 degrees
. (110 to 300 degrees C.). It is largely used in the manulacture
ol parvaflin,

Solar oil, a colorless Liquid, specifie gravity 0.825 to 0.830, hoil-
ing point 281 fo 16+ degrees 1. (140 to 240 degrees (). can
be nsed in lamps instead of keroscne, only it requires a strong
dravght like Russian coal oil: the veason for this being thal the
percentage of carbon is higher than in ordinary American kerosene,
Its prineipal use iz in explosion motors,

(leaning oil shows a vellowish luster. The specilic gravity is
0.850 to G.865, hoiling point hetween 392 and 595 degrees T, (200
and 300 degrees (). It is used for eleaning fatty substances: for
example, the extraction and prepration of wagon greasc.

Yellow oil and red oil have a till darker color than cleaning oil.
specific gravity 0.865 to 0.830, hoiling joint hetween 392 and 617
degrees 1. (00 to 325 degrees (L), They e used in the prepa-
ration of oil gas,

Gas oil, reddish hrown color, specific gravity 0.880 to 0.900, is
used as the name indicates, for generating gas. One ton of gas oil
yields 16,000 to 20,000 enbic feet of gas, 30 to ) per cent tar, and
3 to 8 per cent coke, depending on the temperature of the refort
and the rapility of the process. The gas has an illuminating power
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of 8 to 12 candles, when using 14 cubic feet per hour. Gas oil is
also used to enrich water gas.

Paraffin oil, specific gravity 0.900 to 0.930, haz about the same
uses ag vellow oil, ved oil and gas oil.  With the rapid inercase in
the uze of the Dicsel engine in Germany, a new and almost ex-
chusive market has heen found for this oil as fuel for this motor.
The Diesel engine utilizes ahout 30 per cent of the heat energy
of the oil. which has a heating power of 18,000 B. f. v. per pound.
In 1901, about 5,600 tons of thiz ail were consumed in Diesc| en-
gines in Germanvy. It is also nsed as a lubricating oil,

Goudran, a glossy deep black mass, brittle and of conchoidal
Iracture, melts at 158 {o 212 degrees F. (70 to 100 degrees (),
and dissolves completely in benzol. It is used, in addition 1o
natural asphalt, in the manufacture of varnish.

Parvaflin, epecific gravity 0.874 to 0.915; melting point 99.5 to
136.4 degrees F. (37 to 58 degrees C.), has a erystalline slrue-
ture, is transparent, of blnish tint, tasteless and odorless. The
hardey varictics have a slight ring when struck. The most general
use of paraffin is in the manufacture of candles. 1t iz alzo used
for impregnating paper, for dressing leather, falwics and turned
railings made of vegetable and animal filier, ete. It serves as a
protective coating against acid and alkali, and as a covering for
casily oxidizad hodies.

Soft paraflin mixed with elay is nsed as a finish for glazed paper.
It i: also uxed o abzorh the odor of flowers in the manufacture of
perfume and Intions, In glass-Dlowing it ix used to fill the lamps
and in the hard gliss factory it is used in the cooling haths, Tn
clectric wiving it serves az an insulator. The production of paraflin
i inercasing, [or it can serve many purposes and as an artiele of
comeree It is always saleable,

According to Scheithauer, the products from Hgnife tar may he
expressed as follows:

|
| Per vent,

BEREINC . o Gonviod dnmt - ; o . ; Tu 5
Solaroil ... ... ... % e e s R e (e S o=
Light paraffin el .. . won - - . R ! (]
Heavy paraffinoil . ..o oiiiii oo SEREL SR A | 30-50
Lard paraffin. . . N R e s e i =15
Su[lt{mri!mn ............. i L ; ek el sl B-6
CIOUOPIING s fee e in i e as AT . e s 3 i . i B=5

iter and waste, ... S SN Ty s Y N PRA TSRS 2030

Coke, gos,
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The process of distillation of the tar from bituminous shale is
quite similar to that of lignite. The same methods are employed,
with one exception. In the Saxon-Thuringen tar there are three
fractionations—paraffin-free oils, paraffin mass and-red products—-
but in the Scotch and German tar distillations from bituminous
shales, the oils and paraffin mass are mixed together and only the
red products are separated out.

The various products derived from Scotch shales are shown in
the following scheme:

3. Coke.
2. Red products.
’ Hard scale
Heavy .
oils Green oils
CRUDE OIL 1. Naphtha -
: 3. Burning oils N i .
1. Distillate Oils of specific gravity
. o 0.850
Light :
oils T Soft scale
2. Intermediate L
oils Blue Lubricating
oils oils

Tt is worthy of note that a gas is generated during the distilla-
tion of shale tar and that it differs from that of lignite tar in
composition. Tt has an illuminating power of 36 candles. Accord-
ing to Beilby, its composition is as follows:*

Per cent.
Carbon dioxide . . ... ... s none
(05 07 1 Y P none
Heavy hydrocarbons. ......... ... .. i s .. 145
Carbon monoxide. .. ... . e none
BN 0 T OGP 59.0
T2 - P 26.5
Hydrogen................... O PP trace

The percentage of heavy hydrocarbons is sometimes as much
as 20.6.
The yield of single products in Scotland is as follows:

Per cent.

Naphtha. .. ..o i e 4.0
Light oll. . ... .. 25.0
Intermediateoil . .................... .. 15.0
Lubricating oil. . . 8.0
Hard padraffin. .. 8.0
Soft paraffil. . . ... 4.0
Red products. . .. ..o o e 1.0
Coke, gas, waste.......... A PP 35.0

100.0

"The Chemistry of Tlluminating Gas, Humphry, p. 172.



The Fuels Used in Texas ’ 185

The distillation scheme for the treatment of tar from German
bituminous shales is as follows: ‘

. N aphtha
Oils
Gas oil
Hard paraﬁin
Gas oil
Paraffin
TAR mass Paraffin scale
Soft paraffin
Press oil Gas oil
. } Cleaning oil
Crude mass Crude oil or Fat oi
[ubricating oil { Spindle oil
Lubricating oil
Coke Crude mass

The vield is as follows:

) Per cent.
Naphtha. . . ... e 4.0
Gas 01l . . . 50-55.0
Crude paraffin............... N 12-15.0
oke, 828, Waste. .. . . ... ... e 33.00

Note: The descriptions of the lignite tar and shale tar dis-
tillations arve taken from Scheithauer’s “Die Fabrikation der Min-
eralile,” and from Graefe’s “Die Braunkchlen Industrie.”

Having described the bituminous lignite and bituminous shale
distillations, there remains to be described the distillation of Bohe-
mian lignite. This is of special interest since it resembles very
closely the Texas lignites.

The first attempts to utilize Bohemian hgmte through dry dis-
tillation were made during the last forty years of the preceding
century. Why the work was abandoned is not known, but it was
probably due to the fact that these efforts were for the purpose of
obtaining tar for paraffin. manufacture only, without regard to the
utilization of the gas, ammonia, and coke.

The Bohemian lignite yields 5 to 10 per cent, tar by dry distilla- -

tion, while the pyropissits of Saxon-Thuringen yield from 56 to
60 per cent tar. A distillation plant on a large scale was established
in Aussig on the Elbe, by a Hamburg bank, in 1895. Originally,
the object was to distill a mixture of English bituminous coal and
Bohemian lignite to make coke for metallurgical purposes. As long
as the price of bituminous coal in England was low, and the price
of coke in Bohemia was high, all went well. In the second year,
the price of English coal became so high that the plant sustained
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a loss. The coke works were used then entirely for distilling lig-
nite. The lignite was distilled in vertical coke ovens (modified
Appolt ovens), vielding tar and ammonia as hy-products, The <ur-
plus gas, which amounted to 10 per cent, was used partly a< a fuel
under the boilers and partly in gas engines. The vesidue from the
diztillation, a lignite coke, was uszed mostly for steam heating and as
a fuel in general.  Only a part of it was made into hriquettes with
the addition of tar piteh as a hinder. Since the plant at Nussig
was not designed for lignite distillation in the tirst place, and tue-
thermore, since there were gross error in ils consbruction, a loss
was sustained. When the price of lgnite increased, the plant re-
sorted to the purchase of dusty waste Hgnite. On this account, the
quality of the coke suffered and the vield of by-produets dimin-
ished,  Finally, changes were made in the construction, hut the
main drawback was the distance from the lignite mines and the
cost for freight could not he reduced. The result was plants
were established in the lignite districts. and the ol plant was
used only for working the by-products.  Although the produe-
tion of ammonia was salizfactory, the results from the tar dis-
tillation were not. The wistake lay in not understanding how to
treat the tar, since the tar from Bohemia (and also from Texas
lignite) is quite different from that of Saxon-Thuringen. It iz in
reality a transition product between the Saxon-Thuringen tar and
coal tar, and of course should he treated as soneh.

The three plants that had heen established in Bohemia came
into the posseszion of people who own practivally all the lignite
mines of Bohemia, As soon as they came into possession of the lig-
nite mines, they closed down the lHenite distitlation works with
one exception. The lignite is =old as a Tuel directly to consnmers
only, and no lignite iz sold to any distillation works hecause the
by-product coke is & competitive fuel with the vaw lignite,  The one
plant continued to treat about 125,000 tons of lignite per anuum,
but lignite coke hriquettes are not to be seen in Bohemia: all are
exported to Germany. The by-produets, tar and ammonia, ave util-
ized, the surplus gas is used in gas engines fo generafe eleetric
power which ix supplicd to neighboring lignite mines.

The lignite distilled in Bohemia at present comes from the vi-
cinity of Teplitz and has an average specilic gravity of 1.15. It i3
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sereened anid the 1 to 1 ineh sizes are used for distillation. An
average of thirty-eight analyses is as follows:

Il PPer cenl.

N AT e i 8 T 00 T 4 AT N A S ATA T4 AT 8 S | 27
Vﬂiﬂllll.(‘nl.l\l)l'l‘“!l)hn!dlli'l‘ 30
Fixed carbon. .~ .. ... R L Voo RS B 35
Asho...o.. ... B I K, k< M Sy 8

100

Upon distillation, this lignite vields the following products:

1*er eent.
e R 13.0
300
22.2

100.0

mthe o e il e

One ton vields 6,350 cubie feet of gas, the analysis of which is
as lollows:

. Per cenl.

2 x 21,60

AYRCN. ..vovun AT 260
Carbon monoxide. Lol § s {74 7.20
Methane; 5 b S 22 86
HICUTOERR. o o v mimimn b a e voes por e o . 20001
NERagen. e e R e R R e TR 5.7
100 00

The Leat value of this gas is 300 1o 350 B. £ w. per eubic foot.
The ammonia waler containg 0.23 per cent of anmumonia, hence one
ton of raw lignite yvields 1.4 pounds ol ammonia which corvesponds
theoretically to 5.6 pounds ol ammoniun =ulphate. Allowing [or a
5 per cent los: in the manulacture, the yield is 5.3 pounds per ton.
The residue contains 17 per cent ash, 3 to 4 per cont moisture, 3
per ceni volatile combustible matter. Tts heat value is 11,000
to 12,000 B. t. u. per pound. Il good lignite is used, having a low
ash content, an execllent rexidue iz obtained that has a heat value
of 13.000 1. L. n.

In Scotland the purpose of the distillation is to obfain tar and
more especially ammonia; in Saxon-Thuringen the vield of tar is
the important item; hat in Bohemia, just as in the distillation
of bituminous coal, coke is the principal object, the by-products
are far, ammonija and surplus gas.



(Bt Bulleliv of e Universily of Teras

A= already stated. the distillation ol lignite is carried on in
vertieal ovens which are heated by fiving with a portion of the gas
made indistilling the Tignite,

OF the gag vesulling Trom the distillation, 6,550 cubic feet per
ton on the average. G0 per cent. i< oused Tor heating the ovens, b
pes cent being suplus gasg which can beonsed Tor ather prnoses,
such as the generation of electrical onergy, efe.

According fo observations made at Nussiz, one horse-power Lour
requires 35 cnbic Feet of This vas 70 used inoa gas engine, Inoa re-
cently installed Tignite distillation pland, where about 230 {ans
are worked up daily, there is a gas surplus of GR0,000 cubic feot.
Thiz corresponds to about 20,000 horse-power hours. 1o utiliz
this encray a central power stalion was established of Looo forse-
power. The gas engines arve diveetly connected with the generators
and after dedneting the power vequired at the plant. the remainder
1= salil to neighhoring cities,

The ammonia condens=ation plant iz according fo the Feld <vs-
tem (patented in the United States and England ). In this svstom
the gas is not cooled to low temperature and thus a misture of
ammonia water and tar i obtamed. The condensation i= partial
only depending on the dew point of the tar and ammonia. By this
methad of procedure, we do not obfain a tar mixture but a serics of
Fractiomal components which aree limited in their eondensation (o
their hoiling points, thase of high hoiling point being condensod
st g fhe remperature of the gae i geadually Towered. Sinee the
aas ix not cooled under the dew point of water while these oils are
comdensing out, they are oblained Tree Trom moistore. The sepa-
ration of water oceurs inoa =pecinl washer at a temperafure of
110 to 203 degrees T (80 (o 95 degrees Cl), ar which empera-
ture no ammonia componnds with sulphioe can he Tormed. Inoa
sceond washer evanic acid s removed with precipitated iron ovile
in the presence of Time (the Time prevends absorption of Amoniing
with the formation of fron cvanide. The gas heing Tree from tar,
from exanogen and the most o the water (only 2 grams per cubie
foot remaining) the separation of the ammaonia is ellectal. This
i< done in the last washing at o temperature of 113 degrees F.
(13 degrees €, and with the aid of the carbon dioxide in the
was. The gas iy washed inoa =olulion of milk of gypsum (finely

gramwml svpsum o suspended inowaler), The peactions yesult in
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ammonium sulphate in solution and carbonate of lime which pre-
cipitates out. According to Kohler; this method (the Feld
process) is in successful operation in the United States at a plant
in New York City.! .

The coke is cooled in an air-tight vessel. The greater portion
is s0ld as a fuel for making steam (under forced draft) or for the
manufacture of producer gas, for which it is well suited, being
practically free from volatile tar compounds which are so objec-
tionable in a gas engine. The smaller portion of it is briguetted
with pitch as a binder.

The oils are mixed and sold as wood-preserving material under
the name Carbolineum. These tar oils contain. mostly hydrocar-
bons of the aliphatic series, but members of the aromatic series are
also present, such as benzol, pyridine bases, and phenols. Formerly
the brown coal tars were chemically treated and the industry was
quite profitable, especially to the paraffin manufacturers.

Diagram of Bohemian Iignite Tar Treatment.
The commercial products are in bold-faced type.
Tar water

Benzo! and its homologues

Phenol

Raw benzol 383
deg. F.
(195 deg. C.)
- Light oil 392 Pyridin
eg. F.
(200 deg. C.) Creosote oil
Refined heavy benzol and its homo-

logues
Raw heavy benzol

Intermediate oils Cresols
455 deg. F.
TAR (235. deg. C.) Gas oil
: Creosote oil
H%avy oils 527 { arbolineum
eg. F.
(275 deg. C.) Paraffin mass
Paraffin oil .
Soft paraffin mass Patral{ﬁn mass
ite
Soft paraffin
Soft paraffin mass .
Paraffin oil

Hard paraffin

Pitch Hard paraffin mass | i
Paraffin oil
Red products

Gas
Coke

Lunge and Ké&hler, “Steinkohlenteer und Ammoniak,” 1912, p. 166.
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But since brown coal tar oils are known to possess wood-preserv-
ing qualities, they ave sold undistilled at high prices,

The profit of a lignite distillation plant in Bohemin, per ton of
lignite coke. is shown in the following schedule.

For 1 ton 2000 1bs) are needed 2.32 tons of raw lignite, at S0.07 per ton. .. 8§2.23
Running expenses, amortisalion, and general management. ..o a ... .88
TEORIE s vy i T 0 T B S e e M b 83.13
ProfiL on by-products. .. ... ... S s 1 1
Profit on electric power. . ... i cuivaii vl 24
T s i o e e T A T A A .. 50,97
Cosl, PErtom, .ovv v s vsveviasi R N B S T e T RS BRI 3116

Thus ene ton of lignite coke costs §2.16. Since the selling price
1= §2.95, there s a profit of 59 cenls per ton. A plant working np
100,000 tons of raw lignite annually, produces 43,000 tons of lig-
pite coke, and gives a profit of $25,000. The necessary eapifal
amounts to £170.000, which gives a profit of ahnost 15 per cent on
the investiwent. The hy-produets and surplus gas represent 45 per
cent of the expense of lignite coke.

Only o genoral idea of the profitableness of the liguile distillation
in Saxon-Thuringen and of the hituminous shale in Scotland can
he obtained. The Germans publish no reports on their industey
and the English give only general data,

The plants of Saxon="I"hringen pay 12 per cent dividend.  One
plant with a capital of 750,000 works up 510,000 tons of lignite
;||||1||;1I]_\'_ and =hows 2 ||I.'(lﬁ'l' ol $90,000, which i'-m'l’;-:-‘]nr:m'i:-' tn a
profit of 17.65 cenis per ton of raw lignite. Tt must be remem-
hered that the amoertisation rate is high in Germany in order to
reduce 1he profit heeause of the occupation tax, personal tax
income tax.

Aeeording 1o Beilby. the resnlls of Seolch ghale distillation give
the following

Cost per lun—rvm:"} Yield per lon— Coents,
Shule. ..o .. 96 | Burning oil, 8.1 gal. al 6. 82 cents, T 57.428
Retorling, .. ....00 A1 | Lubricaling oil, 3.0 gal. al 6.38 AR i 21 64
Refining - . o000 28 | Parnflin wax, 3.0 gal. al 28.00 cenls. .. .. -~ 8100

Ammoniwm nuiph e, GO Ihs. at 1,00 cent. ‘ 60 1)
Tothl, sovanans 168 i
Total ... Rt V]
L A R P ST e L LA 168 00
Grosg-profits ol isic s e !:l:. o)

11 Soe. Chem. Ind., 1897, p. 8806,
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The profitablencss of the Scotch shale industry represented by
the four leading plants is seen from the following table. The
amounts given are in pounds Sterling.?

“Petroleurm World, 1912, p. 247,

Tante XV,

ll Obliga- l Pre- Oriuinal| Dividends and profits.
Name, tions in | ferred | stock. |
bonds. ] stock. 1908. | 1909. | 1910. | 1911.
] Per cent. Per cent.
|
! AU e 55,350 | 100,000} 140,750{ 17.5 | 10.0 | 21.09 | 23.33
b Bt | f‘{-t";{’ 100:000 170.060 5‘,;}}; 100 (3021 | 2722
: wsione. .| 41,750 3 '500° 50 0| 620 , 69
T Aiapedens. - 3 s"nt;u] .f.n.moJ 85.000 15,0 | 7.5 | 1380 | ' 14.49

Amonnt of profit eavvied forward--ponnds Sterling:

Naume. ‘ 1911, J 102,
1. Brashuarn. 6,603 747
2, Oakl Fim i AT A i 4,250 5,783
3. Pumpherstone. .. . . . S ST | 12,598
4. Tar S3NG 8 3,895

LR S A A S e R WS R e SR e 1.64

In 1911, Germany produced :

Bibumninnns: 0o8b) o v e b e i s 160,742,272
PR R 0 o i b s e A s b e 73,516,780
B Ty e e B i e 16,836,670

One ton of hriquettes requires 1,75 tons raw lignite as material
and 0.85 {ons as fuel, total 2,63, The 16,836,679 tons of briguettes
mentioned above required for their mannfacture 14,280,000 tons of
lignite. The distillation plants of Saxon-Thuringen used 1,575,000
tons. The fotal amonnt of lignite treated then was 15,855,000 tons,
or G2 per cent of the entire lignite production.

Notwithstanding the fact that the more concentrated fuels, Eng-
lish and Westphalian coal and anthracite, are marketed in Ger-
many, lignite wining continues fo flourish. But the lignite, in
ovidey to compete suceessfully with the other coals, musgt he put
into a coneentrated forn, or. as i< done in Saxon-Thuringen, the
lignite st he treated chemically.
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CHAPTER XI.

DISTILLATION OF X TENAS LIGNITE. FoIl RECOVERY
OF BY-PRODUCTS.

Inorder to defermine the quantity and nature of the hy-products
to he oblained from the destraetive distillation of lienite, a =tmple
wits securad from the Texas Coal Company. Rockdale, Milan
eounty. The composition of this lHenite was as Tollows;

. . Per vent.
Composilion. - e = =

IMBABLOIE o 0 sor oo pavsio s #i6 & SRR K o M s %

Volalile combustible matter. . ... oooo0 oo oL

Eiediearlbn. o adininiie s a Ui S et A |
1

Ash T
Sulphur, o S e S e R s R T e Hy
NIPOZON . i e e aras o T ee——

The distillation was made in a cast iron vertical retort. placed
in the furnace and covered over with coke, which was kept burning
with a gasoline buener as needed. The products from the distilla-
tion were led into a water-coolud condenser, then into a wash-
hottle, then into dilute sulphurie acid, awd then throvgh a tower
filled with absorbent colton. The gas was stored inoa large tank.,

At first the heat was applied slowly. In about twenty minutes
steam appeaved in the condenser, and in thivte minutes, a vellow-

ish gas (far vapor).  During the liest hour of distillation, about
14 per cent of the total gases passed over, and the distillation

was completed in about 24 hours. The vield of was was disregarded,
sinee the amount, heating power, candle-power. ete., had heen al-
ready determined,

The results of founr separvafe determinations are given helow, in
percentages.

Amount of, l I 1L

| nrLotoaw
il ey : e e
Residue from lgnite, as charged, ... 3881 | 40 60 A1.90 ¢ 40,70
Residue from dry lignite................. oo .4 it w62 5575
Ammoni iguor oGRS e T L 3100 33 .00 31,30
Total an fin raw lignile. .., ... ... . .85 0653 0.8 0.71
Tar, raw | i e L (o | 710 787 1010
Fur, dey Basis. cow ey T —— 0,86 | 128 1 13 83



Texas Coal Co. (Lignite), Rockdale, Milam County. A tunmnel in lignite.
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The composition of the residue was as follows:

L] o | omL | v

MOISEUT, ..o vz imsmsnw s nmm s s e i 0.95 0.93 | 1.00 1.00
Volatile combustible matter. ............., 2.27 .61 20T E 4 .85
Fixed SarTBOM, oo s umsioesiss s o wis vas 75.28 l 76.68 ‘ 73 .66 72.17
ASR e 21,50 15.75 22.57 21 .08

100.00 © 100.00 | 100,00 | 100,00
BalpdE s corrpesme s R 150 | 1451 148 1.36
B.t, u., perpound. ......... SR A 10,708 ] 11,287 | 10,224 | 10,462

1t will be noticed that the ash content of 1, 111, and 1V, is ahout
the same. Residue No. 11 had only 15.75 per cent of ash, but in
this particular case the lignite earvied 8 per cent of ash. It will he
noliced, alzo, that the volatile malter in Residue Noo 11 is 6,64
per cent, showing that the heating was not carried Tar enongh.
The vield of ammonia in this case was also less, zince the ammonia
compounds vequire a high heat to break them up, and they are
among the last products to come ofl.

During the distillation, about 10 per cent of the lignite ermmbled
into dust. Lignite residue is Jdark gray in color, glossy, slightly
porous, hard, aml has a elear wetallic ring. There was no agglom-
eration of the particles and no coking. The residue bhurns withont
flame or smoke, and has an average heating power of 10,500 B. t.
. per pound.

The vield of far, as well as the nature of i, appears to depend
on g variely ol civenmstanecs, sneh s the water contained in the
raw material ; the pressure in the distillation space ; the size ol the
distillation apparatus: the zurface of the walls of the apparatus:
the rapidity of the suction of the gases: the femperature of {he
distillation. especially at the end of the process: henee it is not
possible to duplicate condilions very closely, especially when one
considers, also, the variation in the raw material itsell,

Tar,

The tar has a specifie gravity of 0.865 at 72 degrees . It
clogs at 60 degrees . and is ol butter-like consictency af 50 de-
orveez I, The eolor iz davk brown and the free carlon content
(dust, vesitlne, c1e.) 1s 1.3 per cent.

It was examined by fractional distillation for its content of oils,
by “eracking™ for the econtent of parafling and hy washing with al-
kali and acid for acid and basie content. Sinee the tar of Texas
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lignite seems to ocenpy a pozition hetween the tar of bituminous
coals and that of pyropissit, and =ince, therefore, aromatic as well
ax aliphatic substances are 1o he expected, the phenols and pyridine
hases ol the fivst series mnst he separated Trom the paralling of
the other.

The tar from Texas lgnites was distilled into foue Ceactions,
The residue of piteh was Seracked ™. The oils, paraflin masses, acid
and hazie snbstances, aud then paraflin were determined.

The vesults were as follows:

sy W e e | ; = | T

Fraction. | Per cent.
\\nl.c ............. ror ] U | 0.40
st fraction, Lo 392 deg. ¥, light oil. ... 0 .. 0 . il . i . i 00 ; G.81
2nd .l'r.u.lum o H27 deg. I, middle oil .. .. ..coiianiinvas R R RN A | 17.95
Srd fraction, to GO dl:g F., heavy oil, ., A e R T AT N aTe et 5 e : 28.75
dth fraction, to 660 deg. 17, soft |)1rllﬂm il . e A G A R AT | 12.00
Residue, sofl 11001 e s g 1, 5 o S i | 32.57
When “eracked" Lhe piteh gave the following: |
ol parallin s s v s s e S i e b s T R e 19.01
Red products......... e e e e e I b e e e L L, | 1.30
) R R e b R S R R SR DR R Ry 11
G AL DO s e 10 i Wi i e a5 e A T 0 e e ) 1.20
Total..... S T S R R A R T, 32.47
Distilladion of T
] Per cent
. |
1. Fraclion, light vils, specific gravily 0830, . ... ... 0., i ke
Active ;monul conlenl,,...covuernnn.. Lt e b et e 19.51
Bawas i L R e s R | 3.20
1I. Fraclion, intermediate oils, specifiec gravity 0983 .0 . .. L 0 o eiie ..
Active phenol content. .. ... ... ... N I 27 .50
1T e et B RN b oree e P e AR A | 6.00
I1I. Fraclion, heavy oils, speeific gravity 009531 .. ... ... .. ... ..... N -
Active phietol content: . o0 Gdi s s s e I 20,90
Bases....... R R LR, ’ 500
IV, Fraclion, sofl paraflin oil, specifie .p.m\llv .05, T TRERY I ......
Active phenol content. . ... .00 e e =3 [ 24 .00
F LI e Rt s PO PR 5 e A 3.00
V. Fraction, hurd paraMin oil, spectlic gravity 0. 921, . | et | ,,,,,,,,,,
Active phl:m)] conlent, ..o iy PO | 18 .00
B e S e O e R R 4.00

The coke eonfained 7 per eent of volatile combustibie matter,
Parallin estimation in the acid and base free oils:

Inthe heavyoils. .. ..oooioiaan 4.28 per cent., melling point. ... ... 122 deg. F .

In the solt paraflin oils......... 212 347 per cent., melling point. ... L. 1249 (]u{. I

In the hard parallin eils... ... .12.13 per cent., melting poinl_ . ... ... . 138 deg. ¥,
L
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Toial Parafiin from Raw Tar.

| er cenl.

i Ih-n}' Solt paraf-- ard par-

| oils, fin oils. | afin oils.
Yield of oils. ... 28.70 12.00 1000
Loss hy washing 1o remove neids and bases. ... 2 A 27.00 21.00
Bemainder after washing .. ... ... i n. 21.8) 8.7hH 15.00
Paraflin contenl of washed residue. . ... ... 000 430 ¢ 1240 12.50
Melting point, Cenligrade. ..................... 50 dea. | A dem. | 59 deg.
Melting point, Fahrenleit. .. oovone oo a0 122 deg, | 129 deg, © 138 deg.
o . . R o e e e
Toltal Paridling TN LA, o vmv e vins vyviamrss ey T ——— v o3 88 per eeentl

As he congealing pointz <how. these ave only the havd pavalling,
As oo matter of Tael. the tar containg about 8 per cent of paraffin,

From a fechnical standpoint, threee forms of ammeonia may he
oblained: 1. So-called “free™ ammonia, which can he driven off
from annmenia water and wash water, but it i= doubtlful il there
is any free ammoenia in sueh gases az we are now dealing with,
2. Combined anouponia which ¢an be made volatile by adding an
alkali carth. 3. Nmmonia which can be taken up completely by
sulphurie acid only,

To order to defermine how much nitvogen contained i ligoite
i= changed into anpnenia, the thivd distillate above was laken as
a hasi=. The nitrogen content was as lollows;

\\'.m,l:('ll umil'ul. Per rent,
B A T s o P S R R e S A e e 204
F 3T e O S S T | e AR e R T 2. 42
In the ru..~::l|w A R R SR P R b A S B e | 018
Inthegos........... R ——— T e pocie e oy e S L S ekt

Auother way of =tating this iz as Tollows:

1000 parts of raw lignite with 26 per cent of water, gives 18,92
parts of nitrogen: [ parts of vesidoe, 7801 parts of tare, and 330
patts o water. The yield of gas in cubie feet per net ton is 5,500,
On this hasisc a et ton, 2,000 pounds, of raw lignite would con-
fain as follows:

Coompennd, !_ Pounds.
\llrul.{vn « .I!f‘lll.llt‘d us amnonia . R T e R T | _-I:‘f,:ili
e mlm S Noshal )\ S L L e e e A v P S I | 838
Paplessiat R e L S B s W e R Ak T e et : 1568
\\‘:tlcr ........... N e R A o Wt ST Bt By s e b e s | 60

3T T R N R e L SRR S D R B R it 300
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The nitrogen compound in the condensed waler may consist
of cyanogen compounds and members of the pyridine and chinolin
groups. Of these compounds, 3.98 per cent are in the coke G616
per cent in the iar, 9.30 per eent ave in the ammonia, 15.50 per
cont are in the gas, and 5176 per cont are unaceounted Tor.

The distribution of the nitrogen is gquite differemt From that of
other hitnminous matervials subjected to dev distillation. In the
Seoteh shales, ©5 per cent ol the nitrogen 1 changed to amimonia
by the use of steamn, hut in this case the carbon ol the residue would
he consumed.

Watson Smith' found nitrogen in:

Ordinuey B05 COIRG: v oo i armien s oS TR A e A A S ooy & AR 1.37
L1 TEE [ Bl O O e .53
Simon-Carvey ool o0 sl i sa s ahnn R R 0.38

A Hennin® is ol the opinion thal anmenia is Tound in coal only
in minute amounnts, but that it is formed as soon as the coal has
visen 1o a ftemperature of 1.800 degrees . (1,000 degrees (')).
Higher temperatures than this do not seem Favorable to its forma-
tion, while at a femperature below red heat, the formation of
ANLNONEL CLilses,

In the Texas liguite which was investigated, about 10 per cent
of the nitrogen is changed to ammonin: while in the Saxony hi-
tuminous coal only 6.1 per cent ix changed, and in =ome English
coul, 10.8 per cent.

In treating the hrown coal in vertical ovens in Saxony, the heat-
ing of the material is more graduval than in the horizontal ovens
and {he operation of carbonizing can he divided into three definite
zones. The first is the uppermost and coolest zone, amd may be
callod the drainage zone, for the steam escapes with little or no tar,
or ammonia. - The second zone is that of the formation of gas and
tar, with gome ammonia. T'he third zone is the zone of the highest
heat, and completes the distillation with the formation of am-
nonia.

1u onder to test the separaiion of the water from the annonia,
a ddistillation was mwade in which the first portion of water that

L' Chem, Soe., 43, p. 105,
=)'l Gas Lighting, 1592, p. 29G.
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came over was separated from the remainder, then another portion
was separated, and the gas washed in the remainder of the water,
The lignite treated contained 28 per cent of mvisture. The water
contained ammonia as follows:

1st portion 0.013
2nd portio 0.042
Brtion 0,99

Ard portion

The amount of water to be treated ean thus he rednced one-half,
and the ammonia can he recovered in o column still, and the gas
passed info 60 degrees B. sulphuric acid, for the manufacture of
ammonium sulphate.  The gases formed duwring carhonization can
be used to heat the oven. and. according to Tuvopean practice, there
I an excess af 10 per cent Lo be thus used, or sent 1o uas enginea

There could he recovered from a ton of ordinary Rockdale lignife
carrving 26 per cent of moisture and 9 per cent of ash, the fol-
lowing:

1 5] N U S T e 800 pounds

| R TR T e e SRR 156 pounds—16.17 gals.
Sulphate of amMONIR. ...vv vt i ne 14 pounds

T LT R R G e e s g i e 3,000 cu. ft.

The following ealeulation of the value of these separnte products
i< made with the distined nnderstanding that local conditions will
often affeet the resnlt seriously.

The valne of the vesidue ean be ealenlated in two WAVE, 0= an
industrial fuel, and as a household fuel. As an industrial fuel it
can b used i the form in which it comes from the retorls or ovens
without any preparation. s value wonld depend on the local price
of fuels with whieh it would compete. Tn San Anfonio, for in-
stance, Rocldale Tignite and Beaumont oil ave nsed as Foels, anmong
ofhers. The price of lgnite is $1.69 per ton, and it has a heat value
of 75000 B to e per pound. On aceomnt of the high confent of
moisture, we will allow that only 50 per cent heat effect can e
abtained. The heating power of the Beaumont oil may he taken at
19000 with a heat effect of 75 per cont.

To determine the velative valne of lignite, crude oil, and lignite
pesidue for steaming purposes, the following calenlation iz made;
with an allowance of 50 per cent heat efficiency Jor the lignite,
78 per eent for the oil, and %2 per cent for the lignite residue.
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If we allow that the value of the lignife residne iz £3.00 per ton,
aned Ahat it has 15,134 B Gowe per pound, the price per hindred
pounds is 15 cents. o generate 100 pounds of normal steam re-
quires 1,150 B. A, n.

Lignile,

t@(—}-ﬂ—Bﬁ%ﬁu' X 50-—3.23 pounds normal steam.

100 peunds legnite eosig 8.25 cent===5.26 pounds normal =leam,
and we have then 100 pounds normal steam costs 2,55 conts,

Fuel O,

1?&@_1_311-:_5-0‘-}_-}_35:12‘88 pounds normal steam per pound of oil.

I barrel, 12 wals, costing $1.20, will give o cost ey hundred
pounds ol 371 eents. Az 100 pounds of oil will give 1,288 pounds
of normal steam Tor 37% cents, we have the cost of 100 pounds of
normal steam, 2.91 cents,

Lignite Residue,

11,134 x 72
= f—l-sg-- -=6.97 pounds of normal steam.

AL $3.00 per fon, 100 pounds costs 15 cents, or 697 ponnds of
normal stemm, costs 15 cents; and 100 pounds of normal steam
would eost 2.15 cenls.

T'he 800 pounds of residue obiained would, he worth $1.20, for
fuel purposus.

Tur.

The 156 pounds (16.17 gallons) of far recoverable from the ton
of lignite could he wsed for the manufacture of heave oils, soft
paraflin oils and hard paraflin oils. After vemoving the acids and
hases by washing, there would remain in the washed tar 2185 per
cenl of heavy oils, 8.76 per cent of soft paraflin oils, and 15 per
cent of hard parallin oils. The total hard pavaltin in ihe far is
probably about 3.88 per cent, the lolal parallin being about 8 per
cent.

Alter these oils ave distilled Lrom the tar, there remain 32,57
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per cent of solt piteh and, as already ¢tated, when “cracked” the
piteh gave the following ;

Per cent.
Hiprd Daraflin Tiss oo v ey i e i i e e e 149.01
oy T T o S O G P ey 1.30
Residue. . ..., s o R BT e e T PR R TR AP e e T e i S B P MR e 11.00
CHE AT TOBR L oo omimimnn s s 0 T B R A M A Y1 1.26

There was of paraflin, in the acid and hase [ree o0il3, as follows:

Per cent.

T tlie Heawsrodls, o o e A U R L S PO i s i 4.28
Eni Ll soft paraflin 0dlRL L i s smn v s s e S Y 4 1237
Inthe hard paraffin 0ils, ... .. ... cvivienoirnirasorsssrrrerssnsrsass 12.43

The valuation of far iz a highly teclmical matter, and we do not
praposge al This time to enter upen it except to point out the pro-
ducts obtainable by distillation,

Tn a hriquetting plant, both the soft and the hard pitch could
he used as o binding material.

Sulplate of Ammonia,

There conld be recovered from a ton of lignite 18 ponnds of
sulphate of ammonia, worth, at 3 cents a pound, 54 cents,

Surplus (fos.

The surplus gas would he 3,000 cubic leet, and we think it should
be worth 30 cents per thonsand cubic feet al the works: a total
value ol 90 conts, B

The following statemend, thereforve, includes the value of the
hy-products Lo he obfained Tron o ton of lignite:

| Value.

Residue from retorts, 800 pounds, al $3.00 0 LOn. .. .ot rnenns $1.20
16 goln of tar A SeenbR. oo by b T R e e e 80
18 pounds sulphate of ammoenia, al 3eenls. . . ... .. ... .l !
3000 cubie fect surplus gas, at 30 cents. ... o oui it | 90

2314

In order to arvive at an approximation of the value of the sor-
plus gas when used to generate power in a gas engine, the following
caleulation may he used: fo gnarantee 1 horse-power in an e¢conom-
ically working gas motor, 10,700 B, t. u. are necessary, One cubic
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foot of this gas has 387 B. t. u. and 28 cubic feet are required
for 1 horse-power hour, or 1,000 cubic feet are equivalent to 35.7
horse-power hours. The 3,000 cubic feet of surplus gas from the
ton of lignite will generate 107 horse-power hours, and the cost is
about 1 cent per horse-power hour.
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CHAPTER XII.
DRY DISTILLATION OF TEXAS LIGNITES.*

1 order to study lignites with reference to the amount and qual-

ity of the gas and solid residue to be obtained from them by dry
distillation we selected 22 typical lignites from different parts of
the State.

The methads used have already been deseribed in Chapter IV,
relating to the drv distillation of eoals. In Chapler XI we gave
the results of the detailed examination of a sample of Rockdale
lignite for all of the vecoverable products, but in this chapter we
consider merely the gas and solid residue,

Tables XVT and XVIT give the results obtained.

*In the Secomd Annual Report, Texas Geol. Sur., 1880, pp. 38-52, there
is an article by Dr. Otto Lerel on “Lignites and Their Utilization with
Special Reference to the Texas Brown Coals” This paper deseribes, to a
certain extent, the condition of the industry in Germany at that time., For
information ns to present metliods, ete., the reader is referred to Chapter
X of this Bulletin, preparved by Dr. W. Bredlick.



Tasre XVI.

Results of Distillation Tests on Teros Lignites. Analyses by S. H. Worrell.
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The kev to Tahle XV is as follows:

No. 667, Aba-Malakoft Lignite Co., Alha, Wood eonnty.

No.o 361 Amervican Lignite Briquette Co., Big Lump, Milam
counfy,

No.o 3230 Bear Grasz Coal Co., Jewett, Leon county,

Noo 368, Bertettt Coal Co., Lvtle, Medina county,

No. @200 Carr Wond & Coal (o, Lytle, Medina connty.,

No. 668, Coma Lignite Co., Como, Hopkins county.

No. 83270 Consumers Lignite Co., Tovt, Wood county.

Noo 1290 Cookville Coal & Lamber Co.o Mt Pleasant, Titus
county,

No. 616, BEdgewood Coal & Fuel Co., Edgewood, Van Zandt
county,

No. 430, Houvston County Coal & Manufacturing Co., Crockett,
Houston coundy,

No. 3500 Tonsgton County Coal & Manulactorving Co., Jivans-
ville, Leon county.

No. 199, Independence Mining Co., Phelan, Bastrop county.

No. 517, Lone  Sfar Lignite Mining  Co,, Como,  $lopking
county.,

No, 518, #Meleher Coal & Clay Co., O'Quinn, Fayette county,

No. 670, Rockdale Coal Co., Hicks, Tee county,

No. 669, Rockdale Consolidated  Coal (o, Tlockdale, Milam
county.

No, 397, Roekdale Lignite (oo, Rockdale, Milam county.

Noo 376, Rowlett & Wells, Rockdale, Milam connty.

No. 390, Southwestern Fuel Co. (Tormerly Sounthwestern Fuel
& Mra, Co), Calvert, Rohertzon eounty.,

No. 630, Texas Coal Co., Rockdale, Milim connty,

Nu. 601, Vagel Coal and Manulacturing Co., Rockdale, Milam
counfy.

Thix key applies alzo to Table XYL The ofher fignres in that
rable. undder head of Analvsis No, —, refer to onr current lab-
oratory numhers,

There are 8 prineipal things to be observed from a study of
Tahle XV

“Ihi= lignite is not mined.
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1. Lhe yvield of gas per nel ton of dry lignite varied from 5,358
to 9,¥55 cubic feet, the general average heing 7,591 cubie feet,

2. 'T'he candle-power of the gas was low, only two samples giv-
ing as much a 6 candle-power, one of these giving 9.5 candle-
]IU\‘,’E‘T‘

3. The B. t. u. per cubic foot varied from 4235 to 5580, the gen-
eral average heing 513.

4o A high yvield of gas seemied to be accompanicd by a tendency
towards a lower heating value in the gas, hut the differences were
not especially noteworthy. Thus:

When the _\'ir.'.ld aof ,c_(ns was

Cubie fecl. The B. 1. u. per With an
cubic fool ranged average of
From 5,000 to 6,000 .. ... ... .oooveveeeeennn.onn ‘ from 533 Lo 574 553
From 6000 to 7,000.............. LRIl .ol from 494 to H80 nl7
From 7,000 to 8,000, .........o00vvveeureenen..| Irom 485 to 518 501
From BOUOto B000...........ivinininranin +o.| from 425 Lo 538 199
From 9000 to 100000 ... .. . . o . from 450 to 558 507

5. With 1'e$pec!. to the composition of the gas, the following
variations and averages were observed

! From. I To. Average.
Iuminants......... A R R T R A : 0.8 4.8 2.2
Carbon monoxide.... ... Ty e [ 2.6 22.6 14 .4
Hydrogen . ......... R N S T e L o414 56.2 18.3
PTG oot s o b S T S B S T T A 1 41.6 25.1

G. With respect to the composition of the drev lignites the
following variations and averages are to he observed :

l From [ Ta. i Average.
Volatile combustible matter ... .. ... .. oieia. | 43.38 [ 3950 i 50.51
Fixed carbon. . .. e 0 30 .04 A4 .00 37.50
1 1 T ho 6.62 ’ 21 .31 11.94
Sulphur. . ....... e s 0.54 1.40 0.93
Carbon . . . - 53 .80 G4 .20 58 .66
ITydrogen . R 3.15 5.36 4.48
Oxypen. . .. 15.67 20.13 | 22.14
Nilrogen. . ... .coova, 1.20 2 .58 1.85
British thermal unifs, per pound 8,979 11,182 I 10,200

]
. When the volatile combustible matter was:
The vield of gus in The B. L. u.
1*er cent. cubie feet per Average, in the gas Average,
ton was were from \

FromdDto45............ from 6195 to 7996 G810 12 to 550 | H26
From 45 to 50...... cevoos| from 6058 to 4140 75494 425 to 539 487
From 0 to 656............ from 5576 to 9217 7637 -1b0 to 580 H28
From 55 00 80 .o ssames from 5358 Lo 9705 7903 494 to 574 h37
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8. The most noteworthy cireumstance in connection with Table
NYT is dhal from lignites of extreme variation in composition,
it e possible {o seeure, on the average, From G800 1o 7900 cubic
feet of @as per net ton, and this gas earveied from 487 to 537 B o,
per cubice foot. In heating power, this gas compares favorably with
ordinary city gas al 600 B, f.w. per cubie foot. 11 we allow that
cood aas coal costs $6.00 a {on, and vields 9,000 enbie feet of 600
B. fou. s, we would have 15 enbie feet (=9,000 B, £ n.) Tor me
cent. 11 we allow that dry lignite costs $2.00 a ton and that it
yiehls 7,500 cubie feet of 300 Bt u. gas we would have 37.5
cubic feet (==18,750 B. 1. n.) Tor one cenl. The vaw naterianl
cost of conl gas Tor fuel purposes is (wice as great as that ol lignite
uas,

Tapre XVIIL

Composilion and yield of rvesidue left in relorl afler distilling
U ligniles vepresended in T'able XV Dry.

| | I . With complete removal of
R T FTE | Yield volatile combustible
Analysis @ tile | Fixed  Ash. | Sul- B.t.u] of matter.

No. com- | car- phur, M resis || o= 5
bust- | bon. s, | due, f Fixed | Ash, 'Botou Yield
ible per ‘: car- P per 1 [

ntller i d cent. ban. | b | resi-
| i | | *odue.
S | : 1 I | ]
667-771....0 G.21 76,09 17.70] 1.f 7RG al"l.fltl H1.14 18,8612 506 53.31
AB1-744. ... 4.95] 74.38" 20 .67 l I: 1264 ANE | TT.200 22, Ruill ¥55| H2.60
328748 8,07 77.53 140, lrll 1.33, 15.67/13.210| 61.13
G.67 7108 21.75 a4 G049, 233112 .4200 53.57
320-7H0. . .. 4. i .ﬂ"[ ‘ "H "l !l‘{il.i'l 52,11
[1('3 7{"‘ o ) 24.92 b3 liill,ﬁ?:’) 6017
327704, 7 .{1‘i| L5 11,574 19 .59:12 .543| 5H9.25
4. b LT S O 5 LTS 1 2n, || 11,632 7078
s 3.720 1.2012,5606 D16 601131265 5278
6. 2400 0,99 10,937 23.090/11 hl:l:- b B
6. 10 164711 ,807 90.93112,491| 53.46
7. ::][ 1.20/11,682 18,7112 ,588| 53,87
H. Ah 2 ‘
471 HE 18
670-776. .| 5 48/
G60-774 6. 7n‘
D776 . 0. 52
BT6=T54. . 4. Lk
500-762. .| 4. .20
630-770, .. | 7. il
om-7e3. ... 7. 03
Average. .. 5 23 _1-1l

A sty o Table XVILL the key to which appears under Table
NV shows:

. The volatile combustible matrer was not eompletely remaoved,
The amonnt remaining in the vesidue varied from 105 1o 8.07
per cent, with an average ol 5.92 jier cent.
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200 Mhe fixed carhon in the vesidue varied from G501 o F0.01
per cent, with an average of $2.9¢ per cent. With conmplete removal
ol the volatile combunstible watter. the fxed carbon wonld vary
from 6915 fo 8455 per conte with an average of 7552 per cent.

S0 The ash in the residue varvied from TLE o 20008 per eont,
the average heing 22,010 per cente With complete rvemoval ol the
volatile combustible matter, the ash o would vary from 1567 fo
S0.85 per cent, the average heing 22008 per cont,

o he sulphue incthe residue showed amarked inerease over
that in the drey lignite.  Excluding two abnormally hich vesulls,
the inerease was from 122 {0 257 fimes, with an average of 1,61,
I two cases ont ol Awenty-one, the sulphuwre in the dey Jignife was
more than it was in the residue. For the most part the sulphur
appeared o be as caleinm =ulphate (gyp=unm).

S0 The Bo toowe per pound varied Trom 9561 {o 125660 the
average being 11,3720 This has an important bearing on the man-
wlacture of hriquettes from the residue,  For furether information
on thix subject, see Chapters TN and N1 As =ome of the volatile
combustible matter wonld prolably confain cerfain heal units, it is
useless Lo ealenlate what the Bo o would be in the vesidoe, if
this matter wove entirely vemoved. 10 = however, nol probable that
there would he any losz in the heat mnits in sueh residue.

G, The vield of =olid residue varvied Teom 50,00 {0 G7.5 per
cent, the average heing 509 per cente With complete removal
of the volatile combustible matter, the vield would vaey from 52,11
fo 70095 per cenl. the average heing 58.55 per cent.

We may as=ume. Tor the moment, that in the ordinary practice
ol distilling Tignites in o closed, or practieally closed, retort, the
restdue will contain abont 6 per cont of volatile combustible mat-
ter:z that the vield of this vesidues from dey ligniteo will he adout
33 per cent, and that it will contain from 73 1o 75 per cent ol
fixeel carbon. 1 i nof likely that there will be any cconomy in
completely removing the volatile combustible matter, for the por-
pose will he Lo discharge the retorts as <oon as the B (oo in the
ais hegin to show a markedly less value. Just where this point
may he depends onoa nomber of conditions which, for the most
o The vield and the natore of the

part, have not heen ascertaine
volatile matter distilled Trom =uch subztances as coal and lienite
depend on many Tactors, =ome of them of varving moment. The
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principal ones appear to be as follows:  the size of the material;
the smount of disposable hydrogen, i ¢, the hydrogen 1hat ix Tree
{0 combine with carbon az a hydro-carhon: the rapidity with which
the temperatnre s raised: the length of time during which a uni-
form temperature i< maintained : the maximam temperature within
the retort and within the conl ifsell: the size and temperature of
fhe gpace into which the gas is conducted ; the rapidity with which
the easis vemaved from the retort 1 and the depth of the hed of coal
which iz heing distilled. In dealing with coal and lignite, we
have fo remember that they are gubstances which, nnder the in-
fuence of heat, ae decompozable into a large number of compounds
and that the original compounds formed may react among them-
sehves and praduee other and, perhaps, more complicated substances.
With the ehemico-physical side of this matter we have but little to
do al preseut, our main purpose being to call attention to the fact
that Texas lignites ave capable of yielding, in dry condition, 7,500
ethic Teet of gas per net ton and that this gas earried 500 B, 1. w
per cuhic loof.

Lrrespective of the heating value of the solid residue from the
retort=. we have in lignite gaz a cource of cheap and cffective
eneray, whether this energy he used in mere heating effects or
convertedl inta eleetrie power thraugh the medinm of gas engines
add generators. A plant eonsmming 100 {ons al dry lignite a day
would  produce 750,000 cubie Teel of gas that would contain
373,000,000 B AL uy, and Teave 55 tons of =olid residue containing
1L,100,000000 B, t.w. In Chapter TN, Professor E. J. Babeock,
has deseribed o method for the utilization of the solil residue
i the mamilfacture of hriguettes, and refevence is here made {o
that Chapster.
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CHAPER XIII.
FUEL OIL.

Truel il is of two kinds:

1. Crude petroleum, such as Texas crude, Mexican crude, ele.

2. Petrolenm from which certain distillates, such as henzine,
gasoline, elc., have heen removed in the refineries. The demand
for these products during the last year has been so active that a
good deal of Texas crude that was formerly sold for fuel purposes
dircet now goes to the refineries for the recovery of the lighter
distillates.

There are no statisticz bearing on the proportion of these two
kinds of fuel oil now used in Texas.!

Some contracts may take this matier into consideration, Iut
ordinarily the specifications call for fuel oil of sueh and sueh
a gravity and of o many B. t. w. per pound without regard to
whether the oil is eru(krtn-lﬁshiue from the stills. The oil must
be commercially free of sand, sediment and water. Owing to the
advent of Mexican erude in our markets, this oil having a gravity
of 0.934 to 0.942, attention will have to he given {o the kind of
pumps snpplying the oil to the burners. The viscosity of this oil
is helow that of some of the other fuel oils now heing used, and it
is pumped with more diffienlty.

According to the Fuel Oil Journal, Houston, February, 1913,
the consumption of fucl oil by Southwestern railroads tluung the
vear 1912, was as follows, in harrels of 42 gallons:

Systen.

Southern Pacifie (Texas and Louisiana)............ 3,924,403
Santa_FFe (Texas lines) . e 2,000,000
Frisco main lines (I‘exas and” L()I.Iibldl’!d) ................... iy ;

Kansas City Southern (all Jines). ... oovi oottt ,.E.rl 068
ICIREOEINOTIE  -1% e cmiranom g A BN AR 3 A, A SRR S 00,000

!'u ,500,203

ot 2]
SCr
SN
C
Jer-
l\..

Tn 1904 there were manufactured in the United States 7,209,428 barrels

e

of fuel oil of 50 gallons and in 1909 34.034,577 barrels,




A line of fuel oil cars, Sour Lake, Hardin Count;
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I we allow that, on the averaze. Tour harrels of Tuel oil are
cquivilent o one ton ol ordinare bituminous coal, this quantity
31528 toms ol coal. This s pechaps, a
generous allowance, <o i we allow 35 harrels as equivalent to a

of otl would replace 2.

fon ol eonl we have a replacement of 27169171 tons of coal, an
amount conziderably more {han the entive coal and lignite pro-
duction of Texas during that vear.

We do not know what the average price of this oil was, but it is
not likely that it was Jess than 85 cents a bharrel. The authority
just quoted @ives the prices of Tuel oil at dilferent points in the
State doring the vear 1012, as [ollows:

I Cenls
Ilnuslnn,..,,..,.,.....,...,.....,..,,I 87
ITvmable st il oonaiseeiemndicey el
Port NEERUE L vvvvinntinm simis sinms B
Sabine BaLa
Fort
Cors 1} B
Dallies

The consumption of fuel oil by the rilroads of the United
States Trom 1906 o 1012, inclusive, was ahout as Tollows in bar-
vels of 12 wallons (David T Day):

Barrels.

Wl e = |

BB omnisosann rregosm e ot
&7 ] BORIAA S e

14911 :
L

The average number o miles run per baveel of Tnel oil con-
sumed varied Trom 3293 10 1907, to 360 in 19120 While some of
the Tines involved also used coal The milenge aperated by the use
of Tuel oil was 13575 in 19070 130050 in 1908 17676 in 1900
2500 0in 1010 30039 in 1911 and 28451 in 1972,

The fallowing is taken From an arficle by Mr. Holland S, Reavis.
Editor, Fuel Oil Journal, Touston. published i the Mineral In-
dnstry, Vol NNTL page 611:

“Io fine with the general advanee in crude ofl prices, the Tesas
eearker strengthene! appreeiahly dureing the vears Inorenth Tesas,
the price of light ail at the wells on Jdanuwary 1, 19120 was 35 cents,
andd Dieavy ol 50 cents. On Decembher 31, 1932, light oil was 83
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cents, and heavy, 70 cents, Contracts were made Jannary 1, 1912,
in the constal fields Tor periods of 12 tn I8 months af 72 and 72§
cents per harrel Tor heavy oil at the wells, Some of these contracls
were renewed January 1, 1913, af $LOG to $1.077 per harrel at
the wells. Nouth Texas crude oil <ald on Januarey [, 1912, al 10
centz per harvel on hoard cars, for Tuel ns=e. X\ vear later the
price was STLO ta 1200 per bareel, on board ears.

“Pipe-line construction in Texas durving 1912 was as lfollows:
An S-ineh Tine, H9 miles long, was laid by the Magnolia Petroleum
Company between Electra and Beawmont, connecting at the latter
point with the same eompany’s lines Teading fo deep water af Sa-
hine, on the Golf coast. Throngh the new line (he Magnolia Com-
pany supplics crnde fo its refinerics at Corsicana, about wmidway
hetween Electra and the terminus, and at Beaunont., There arve
li\':.- stations, the distances hetween them being as Iollows: Electra

v Xvord, 98 miles: Alvord to Corsicana, 117 miles:; Corsicana 1o
I.a(h‘mh 120 miles: Richards o Beawmont, 118 miles. De La
Verane crude ol engines furnish the power at the stations for
puniping the il The line (raverses the various oil fields of north
Texasz.

“The Gull Pipe Line Company construeted a G-ineh hranch
line from it main S8-inch Oklahoma-Texas frunk line at Saltillo
(o Fort Worth, a distance of 136 wmiles, Tor the purpose of for-
nizhing ernde to the Gulf Refining Company’s new refinery at
Fort Worth, which was completed and placed in operation jn the
spring of 1912, The Pierce-Fordyee 01l Association completed
vefinery at Fort Worth in the spring of 1912, obtaining itz crude
supply by tank ears from Electra and Oklahoma, and also recciving
oil Trom the pipe-line of another company. which passes throngh
Fort Worth, The Texas Company construeted an S-ineh pipe-line
from the north Texas oil fields to Dailas, by way of Fort Worth.”

List of Refineries in Terus.
e = = e I
| Daily
Niame. Location, caparily,
| barrels.

| -
L Texas Cily . .

Picree-Fordyee Oil Assoc X ( — 2,000
Pierce-Fordyee Oil Asse Fort Worth. . ! 2,000
Gull Refining Company Port Arthur. . iar 1{1 2000
Gull Refining Company . . ciiweiinene .| Fort W ::r:il. . ¥r 5,000
Magnolia Petroleum C t:m:mm vensesnenansos | Beaumont, 347 20, L000
Mupgnalia [“clrulcum (.um;mn\ .......... viiiveaed| Corsicana. ... . \ J.(ifl(?
Texas Company . P P S oAb e ! .i Port Arthur .. ... 18,000
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! [ B
3 | Daily
Nime., Loeation, | capaeity,
I barrels.
Texas Compe | L L] (L S — 15,000
Texas Compe i AT o e (g Purt Arthur 5 [
United Relinery G mlmu\ ..... pa v e ey Beaumont ]
Webster Refining Company . .. .o, Lo Orunge. ... 500
1} e—
B 3 6T R L e B e [ IDU.U“”
1

So far as we are aware, there are no statisties relating fo the
comstnption of fuel oil by industrial establishments, hogpitals, ho-
tels, cten bt this quaniity may be taken, we think. at a million
barvels o vears with a tendener towards a Jesser quantity, owing
fo the inercasing price of oil.

During the first <ix months of 1913, average current quotations
were as Follows, per barrel of 12 sallons:

I'er

hdlltl
Housdon. .. .oveneeriiassans il Rl
Humble (RIS S LR S s N O S S e | 1.12.':
l'url \rl]uu ................. e LAY

bi LAV R s e e SR 1.20

|nrl \\urlh |
Llorsiestina T S S D R T 1.1
Dradlas

Comiparing these prices with those that m.nul(nnut during the
vear 1912 it will he seen that the price of fuel oil at Houston
increased Fram an average of 87 cents to 51,220 at [Lumble. from
SLA cents to $L125: at Port Aethur and Sabine, from 85,7 conts
to K120 at Fort Worth, Corsicana and Dallas, from 91.8 confs
0 K197, I the early part of Novemher, 1913, the price of Mex-
fean crude, dlelivered to Gull ports. vavied from $1.00 fo $1.20,

We have made in our own Taboratory, a number of analyses of
fuel oil<. Between November 26, 1002, and June 3, 1913, we ox-
smined 19 camples for the State Puvchasing Agent, Austin, of
fuel oil delivered 1o the diferent State institufions for which he
secured =upplies. The specific "rn\'ii vovaried Trom L8658 to 0,951,
with an average of 0.90: the B tow per pound varied from 18, ‘lhi
10 19,500, with an average of 19,311. We examined 12 samples for
Aa<h peint, and found the vaviation to he from 110 to 2I8 de-
srees Foowith an average of 151 degrees oo We examined 10 <am-
ples for buming point and found the same fo vary from 180 to
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276 degrees I, with an average ol 221 degrees It These sam-
ples were all commereially free from sand, sediment and water,

We have examined one sample of Mexican crnde, used for fuel
purposes,  The color was black; specific graviiv, 09331 viscosity,
3,600 at 70 degrees F.: flash point, 140 degrees .0 hurning point,
183 degrees F.: heating power, 19,232 Bt u. per pound.

Meatean Crude (4,

Accarding to the Fuel Oil Journal, Honston, the produetion of
crude petrolewm in Mexico Lrom 1907 o 1912, inclusive, was as
follows. in harrels ol 12 gallons:

Barrels. || ! Buarrels,
s o s i es 1.000,0000 T011... R | 11,051,613
I i A e 3,481 -l]ﬂ | j [0 o R e Venieate | ol ,<)llll 0
1 R0 e U AR 2 ,-]4‘\8 712

Total, .

: £ L PR SRR e U 3, 15.’,8(];]

......... J l(l H31,620

The importation of Mexican crude oil into Texas portz for this
vear, up to the 20th of June, was as Tollows, by distriets:

1
‘ Burrels. Tulal
value.

Sabine and Port Arthu
Galveston
Port Ara

H,Ihl J'!l.l 1 "U’ l>‘l(l
. ](

Heat Values in Movican Crude?

“Samples of Mexican crude ofl faken Trom 8 cargoes shipped
from Tuxpan aud Tampico showed heat values as follows:

Specifie gravity. | B. L. u., per
pound.

14,620
14 ,h._;_ﬁ

14,6240

Average 149,420

|
|
‘ 1920
! 19176

O the Britizsh mereantile marine the winimum flash point for fuel
wils i= 150 deg. 1. (Alel test), and in the wavy 200 deg. . In the
Uit States the ~tandard Hash point is 140 dew. 17 (Abel-Pensky or
Pensky-Martens test),  In Russia, Roumania and Germany it is 1706 deg.
1. (Boverfon Bedwood. Treati=e oo Petvoleunn Sd Fdol 197500 po 3810

Fuel Oil Journal, Vol, 4, No., 1. July, 10913, page 32,
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The magnivnde of the oil carrving tades inostenmn and sailing
vissels ix o <hown by the following statisties taken from Doverton
Redwonl’s = Treatise on Petrolemm”™ 30 edition, 1905

OF tank <teamors, he gives a Hst of 3650 with g net tomnage vary-
ing from diminutive stemers of 35 fons, =neh as the =Carbolafe,”
of Falmonth, to vessels of 5,376 tons, sneh as the Navmagansett, of
Cireenock.,  The gives a list of 51tk sailing vesselsg with o net
tonnage varving from 111 Lo 6970, In his list of vesscls fitled for
using liepeie el lie mentions 200, the wross tommage \':ll'_\'in}_f [rom
T3 as i the = Krungthep,” of the East Asiatic Company, Limited,
to 13454, as in dhe = Tonvo Marn,™ of the Tove Kisen Kabushiki
Kaisha,  T'he = Pexan. of the American-Tawaiian S0 S0 Company,
has o fonhage of 80615, sross,

With respect o petrolemn as Toelo the following is taken from
Boverton Redwood™s = Treeatise on Pelvolean.™ 3d (‘t“fiull, 1491,
pages 581 to G585

“For many vears Rusia was the only country producing and
con<uming liquid el on a seale of eommercial magnitmde, (he
erude petrolewsm from the prolific oil fields of Bakn vielding o large
proportion of a =uitable product, hut for some fime past there has
heen in the Unifeld States a rapid growth in the general eniploy-
went of ligeid fuel, large supplics heing obfained in California and
elzewhere, The Nutei dizteiet of Bormeo has also become an ini-
portant factor in the industees the pelroleam fonud there vielding
an exeellent fuel oil and Leing apperently obtainable in very
large quantities. Nmong other present and prospective sonrees of
<upply 1o which the now aincral recognition of {he advanfages of
Tipnid Fuel, espeeially for mavine purposes. has caused atlention to
he directed, ave these of Barma, Persia. Egvpi, Trinidad, Mexico,
Galicia and Rowmanin, and there can be no danbl {lat the elforts
now heing made to develop fresh <onvees of <upply will vesult in 2
very considerable inerease in the quantity at present available.
It would, however, he misleading to sugoest that theve is any pros-
peel of a0 general <abstitution of oil for coal as Foel in sten-
viii~ing and for other purposes, The author poinfed out in giving
evidenee hefore the Roval Comnission on Coal Supplics in 1903,
that il the ageregate oufput of petrolenm in the world were
donbled, amd the whole of he sneplus thus ereated were used as
fael, thi< snrplus would, taking into aceount the relative thermal
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efliciencics, only be equivalent fo about 5 per cent of {he world's
output of coal,

It has alzo 1o he taken ioto aceount that with the development
of wo=t oil fields there s a progressive decrease in the praportion of
fuel oil yielded by the erude petroleum. the oil abtained at greater
depth usnally eontaining a lavger proportion of the mare volatiie
Ivdrocarbons. Lastlv. the exhaustion of the older oil ficlds, which
is proceeding part passp with the onening up of new fielids must
not he lost <ight of in forming an estimate of the extenl {o whieh
the world's supplies may be augmented. In this connection, atten-
tion =hould he drawn to a veport in which Dr, David 10 Day, the
expert ol the United States Geological Survey, in charge ol pe-
troleume investigation, wave the data on which he aveived, =ome
three vears ago, at the somewhat stariling conclusion that at the
present rate of fnercase of the output of petrolewm, the known oil
ficlds of that country would, on the hasis of the estimated minimum
quantity of oil obtainable, he exhansted hy ihe year 1935, whilst
il the present output were only maintained the supply would on
the =ame hasgis only last for ninety vears. In these cireumstances
it is Torfunate that through the sucees< which has aftended the
introduction of the Diesel engine, to which relerence will he made
subsequently, attention is now heing given o the =ubstitution of
the internal-combustion engine for the stenm-engine, for with ihe
Diesel type of engine, it i possible to obtain about three times
as mueh power from o given quantity of oil as s uzually vielded
when the oil is used for steam-rising in conjunciion with the hest
tvpes of sfeam-engine, though, as is herealter pointed ovl, modern
improvementz in the raising and uwse o steaw mav be held o
necessitale a revision ol thix comparizon.

In their final report, daled 7 Jannary, 1905, the Commizsion-
ers express themselves on the subject of the substitution of oil for
coitl, in the following ferms:

“There has heen much disposition in recent vears Lo speak ol
oil Tuel ag 1F it were a serions competitor of voal, and o real sub-
stitute Tor it. The facts belore us do not hear out that view. D,
Boverton Redwoad in his evidence has given us a valuable aceount
of the present and prospective sourees of supply of petrolenm and
its allied products, and while he thought there was ample scope
for energy and capital in scavehing for and opening up fresh



drill rig, inside the derrick, 1700 ft. hole, Putnam No. 16, Electra, Wichita Count
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sources ol supply, he expressed himsell very strongly against the
possibility ol any largely extended nae of petrolenm as a substitute
for coal. e pointed out that the world’s production of coal in
1901 waz 777 million fons and that in the =ame vear the worlid’s
production of petrolewm was 22 million tons, or only 2.8 per cent
of the weight of the coal.

“The conelusion we have arvived at as regards the vse ol oil
fuel in this country is that which is expressed by Dro Boverion
Redwood in answer to Question 13,5539, when he said: <L think
there will be certain selected applieations of liquid Tuel where the
advantazes of emploving such a fuel are especially obvions: hut
for anvihing like general emploviient, | cannot see where we are fo
Jook for adequate supplies” ™

Liquid foel is largely applicd in metallurgical operations and
has replaced coal in many glass-works and ofher industrial es-
tablishments. Tt has alzo been Toumd available Tor domestic nse,
but the principal application has hitherto heen for steam-raising.

The following =pecifications for the purchase of fuel oil for the
United States Government was dssued by {he Burveau of Mines in
1911:

“Goneral Specifieations,

ST I determining the awarvd of a contraer, consideration will
be given to the quality ol the fuel offered hy the bidders, as well
as the price. and <hould it appear to be to the hest interest of the
Government to award a contract at a higher price than that
named in the Towest hid or hids received, the contract will he so
awardod.

“2, Ifuel oil should he either a natural homogeneous oil or «
honmogenceons vesidue from a natnreal oil; iF the latter, all constit-
ent= having a low flash-paint should have heen removed by dis-
tillation 2 it <hould not he composed of a light ol and o heayvy resi-
due mixed in sueh proportion as to give the density desived.

3. Tt <hould not have been distilled at a temperature high
enongh 1o burn ity nor at a tanperature so high that fecks of car-
bonaceous matter began to =cparate.

=4 1 should por las<h below 60 degrees O, (140 degrees Fali-
renheit) in a clozed Abel-Pensky or Pensky-Martens tester,

“5. 0 Is zpecilic gravity should range from 085 to 096 at 15
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ilegrees (. (59 degrees Falirenheit) @ the oil should he rejected if
its specific gravity iz above 0.97 at that temperature.

“6. 1t ghould he mobile, free (rom =olid or semi-zolid hodies,
s <hould flow readily, at ordinary atmospherie teviperatures, and
under a iead of one foot of oil, thvough a l-inch pipe 10 feet in
length,

<. 1t sheuld not congeal nor hecome too <luguish to flow at
0 degrees (L (32 degrees Fahvenheit ).

"SIt should have a ealorific value of not less than X000
Briti=h thermal units per pound 0 18360 Bt to he the standamd.
A Lonns ix to he paid or a penalty deducted aceording to the
method stated under Section 21, as the fuel ail delivered is ahove
ar helow this <tandard.

0. It should he rejeclel if it containg more than 2 per cont
water.

=10, It should he rvejected i1 it containg more than one per
cent sulphur,

“11. 1 should not contain wore than a trace of saud, clay. or
dirt.

120 Euaeh bidder must submit an aceurate statement regarding
the fuel oil he proposes to furnish, This <tatement should <how:

(a)  The commereial name of the oil.

(h)y  The name or designation of the field Tfrom which the oil
ix obtained, '

(¢)  Whether the oil iz a crude oil, a refinery residue, or a
distillate.

(d) The name and location ol the refinery, if the oil has heen
refined at all.

“13, The fuel oil is to he delivered [ o. h. cars or vessel, ac-
cording to the manner of shipment. at sneh places, at sueh fimes,
and in such quantities a¢ mayv he reguived, during the fiscal vear
emling,

“14. Should the contractor, fur any reason, fail to comply with
a written order to make delivery, the Government iz to be at Tiherfy
to huy oil in the open market amd charge against the contractor
any excess of price, above the contract price, of the fuel oil =0
purehased.” '

The ¢pecifications adopted hy the State Purchasing Agent. Aus-
tin, T'exas, for fuel oil to he supplied to the various State institn-
tions for which lie secures supplies, are as follows:
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“To I putural. cende, distilled ar vedveced petroleum, free from
sand or ofher salidd matter that will impede or prevent handling
freely through ordinary size pmps, pipes, or burners, and fo be
of sueh viseosity that will permit of its heing handled freely af a
temperature of 60 dearces Falrenheit. It shall bhe commercially
free of water, and wherever practicable, all Tree waler must he
drawn from the delivery tanks before discharging. The specifie
aravity, as defermined by the Tagliahue Hydrometer, €hall he le-

fween 25 degrees and 30 degrecs Baumd. The buver mav refuse
to accept any fuel oils showing a fTash poimt of less ihan 200 desrees

IPalirenheit when tested hy the open cup Tagliabue method ; namely,
heating the oil at the rate of 2 degvoes per minute, flame test to he
applied every 2 degrees afier the temperature of the oil is raized,
beginning at 90 degrees Fahrenheit. The hurning point of fuel
ail zhall not he below 212 degrees Fahrenheit, The British thermal
units per ponnd of fuel oil shall not be less than 19,000.”

The total prodnetion and value of the pefroleum in Texas for
the vears 1889 {o 1912, inclusive, are as follows, harrel: of 12
gallons:

[ Production.

8436, 0030
B o
83 658
55 |57

A,

o

e [ Dt

XD =SS CIS~]

i)
11,735,067

168,721,710

The following Tables, NV to XXI, give the production and
value of Texas petroleum from 1902 to 1912, inclngive, in barrels
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of 42 gnllong, the statistics used heing those of the United States
(ieological Survey:
Tasre NVIIL
Production of Petrolewm in Northery Teras, 1902-1912. Barrels
of 42 Gallons. Statislics of the Uniled Sleles
Geological Surrey.

Corsicana, | Henrietta, | Powell, . Eleetra, |  Total,
Navarro | (Petrolin) | Navarro | Marion Wichita | including
Year, Counly. Clay County. ] County. County. olher
Counly, ' | distriets.
I T
A6, 812 .. .00 i A + 617,871
[T i e D i 501 1960
123 s O 360,252
132,866 . ........ 3 ‘ L2822
Ty by | et s by i) 1,117 005
DOGLBIT. L Lasashoa e ] 912 618
124 A L) | R EEOHR S i Sl e bl 723,201
o1 S R e GA1,910

I8y AN TAT e I D69 403
373,053 GT7.689 899,570 2,251,193
2.‘33,23‘21 l!l?.ri‘.!]l 251,240 362,870 4,227,100 5,275,529

'Tl.;l:]l,,.uF 3,108,642 126G, 683 11,141,217
|

967,714 3,558,547 1,202,276
) \
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Value of petrolewn in Nerthern Teyas, [902-1912. Barrels of 42 qullons,

; Corsicana. Powell. | IHenrietla (Petrolia). Electra. Aarion Counly. ’l'oltal
. value
Year. Value. Value. i Value. Value. Value. ol all
districts.
Tolal. Per bbl., Total. | Per bbl., l Total. | Per bbl,, Total. | Per bbl., Total. ' Per bbl.,
i cents. cenls. cents. I cents. cents.
' 1
1902, nien5es 11() 5306 71.89 9 8(3(1 .......... l S l’”. 399
1114, : Yovemias » i 5
87.
83. W8
93 .5 72,1971
101.1 II): 186 78,916
2.7 274,536 46,917 i
g 72.1 109,952 H2.2 58,6911 i
q 87,623 63.8 ‘.Z-lf.’..~!-1(li H3.8 GY, (i.\hl Ol £
h 7)1 | 74,439 H7.9 186,528 H. 92 046 51D G2 14d] 0 Db Yoo I
3 ¢ ) | SRR 149,393 (51 103,439 76.9 134 .UKll 68.2 | 3,310, b_..\ 200,971
Total and i i | ! ‘ } ;
average. . . '-’-.577.!”3l 8(1.()‘.)l 2,049,423 53.66. (3:')3,9;')8] 48 .94 11,833,()03% 66.85 200,971 80.2 |59,876,782
4 |

wipax.) Sp L

A Ij.l'd‘[;

Gle
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Production of pelrolewm in Coastal Tewas, 1902-1912. Buarrels of 1.2 gullons. Stalistics of the Uniled
Nates Geological Swrcey.

| |
Balson, I Saratoga, Sour Lake, . Natagorda | Spindle Top, Dayton, IHumble, l Total,
Year. Ilardin Hardin Hardin ' County. JelTerson Liberty Tlarris Other including
Counly. Counly. Counly. County. County. County. - dislricts. other
] lI : districts.
1 !
..................... 17,420, 04() 175
1. ,600,¢ 174
l() ‘D()I 8 21
a 27
2 Tt 11,-
2 21 ..n()i 1147
1 1 , 6- 31,185 10,
Ls 1 I(H 798; 20,103 3 87,()2"9 8
1 l,.)]X 728 ' L9909 1, 1182136 32 129,197 7%
¢ L3641, 68() , 828 967 9 1,311 20 2,800 7:2
) l 175,108 (vl 5.29) 12,151, 1 8"" ‘)"3 11,920 6,
24 ,S)l‘.).(')liill 11,062,377 21,672,029 1,925,442 39,992,846, 314,807 .3:),S(y;y,().5()i 301,115 148,047,936
; !

a Bexar county.  Nole.—The production of Saratoga and Sour Lake for 1902 and 1903 is included in the ar.md total.
The Spindle Top (Beaumont) field came into production in January, 1901. During that vear the vield was H,185.883 barrels,
valued at $919,307, or 18.3 cents per barrel.

0

/i“.w,t:;.:'m_') Qi) foougap g
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Tapre NXT
Value of pelvolewn: in Coaslal Texas. 1902-1912. Buarrels of 42 gallons.  Stalistics of the United

Ntales Geological Sureey.

[ . ' |
Batson. | Saratoga. ! Sour Lake. | Matagorda * Spindle Top. | Dayton. ITumble. i
; i ! County. | ] ' © . Total ~
— 4 e — — including =<
Value. L Value. Value. | Value. ! Value. \ilue. ! Value. other ®
Year. —— — | ——-———| districts, [
! Per | | Per ] Per ‘ j Per . I Per Per . . Per | dollars. =3
| Total, bbl., i Total, bbl., . Total, bbl., | Total. bbf., . Tolal, ] bbl., ' Total, | bbl.. Total,  bbl, ! =
doilars.  cents. ! dollars. {cents. ! dollars. | conts. i dollars. | cents. t dollars. cents. | dolhls " eents. | dollars. | eents. | =
= = 1 : i d
! ¢ I : | | ~
1902 8.,967] 20 | AR - | 3.563,2850 20. i o
IO03. . 2] ..31’ 039, Z_ ...“'" 20 S
1904 . S11.6 iy =
1903 ¥ .
1906 , 6 | ; i 6 =
19507 i D ;()I | 83.9
1908 GO .5 ! Kt L 103 L60. =
738 1 3 791 75.1 | 7l. o
771 8 H8 | 77 ..5 =L
798 3| 51,3 | 078 7.8 /hhl’ z
YE l()() 03 66.2 1 ())l /n\l 7. ] 88,4731 69.7 71.8 ', /.3‘) 8(
; ! |
26 lll.'_’TT..'_H')Ti o1, 5)!]] 018,530, 31.47| 1,137,521 5:'»]7}14 326,560 58. l]|1:\\ 602! 51\'.‘.);’1’17.41(),951' 61,06 69,830,162 .
i I J :
a-lncludes Hoskins Nound.  b-Includes Goose Creek.  e=Values of Saratogs and Sour Lake combined, estimated at 25 cents a barrel.
“I'he Spindle Top (Beaumont) field came into production in January, 1901, During that year the vield was 5, 185,883 b.lrrvl& valued at
SU19.307, or I8.3 cents per bbl.
Ea)
oo
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The high-water mark of produetion was reached in 1905, when
the amonnt was 28156189 harrels, hat the high-water mark of
value was in 1907, when the tofal value was $10.010.865. The
12.322,696 havrels producad in 1907 were worth $2,838.603 wore
than the 28036189 harrels produced in 1905,

Prior {o the vear 1900 practically all of the petrolemm produeid
in Texas came from the Corsicana fickl, Sinee 1888 that iield
his maintained its reputation for supplyving high geade oil, the
average price, per haveel, heing 80,09 conls during the 1L years
ending with 1912, The {ofal production ol the Corsicana fichl
may he taken at 5.200000 havels, valoed ab $4,700.000, The Powel|
ficld, alzo in Navarro county, vields a heavier oil than the Cor-
sicana field. It came inmto production in 1902 and has vieldad
3558017 baveels, valucd ab $2.009.025, or 53,66 conts o hareel,
The Heorietta ficll, Clay county, eame info production in 1904,
and has vielded 967,541 hareels, valued al 635,058, or 4801 cont=
a barrel.

The Electra field, Wichita county, came into production in 1911
and has produced 5,126,685 harvels. valued at $3.833,008, or 66,85
cent= a harvel. This ix also a high-grade oil.

The ather oil field classed as belonging to northern Texas i< in
Marion county, in northeast Pexas. 1 iz the Caddo Lake district
m Texas, and may he the west extenzion of the Cadda fields i
Louisiana. Tt came info wraduetion in 1910, awd has vielded
292,276 harvrels, valued at $290897 1, ar 80.2 cenls a harrel,

The entire production of all of the northern Texax flelds may he
taken at 16,235,715 harvels, valued at $11,555.021,

In coastal Texas the first of the gpreal fields to come into pro-
doction was that at Spindle Top (Beaumont), Jefferson county.
1t hegan to produce in January, 1901, and sinee that fime has
vielded 45,178,720 barrels, valued at $15,285867, or an average of
33.8 centz a harrel.

Saratoga and Sour Lake, Hardin county, come into production
in 1902, The statistics for these two fields are combined for the
years 1902 and 1903, hot since 190 1 Saratoga has vielded 11,062,-
STT barrels, valued at $8,056,556, or 573 cents a harel. Since
1904, Sour Lake has _vivhk-;] 21,672,029 barrels, valued al $11,501 .-
117 or 55.5 cents per harrel,

The Batson ficld, Tlardin conmy, came into production in 1903,
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but it was not until 1904 that the vield was considerable. Since
1903, it has produced 24,919,663 barrels, valued at $11,766,951 or
37.26 cents per barrel.

Matagorda county (Markham, ete.) came inte production in
1904 and has yielded about 2,000,000 barrelz, valued at $1,137,524,
or 55.17 cents per harrel.

Dayton, Liberty ecounty. came into production in 1905, and since
that time has vielded 314,807 harrels, valned at $188,604, or 58.95
cents a harrel,

The Humble field, Harris county, came into production in
1905 and has vielded 35,865,630 barrels, valued at $17,410,954,
or 64.06 cents per barrel. During its first year, this field produced
15,594,310 barrels, hut fell to 3,571,445 barrels the following year,
and in 1912 produeed only 1,829,923 harrels.
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CHAPTER XIV.
(COMPARATIVE EFFICIENCY OF FUELS.
[n the following Tables, NN, NNTII, NXIV and NNV,

which, for convenience of refevence. are placed together, we have
endeavored to caleulate the fuel cost of evaporating 1.000 pounds
of water by means of coal, lignite, fuel oil and natural gas.  Belore
beginning a dizseussion of these tables, it may he well Lo explain,
us hriefly as possible, some of the terms used in stating an analyvsis
of a luel.

As owlinarily given, an analysiz of coal and lignite contains
six items, viz.: moistare, volatile combuztible matier; fixed carbon,
ash, sulphur and British therwal units per pound.

The moisture in such fuel is the usval atmospheric moisture and
is removed at or near the hoiling point ol water. 212 degrees Fah-
venheit, I the temperature he inereased much hevond this point,
incipient decomposition ol the coal or lignite <etx i and oceasions
a loss which is not chargeable to ordinary moisture alone. Tt in-
cludes certain volatile substances which may or wmay not contain
appreciable heat units, according to cirenmstances. Tn deving coal
and Tigmite, cave must he taken that the temperature <hall not ex-
ecedl 215 1o 220 degrees Falivenheit. [ some lignite a serions Jogs
of volatile combustible matier is apt to ocewr above 220 degrees
Fabvenbeil and in exceptional cases at temperatures considerably
helow that of hoiling water,

It we take the sample which has been deprived of its moisture
and heat it in a platinum erueible get inzide of another erueible,
each heing provided with a close fitting cover, we notice that vapors
and smoke hegin fo arize, a flame appears and restrieted combns-
tion <ets in. Afler a few minnles, the two crucibles heing red-hot,
Lhese phenomena cense and there ramaing a solid residue in the
in=ide crueible. The logs in weight that the Tuel 2ustains is (ored
“yolatile combustible matter,”™ 1t TN and olten does contain gases
that are nol combustible, snch as carbonic acid, ete.: but, irre-
speclive of the confent ol such gases, it has been agread ainong
chemistz to consider the loss as representing the volatile combusti-
ole matter in the Tuel,
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The <olid residue in the erncibile is the lixed earbon of the foel,
plus the mineral matter (azhy, I the inner crucible he now ex-
posed fo ihe air and the carbon in the residue he Imened away,
we have only the ash remaining,

The volatile combustible matier and the fixed carhon ave the
heat producing constituents of (he fuell no acconnt heing faken of
the <glphur, ax this vields b Titthe Teal when Tiened,

The sulphur in conl and lgnite exist< probably, in three con-
ditions, as pyrite Csulphide ol iron) . as gvpsum (sulphate of Time)
or other analogons sulphates, and a~ more or less ohsetre orzanie
compotnds,

The expression = British thermal units per pound™ is the method
of stating the hest mits ina pound of fuell in thic ease of <olid] o
ligquid Tuels, or i o enbie Toolsas e gases, 10 means the quantiny
of heat requived to raise the temperature of one pound ol water
one degrec, The <tarling point heing 3901 degrees Fahrenheit. Some
authoritics prefor o take the starting point at 54 degrees Faliren-
Neil, others at 62 degrees Fabrenheit, bhul there is no practieal
dilference in the results, inasmueh as the specifie heat ol water
al all femperatiures from the Treezing point fo the hoiling point
is virtually the same. 1P a Tuel is sabd to have 12,000 Briti-h ther-
mal units (abhreviated 1o Botoou) per pounds we nnderstand that
cach pound of this Tuelo when properly buened. will give enoueh
Real fo enise the femperature of 12,000 pounds of water From
3001 degrees o WL degrees Fahrenheil, from 54 degrees o 35
degrees Fahrenheit, ov feom 62 desrees 1o 63 degrecs Falirenleit,

The B AL we therefore, gives o convenient method ol comparing
ance Tuel with another, and it i< in general use in England and the
Unitend Statess Ty Continental Euvopes the term “ealorie™ is vsed,
and (his means the quantity of heat requived to raise the fempera-
Lure of ene kilogram (=222 pomids of water) one degree Cenli-
arade: ioew Trom 0 to 1 desree. To convert Bo Lou. to ealories
mnltiply i 05552 (o eonverl ealories to B 4L oe mualtiply Dy 1.8
The B, fowsis equivalent fo 578 Toot-pomids of work,

To cvaporate one powd of water from and af 212 degrees Fali-

renheip vequires 9657 heal nnitse or 35396 calories: ad this s
equivalent to the oxidation of 0,066 pounds of cairhon. One Torse-
power is equivitlent fo 25EL9S85 heat units per hour.

The heal units in vavious ubstanees AiTer aceording (o the chem-
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ical composition. When the purest form of carhon—erystallized
diamond—is hurned fto earbonie acid, there arve gencrated 20,041
B. t. u. per pound ; ordinary soft coal gives from 12,000 to 14,000;
lignite (natural condition) 7,000 to 7.500; natural gas from 600
to 1.170 per cubie foot; fuel oil from 18,000 to 21,000 per pound.

The B. t. u. per pound of the best fuel oils are about the same
as the B. t. u. of the diamond. althongh the chemiecal composition
is vastly different.

The quantity of air, in enhie feet, required for the pevlect com-
hustion of a pound of fuel, varice from 73, in the case of dry wood
to 162 for coke. Ordinary zoft eoal requives 1143 and lignite 112,
Crude petrolenm  (fuel oil) requires 173 and natural gas 227.
These fignrves are subject to variations depending on the composi-
ticn of the fuels. methods of hurning, ete.



Tapre XXITIL.
Fuel cost of ecaporaling 1000 pounds of waler wille coul.

Price of coal per ton

Cost of evaporating 1000 pounds of water= 2 % evaporation,

; : : : 7 0
Cost of coal per ton of 2,000 pounds,lI | $4.50 ‘ $3.00 . $5.50 1 $6.00 | $6.50 i §7.00 : S7.50 . $8.00
| : i ' | B :
) !
o =24 | I Cenls. | Cents.  Cenls. f Cents. ! Cents. ' Cents. i Cenls.
] 5.0 £ H | 45.00 ’ 20,00 160,001 65.00 70.00 ' 80.00
s3 5.5 2z {| « 45 50.51 1 59.00  63.63 7278
2 6.0 =2 ' 5 67, 50,00 ¢ 51.17 58.33 66 .67
£ 2 6.5 3; " i | A6 16,16 + 50.00 ,  5H3.84 61.51
] 7.0 25 | 71 12 5,43 0 50,00 i 57.11
R 7.5 R < b .33 16,67 ! 2333
gied 8.0 Tuxz | I 20 1375 L5000
B 8.0 Ssw ) i | 1 G O . 47.06
w3 9.0 b= i .77 1 38.88 Pt
g:. 9.5 =8 I i l 32 l 36.81 | 42.11
gz 10.0 =2 (! | 5.00 | 135.00 140,00
o 10.5 cf i L i b | 33,33 i t 38.10
= 11.0 S8 i | 2| b3l ©36.36
|

Spnra [WY pas ) SJOH G ]



Tapre XNIII.

Fuel cost of ecaporaling 1000 pounds of acaler will lionile.

Cost of evaporating 1000 pounds of water=

Price of lignite per ton
2 ¥ evaporation.

i ] : : i i [
Cost of lignite per ton of 2,000 pounds.| $1.00 $1.10 S1.20 | ' | $1.50 | S1.60 , $1.70 i S$1.80 . S1.90 ' $2.00
| i i I
2 fy i Cents. | Cents. ! s o Cents, | Cents. 1 Cents.
o= 3.0 5Z_ ’ 16.67 ! 20.00 2500 30,00 31.67
£32 3o 33 12 7 | 2143 ' 25.71 |
B 1.0 Sz 1250 5 30 1 18,75 22750 ;
h-r- 4.5 =ZE 11.11 13, 531 16.67 | 20,00
SSE 5.0 §5= 10.00 12, 00 115700 I 18.00 ,
LT 5.5 1S 9.09 10 ¢ 73 13.64 16.37
E3n 6.0 SR 8.33 10 67 12.50 15.00
SES 6.5 S 7.69 9 B 13.81 '
f& 7.0 2 E% 7.04 | 8 00 . 1071 ] 12,85
g ) 3 6.67 ! 8. L3300 10,00 0 12.00
7 8.0 < ‘ 6.25 ! 7.0 750 9.37 1.2 ;
! . I ;

v
G

e

<
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TasLe XXIV.
Fuel cost of ceaporaling 1000 pounds of water with fuel oil.
Assuming that 3.75 barrels of oil (=1200 pounds) are equivalent to one ton (2000 pounds) of coal we have:

. Pri f oil 3.75 bbls. . .
Cost of evaperating 1000 pounds of water= ﬂ;%{%%f;gmti;n—b The price per bbl. starts at 80 cents and in-

creases by 5 cents up to $1.30.

i : |
Cost of oil per 3.75 barrels. S3.0 83.05 ' $3.10 I $3.15 I $3.20 l $3.25 I $3.30 ‘ $3.35, $3.40 $3.45 $3.50
(Equal one ton of coal.) i | i | | i
| 1
i :
w =< /| Cents. Cents Cents. ! Cents. Cents. Cents. ‘ Cents. | Cenls. Cents. Cents. Cents.
2= 10.0 k-] 15.00 1. 15.50 1 15.75 16.00 16.25 | 16.50 + 16.75 17.00 17.2a 17.50
E: 10.5 2 14.28 14. v 14.76 15.00 15.21 15.48 | 15.72 . 15.96 ' 16.20 16.11 16.68
3 11.0 = 13.61 13 1410 | 14033 11.56 11.79 | 15.02 | 15.25 ' 15.48 15.71 15.91
5T 11.5 13.01 13. 13.48  13.72 13.96 | 14 .20 I 14 44 14.68 11.92 I 15.16 15.10
=8 12.0 12.50 122, v 12,902 i 13.13 13.31 . 13.99 13.76 13.97 11,18 : 11,39 11.60
;5 12,5 12.00 12,20 © 12 .4 12.60 12 .80 l 13.00 § 13.20 | 13.10 7 13.60 | 13.80 1.1.00
= 13.0 11.51 11.73 ; 11.92; 12.11 12.30 | 12.49 I 12.68 | 12.87 . 13.06 = 13.25 13.141
“55 13.5 11.11 11,29 © 11.48 | 11.66 11.84 1 12,02 12.200 : 12,38 12.56 | 12,74 123,92
n & 11.0 10.71 10.89 i 11.07 . 11.25 11.43 1 11.61 11.79 11.97 - 12.15 12.33 1391
T— 14.5 10.34 10.52 10.70 | 10.88 11.06 11.24 | 11.42 11.60 1 11.78 i 11.96 12.11
38 15.0 10.00 10.16 10.33 , 10.50 10.67 10.84 11.01 | 11,18+ 11.35 11.52 11.69
iﬁ 19.5 9.68 9.84 ' 10.00 | 10.16 10.32 10.48 | 10.61 | 10.80 10.96 11.12 11.28
16.0 9.37 0.63 ; 9.67 ;. 9.8 10.00 I 10.15 10.30 ’ 10.45 | 10.60 10.75 10.90
! i i i

sSora [l l)JS] SNl Y ]



TasLe XXV,
Faiel cost of evaporaling 1000 pounds of water wilh nalural gas.
Assumption: 30,000 cubic feet of 800 B. t. u. gas=2000 pounds coal of 12,000 B. t. u.

Cost of natural gas per 1,000 Cents. | Cents. | Cents. | Cents. | Cents. | Cents. Cents. | Cents, Cents.  Cenls. l Cents.
cubic fect. 10 12.5 15 17.5 20 22.5 25 275 30 32.5 |35
B e 500 Lo ol 20000 25.00 F 30.00 | 35.00 | 40.00 ! 45.00  50.00 | 55.00 . 60.00  65.00 70,00
=23 550 ¢ag (¢ 18.18 | 22.73 | 27.27 | 31.82 1 36.36 | 40.90  45.44 | 49.98 0 54.52  50.06 . 63.60
e 600 SR 16.66 | 2083 | 25.00 | 29.17 ! 33.34 ! 37.51 41.68 | 45.8>  50.02 ! 5836
R 650 2325 15.38 | 19.23 | 23.08 | 26.93 | 40.78 | 44.63  48.48 | 52.33 - 56.18 63.88
CIEE 700 2=2% 14.29 | 17.86 | 21.43 | 25.00 | 28.57 | 32.14 , 35.71 | 39.28 ; 42.85 4999
LED 750 o 1333 | 16,67 | 20000 | 23.33 | 26.67 | 30.00 | 33133 " 36.67 ' 40.00 46.67
e © 800 SEYs 12.50 ¢ 15.62 | 18.75 [ 21.87 | 35.00 | 38.12 | A1.24  41.36 47.48 H3.72
258 850 2ES 11.76 ¢ 14.70 | 17.65 | 20.59 | 23.53 | 26.47 ; 20.41  32.35 ! 35.29 41.17
g8 900 SEE 11.11 ¢+ 13.90 | 16.67 | 19.44 | 22.21 | 24.98 : 27.75  30.52  33.20 38.83
‘ J ) | !

sy fo fipsaoain ) o) fo wgagng
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Explamation of Tables XNTL XNIHL NXIV, and XXV,

The tables velating 1o coal, lHanite and Tuel ofl are hased on the
assuniption that the cost ol evaporating 1,000 pomuds of water
from andd al 212 degrees Falenheil is equal to the price of the
fucl. per fon or por baveol, dividid by twice the evaporation. What
as to he knowng theeefore, is the price of the fael and the number
of pounds ol waler that one pomnd of the foel will evaporate, Tn
the ease of eoal, Table XNTI we have assomed that the price of
the coal vavies from 23,00 (o $8.00 per ton ol 2.000 pounds and
that the evaporative power, per pound of coal, varvies [rom 5 fo 11
pounds of waler. I would he a singularly ineflicient coal [hat
would evapoerate ag little as & pounds of water per pound and it
would e a coal of extraordinary quality, bnvned inder very es-
ceptional conditions, that would give a higher cvaporation 1han
11 pounds.

I the eoal costs $3.00 a ton, the luel cost of evaporating 1,000
pounds of water, with an evaporative power of 5, wonld he 30
cent<: il would he 25 cents with an evaporative power of 61 and
2113 cenis with an evaporate power of 7. If the coal should cost
$4.00 a fon these figures heeome 45 cenls, 37.50 cents, and 32.14
cents, respectivelv. 10 the eonl <hould cost $5.00 a fon, these figures
would he 50 conts, JLGT confe, and 3551 eents, vespeetively.

The higher the evaporative power, the more ¢an one afford to
pay for the coal. 'To evaporate 1.000 pounds of water wilh a coal
costing $3.00 a ton. and an evaporation of 5, costz az much as the
game serviee with coal at $4.50 a ton and an evaporation of 7.5,
or as the =mne service wilh eoal al $6.00 a ton and an evaporation
of 10. There is o real coommuy in vzing {he hest coal and in burn-
ing thiz coal nnder conditions that will seeure the highest evapora-
tion, 17 the best conl ennmof Lo secured, then a proper atfention to
the conservation and nse of the heat units in the infevier coal will
often counterbalanee the difference in quality. "This point iz of
especial importance in o many plices in Toxas where there is a pos-
sihility of competition between coal and Henife, between eoal and
fucl vil, and hetween lignite and Tuel oil,

In regard {o lignite, Table NXTII, we have assured thai the
price will vary from $1.00 to $2.00 a ton and thal the evaparative
power will vary from 3 o 8 pounds per pound of lignite. Tnless
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dry lignife should he nsed, it s not likely that we will have fo
comsider ax high an cvaporative power as 8,

With lenite af $1.00 a4 ten and an evaporative power of 3 pounds,
the fuel cost of evaporating 1,000 pounds of water will he 16.67
cont<: with leniie at $1.50 a ton the eost will he 25 conts and with
liznite at $2.00 a ton, the eost will he 3533 cents,

[F, however, we take lignile at $1.00 a ton, and an evaporation
af 3, the tael eost of evaporating 1,000 pounds of water will he
10 cents s with lignite at $1.30 a ton, the cosl will he 15 cenfs: and
at $2.00 a ton, 20 cents,

Let ng now compave coal and lignite a little more in delail
We will assume that coal eosts $4.00 a ton and that it will evaporate
6.5 pounds of water per pound. Under these conditions, the Tuel
cost ol ovaporating 1,000 ponnds of water will he 3097 conls.
This fuel cost s very nearly equivalent to lignite at $2.00 a ton
with an evaporation of 3 pounds of wafer per pound. \u evaporas
tion of 5 pounds of water per pound of lignite has heen reached
in actual practice and under this comdition, il the liguife costs
$2.00 a ton, the fuel eost of evaporating 1,000 pounds of water will
be 20 conig,

In other words, it $L.00 coal, evaporating 6.5 pounds of water,
has a el cost, per 1,000 gallons of water evaporated, of 3057
cents, the same cerviee can be performed Tor 20 cents with lienite
at $2.00 a ton.

It wounld appear to he possible 1o secure Trom lignite an evapora-
tion of 5.5, 1 thiz can Lo done, it would have an advantage of 12
ventg per 1,000 poundz of water over $100 coal with an evaporation
ol 6.5,

T vegard to fuel oil, we have assumed prices per haveel of 12
gallong (=320 pounds) varving from SO cenls to $1.30, and an
evaparation from 10 fo 16 pounds. The {able is consivucted on the
hasis of 3.75 hareels of oil Teing equivalent to one fon of coal, Re-
sulls of extensive investigations have shown that the amount of
oil cquivalent to one ton of coal varvies from 3% {o | harvels, <o that
we have taken 3.95 harrels acan average equivalent. '

1T we take Tuel ol at S0 cente a barrel, allow that 3.95 hareels
are eruivalent fo a fon ol conl and ihat the evaparation i= 10, we
have 15 conts as the foel cost of evaporating 1.000 ponnds of water,



e

The Fuels Used 0 Tepos

This cost 1= the sime as the co<f ol evaporating 1LOOO ponnds of
water with %500 coal having an evaporation of 10 and i= the =ame
as the eost ol evaporating 1,000 pounds of waber with lignite al
$1.20 amd an evaporation of .

These costs do not inelnde the cost of handling the coal ov lignite
into the plant, the cost ol Hrivg ar thai of removal of ashes aml
refuse, Sucl matters involve focal conditions that we do not here
dizenss, as each case has {o be judged on itz own merits.

At points of considerable consumption within the State. Tuel wil
1< now selling at $1.20 a harvel. 1 we allow that 3.95 haveels are
equivalent to a ton of ccal, the vost of evaporating 1,000 ponnds
ol water wilh this oil (evaporation. 10) is 17 cents: with evapora-
tion 1005, it is 16.20 centz; with evaporation 11, it iz 15,18 cents s
with cvaporation 12, it is 14.18 cents.

We bring the matter into a mare convenient form to show (he
celative values ohlainable Trom $100 expended an coal, Hignite and
fuel oil. We will allow that the coal cosi= $5.00 a ton and has an
evaporation ol 7 thal the lignite costs $2.00 a ton and has an
evaporption of 1z and that the oil costs $1.20 a baveel and has an
evaparation of 12, Under these assumptions, how many pounds of
witler can he evaporated for $100, no account being taken ol the
cost< aftenduni on the hindling af the fuel or the vefusge from the
coal and lignife ?

SO0 will huy 83,33 havrels of oil. which, with a factor of 12, will
evaporate SIO8Y pounds of water,

$100 will Ty 20 tons ol coal, which, with a ludor of 7, will
evaparate 280,000 pormds of waler,

FLO0 will huy 50 fonsg of lignite which, with a factor of 1. will
eviporate 100,000 pounds of waler,

I we extend (hig comparizon to include natnral gas (zee Table
NNVY) al 10 conts, per LO00 cubice Teet, and a Tactor of 700 we
find that s100 will by 1,000,000 cubic Teel. which will evaporate
TOOO00 pounds off water,

Natural gas is by Tar the cheapest and hest fuel, Tt it is not
within reach of the groaler parvt of the State. Vven il it were, we
think that it n=e =hould he rvesirvieted to domestic purposces. in
orther Ahat the snpnly might he canserved.

Next i value to natural ans a< o fuel, eomes fucl oil. This iz
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within reach of nearly all parts of the State. hut we are unable
(o e how {he supply is fo keep pace with the demand. During
the last Few vears, we live seen the price double itsell fwice. ad
(he tendeney now is steadily upward. H we have not alveady reachad
the point where the advantages of (hiz Tuel arve debatable, owing
o the inerease of price. we arve cortainly not fare from it.. With oil
at %120 a barrel and an evaporative facior of 12, it is cheaper {o
use lignite at $2.00 a4 ton and a Factor of 1. This dispavily increases
with the increase in price of the oil. and the deerease in price of
the lignite. Furthermore, the advances thal have heen made in ihe
vurning of lignite wder sfeam boilers will probably result in
greater ceonomics in this direetion and this movement is far more
pronounced than the wovenent fowards additional sapplies of fuel
oil or lower prices. In Iignite, whether hurned as such or convertud
fto was, fuel efl Taees its most serious vival, oniside of consumption
for railroad purposes.

With respeet to natural gas some assnmptions have lo he made.
IT we allow that it requirves 30,000 cubic feel of gas (o equal one
ton of «oft coal, in healing power, we have {o assume that this
aas curvies o certain number of B toow per eubic foot, and {hat
it is burned at a certaun temperature and under a certain pressure,

I is impractieal to construet o table that will take all of these
thines into consileration, so that what we shall have to offer iz mere
of a generval than a specifie statement. We will allow {hat 50000
cubic feet al gas of SO0 B, £ u. per enbie oot are equivalent 1o
fo one ton of soft enal earrving 12,000 B . . per pound and
that the gas is burned ai 70 degrees Fahrenheit and under |
ounces pressure. Under these conditions Talle No. NN gives
the caxt ol evaporating 1,000 pounds of water, il the gas varies in
price from 10 to 35 cents per thousand cubie feet,
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CHAPTER XV.
FREIGIT RNTES ON COML LIGNITE AND PETROLEUM
PRODUCTS
BATLROAD COMMISSION OF TEXAS,

TweNTy-rinsr ANxxvan Reronr, 1912,

Conomodity Tl Noo -1, Applyving on Coal and Lignite—Carloads,
Effeetive Mareh 10, 18990, with amendments in effeet Ocetober 31, 1912,

Rates, in ceuts per ton of 2,000 pounds, for {he fransportation
by railroads Detween poings in Texas, of ¢hipments of <oft coal,
sliek coal, smithing coal, anthracite conl. coke. lanite and lignite
briguettes, in carloads,

Neelion 1. Table of Rales— Eyplanalion.

Columns headed No.o 1 contain rates to apply on ghipments
fransported over a zingle line of railroad or aver Lwo or more lines
of railroad which are under the same management and control.
Columns headed No. 2 eontain joint rates to apply on shipmenls
trangported over fwo or more lineg of railroad which are not imder
the sume management and control.

Tave: No. 1.
Rules on Soft Coal (Exeept Slacl), Smilling Coal and (olee.

Il

- Rates i Rales

Dislances, miles S ——— Dislances, miles ——

NnAlan,Q Nalll\'u}.

30 and less . . 70 260 and over 260, ... ... 170 185
40 sand pver 75 1270 and over 260, , e 175
S50 nndd over 80 1280 and over 270, 180
6O aned over 85 11200 and over 280, . 185
70 andl over Q0 [1300 and over 2910 . 140
80 and over 45 ||310 and over 300, , 145
00 and over ’ 100 1320 and over 310, ... P
100 and over 511430 and over izﬂ‘ i 2003
110 and over 110 2310 and 330, 20
ned over Lo 11H 350 and 200
130 and over 1200 ({360 anc 350 212
140 and over 125 |[370 and over 360 215
150 and over 1 130 (U380 and over 370 219
160 sl over 0 135 |[3890 and over 380, 22
170 and over 30 10 100 and over 380, . .. e 2
180 il over 0 i 145 |10 and over 400, ... rest 231
190 aed over 5 150|120 and over 410 230
200 and over 0 155 [[130 and over 120 ]
210 and over 2 5 160 110 and over 430 3
2.'(! ane over 165 |[150 and over 410 7
230 and over 1700 {160 and over 450 a1
210 and over 2 175 [|470 und over 460, . 5
250 and over 210, 180 11180 and over 470, . . ni
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| ates
|

DNistances, miles D =
No. 1| No.2

Rales

Distanees, miles

G s over 610 sl B35 1
G060 aned over G, ..., L.. I
G700 s over GG F10
G800 and over G710
Bit) il vver llHIl
700 wnel ove
710 and over 7
720 amd vver 7 .
730 and over 720, .
710 ad over 730, L.
70 el over 710
700 aned over 750
770 and over 7
780 and over 770, .
FU amed over 780, .
LT i RS S g

A0 e over 130,
SN and over 100,
S10 and over 00
520 andd over H10. ...
230 andd over
S0 andd over 5
Dol el over )III
G0 el over 550,
270 andd over H60. L
O80 and over 570, L
S90 andd over D80,
OO over 500 .
G amed wver GOD
620 and over G0, ...
G300 aned over G20, .
GO s over 630,

Note~—Rates on antheneite conl shall e fen (10) per eent Tigher than
the rates in Table No. 1 ghove.  (Cirenlar Noo 1939, elfective December 3,
1904,

1"Apre No. 2,

Rales o Stacl: Coal.,

Rutes | MHates

Dislanees, miles

Dixlances, miles

No. 1
390 and over 380

0 and over 3490,

|
A0 aned less, . ... |
| 110 aned over Q0

40 el over

A ol over
G0 ol over A20 aned over 110
TO el over 130 and ov il e Ll

A0 ] over R
150 aned over 110
1t sl over 150
170 and over 160
| 180 and over 170
| I'm aned pver 180
) oanmd owver 190
!Jln el aver GO0
20 andd over
1530 and over r 5320
V10 amed over 330,
and ove
and ove
and wver
380 and ove
\'.‘n!ltl and oy

SOl over
Q0 el over
100 aned over A
110 amed over 1000,
120 and over 110,
130 and over 120,
LI s over 1330, .
150 wd aver 110, .
TGO aned over 150, .
170 sl over LG, |
180 and over 170 .
190 and over 180 ... ... ..
200 sined over 190
210 aned over 200, .
220 uned over 210
230 el over 220
210 and over 2
20 and over -
260w ove
270 il over
280 s over .
200 el over 280
:l(:MI el over 200
S10 sl over 300
Ju0) andd over 10
S0 and over 320
A0 ane over 330
sl over -

SBO0 e over 80
GH sl over GO
l 620 andd over ﬁlu

B30 and over G20,
610 over G0,
L 6BA0 ad ove
Wl e over G40,
IO gl over G L ..
l'l'N! andd over G70,
i(i‘.]l) il over G,
700 and over GHD
I'IU aned over 70,
(0 aned over 710,
_"5” H
e L

Bl .""| aver
S80 aml over 370
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1]
Hates I-. Hales
Distanees, miles A Distances, miles e | St s s
No, 11 Ne, 2 J Mo 1N 2
Tl over 710,000 P N l BRG] 780 and over T30, O s L 100
ol and over T A0 || 790 and over 780, sevves| N 1
T70 anel over THOL Lol WIS |[Over DL e e RN | 410

Rates shown in the table aliove will apply on ooty pes aud slck
coal, straight op wixed earloads. Nui, pea and slack coal shall
consist of any aned all coal that will pass through a bar sereen with
bars 11 inches apart, or throngh a sereen with ronnd holes two
mches in dismeter,

Tane Noo 5.

Bales o Lignile aund Lignite Briguelles,

| Hules Hates
Distanees, miles - —— Dristanees, miles —-—
No. 1| No. 2 No. 1 | No.2
dand less. o ..o 80 and over 370, A8 158
A 5 5 K1 AR0, i
41 2l e i‘l 0. AR
GO e over ’lHl l over AN, .. i 167
T0 el over 122) and over 410, . AP il 171
80 and over 130 and over 120, ..... ... il 171
0 sl over 110 aind over 130, 7 177
illlll ant over :i'nﬂ andd over 110, m 180
0 sl over W) ol over - ™ ;
HI: amd over }!)‘Il ¥ :;li uned over Ti‘:
S0 over 1200, O sl over - bl
IO el over 130 0 el over - i)
150 sd over 110, | over (B0
}ﬁi: and over :.’rtl. won e ATe A ! W over }54.-'.:
Tl over 1600000 D200 el over { 12
180 wued over 170, 340 and over B 145
190 and over 180, ..., .. al and over 198
:.!ﬂll and over 190, ... ...... 2000 sl over 51 2002
210 andd over 200, .. ... ..., | ik e over 200
220 el over 210, L. ... wver O 208
230 gl over 2N, .l over 211
200 and over 230, srivale | over 1 211
250 andd over 200, ... voud over el by
20 and over 250, ... L. over BINL. ... ......] 220
270 andl over 260 . overB10. .., ..., 22
¥ry

280 med over 270, . over G20,

200 and over 280, . S 10 e over 630 oy
SO0 and over 200, L. G50 and over GIO. . | 221

660 sined over G5O,

S0 and over 3K i "
670 ol over GOO, ... ..., 226

F20 gl wver 310,

S0 and over 3200 ... ... O8O0 and over 670, ... ... 337
A0 and over 330, GO0 amed over GO, ... ..., 228 ]
Aot and over 310,000 |70 and over GHO. . 2un
00 el ov Fir | R 'lu\'vr o0 0 230

370 and over 3600001 ,'| i
! i !

Vinimnm Weighl —The mintmum weight of each carlond <hall
L Awenty (200 tons: provided, that when the aclual weight of a
shipment eomtained in a ear loaded to its full capacity shall he
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less than twenty tonsg, then the actual weight ol such shipment
shall be charged for at The rate per ton applicable nnder this tarilr.

Neeliog 2-——reeplivns,

1. Galveston, Harvishurg & San Antonio Railway:  Rates on
coal to San Antonio, From Hartz, 8O cent= per tong and Trom Fagle
Pass, 90 cents per ton,

20 Rio Grande & Fagle Pasz Railway and Infernational &
Great Northern Railvoad : Hate on eoal From Minera and Cannel
to San Antonio, 90 conts per {on,

3.0 Rio Grande & Eagle Pass Railwav:  Rate on coal, earloads,
from Minera, Cannel and San Joze to Nanchez and Larvedo, sixiv-
five (63) cents per fon ol 2,000 pounds  (Civeular No. 2761,
clfective January 1, 1903.)

I, Rio Grawle & Fagle Passe Ratlwav and Tnternational &
Great Northern Ratlroad s Bone coal, in earloads, ininimum weight
20 {on= per car. Trom Cannel and Minera to San Anfonio, 80 conts
ver ton of 2,000 powds, (Civeular No, 834, effeetive May 10,
1899,)

G, Texarkana & Fort Swith Railway:  Coal, in carloads,
from Beawmont to Port Arthur, 40 cents per ton of 2,000 pomnds.
(Civeular No, 906, effective Augnst 13, 18M).)

7. Houston Kast & West Texas Railway: Lignite, in car-
Joads, [eom lignite mine at Garrison to hrick yard at Garrizon,
$£3.00 per car. (Cireular No.o 1107, elfective April 12, 1900.)

8. Lignite, in earloads, from Lytle to San Antonio, 30 cents
per ton of 2,000 pounds.  (Cireulir No, 1169, elfeetive May 2,
1900.)

9. Houston East & West Texas Railway: Lignile, in car-
Joads, from Tandy {o Timpzen, $1.00 per car.  (Civenlar No, 1126,
cfective May 18, 1900.)

10, Galveston, Ilarvishurg & San Auntonio Railway:  Rate on
eoal and sercenings, in carloads, from Rio Bravo mines (o Nan
Antonio, 80 cents per ton. (Cirenlar No.o 1269, effective Febrnary
9, 1901.)

T Galveston, Harrishurg & San Anfonio Railwayv:  Coal, in-
cluding sereonings, in earloads, minimom weight 20 tong per ear,
from Duolehbure (Rio Bravo) and Tlariz mines fo Fagle Pass,
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twenty (20) conts per ton, (Clrenlar Noo 1996, effeetive January
22, 1901.)

13, Galveston, Harvishurg & San Anfonio Railway:  Rate on
coal, in carloads, Tvom Tagle Tazgs {o Bl Paso, $2.25 per fon of
2000 pounds, (Uirenlar No. 1552, elfective March 8, 1902.)

Lho Galveston, Haveisbure & San Antonio Railwav:  Raie on
corl, in carloads, from Eagle Pass 4o Seguin, $1.00 per {on of
2000 ponmds,  (Civenlar No, 1631, effective Angust 16, 1902.)

15, Texas Central Railroasl: Raie on coal, in carloads, from
Coal Mine, ML T2 1580 4o Cisea, 375 coents per fon ol 2,000 ponnds,
(Circular No. 1810, effeefive June 15, 190:3.)

I8, Riv Grande & Fagle Pass Raihvay: Bone coal ar cullings,
i carloads, from points on the Rio Grande & Fagle Pass Railway
to points on the St Louis, Brownsville & Mexico Railway, same
rittes as apply on lignite o the some poinis. (Cirealar Noo 2251,
ellfective May 1, 1905,)

22, Texas & Pacific Railway: Coal, all Kinds, in carloads,
from TFort Worth, to Powell’s Spur, minimum weight 30 tons per
car, lwenly (20) cents per fon, when consigned to and for use of
the cily ol Fort Worth.  (Cirenlar No. 2683, effective October
21, 1907.)

23, Texas Short Line Railway: Slack lgnite, in o eavloads,

2

wininmm weight 60,000 ponwds per car, from Tlovt to Grand
Saline, tweniy (20) cents per ton, (Cireular No. 2715, clfective
Doecomber 18, 1907,)

21 Lignite, in earloads, fvom Alba to Grand Saline, via the
M, KL & T Ry of MTexas and Texas Short Line Railway or . &
P, v, thivty-two (32) cents per fon of 2,000 pounds. Tates fram
intermediate points nof {o he higher, and fo intermediate points
not to he affested.  (Cirenlar Noo 2819, effeetive June 1%, 1908.)

25, Belween ITonston o Galveston and Texas City: Coal,
hard, earloads, 71 conts per ton; coke, carvlonds, 65 cenfs per fon,
(Circular No. 2832, effective Angust 1, 1908.)

26, Imfernational & Great Northern Railvead:  Lignite, car-
Inads, from Carr Coal Spur to Lvile, twentv-live (23) conts per
ton.  (Cireular No, 2864, effvelive Angust 20, [908.)

27, Infernational & Great Norvihern Railvoad:  Lignite, ear-
Toadds, Tor distances named hetween pointz on the T, & G NC R TR,
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shall he subject fo the Jollowing rates in cents per fon of 2000

potinds:

T TR ] D | R a8
200 miles amd over L0 mile<. oo A0
Suomilezsguel over 20 0mitescosmmanasisnsss sy i B2

[xeeptions Noso 8 and 26 will remain undisturbold. (Cirenlar
No. 2885, effeetive October 1, 1908,)

200 Rio Granl & f']::;:lu Pass Railway and  International &
Creal Northern Railway s Coal, inearvloads, From points on the
o Grande & Fagle Pass Railway to Honston, rates ot infermedi-
ate points not to he allected, $1.55 per ton, (Cirenlar No, 3610,
elfeelive Novemher T8, 191160)

S0. Paris & Mt Plesaant Railroad: (1) Coal, all kimds in
carloads, Frome Parvis Station to st Side Well (two miles cast ol
Pariz), live (25000 dollars per eav. (Cireular Noo 3631, elleelive
Decembor 5, 1910.)

{h) Nlack coal. carloads, frowm Paris 1o Raglamd, thivty (530)
cents por Lo ol 2,000 pounds, for municipal purposes. (Civenlar
Now 30 elfeclive November G, 1911.)

Ao Rio Grande & Eagle Pase Railwav: Sl sized coal—-
crushed hone, Tone, wut and duall, Feom Minera, Cannel, San Jose
and Dull Washer to Larvedo, (iffy-five (35) conts pee ton, Ellee-
five Janwary 1 20020 e expiving December 31, 19172, [xeep-
tion No. 35 will cortinue to apply on coal, all Kinds, excepl as alove
deseribed, (Civenlar No, 39750

B2 exas Mevican Railwayv: Bone coal, nat conl, washed dull
A other hy-productz From poinis on the Rio Grande & TFacle
Pas< Railway to points on the Texas Mexican ailway, lienite
tariflvates. (Cirenlar No, 038, effeetive April 11912, Expires
April 1, 1913,)

Sl Gull & Inferstafe Railway of Tesas: On coal, coke and
Tnile, carloads, from Port Bolivar 1o pointx in Texag,  Galveslon
rtes, (Cireular Noo 3997, cfeetive Tanmary 1, 1912

A5, Galveston, Tharvishurg & San Antonio Railwav:  Coal, car-
loads, from Lamai Spur fo Bagle Pass, twenty-five (23) conts per
ton ol 2000 pounds.  (Cirenlar No, 3104, offeelive July 15,
1902, Expires December 51, 191:3.)

In addition. authority was given 1o {he Galveston. [Tonston &
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ITenderseon Railroad Company, April 16, 1898, to charge 73 conts
per hundved pounds for the transportation of less than carloads of
conl. in Jots of 2,000 pounds or more, from Hotston and Galveston,
fo all poinfz on this line.

Coanatontrey 'anier No. 27-C
(vude and Tuel Pelvelerw, also Nsphollum. Carloeds,
Nection 1.~"Table of Rafes.

Ereplanation.—Colunms headed No. 1 contain rates {o apply on
shipments transported over a =ingle line af railroad ov over two
or more lines of railroad which are under the same management
and control ; eolunming headed No, 2 contain rafes to apply on ship-
ments transported ever two or more lines of railvoad which are not
mder the same managemeni and control,

Rates | Ritles
L}
I nstanees, miles e i | Distanees, miles s
No 1| No 2 i N | [Nn, 2
Gandless. .. ... ........ 23 \ 4 100 and over 80.......... 7 81
Wand over G........ 000 3 AL (0125 and over 100, .., ... i T3 o)
handover1)......... Fivis 35 o I and over 125.......... 8 0L
Mandover 15............ 4 Hy 175 and over 150, ... ... .. L 0l
S andover 20,0000 E R [} Woand over 175.... ..... 4 1
A0 and over 30, ... ... H] 3 and over 200, ... .. ..., R 10
S0 and over A0, ..., ... 1 7 and over 225, ... . ..., 10 10!
GO and over 50, ... ... ..., 6 T4 NONRE 2 o vnw s 10 10
SOandover 60, . ..., ..... Gyl o8
| i

Seclion 2—FEreeplions.

1. Diffevendiol Rales-=Rates on shipments {rapsporied more
than 250 miles From or {o poind= in differential tereitory (as de-
lined in General Tavill of Class Rates Noo 3) <hall he made by
adding fo the maximum eommon point vate of 1045 cents per 100
pounds ihie following differential rates, in cents pee 100 poninds,
o apply by continuous mijenge ;.

[ |
Distanees, miles © Rates ! Dhistanees, miles ates

o Jess. Lo | | 0 el over 200, y aca ]
100 aned over S0, 2 300 und over 250 ARSI AT ol
130 aed over 100, . 3 |. Over 300, A T i
200 andd over 150, ... L. H '
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Crude oil in carload lots from IHumble to Houston, 2} cents per
100 pounds, minimum $15 per car.  This rate ix to he used only
on shipments moving locally to Houston, and is not to he vsed as
a factor in making through rates.

Solar oil, gas oil, steamer oil. in cans. hoxed, in barrels or in
ltank cars, between points in Texas, will be subject to the rates
named in this tarill for crude and fuel petroleumn. plus 2} cents
per 100 pounds. Fstimaled weight of 7.4 pounds per gallon will
also apply.

Section S.—IMintmum (‘arloads.

1. The minimum weight of chipments transported over lines
of standard gauge shall he 38,000 pounds per car: provided, that
when the actual weight of the pefroleum coniained in a cur loaded
to its full eapacity shall be less than 88,000 pounds, then the actual
weight of such shipment shall he charged for al the vates pre-
seribed in this tariff.

2. The minimum weight of shipments transported over lines
of narrow gauge shall be 20.000 pounds per car: provided, fhat
shipments originating at points on lines of standard gange and
destined to points en or reached by lines ol narrow gauge shall he
charged Tor at the weight determined by the ears in which they
were trangported over lines of standard gzauge,

3. The weight of 7.4 pounds per gallon shall be used in deler-
mining the earlond weights above provided for.

Seclion jo-~Ruales on dsphaltum.

Asphaltum, in earloads, minimum weight 24,000 pounds per
car, transported hy railvoads between points in common point fer-
ritory, fifteen (15) cents per 100 pounds, except where (lass D
is less,

Rates to or from points in differential territory shall be made hy
adding to the rate above authorized the eurrent Class D dilferential.

E.ceeplions,

1. From Port Arthur and Port Neehes to Galveston and Texas
City (rates at’ intermediate points not to he affected). 12 conts.

2. From Galveston, Pori Avihur and Port Neches 1o Laredo
(rmtes to infermediate points not to he higher). 18 cenis,
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3. From Gaiveston, Port Arthur and Port Neches to Eagle
Pass (rates to intermediate points not to be higher), 19 cents.

4. TFrom Galveston, Port Arthur and Port Neches to El Paso
(rates to intermediate poiuts not to be higher), 22 cents, (Cir-
enlar No. 2062, cffective June 8, 1904.)

5. Trom Beaumont to Galveston, minimum weight 30,000
pounds per car (rates to, from or hetween intermediate points not
to he aflected). five (5) cents.  (Cireular No. 2070, effective June
28, 1904.)

Neelinn SeRales on Creosote 011 or Olher Waod Preservalive.

Creosete oil or other wood preservalive. in earloads, transported
by railroads between points in Texas, will he subject to the rates
prescribed in this tariff for erude and fuel petroleum, plus 21 cents
per 100 pounds. Fstimated weight per gallon 8.2 pounds, and
minimum earload weight 38,000 pounds.

ixisting rates, when lower than the rates hercin prescribed, will
remain in force.  (Civenlar No. 2685, effective November 5, 1907.)

E.reeplions,

. Creosote oil, in harrels, cavloads, from Sabine to Beawmont,
five (5) ceuls per 100 pounds,  (T. & N. 0. Authority No. 97,
efleetive June 5. 1903.)

2. Ureosote oil, n eavloads, minimum weight {o be wmarked
capacity of car nged, at estimated weight per gallon of 8.2 pounds,
from Galveston to Beawmont, six (6) cents per 100 pounds.  (Uir-
cular No, 3236, effeetive October 26, 1909.)
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CHAPTER XVI.

BIBLIOGRAPILY OF COAL, LIGNITE, NATURAL AND
PRODUCER GAS AND PETROLEUM IN TENAS.

HBY WAL B, PHILLIIS,

The first mining company iucorporated by the Republie of
Tevas seems to have been the Trinity Coal & Mining Company.
The act ereating thiz company was passed by the Fourth Congress
ol ihe Republie and wag signed hy David S, Kanfman, Speaker of
the Houvse, and David G, Burnet, President of the Senate. It was
apnroved by President Mivabean B. Lamar, January 25, 1840.
The persons nated as the incorporalors weve:  Frederick . Page,
Elisha A, Rhodes, R. 1) Johnson, Levi Jones, and Willisan TTenry
Davidson. The Company was authorized to open and work mines
ol coal, lead, iron, and other minerals, amd {o quarey stone on or
near the Trinity viver.  'T'he capital stoek was to he in 2500 shaves
ol the value of $100 each, hat permission was given to increase the
capital stoek of $300,000, i it should hecome necessary 1o do sn.
A curions provision of the act was that the company were reguired
“fram time to time lo communicate to the President of the Re-
publie or to the Congress their progess in mining, and <uch other
information in geology, wmineralogy, or the arlz, as might he inter-
esting in seicnee or uselul in any of the hranches of domestic in-
dustey.”™ I is interesting to note in this connection that the coal
(lignite) senms within veach of the Trinily river were 1o he opened
aud worked, and this is one ol the present purposes of the appro-
priation made by the United States Government Tor the improve-
ment of the Mrinity river. Tt would appear that as lar hack as
1810 Aliere were persons who had in view the advaniages to he
olfiered by Ahis viver for the transportation ol coal, cle. Bul lour
venrs previous la Uds time, and about the vear 1836, the “litera-
fure™ of the Texas & New Dreland Land Company contains vefer-
etces 1o the coal along the Rin Grande, helow Laredo, and Licnd,
B P Tilden, in *Notes on che Upper Rio Grande Dhiladelphia,
IS10 also speaks of the eoal near Lavedo.

Willimm Kennedy, o his =Texas: the Rize. Progress aml Pros-
peet= of Ahie Republie of Texas,™ 1811, ¢peaks of the coal as it was
reported to iim Frone vavious parts of the vepublic. and in Volume
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1, page 118, he quotes From Alwonte, who wrote abouf the vear
1831, thal bituminong coal was found on the river San Bernaod,
about 15 miles from San Felipe. by the rvoad which leads Trom
that town fo Gonzales. He quotes Nlmonte s saving thal pre-
cisely in tize middle of the stream where e hathed at hall’ pase siv
in the afternoon of the month of Augnst, 1831, he fonnd the waler
so warm that he cenld not hear it for a minute,

{08 not our infention in this hibliography fo quote every single
reference that has appeared in hooks and arficles concerning
Texas, for this would he an endless [ask, and we conline onrselves
to refevences rom which the student may derive uselul inlforma-
tiom coneerning coal, lignite, matural pas, producer gas and petro
lewm in this State. Before heginning this hibliography, however, w;
will quote, entire, a very interesting statement made concerning
Texns, by R C. Tavlor in hiz “Siatistics of Coal,” Philadelphia,
1818, 1MTe gives s his antharities: the Tlouston ‘Pelegrvaph: the
New Orleans Picayune ; Notes sur le Texas, docnmens gnr le Com-
meree exterienr, Juillef, 1842 Rennedy™s Texas: Report in 1834 1o
the ~Rio Grande Land Company™: McCnlloch, art. Texas; Thkon's
Texas, and “Notes on the Upper Rie Grande by Licut. B 1,
Tilden, Philadelphia, 1817,

He save:

S“Pitely Lole—~—An annonmuecinent has been made of the existenes, in
Texas, within 100 miles from Tlouston. of a small Take that cioscly e
sembles {he Piteh Lake of Trinidad, 1t is filled with hitamen o o=
phaltum, and is abont a gquarter of o mile in eivewnference.  Duving ihe
enol winter months itz surface is havd, and is eapable of su=tainine o
person.  From November {0 Alarch it is generally covered with water,
whieh is acid to the taste: from which eause it has been commonly eriled
the “Sour Powd.™  In the snmmer months a spring ocenrs, near the center
of the lake, from whicl an oily liguid (prolably petvolenm) continually
hoils up. from the bottom,  This Tiguid sradually havdens, on exposmee
to the aiv, and forms a black pitehy <ubstanee, <imilar to that wiich
forms the <ides of the Iake. 1 iz said to vesemble, preeizely, the hitumen
of Trinidawd: and the Texans coneeive that. al some futurve dav, it will
he valnable for the pradietion of goas for their eities. H huens with o«
very clear bright Heht, bl gives out a pungent odor,

“Coal iz now well known fo exist abindantly in Texas, althoneh the
conniry lins not been geolegieally examined.  There i< no denld ot eoal
prevails at intervals enfively aevoss the enuntrye in o northeast amd <onth-
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west divection. Its general position is about two lundred miles from ihe
const,

“On the Trinity rviver, two hundred miles above Galveston, the coal
region there was investigated in 1846, umd found {0 he worve extensive
than was anticipated. A company. under {he title of the “Frinity Coal
and Mining Company,” was incorporated by an act of the Texan Congress
in 1810, (Both anthracite and semi-bituminous counl, somewhat like the
cannel, in appearance, occurs here,

“Mineral coal, in great abundance, prevails not far from the Mustang
Prairvie, 1 is also found. acecompanied with exeellent irom ove, in the
vieinity of Nacogdoehes,  Aceording to veport, this coal is abundant, rieh,
and of a fine appearance,

“Mr. Kennedy. who has taken pnains to collect information relative to
the resources of Texas, although not an original investigator, says, in u
work published in 1841, that ‘in addition {o iron. the utilitarian sovereign
of metals, Texas possesses coal-—the grand auxiliary of the arts which
tend to enrich and civilize the world.’ Coal, Lboth anthracite and bitumin-
ous, abounds from the Trinity river to the Rio Grande. The eoal on the
Ialter river, above Dolores. has been represented by the agents of the
Teras and New lrelund Land Comprany (an assoeintion hroken up by the
revolution in 1836) as of excellent bitwminons yuality,

“Forations of sccondary limestone, with others of carboniferous sand-

stones, shales, argillaceous iren ere, awl bituminous coal beds, ave =aid
to oceupy a large portion of the interior of Texas, Westward of thesc
ocenrs the inferior and Silurian strata, teilobite limestones, and transi-
tion <Lites.  Beyond all, basaltic and primuary vocks of the Rocky Moun-
tain= avise; while northward is the great salt lake of the Brazos, and the
vast red saliferous vegion traversed by the exploving expeditions of Cap-
tain Pike and Major Lovg. and sivee made more familiar to us by MMr.
Ciregs and ofher travelers.

A bedd of conl extends across the Brazos viver {owards ihe Little
Brazos and the San Andres, down whieh stream it may withont diffienlty
be transported at high water,

“Near the city of Austin. on the eastern Lorvder of the Colorade, iz a
peak. ealled Mount Bonnell, overlooking Austin. aml having a fall of
seven Inndred feet perpendicular to the bed of the Colorado. This awl
other hills, alihongh not scientiflically examived. are known to contain
beds of anthracite coal,

“On the Rio Grande, southwest of Bexar, is a wreat abundance of
hitwminous coal, The navigation of this river is veported to he free for
cight months in the year.

“In many parts of the volling praivie reginu. conl, of fuir quality, and
ivon ore have been found; and it is supposed that beds of (hese valuable
wminerals extend over a greal pavt of the conntry.

“We have rveecived some rvecent information of the chavacier of the
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country hordering npon the Rio Grande, as far up as the Presidio de Rio
Grande, from the notes of Lientenant B. . Tilden.

“On approaching Laredo, within forly ov fifty miles, hy the course of
the river, and extending north of that town, a eoal formation is traversed
duving Ahat distance.  Beds of coal ave frequently to be seen, as ave
deposits of nitve and sulphur, and also thick beds of good five-clay. at
the hases of the bluffs. These strata. and the aceompanying sandstone
rocks, are supposed to be a prolongation of similar strata at Guerrers. on
the Rio Salado, to the sonthwest: as theyv agree in their range and dip.
The writer, who apparently is not very familiny with geological phenomena,
dose not furnish any further details.”

Me. Taylor's statement in regard to the existence ol heds of
anthracite coal in Mount Bonnell, near Austin, seemns to have beeu
dune to the exercise of a lively imagination, as also his statement
wilh respect to the heds of nitre and sulphur on the Rio Grande,
below TLaredn. So far ag known, there is no anthracite coal any-
where in Texas, nor any beds of nitre.

The principal veferences to coal, lignite, natural gas, producer gas
and petrolewn in Texas are as fallows:

(COAL AND LIGNITE.
Adams, G, T,
Stratigraphic Relations of the Red Beds to the Carbonifer-
ous and Permian in Northern Texasc.  Bull. Gen. Soe.. Am.,
Vol. XTIV, 1903.

Adams. W_IT.

("oals in Mexico-Santa Rosa District. Trans. Am. Tnst.
Min, Engrs., Vol. X, p. 272. (Mentions Fagle Pasz coal and
hrown coal near San Antonio.)

AshlLorner, Chas. A.

The Brazos Coal Field, Texas. I'rans. Am. [Inst. Min.
Engrs., Vol, 1IX, p. 495.

The Coal Trade and Miners’ Wages in the [Inited States
for the Year 1888. "I'ans. Am, Inst. Miu, Engrs., Vol,
NYTIT, pp. 122-139.

Coal in "Texas. Min. Res. of the T, 8., 1886, 1857, and
1888,
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Bowie Coal Mine, Nontague County, Tevas, The.
Tinsigned article in B, & M. J°l, Vol. LX, No. 19, Nov. 1.
1895,
Breclenyidge, L. P., Hewry Necisinger and W, T, Ly,
Rteaming Tests of ('oal.  Bull. 23, Bur, Mines, Washing-
ton, 1912,
Cumpliell. M. R,
The Coal Teserves of ihe Tnited States. Tn “The Coul
Resources of the Warld.” XTI, International Geol. Cfong.. Vol
11, 1913, ’
How TLong Will the Coal Reserves of the United States
Last?  Nal. Geol. Mag., February, 1907,
(lassifieation of Coals. Trans. Am. Inst. Min. Enaors,
Vol. XXXVI, pp. 324-340.
Commercinl Value of Coal Mine Sampling.  Trans, Am.
Tnst. Min. Engre., Vol. NXNV, pp. 341-353.
Maup showing coal liclds of the United States. Bull. . .
G. 8., No. 341, 1907,
Campbell, 3. R., and Parker, E. 1V,
Coal Fields of the United States. Trans, Awm. Tnst. Min,
Engrs.,, Vol. XL, pp. 253-260.
Sce alzo under ITolmes, J. AL
Conl Industry in the United Slates During 19117,
Coal Trade Bull.. Jan. 2, 1912,
Cummins, W, I7,
The Southern Border of the Central Coal Field. T1si An,
Rep. Geol. Surv, Tex., 1889,
Lieport on the Geology of Northwestern Texas, 20 An.
Rep. Geol. Surv. Tex.. 1890,
Notes on the Geology of Norvthwest Texas. Hh An. Rep.
Geol. Suarv. Tex., 1892,
The Coal Fields of Texas. Manul, Rec., Mavch 10, 1398,
Devssen, Aleraider,

Map of Clay and Lignite Fields near Lena, Favelte County.



The Fuels Used in Teaas S

In “Notes on Some Clavs from Texas<,” Bull. U, 8. G, 8. No.
470, 1910,

Mineral Resources of Texas. Toexas Alamanae and State

Ind. Guide, 1909, 1910, 1911, 1911, '
Diyadee, N, F.

Report on Colorado Ceal Wields of "Pexas. 1fh An. Rep.

(ieol, Sur. Tex., 1892,
Dwmble, 1. 1.

Coal in Texas.  Min, Res. T, 8., 1898, p. 368.

Geology of Sonthwestern Texas, Trans. Am, Tnst. Min.
Engrs.. Vol. NXXITT, pp. 915-987. -

Report on the Drown Coal amd Lignite in Texas. Tex.
Ceol. Surv,, 1592,

Preliminary Report on the Utilization of Lignites.  'ex.
Geol. Sury,, 1891,

A General Desceription of the Tron Ore Distriet of 1ast
Texas.  2d An. Rep. Tex. Geol. Surv., 1890, pp. 26, 27, An-
derson county,

Notes on the Occurvence of Gralamite in Texas.  Trans.
Am. Inste Min, Engre, Vol XXT. pp. 601-605.

Texas Brown Coal. E. & M. J°l, Vol. LXTI, p. 344.

Physical Geography, Geology and Resonrees of Texas.  In
Searfl™s History of Texag, Vol, IT, 1898.

Sce also An. Rep. Tex. Geol, Surv., 1888-1892,

In Waoten’s Comprehensive Tistory of Texas, Vol. T1. pp.
LT1-516.

Erans, Tra TF.
Coal Lands in Maverick County, near Eagle Pass. PPam-
phlet, Anstin, 1912,
Fleming, 1. S,
Article Coal in Min. Ind., Vel El, 1593, pp. 211-217.
Gray, Alrein.
In "The Mineral Industry, Vol. XTN, 1910, p. 126,
Gireene, IV,

Asphall and Tts Uses. Trans. Am. Inst Min, Engre, Vol

XVIT, p- 339.



250 Dulletin of the Untversily of Tevos

Hayes, (. 1",
In Bulletin No. 213, T, S, G, 8., 1903, pp. 258-266.
Herndon, JJ. H.
In “Report on Tron Ore District of East Texas™  2d An.
Rep. Tex, Geol. Surv., 1890.
1itl, Jesse T.
Coal Tnterests of the Sonth. Tyadesman, Jan. 1, 1897,
1, R 2%
Coal Fields of Texas. Min. Res. TS, 1891, 1892,
The Present Condition of IKnowledge of Geology of Texas.
U. S. G. S, Bull. No. 45, 1887.
Geography and Geology of the Black and Grand Praivies.
Texas. 21st An. Rep. U. 8 G. S.. Pt. VIT, 1901.
i, R. 7., and Vaughan, T. W,
Geologyv of Portions of the Edwards Platean and Rio Grande

Plain, Adjacent to Austin and San Antonio. 18th An. Rep.
. 8. G. 8., Pt. 11, 1898.

Iolmes, J. A.. E. W, Parker and M. R. Campbell.
U. S. G. 8., Bull. 261, 290, 332 and 333, also Prol Paper, 48,
Hornadoy, W. D.
Texas Coals and Lignites and Theiv Composition. Min.
Wid., Nov, 11, 1911,
Jones, Jne. I
Production of Coal West of Mississippi River. . & M.
Jl, Vel LI, Ap’l 4. 1891,
RNennedy, -Jas. (.
Lignite Stokers.  Address hefore 8. W. Tee Assoe.. Marlin.
Nov. 20, 1912,
Nennedy, Wm.
Report on Girimes, Brazos and Roberfson Connfics. 4th
An. Rep. Tex, (leol. Surv,, 1892,
TTouston Connty.  3d An. Rep. Tex. Geol. Surv., 1891,
A Seetion from Terrell, Kaufman county, to Sabine Pass
on the Gulf of Mexico. 3d An. Rep. Tex. Geol. Surv,, 1891.
T “The Tron Ore Distriet of Tast Texas” 20 An. Rep.



The Fuels Used in Teaas 231

Tex Geol. Surv., 1890. Cass, Marion, Harrison, Gregg, Mor-
ris and Henderson counties.
Nretsinger, [lenri—see Drackenrvidge, L. P.
Langley, Jno. W.
American Coals—Their Sonrces and THeafing Values.
Engr., April 1. 1903.

Lerch, Otto
Lignites and their Utilization, with special rcference to
the Texas Brown Coals. 2d An. Rep. Tex. Geol. Surv., 1890,
pp. 38-60.
Lord, N, W., and Others.
Analyses of Coals in the United States. Bull. 22, Bur.
Mines, Washinglon, 1913.

Macfarlane’s Conl Regions of America.

Miller, I3. L.
Tertiary Conl Fields of the Rio Grande. Coal Age, Aug.
23, 1913.
Minerval Industry, The.
Annual volumes from 1897 to 1912..
Orusbee, J. J.
Cloal Interests of the South. Tradesman, Jan. 1. 1896,
189%.
Owen, .
Notes on the Geology of the Rio Grande Valley. Geol. &
Sei. Bull.. Vol. I, No, 2, 1888.

Parker, 7. .

Articles in Mineral Resources of the United States, 1889-
1912.  Imcluding 16th and 17th An, Rep. U, 8. G. S.

Coal Briquetting in the United States. Trans. Am. Tust.
Min. Bngrs, Vol. XXXVIII, p. 619.

Coal Tields of the Southern States.  Manuf, Nec., Jan. 6,
1810,

Sce also under Campbell, M. R., and Holmes, .J. A.

Pewrose, B, A, F., Jr.
A Preliminary Report on the Geology of the Gulf Tertiary



202 Bullelin of the Universily of Teras

of ‘Texas from the Red River fo the Rio Grande. 1st An.
tep. Tex. tieol. Surv., 1889. pp. 94-98.
Phitlips. Drury MeXN.
See Phillips, W B and Worredl, S0 3L
Pltting, W, B.

The Mineral Produetion of Texas.  Pamphlet isued hy
The Taiversity ol Texas, 1900,

('oal, Lignite and Asphalt Rocks in Texas. JI° W, Soe.
Fngrs., December, 1901

Statisties of Produetion of Coal and Lignite in Texas,
Min. Ind., Vol. XVITI, 1900, p. 120.

Coal in Texas in 1911, Min. lnd., Vol. XX, 1911, p. 143,

Coal Resources of West Texas.  Manufl. Ree., Dee. 9, 1904,

The Miveral Reseurces of Texas. Dull. No, 14, Tex. Dopt.
Agrie, July-August, 1910,

Coal and Tagnite in Texas.  Min. WId,, May 13, 1911.

The Texas Coal Industry. 1. & M. J°1, Vol. XCI, No. 21.
May 27, 1011,

Map of Iast Texas showing Location of Iron Ores and
Outerops of Lignites, Prodneing Mines, ele.  Univ. Tex. Bur.
Eeon. Geal. and Techn., 1912,

Lignite Industry in Texas.  Coal Age, Aug. 10, 1912,

C'oal and Lignite in Texas in 1911, Coal Age, Jan. 6.
1912,

The Lignite Industry in Texaz,  Coal Age, Aug. 10, 1912,
Texas Chapter, Tarr’s Phys. Geogr., 1913,

Phillips, W, B., with S. 1. Warrell and Drury M eN. Phillips.

Composition of Texas (foals and Tigniles and Use of Pro-
ducer Gas in Texas. Bull. Tiniv. of Tex., No. 189. July,
1911, through Bur. Eeon. Geol. aid Techn.

Bay. Walley T—see Breckenyidge, L. P.
Ries, Heinrich.

Coal Fields of Texas.  Min. and Min,, Vol. XXVI., Out..

1000,
Neard . 1,5,

Coal Mining Indunstry of the South.  Tron Age. Mareh 5.

19005,



The Fuels Used in Teaus 253
~Seolt, A, C.
Deerease in Weight of Lignite in Transit. Power, May 11,
1909,
Lignite and Tts Relation to Other Fuels of the Southwest.
Elee. W, Oct. 21, 1909,
Shumard, C. G.
A Partial Report of the Geology of Western Texas, 1855-
1856, reprinted in 1886.
Shatt, W, F.
Utilization ol the Low Grade Fuels, Coal Age, May 4,
1912,
Simonds, I, W.
The Geography of Texas, 1905.
Minerals and Mineral Localitics of Texas.  Univ. Tex. Min.
Sury., Buall. No. 5, 1902.
A Reeord of the Geology of 'Texas for the Decade ending
Dec. 31, 1896G.  "Traws. Tex. Acad. of Sei., Vol. 111, 1900.
Southern Coal and Cole, Manuf, Rec., Sept. 2. 1898,
Npaight, A. W.
"The Resources, Soil and Climate of Texas.  Rep. of Com'r
of Ins. Statisties and Tlistory, 1882,
Taff, J. A,
The Southwestern Coal Fields. 224 An. Rep. T1, S, Gl 8.,
1902,
teport on Cretaceous Nrea North of Colorado River, Gd
Ane Rep. Tex. Geoll Surv, 1891: and 4th Aun. Rep. Tex.
Gicol. Surv,, 1892,
Tarr, 1. N.
Preliminary Report on the Coal Tields of the Colorado
River. 1=t An. Rep. Tex. Geol. Sury., 1889,
Taylur, 2. (',
Statisties of Coal, 1818, pp. 225221,
idden, .
Report on a Geological Survey of the Lands Belonging to
fhe New York and Texas Tand Company, TAd. in (le pner



254 Lulletin of the University of Texas

Rio Grande Emhayment in Texas. Augustana Book (foncern,
Rock Island, I11., 1907.
Uniled States (Tealogical Survey, 220 An. Rep., Vol. 11T, i.

Tolic 42.

Bulletin No, 394.

Report of the Operations of the Coal-Testing Plant of the
U. 8. (. 8. at the La. Pure. Toxpos., St. Louig.  Prof. Paper,
No. 48, 1906.

Preliminary Report on the Operations of the (‘oal-"Testing
Plant of the U. 8. G. S. at the La. Pure. Ixpos., St. Louls,
1904. No. 2061, 1905.

Report of the United States Fnel-Testing Plant at St
Louig, Jan. 1, 1906, to June 30, 1907. No. 322, 1908.

University of Texas Mineral Suirvey.
Coal, Lignite and Asphalt Rocks, Bull. No, 3. 1902,

Vaughan, 1. W.
Reconnaissance in the Rio Grande Coal Fields of Texas.
U. 8. G. S., Bull. No. 164, 1900,
. S. G. 8., Tolio 64.
Von Streerwwilz, W. I/,
Coals in Texas. Geol. & Sci. Bull,, Vol. I, No. 2, 1888.
Brown Coals or Lignites. Geol. Sei. Bull,, No. 3, July,
1888.
Non-metallic Mineral Resources of the State of Texas.
Trauns, Tex. Acal. Sei., Vol. I, No. 2.
Waller, J. B.
In “The Tron Ore District of East Texas.”  Panola, Shelby,
Rusk, Nacogdoches, and Cherokee counties. 2d An. Rep. Tex.
Gieol, Surv., 1890,
Weitzel, R. S.
Coal Fields of Texas. E. & M. .7’l, Vol. T, 1890, pp. 214-
260.
Texas Coal Fields. . & M. .1, May 16, 1896.  (Ahstract
of an address hefore Ohin Tnst. Min, Engrs.)



The Fuels Used i Uexas 255

While, Chas. A.

On the Age of the Coal Found in the Region T'raversed by
the Rio Grande. Amer. [’ of Sei. 111, Vol. XXXIIL, pp.
18-20, Jan., 188%.

Waorrell, 5. I, with Wi, B. and Drury MeN, Phillips.

Composition of Texas Coals and Lignites and Use of Pro-
tueer Gas in Texas. Bull. Univ. Tex., No. 189, July, 1911,
through Bur, Econ. Geol. and Techn,

Wright, Chas. 1.

Briquetting Teste of Lignite at Pittshurg, Pa., 1908-1904.

Bull. Bur. Mines, No. 1H

PETROLETUM.

Adams, Gea, 1.

0il and Gag in Nan=ag, Indian Territory and Texas Fields,
E. & M. J°l, Jan. 18, 1902.

Ol and Gas Pields of Western Interior and Northern Texas
Coal Mersurcs: and of the Upper Cretaceous and Terliary
of the Western Gull Coast, Bull. U, 8. G. 8., No. 184, 1901,

PPrineiples Controlling the Geologic Deposition of the Hy-
drocarbons.  Tran<, Am. Inst. Min. Engre., Vol. NXXIIIL
346,

Stratigraphic Relations of the Red Reds to the Carbonif-
erous and Permian in Northern Texas.  DBull. Geol. Soc. Am.,
Vol. XTV, 1903.

Aldrich, T. H.
A Texas Oil-Well Fossil. Nautilus, Vol. XV, 1901, p. 74
Aston, R. G.

Oil-Burning Loecomotives on the T'chauntepee National Rail-
road. Mexico. (Tising Texas Oil.)  Tron and Coal 'I'rds
Review, Dec. 22, 1911, (anadian Eng., May 16, 1912,

Burl:, D. .
See Mabery, (' T
Burr, 0. .

Petrolenm in Toxas and Mexieo.  E. & M. Tl Vol. LXXI,

1901, pp. 6]Y-6S8,



2506 Bulletin of the Uwiversily of Teaas

- Burronghs, W. 0.
The Petroleum Fields ol the United States, 1. & M. J°L
Vol. LXNXXIX, 1911, pp. 921-024
Formation of Petrolenim Necumuolations.  Cassier’s Mag..
Vol. XT, 1911, pp. 597-605.
Caracrisii, C. I'. 7.
Prospects of the Texas Oil Fields, Manul. Ree., Oef. i,
1901.
Southern Petrolemin and the Fuel Market. Manuf. Ree..
Feh. 20, 1902.
Clapp. I'red G,
The Oeccurrence of il and Gas Deposits Associated with
Quaquaversal Structure.  Icon, Geol., June, 1912,
Proposed Classification of  DPetroleum awld  Natural Gas
Ficlds, based on (Geological Structnre. Jeon. Geol,, Vol V.
1910, pp. 503-521.

Coules, (. )., and A, Dest,

The Hydrocarbons in  Louisiana  Petroleum. J°1. Au.
Chem. Soe., Vol. XXV, pp. 1153-1158, 1903; Vol. XX VLI,
pp. 1517, 1321, 1905, (For comparizon with composition of
Texas petrolewm.,

Comstock, T. B,

A Preliminary Report on Parts of the counties of Menard.
Coneho, Tom Green, Sulton, Sehleicher, Croekett, Val Verde.
Kinnev, Maverick, Uvalide, Edwards, Bandera. Kerr, and Gil-
lespie.  Rep. Geoll Sorv, Texas, pp. 45-531, 1892,

(‘osle. Fugene.

Voleanic Origin of Oil, Trans. Am. Tnst. Min. EFngrs.,

Vol XXXV, ppe 28s=22000 0 Fre Tosty, June, 1901,
Commans, W. 17,

The Southern Dovider ol the Central Coal Field of Texas.
It oo Rep. Tex, Geals Surv,, 1889, p. 161

Report on Geology of Northwest Texas. 24 Au. Rep, Tex.
Gieol. Sorv., 1890, pp. S M, SIS,



w
&t

The Fuels Used tn Teras

Day, David 1,
The New Oil Fiolds of the Uniled States. Am, Rev, of
Rev.. June, 1901,
The Petroleum Resources of the United States.  Am. Rev.
of Rev., Jan.. 1909,
The Conditions of the Acenmulations of Petroleum in the
Farth.  Trans. Am. Inst. Min, Engrs, Vol. XLI, pp.
219-244,
Broad Survey of Southern Dofentialities in Mineral Devel-
apment,  Manuf. Tee., Jan. 7. 1909,
The South’s 0il Contyibution,  Manuf. Ree., Jan, 19, 1911,
Vast Storehouse of Fuel in Southern Pefrolenm and Nat-
nral Gas. Manuf., Ree., Feh. 22, 1912
Petrolenm in 190S—Largest Production on Record,  Min,
Wild., IFeh. 6, 1909,
Production of Peiroleumm in the Uniled States in 1911,
Min. Wid., Sept. 23, 1912
See algn annual volumes—>Mineral Regources of the Tnited
States, 1. =, G, 8, 1907-1912.
With F. ML Oliphant and 1, W, Greev,  Petroleum in the
Southern States. Manuf., Ree., 10022,
Dealap, Juwes I
Report on the fuel value of Beanmont Oil.  Tub, in Bull,
No, 1, Univ. Tex. Min, Sarv., pp. 62-65, 1901.
leussen, Alexander.
Mineral Tlesonrees of Texas.  Tex, Almanac and State Tni.
Guide 1909, 1910, 1911, 191 4.
Dinsmare, (', A,
The Tovah Oi1 Field, Texas. Min. Wid., Vol. XXXITI, p.
1118, and Vel. XXXITII, p. 26.
Dyake, N. IV,
Report on the Colorarlo Coal Fields of Texas. +h An.
Rep. Tex. Geol. Surv., 1892, Part 7, pp. 436139,
Numble, E. T.
Nacogdoches 1 Field,  Geol, and Sei. Bull, Vol. T, July,

1888,



Dullelin of the University of T'ewos

"~
or
oo

Petrolewmn.  1st An. Rep. Tex. Geol. Surv., 1889, p. XL.
Tetroleum. 24 An. Rep. Tex. Geol, Surv., 1590, p. XLLV,
and XLV.
In “Reports on Iron Ove District of Bast Texas.”  2d Au.
Rep. Tex. Geol, Surv.. 1890, p. 306, (Anderson county.)
Some 'Texas Oil 1lorizons. Trans. Tex. Acad. Sci., Vol
IT, 189%, pp. 87-92. :
Geology of the Beaument Oil Fields. IIouslon Pest, 1901,
Texas Iron Ove. Lignites and Oil. Coll. Guard., Vol
LXXNXNITI, 1901, p, 132,
Age of Petrolenn Deposits, Saratoga, Texas.  Science, n.
s., Vol. XXI1I, 1906, pp. 510-511.
Physical Geography, Geology and Resources of Texas.  1n
Searfl’s History of Texas, Vol. 11, 1898,
Euagineering and Mining JJowrnal.
The New Texas Oil Fields. Jan. 26, 1901.
Tankage Capacity of Beawmont Oil Tields.  May 10, 1902,
I'roduetion of Petrolemm in California, Texas, Louisiana,
cte.,, Jan. 5, 1907,
Petroleum Indugtry of the United States. Jan. 4, 1908;
Jan, 9, 1909: Jan, 10, 1910; Jan. 7, 1911 Jan, 6, 1912,
Jan, 11, 1913,
Engineering Record.
A reinforced concrete vil-loading dock, PPort Avthur, T'exas.
June 8, 1912,
Everhart, Edgar.
Contributions from the Chemical Laboratory of the 1ini-
versity of Texas. Bull. 4,
Fenneman, N. .
0il Tields of the Texas-Louisiana Gulf Coastal Plain.  Min.
Mag.. April, 1905, Vol. TT.
Bull, U. S. G. S.. No. 282, 1906, and Bull. No. 260, 1905.
Fishback, P. J.
Geological ITorizon of the Petrolewm in Southeasl ‘l'exas
and Southwest Louisiana. K. & M. .I’l; Vol. LXIV, pp. 16,
106.



The Fuels Used in T'eaas 254

Filzgerald, J. 1.

Beaumont Oil for Gas-Making.  DProc, W, Gas, Assn., 1899-

1902, pp. 487-497.
Fuel Qil Jowrnal.

Iiles of Vol. 1, No, 1, Oct,, 1911, to Vol. 5, No. L .Jan,
1914.

Greer, . W.—see Day, David I,
Griswold, W. T.

Artieles on Petrolenm,  Min. Res. U, S, T. 8, G. 8., 1905,

1906,
Gulischembaroy, S. 1.

On the Oil Industries of Ameriea and Russia, with special
Reference to Texas and the Liguid Iuel 'I'rade. Put. Rev,,
Vol. VLI, 1902, pp. 81-88.

Hager, L.

Mounds of the Southern Oil Fields. E & M. .P%L Vol

LXXVIH, pp. 137-139, and 180-183. Map, 1904,
Harris, ., ——— Perrvin, and W. E. Hopper.

0il and Gas in N. W, Louisiana, with specinl relvvence to
the Caddo Ficld. Bulll Geol. Surv., of Louisiana. No. 3
1911.

Harrs, G. 1.

il in Texas.  Seience, n, &, Vol. N111, 1901, pp. 666, G6i.

0il and Gas in Louisiana, with a Brief Summary of Their
Occurrence in Adjacent States. Buil. T, &, G. S, No. 420,
1910.

"The Geolagical Oceurrence ol Rock Salt in Louisiana and
Tlast T'exas. Keon, Geol, Vol. IV, No. 1, 1909.

Oil in Louisiana.  Rep. Geol. Sury. Ta. Part VI, 1502,

flarris, (. D., und A. (. Veatch.

2

A Preliminary Report on the Geology of Louisiana.  Liep.
Geol. Sury. Ta., 1899, pls. I-N1, and wap, 1900.
Hayes, . W,
0il Fileds of the Texas-Louisiana Gulf Coastal Plain.
Paper in Bull. U. 8. G. S, No. 213, 1903.



260 Bulletin of the University of Texus

Hages, (. W., and Wne. Kennedy.

The Texas-Louisiana Qil Fields,  Sci. Am. Sup., Nov. 15,
1902,

0il Lieldsz of the 'Texas-Touisiana Gull Coustal Plain,  Bull,
U. 8. (. S, No. 212, 1903,

Hilgard, B. TV.

On the Geology of Lower Louisiana and the Rock-Salt De-
posit of Petit Anse. Am. Il Sei., ser. 2, Vol. XLVTI, pp.
77-S8, 1869.

Summary of Results of a late Geological Reconnaissance of
Louisiana.  Am. J°1 Sci., Vol. NLVITT, pp. 351-316, 1869.

On the Geological Mistory of the Gull of Mexico. Am. J°1
Sei., ser. 3, Vol. 11, pp. 391-404, 1871.

Supplementary and Final Report of a Geological Recon-
naissance of the State ol Tonisiana. New Orleans, 1873,

mil, r. 7.

Beawwont 0il Fields with Notes on Other Oil Iields of
the Texas Region. Trans. Am. Inst. Min. Iingre, Vol
NXXII, pp. 863105, 1902, Also see J°1 Fr. Jusl, Aug,
1602, Vol. 154.

The Preeent Status ol the Beanmont Oil Field. Manuf.
Ree., May 30, 1901,

it . 1., and Vaughan, 1. W,
U. 8. G. 8., Folios 42 and 76.
Happer, W. L.

The Caddo Oil and Gas Field, Louisiana.  Bull, Am. Inst.

Min. Engrs., Vol. XXTI, pp. 283-300, 1911,
Harnaday. W. 1.

The 0il Fielﬂs of Texas and Their Development,  Min.

WIld., June 22, 1912,
Hulehison, . 1.

Mid-Continent Oil and Gas ITelds.  Min, Seio Pr.. Jan

8, 1910.
zanr, 1. N,

Russian and Teaan Oil Tuel.  Tore, Prom, Gaz., 1902,



The Duels Used in 1'cwas 261

Kennedy, Wm.
(ieology of Jeflerson county, Texas.  Anw Geol, Vol X111,
pp. 268-275, 1894,
Oil as a Fuel. South. Ind, Lum. Rev., 1901,
Sce also under 1layes, C. W.
Klaritchkov, K. V.
Optical Properties of Petroleum from Texas. Jurn., Russk.
Phiz, Khim. Obsch., p. 613, 1902.
Lalta, Nesbit,
American Producer Gas Practice, 1910, p. 519.
Tueas, A. I
The Great 0il Well near Beaumont, Texas. Am. Manuf,,
July 11, 1901.
The Great Oil Well near Beaumont, Texas. ‘I'rans. Am.
Ingi, Min. Engrs,, Vol. XXXT, 1902, pp, 362-371, and 1029-
1032,
Resumé of the Texag Oil Field=. Comp. Rend. Congr. In-
ternat Petrole, sess, 3, 1. 11, pp. 3+1-364, 1910,
The Dome Theory of the Coastal Plain. Selence, n. s,
Vol. XXXV, No, 912, pp. 961-964, June 21, 1912,
Mabery, C. I,
A Resumé of the (‘ompmitinn and Oceurrence of Petroleum.
Am. Phil. See. Proe., Vol. X1.1, 1003,
C'omposition of Toms ]‘r[mleum. J’1 Am. Chem. Soc.,
Vol. XXITI, 1901, pp. 264-207. g
Mabery, . P, and Buck, D. M.
On the Thydrocarbons in Heavy Tesas Petroleums,  J°1 Am,
Chem. Soe., Vol. XXI11, 1900, pp. 553,556.
Malcolmson, W. 1.
Spindlelop, Texas.  Petreicum, Vol, 11, 1902, pp. 610-612.
Manufacturers’ Record.
Signifieance ol the Texas Oil Field, April 11, 1901.
Marine FEngineeriag, ’

New tank steamers for the Gull Refining Co. Marel, 1912,



262 Dullebin of the Universily of Texas

Miller, Thes. I,

Recently developed Oil Tields of Texas. I8 & M. J°l, Vol.
LXV, 1898, pp. 734-725.

The Texas 0Oil Tields (West. Gas Assoc.). Am. Gas Lt.
J’l, Vol. LXXXIII, 1905, pp. 86-91.

Mineral Tndusiry, The.

Annual, Vol. VI, 1897 to Vol. XXT, 1912, Various writers
such as Hal. C. Guinn, Chas. E. Munroe. ). N.. Newland,
Wm. B. Phillips, 1. S. Reavig, I°. H. Oliphant and David T.
Day.

Mines and Mincrals.
The Geography of Petroleuin. May, 1911,

Mining World, The.
Notes on the Oil and Gas Tndustry.  Nov. 28, 1908.
Production of Petrolewm in the United Stales, 1911,  Jan.
2. 1912,
Petroleum Industry in the United Stales, 1912. Jan. 25,
1913.

Nalural Resources und Eeconomic Condition of the Slate of Texzas,
The.

Report of an Fxamination made by a special Committee
of the Merchanis® Ase’n of New York, by invitation of the
Governor and Legislature of Texas.  Dee., 1901, pp. 71-73.

Nugent, ——

Reports for the vears 1905-1908 on the trade, cte., of Texas,
Dipl. Cons. Rep. Aunn. Ser. Nos. 3585, 3857, 4037, 4263,
1906-1907.

il and Gas Journal.

Viles of.

Oliphant, V. H.

Article on Pelrolenm, in 18th, 19th, 20th, and 21st An,
Repts., U, S. G. S., 1896-1899: and in Min. Tes. T. 8, U.
8. G. 8., Annual Vols.[ 1900-1904,

The Production of Petroleum in 1900. Am. Manuf., Oct.
31, 1901.



The Fuels Used in Texas 263

Tmport of the Production of Southern Petroleum. Manuf.
Rec., Feh, 22, 1902.
See, also, Day, David T, and The Mineral Industry.

(suka, S.
A Short Skeich on the Petvoleum Indusiry of Tuvope and
America.  Bull, Jap. Geol. Surv., Vol. XVI, No 1, 1903.

Puige, Siduey.

Minerai Resources of the Llano-Buvnet Region, Texas, witl:
an Acconnt of the Pre-Canirian Geology.  Bull. T 8. G. 8.
No. 150, 5 pls., 1911.

Penrase, R, AL I, JTr,

Tn “A Preliminary Report on the Geology of {he Gull Ter-
tiary of Texaz, from the Red River to the Rio Grande”  Ist
An. Rep. Tex. Geol. Surv., 1889, pp. 100-101.

Prveeral. €' 1. N,

Petrolenm Output of Texas. B’d Tr. JI, Vol. LXXIII.
1911, p. 525,

Report for the vear 1909 on the Trade and Commerce of
the Consular District of Galveston. Dipl. Cons. Rep., Ann.,
ser. No. 4425, 1910, Also for the vear 1911. Dipl. Cons.
Rep. Ann., ser. 4953 ,1912.

Phents, A.

The Oil Fields of Texas. Manul Ree,, 1903,
Phillips, Drury MeN.—Sce Udden. J. A
Phillips, Wm. B.

Mineral Produetion of Texas. DPamphlet issued hy Univer-
gity of Texas, 1900,

Texas Petroleum. TUniv. Tex. Min. Surv,, Bull. No. 1.
1901.

The Beaumont Oil Field. 1% & M. J°], Feb. 9, 1901.

Mineral Resourees of Texas.  Bull. Tex. Dept. Agric., No.
14, July-Augnst, 1910.

Petroleum in Texas in 1911, K. & M, J°1, Jau. G, 1912,

Article in The Mineral Industry, Vol. XX, 1911, p. 569.

Examination of the Oil and (ifa¢ Regions in Clay and




264 Bullelin of the University of Texas

Wichita countics. Univ. Bureau of Eecon. Geo. and Techn.,
Press Leiter No. 13, Nov. 1, 1911,
The Electra 01l IMield, Wichita county. Univ. Bureau of
Yeen. Geol. and "Techn,, Press Letter No. 15, Dec. 1, 1911,
University Bureau ISconomic Geology and Technology.
Press Lelter No. 16, Dee. 15, 1911,
Texas Chapter in Tarr’s Phye, Geogr., 1913,
The Qualily of Tnel Oil Sold in Texas. Fuel Oil J°1, Vol.
5, No. 2, Feb,, 1914, p. 70.
Fuel Oil in the Southwest. TPaper hefore the Amer, Tnst.
Min. Engrs.,, An. Meeting, Teb., 1914,
Prulzman, P. W.
Texas and Caiifornia (‘rude Oils.  J°1 Eleel. Power & Gas,
1904.
Reavis, 1. S.
Petroleum in sSouthwestern Tields.  Manuf. Ree., Jan, 3,
1907. ;
LEditorials in Fuel Oil Journal, Houston, from Vol. 1, No.
1, Oct., 1911, to Vol. TV, No. 5, Nov., 1913, et seq.
Richardson, C.
Notes on ‘l'exas Petroleun. J°1 Soe. Chem. Ind., Vul.
XNIN, pp. 121-123, 1900.
Pichardson, Clifford, and Wallace, B. C,
Petroleum [rom the Beaumont, Texas, Kield, Sei. Awm.
Sup., Nov. 9, 1901.
Richardson, C.. and Walluce, E. (.
On the occurrence of free sulphur in Beaumont Petroleum.
4’1 Soe. Chem. Ind., Vol. XXI, pp. 516-317, 1902,
Eichardson, Geo. I,
Salt, Gypsum and Pelroleum in Trang-Pecos Texas.  Bull,
1. 8. G. 8., No. 260. 1905,
Report of a Reconnaizsance in trans-Pecos Texas, north of
the Texas & Pacific Ry, Bull. Univ, Tex, Min, Suryv,, No. .
1901.



The Fuels Used in Teras 245
Riasgler. 1. £,
Geologisehe Untersuchungen in Texas.  Verh, K-K. geol.
Reichs., 1865-, pp. 188-190,
Geological Sketeh of the Sour Lake Region, Tlardin county.
Texas, 'Texas State Register, Vol. XVI, pp. 93-95, 1366.
Stmonds, F, W,
The Geography of Texas, 1905,
Minerals an¢! Mineral Localities of Texas.  Bull. Univ. Tex.
Min, Surv,, No. 5, 1902,
Npicer, J. L.
A Texas il Discovery near Kerrville, Kerr county. 1, &
M. J1, Veol. LXXVIT, 1904, pp. 208 and 266,
Stoek, 1. H.
Beanmont Oil Field, "The. Min. & Min, Vol XXIIH, pp.
190-492, 1993.
Tatt, J. 1.
Gas Well at San Antonio.  CGeol Sei. Bull., Vol, 1, 1889,
Tarr, Il. N.
In “A Preliminary Report on the Coal Fields of the Colo-
rado River.,” 1st An. Rep, Tex, (eol, Surv., 1889, p, 210,
Taulor, . .
Statisties of Coal, 1848, p. 223.
Thiele, I, (.
Ueber Texas Petrolenm. Chem-Ztg, Vol XXV, 1901,

Texas Petroleun.  Aw. Chem. J°1, Vol XXII, pp. 489-
193, 1901.

Ucher freien Schwefel im  Petroleum  von  Beamumont

Chem.-Ztg., bd. XXVI, pp. 896-897, 1902.
Cdden, . 1. (assisted by Dinry MeN. Phillips).

Reconmaissance Teport on the Geology of the Oil and Gas
Fields of Wichita and Clay counties. Bull. Tniv. Tex., No.
216, 1912, Through Bor. Eeon. Geol, and Techn,

teport on “A\ Geological Survey of the Lands Belonging to
the New York and Texas Tand Company, Ltd., in the Upper



266 Bulietin of the University of Tevas

Rio Grande Embayment in Texas”™  Augnstana Book Con-
cern, Roek Island, T11., 1907.
[ niled Slales Puel Oil DBowrd.
Reports on Beaumont oil, 190
{"niversily of Texas Mineral Survey.
Sulphur, Oil and Quicksilver in {rans-ecos Texas. Bull.
Na. 2, 1902,
Veauglaw, 7. W,
[, 8. i 8. Folios 42, 61 and 76,
Veateh. A. C.
) The Question of Orizin of {he Natural Mounds of Louisi-
ana, Arkansas, and Texas.  Seience, n. =. Vol. XXI, 1905,
Walleer, J. 13. :
In “Reports on the Iron Ore Distriet of Bast Texas™  2d
An. Rep. Tex. Geol. Surv., 1890, p. 200 (Cherakee county) ;
pp. 271-276 (Nacogdoches county) ; p. 232 (Panola county) ;
p. 238 (Rusk County).
!l:’rr.»*,’ucc. E. ('.—sce Richardzon, (‘Iifford.
Wallace, 1. Vincent.
Oil PPields of the irans-Peens Region in Texas. Min, &
Sei. Press; Aung, 26, 1901.
Toyah 0il Ficlds of Reeves eomnty, Texas, Min. WP,
July 22, 1911,
Walsh, Geo. E.
Amerviean Petroleum  Possibilities.  (‘assier’s Mag., Dee,,
1902.
Werks, Jos. D.
Article on Petroleam in 16th and 17(h An. Rep., U. 8. G. S.
Mineral Resources of the TTnifed Staies, 17, S, (. 8., 1889-
1890,
While, Chas. 11.
Results of a Test of Beaument Oil. See “Report on Nat-

ural Resources and Feonomic Condition of State of Texas,”
Merchante’ Assu. of New York, 1961,



The IFuels Used in Teaus 267

Willey, Day Allen.
Qil Fires in the Southwest. Seci. Am., Jan. 10, 1903.
The Latest American DPetvoleum Discoveries. Cassier’s
Mag., Sept., 1905.
New Texan OQil Deposits. Sei. Am., Jan. 30, 1904.
Vol. XC.

Warrell, S. IT.—sce Phillips, Wm. B.

Wrather, W. L.
Reeent Oil Development in Texas and Louisiana. K. &
M. J’1, Nov. 29, 1913.

CONSULT, ALSO.

American Vol. XVI, Sei. Am. Comp. Pepi.. art. Pebrolenn.

Dictionary Applied Chemistry, Vol, TV, 1913, p. 124,

Encyelopedia Brittaniea, 11th edition, art. Petroleum.

Redwood, Boverton. A Treatise on Petrolewin, 3d edition, 1913.

Thompson, A. Beeby.  Petrolenm Mining, 1910.

Thompson, J. II., and Redwood, Boverton. Handbook of
Pelrolenin, 2d edilion, 1906.

BIBLIOGRAPILY OF NATURAL GAS AND PRODUCER
GAS IN TEXAS.
Campbell, M. R.

Associated with J. A. Holmes and 1. W. Parker in the
publications of the United States Geol. Sur. Reports from
the Fuel-Testing Plant at the St. Touis Hxposition, Bull.
261, 290, 332 and 333, also in Prof. Paper, 48.

Day. David T.
Natural Gas Resources, Oil and Gas J’l, Jan. 18, 1912,
and in Natural Gas J°1, May, 1912, p. 197.

Iernald, . H.
Recent Developments of the Producer-Gas Power Plant in
the United States. Bull. 416, U. S. G. S., 1909,
The Commercial Trend of the Producer-Gas Power Plant
in the United Sfates. Bull. 55, Bur. Mines, Washington,
1913.



268 Bulletin of the University of Tewas

Fonlaine, Wimn. Al

Sketeh ol the Nalural Gas Tield near DBrenham, Texas.

Geol. & Sei. Bull, Yol, VI, No. §, Dee., 18841,
Harris, G. .

0il and Gas in Louisiana, with a briel Summary of their

Ocecurrence in adjacent States.  DBull, 429, U. S. G. S., 1910.
Hil, B.

In Annual Volume of the Mineral Resonrces Division of
the U. S. G, S, 1906-1912,

Holmes, J. A., with E. . Parker and M. R. Campbell.

Operations of the U, 8. Fuel-Testing Plant at the St
Louis TExposition. Bull. 261, 290, 332 and 333, U. S. G. 8,
and also Prof. Paper, 48. :

Hornaday, W, D

Use of Producer Gas in Texas. Blee, Rev. & Western Llee-

trician, Oct. 28, 1911.
Mineral Industry, 1he.

Vol. XV1IL, p. 51l.

Parler, I W., with J. .\. Tolmes and M. R. Campbell.— sec under
Holmes, J. A.
Phillips, Drury dcN.

The Use of Producer Ga~ in Texas, special chapter in Com-
position of ‘I'exas Coals and Lignites. Bull. 189, Bur. Iicon,
Geol. Univ. Texas, 1911,

Assistant in Report by J. A, Udden, q. v.

Phillips, Wm. B. ;

Min. Res. of Texas.  I'x. Dep’t of Agrie., Bull. 11, 1910,

Tluminating and Tuel Gas, 110 8. G. S., 20th An. Rept.,
1895-1899, Parl VI, p. 124,

Natural Gas Yields in Texas.  Min. WId., Jan. 7, 1911

Natural Gus in Texas. 1. & M. J°1, Jan, 6, 1913,

Natural Gas in T'exaz.  Min. Indust., Vol. XX, 1911, p. 564,

Natural Gas in Wichita and Clayv counties. Appendix to
Report on the Oil and Gas Ticlds of Wichita and Clay coun-



The Fuels Used in Texas 269

ties, by J. A, Udden and Drury MeN, Phillips.  Bur. Econ.
Geol, Tniv, of Texas, Bull. 246, 1912,

With S. T1. Worrell and Drury MeN. Phillips.  Composi-
tion of "l'exas Coals and Lignites and Use ol Producer Gas in
Texas,  Bull. 189, Bur. Econ. (eol., Univ. of Texas, 1911,

Reavis, Tolland S.
In the Mineral Industry, Vol. NXI, 1912, p. 610.

ldden, .J, 1. (assisted by Druory MeN. Phillips.
A Reconnaissance Report on the Geolegy of the Oil and
Gas Tields of Wichita and Clay countics, Texas. Bull. 246,
Bur. Keon. Geol, Univ, of Texas, 1912,
Worreli, S, H.. with Drury McN. and Wi, B. Phillips.
Composition of Texas Coals and Lignites and Use of Pro-
ducer Gas in Texas, Bull. 189, Bur, Econ, Geol. Univ, of
Tex., 1911



INDEN.

Alabama Coal, analyses of oL 0 S AN S S Ty
Alabama Consolidated Coal & [ron Co., Searles and Mary
Lee, Alabama, analysis of coal from....o..ooooiin 0, 37-38
Alba, Wood County, lignite from........ 87-59, 91-93, 103, 121
Alba Lignite Co., Alba. Wood County............0.. e, 92-94
Alba-Malakofl Lignite Co., Alha, Wood County.92-94, 105, 202-205
Malakoft, IHenderson Coundv. oo, 9%
Albany, Shackellord Cormiv. natural gas supplied to..... ... T

Alecto Red Ash Coal. Bibh Counfy. Alabama, analysis of o000 0
Ameriean Lignite Bricuctte Co., Big Tannp, Milam County. .
............................... 92-04, 123-121, 202-205

Ammonia, from Texas lgnite. . ..o o oot 15 ot seq.
Anderson Coundy, lignite from...ooiviiiiiiii i 108, 110
Angelina Conndy, natural was in. .o un. Wi

FAZIIYe: DrOmy s it s 75 555 5o e e o mionsss $tpes s e 108
Aransas Pass Lignite Co. Roekdale, Milam Counby. ... oL 87-89
Askrineng Chink. AT B o e 38-34

P 4 T Tt 121,
Aasvosa County, patueal wis i, iinniiiie e 18

Lignite Trom. ... . e IO |
Awbrey & Co., S0 Cu analysiz of New Mexico coal Trom, .. ... i

Babeock, 15, J., report on hriguetting of lenite.—In{vodue-

THONE BT oo o ot st i s O S Pi2-161
Babeock & Wileox Co.o NoY.ooanalvsis of lignito by, oo 000 9
Divgasst: Telienliue o vuunns sumimesiive vaie S o o R ]
Bailey, J. I, analysis of coal hy. ... ... o
Bangs, Brown County, natural gae at. ..o oL, 84
Bastrop Connty, lgnite from.... ... ... ... BI-NO, 91- 07
Bear’s Creek Coal. Etowah County, Alabama, Analvsis of ..., 37
Bear Grass Coal Co. (lignite). Jewett, Leon County. ., .. ...

DB e fnsesesine et s VRS L ABOW IR0 13, SOREDDH

Briquetting tests on lignite from. ..., .., 142-143, 148-1371
RSt SRR T s s Y s e T 121

Lignite F'rom, in gas producers. oo oo oo nn.. i .



22 Inder

Becuel, T AL Tuel value of bagasse. .. ... oo iinae. 1-3
Belknap Coal Co. (eoal), Neweastlo, Young County. .19 21, 50-51
Bement, Ao Chieago, analyzis of Tenite by oo oe. 100
Bernier slack, Arkansas comi-antheacite, analvsis of ..o ... 39
serfetti Canl Coo (lignite), Tytle, Medina Countr. 02-01, 202205
Bertelli mine (Henite). Medina county. ..o oo o0 S7-89
Big Four mines (lignile). Tavelte Coundy...ovooiiin.t. ¢ 98
Big Tump Coal Co. (lignite), Rockdale, Milam Couniy. .. .87-89
Big Lumyp mines (lignite), Milam Cowndy. oo
.................... 87-89, 91-93, 101, 106, 123, 126-128
Bishop, Bastrop County. Henite from. oo 87-89

Black Diamond Coal Co, (lignite), Rockdale, Milam County.S7-89
Bohemian lignites, Chapter X,

Boilers, half-Duteh oven, for lignite. ... ... 126, 128-129, 131-132
Boiler tests, on North Dakota lignite.............. ... 116-1R0
Oni-Pexan Baniloes sw o s sens s 120-129, 136-138
Bolen-Darnall Coal Co., MeMNlester, Oklahoma, analysis of
el DEOIN e s s s s T SR 2
Border Gas Co., supplics natural gas fo Lavedo. ... 000 77
Boston & Texas Corporation, natural gas in MeMnllen
LAOTIITRT " o metomsmit o A e e o 0 R AT N 79-81
Blowie Coal mine, Montague County.o..ooiiiiun.. 25
Bowie Connty;: lignite: Fromus sseae st ssbivasenng + 7. 108, 110
Bracken, Pat, tests on lignite hy. ..o, 124
Brodlaek: W wrcs s s mes [ntroduction, 161-165
Bremond, Robertson County, lignite from near............. 101
Bioweler oty coll. vivsemanaienmnsnishrisae G 23
Bridgeport Coal Co. (coal), Bridgeport, Wise County....... ;
...... e s e s s G ea BBy, 19591, 3051
Buiquelling tests on lignite. .. oo vvriiniiiiiaain... 112-164
Britizh thermal unit, delived. ..o, R S 225
Brown coal and lignite in Fuvope.ooooooioooiiiia 163-191
Brown County, lignite from......... ey R e < 98
NAE BRI, o oo e Seiams RO i A e e i
Brownwood, to be supplicd with natural gas low Bangs.... 8l
Buck MeAlester Tuiip ool o voi voivmammnvoes saaas oo !
Bull Creek, Coleman County, coal fromi ..o onn. =
Burcau of Mines, Washington, analyses of coal by........ 26, 2

. . T . 3 L. H0W=
Barsor, Jog: AL LiEnite S oo vwmmmms e ek 3



Index 275

Buinet commty Qo v ey i o eesus v e i iR 23
Burning point of fuel oil. ... .o 21
(Ree also under “Specificalions.)
(Caddo, Touisiana, natwral gag from...............80-81. 83-81
Caldwell County. Tignite from...c.coviiviiivinnivven i 108
Calorie, defined ........ S T N s P 295
Calvert. Rohertcon County, lignite from..................
................ 87-89, 91-9.1. 102, 104, 108-109, 136-137
Calvert mine (lignite), Rohertzon County, lienife from...... 106
Camnlell, M. R.. eoal area estimated hv. .. ..o, 10
Candle-power of gas from Texas coals, ... .............50. 5l
(fannel Coal Cfo. (coal), Larcdo, Webh County............
R A AR R R T R R B RR 12, 14, 19-21. 33, 50-51
Carboniferous coal,............ R s ey N
Composition of. .. .. ... 12-17
Weight per cubie f00t...vvrvervvverennvssnssrsssenoras 18
Carr Mine (lignite), Lytle, Medina Connty....ooovvvun.. ]7-89
Carr Wood & Coal Co. (lignite), Lytle, Medina County......
.................................. cee . 02:04, 202-205
Casey-TTedges Co., Chattanooga, Tenn, half-Duteh oven boil-
OES LoV HERME. voacsimmisine smssemmimsacas 126, 128, 129, 131-132
Cass County, lignile from........ R A R S SRR .. 108
Central Tron & Coal Co., Kellorman, Alabamay analysis of
con]) ToODT v s sam v S ey s e 37-39

Central Texas Cotton Oil Co., Temple, {ost of lignite hy. . 121-126
Central Texas Mining, Manulacturing & Land Co, (lgnile),

Calvert Blull, Robertson County...o.ooeevnn...., Lo HT-89
Cerillos Coal Co., Nlbuquerque, New Aexico, analysis ol coal
B O i e R S R R e A B s 8}
Cherokee (ounty, lignite from. ... ..oocoii ... 108, 110
Chisos Pen, Brewster County, conl al. ..., 24
Cisco, ISastland County, coal from.........oooio.. 13-11, 16
Clark, 13, J., test ol Oklahomwa coa! oo oon oo o 121
Clay Gonnty; dmbioal,. wis Trolke veudsms i sy 67T, 80-81
Clopton switch, Bastrop County. Hanite Trom near......... a7
Conl, AGCIIENES 31 ANIIEIES o om s mminosaimsmssrasievmsostsrso s sy 11
Goal, Aalyans ot PERIE. oo ey A 12-35
Ajsilysusof MBI wrmasmmn s sasenis s s ms: BG-5N

Aniyiea 0f ATKARSES: wmsi s oo e e s e s wa s



20 Index
Andlveos ol Colofaillyl o sonwessmmmann moomasiomie:bie samo 3010
Andlvses of TN sopomrens somsmma@eseg SsoRmTwss 10
Analvzez of Noew Mexien o oaiscni vveeivmsmona v 40-11
Analvsez of OKlahoma ...t S AR T R 11-47
AVOE sosrvcnesrss mevemmn RS s s AT BT 10
RiHoaiaphnt 61 o weommmanm sewmsamewsamn gw yewe 211-255
Tivet mining company ineorporvated. .o 241
CalioniTarans s 553 feEaramasi SRR 9. 12-1%, 19-21
Composition of ash of ... oo, 16-17
Composilion of. hrought info Texas. Chapter TTT.
Compogition A8 FeSAR: cuvsimavmss wem sesmesm mee 12-16G, 19-35
Copper inyash ol suu s s o remm s e 7
Crolareos 5w S5 s ia R e S SR S T Tif 1207
Distillation of, Chapter 1V,
Apparatus for «....ovieiniiiiiiiii i 48
TROSTTIEE D ronemvmsi isacomo i e s ARSI ARG S5O 50-535
Gas Trony,for Lol won sevurimmm e s Wi sesis 56-58
Tocation and extent of coal fields, ...t 0
Machine-mined ...ooveriiininiiieiiiiererainneanens 11
Men employed in mining. ..o, 10-11
NotH COnEal HOTd s mommmnmemime: mime s s sais o ]
Pocahiontas, compaved with ligniic, in was producer. ... .. TS
Producing comnlics: ..ovovaiseivoias daiavvesasveiaias 10
POt ION 00 s ieonisimsitimenis st wiie e Emip a1 et D b 11-12
Rate of acenmulation of. .. .. T —— .15
T BT BB IO orsurstominesios 5100 G 15 o BT T ST 33 (S AT 8T 10
Rio Grande field........ PR e S T R 46 9-10
Specifiooravily: s fon wiEeaBEenn S5n R saR A 15
D DT 08 5o metne s s e s e R ot e it 10
Thickness of seams............ SV T S S R & 10
VAIRGOR cmsnn som oo i e s & O SR R 3 12
Waghery T Dexws g s S e R TR e R S 11
Weight per cubic foot. ... .. .. ... ... . e 18
Coul Branch, Stephens County, coal on. ... ... .51-32
Cotl fields, TTONdS NY. covesmmmmmammmminsg meaemssme s s s D10
Caal ‘Hilnes, SAHHIGE ol smwmmnrammmsggs o 1 12-14, 18-21
Coke, from San Carlos coal, Presidio County,............. 30
Composition of, from Texas coals. ... ............... 52-53
Yield of, from Texas coals. ... ... .. 52-53

Composition of, from Oklahoma coal. ... .. .. ... ... 61



G [E NG AT 15 R | S — S me T e e L 24
INALIFA] (803 oen v BN S SR BT 78
Colorade conlsganaly=isiol s casan svrssnnensersamsuai 39-10
Columhia Manulacturing Co., Dallas, tests on ligmite. .. .122-123
(‘omo, TTopkins County, lignife from.......... S7-80, 91-05. 121
Como Coal Co. (lignite). Coma, Taplking Comnty.......... 87-89
Como Lignite Co., Como, opkins Counly.......92-0, 202-205
Confederate Tlome, Anstin, analvses of coal from.......... 16
Conners-Wyman Steel Co., Falliston, Alabama, analysis of
GO THOMI: »vwommimmion srsmipmsmimsnsisisas m iy e e s A7-308
Consummners Iuel & Tee Co., samples of eoal from......... coai=i
Consumers Lignite Co., Hoyt, Wood County........ .. 68 6,
78-15, 92-04, 104, 107, 122-123, 129, 139-141, 202-205
Lignite from, in gas produccrs............ veee B8-6H, T5-T75
Briquetiing tests on lignite lrom. .. ... ... o LIZ-108, 152-157
Cookville Coal & Lumber Co. (lignite), Mt Pleasant, Titus
Counly ..., e, S St e R 92-14, 202-205
Coupland, U. M., lignite from......... e S L 1o2
CrotatEous TORl. e o s s inm s s L0, 5251
LOMPoSHITNOT o convnvsmrrmsmaa e b 12-179
Weight per cubie Toot. .. ... e T s AT SR T
Crockett, Houston County, lignile [rom..... B e onen St 91-45
Crossley Brog., Manchester, England, analysis ol lignite by.. 104
Crowther, MeMullen County, natuval gas af ..o oo oo it
Crystal Falls, Stephens County, coal near. ..., B |
Cub Springs, Brewster County, coal at. ... o ... il
Cypress Bros., Caldwell; tests on lignite. ........oooo... 121
Dallas, Dallas County, prices of natural gns at............. R
Dallas  Lignite Co., Stockard and Tredlow, enderson
IR  oorior dinnionsosos wimisoimrmsinsfototie i v o wiN a8 L B B 3 US54
Dallas Waterworks, tests of lignite al. ..ot B2}
Darwin, Webb County, coal al.......... SR A e Ley, Ll-1v
Dawson Coal, New Mexico, analysis ol ... .o, i
BN DRI Y e isormmsssmnagi st simesn s et s e ) 9 i
Deal, Dumb and Blind LInstitute Lor Coloved 1 outns, Austi,
iulul‘)'b“l:i Of00al dT0M s aena e T R T Al tue
Deer Creek Coaly, Tigewater, dabani, analss1s 0l ooy oe. oo e

Degnan-MeConnell coal miaues, Whinuiton, Uksnioma, auigy -
©osis ol coul [rom...... ... S s T AR S ki



26 Indea:

Detroit Testing Laboratory, Detroit. Michican., analysis of

T e e e 28
Dewar eoal, Oklahama, analvses of .o oo, A2-13, 17
Dintmit Coniityy conl Miapesms vesmng papinis devepmm meenn 10
Daoleh eoal mine, Fagle Pass, Maveriek Conntv. ..o L. 21
Dow Coal Co., samples of coal from.. ... ..., a8, 42

st DECORY PIoINcw s s aims mman e s s sy 121
Dumhle, B, T.. hrown coal and Tienite........... 86-87. 108-110
Dufeh oven, hoilers setting, half. .. ... .. ... 126, 128-129. 131-132
Fagle Pass ecoal distriet. Maverick County. .. ... 10, 12-17, 25-28
Iarnests TV CLoon “Nalvot vepalen: oon sl aind sve mva » 129-131
Bastland County. eonl. oo oo, v samane s 1314
[idgewood Coal & Fuel Co. (lignite), Wills Point, Van Zand(

Cownty ..... S A e YRR R vevaess 12-01, 202-205
Eliott, T, R., State Purchasing Agent. analvees of conl for.. 29
Beath Caunts ool oo msmemm s wemes 13-11, 19-21. 25, 50-51
Evansville, Teon County, lignite from. oo oot 100
Haelivl, i o lHenite [rofiusvamans s ans e seniirais 103
Fallg Coumntv naluirdlions i ses s emmavmsons s SR
Ifargo. North Dakota, boiler fests on lignite at......... ... 17
Fayette County, lienite from...... ... ... 91-93, 108-109
IFernald., R, 1T, {este of Texas Nenifes in oas prodoeers, .. G7-68
Iireman. Peter, analvses of eoal by oo o... 30, 33
Firewood, consumplion and value of ..o oo oo, - 1
Flash point of el oil—(See¢ Specifications) oo o0 .. 211
Fort Worth. Tareant County, prices of natural gasab........ 81

Tosta 00 limiilesnteoven saems daeaamm 120-121, 136-138
Fort Worth Waterworks, Fort Worth. te<ts on lignite at. .120-121
Fraser Brick Co., use of lignite duost bvoooooooooooiins. 139
I'reight rates, coad, lgnite and pefroleum produets. ... .. 205-213
Fuel oil, eonsumption of by vailvoad=ooo oo oois, 208-200

IS 8 G0 v s svrcsmmsmmse o e v 200, 23

PRNEES (Ol simem i svsmams von s aansaemsaviess DO I9a T E

VITEATHEOT s sovmmn wnes s oyt Som s W) S pnndnd 211-212

Speeifioations [ois.: so e svasivens 211, 215217

‘Tl slouniers DTels Ll Sliis Sre s ST S ce e uiis 213
Fuel OF1 Journal; quoted. oo oo oo e ireeans 208

Fuels, vompardive efficiency of oo, 148, 22 1-231



Inder 21

Gallowpy Coal Co., Garnsey and Carbon 1L, Alabama, analy-

1% 0T GO PN v e voom mimmsssimsimsess s wsessmers v mens »0b (O I
Gambe, Chas. V.. boiler {est on lignite. . .....oooo oL 123-124
Gag, composition of, from Texas conls. ... ... 50-54

Yicld of from Texas epalec s ive vy 50-51
Candle-power aof, ftom Texas voals.................. . 50-51
Gas, cily, for fuel, male Mo conl. . ooovviiiiniainn, L 6-68
Comiposition of eonlgaf. vuivvisis vvssiin sais v e sames (1
Ol mtl el erenn. . o oot 2355 0 ST 8 i 0 s e B 60-63
Gas, nalural ..o e A 76-84
Consumption of; in Texas in 19I2...00iiiiiviinans savaw  [G8
Gas, produeer, consmmption of in Texas in 1912....... 65, 6G6-76
(asoline, from natural gas....... e e 82-83
Georgetown Oil Mills, Georgetown, experience with  half-
Dateh oven type of boiler for lignite............... 128
Gilfoil shaft, coal, Young Countv............ ATV AT 25
Glenu-Belto Mine (lignite), Bishop, Bastrop (“mmt\ ....... 87-89
Gonzales County, natural gas from. ... ... ... ..., 80-81
Green Chain Grate Stoker for lignite................... 137
Greenwood, J. ., tests on lignite. ...t 122-121-126

Hailey-Ola Coal Co., Haileyville, Oklahoma, analysis of coal

i1:59)) ECRERUE R N R T S R S i RS 42
Hammer, N. C., analysis of lignite hy..ooooooiiiiiiia.. 102
ITarvis County, natural gas in. ..o, 78
Heating power, factors Ior ealeulating. .......... 19, 61, 0. 80

O oas Trcim Tokas e0ild: con v pssmesmem s 50-54
Of Curliviifértunlbenalfe s pnasgoeram e R s R R . b4
QL Crolaceons eonlsin i ssis simmasimiieiin o nalls, 1. 54
) e 5 R e e LS e T S 87-89, 91-96¢, 110
Harrison County, lignife Irom. .. .oovviiiiiiiniiiinnn, 108-110
Hartlord, Arkansas, cemi-anthracife, analysis ol ... ........ 38
Tlendersom County, lignite from.ooooooiiiiin. 98-99, 108-109
Henrvettn Coal & Mining Co., Henrevetta, Oklahoma, analysis
=) ORI BIOTINL o ess o sriemisorpnominsssinns e b S PS5 42
Hicks, Lee County, Jignite from.ooooiieoe, o e 01-93
Hklly B slatisties of nafural gas. cooiaiiiiec i viieiesns 76-79
Hodges, A. ML, preparation of lignite........ o000 139-141
Hodges, 8., analyses ol Mlabama coals, oo oe. 5Y-38

Hopkins County, lignite from.............8 T-80, 91-93, 108-10Y



28 Index

Houston County, lignite from............87-89, 91-93, 108-110
Watnral aas Trome e i dm e s s gas v e 20-81
Honston  Connty  Coal Co.  (lignite). Tovelady, ITouston
GO v iimons s st oo ae s s e s 0 4 §7-89
Hounston Connty Coal & Manufaciuring Co, (lignite). Crock-
ott, TTouston Conmiv............. 092-91, 99, 100, 202-205
Brianetting tests on lienife from........ e 142-143. 157-159
Tienite from. in oas producers. . .o i e ., (7-69
Raanseilla, Baeh GO cossmmsamaswnear awmmess 100, 202-205
Hovt. Wood County, Tignite from....... 68-69, T3-75. 91-03.

104, 107, 121-125, 129, 139-147, 142-115, 152-157. 202-205

Hunteville Light & Power Co.. lignite from. .......... a0
Tindis eonl. ANATVES 0fe o vaovanloem i v s 40
Tndependence Mining Co. (lignite), Phelan, Bastrop County.
................................... 92-94. 97, 202-205
Tnternational Coal Mines Co. (coal), Eagle Pass, Maverick
OOy i I S R s 19-21, 28, 50-51
Tnterstate C'oal Co., Arkansas, test of coal from............ 121
Towa coals, ecompaved with lignite....... ... ..., 118
Jack Connbyrieotlsiil ci £o8 b lbe masios e bt dhd 19-21, 25, 50-51
Jamestown, North Dokota, hoiler testzs on lignite at........ 116
Jenny Lind Coal Co., Arkansas, test of coal from.......... 121
Jermyn, Jack Coumnty. coal from...........couinns aivaiess 19-21
Jewett, Leon County, lienile from.......... 91-93, 100, 202-205
Johnson; 10 1, lienite $P0mua o s asis s sommibn o 0iie 98
Jung & Sons Co., samples of coal from. .......oovvii.n.. 36
Leon County, lignite from......... 91-93, 100, 108-110, 202-205
| 7337 s L {6 O SRS O Gt St S SO | e SO N 201
Keeler, Palo Pinto County, coal from................ 13-11, 16
Kennedy, Jas. C., on lignite stokers. ........o0vvennnn.. 132-136
Kent, Wm., weight of a cord of wood..............oooun. 6
Kentuehy coall i 305 20 SRnals S oy IR TN ST EA S, HRELR 40
Kimble Pits, Brewster County. coal at........covvvvuan.. 23
Kéhler, A. €., ou use of lignite under stationary hoilers, ... .. 128
Kt MeAlustor T @ohl . sosmnm oo s 11

Kreisinger, Henry, Sec Randall, D, T



Ineer E 279

Ladonia Cottam 01 Co., Tadenia, experience with half-Duteh

aveir oiler for Hanitow .o vovamemmvsn acovis ..128-129
Laredo, Webh Connty, natural gas supplied to......oooo0. T
TLarvedo coal districl. ..o i iaeenes 10, 12-17, 35-31
Ledbetfer. Favette County, Tanite from. .o 9]
Tedonx & (o, N. Y., analvsiz of lgnite by....ooooivnin. 98-99
Tiee Cloxmis: Henilodroms s s oot i ama s s 1 91-93. 108-110
Tagnite. analvzes.—(See alzo under separate counties) .. ... 87-111
BiRTOE PN OF e snmmmm s wm e e 247
Roiler tesls oy s e aErrssimers s 116-128, 134
DU S e o sy p s s s oo s ey 112-164
Compasition of 48N 0F. cooe svn wemime s s s e 89
Conzmmption of, for making producer gas........... 65-66, 71
Cost ol pumping with.ooooooona.. s e 1e0-18 1 TR
Distillution of , Chapler X1,
B Jourope, CRAPIET X wwms e smemsmssonss coae. 186 et seq.
Dry distillation ol I'exas, Chapter XTI
Lignite fields. Jocation and exlent of ..ot 85-87
Iixtent of, in United States o iincviiine soveivsniiins 85
Ligmite, hoaling poweiiol. s v sinesims sinemimn s misins 92-01. 96
Menginjploved 38 IR ..ovmeanroas s seses aweol G
PREpATAlToN. s nnns ey i a SR 139-141
Profucini colNTI0s smos e s s sl S S BRu g 86
Relative value for stemming yorposes. ... 197-198
REPVVOE OFL 1o v mimmimsmrnome asiss sismsim s s s s omy s S5
Residue, relative value for steaming purposes. ..., ... 197-198
TIhderatationery Morlersi e s imrr e i wem satieaum- 112-139
Stokers ......... S R R AR R R 122-139
RV O Y R Y e e 1R
Value of products from a ton ol .o oooeiiiiina... 197-200
Workable seaing oFicoussmsivanpeisngu saosuys e mes 85-86
Lignite Fagette Coal Co. (lignife), Roekdale, Milun County.87-89
Limestone Counly, lignite from. ..o 108-109
T T e e erer visms e e i i e vt s s st v3, 80
Llave conl. Laredo district. Webh commty. .. ..o.. o S 35
Lone Star Brewing Co., San Anfonio, boiler {est on lignife
RN 0 550 0 SN W wnam iR i e TR A D R R T 123-124

Lone Star Gax Coosupplics natnreal gag (o Novrth Tevas citios
GEEE SEONCINE, mmranonann. smmsson w1 5o0omieron et o Ol Sl 60 A Th-TY



280 . Index

Lone Star Lignite Mining Co., Como, Hopkins County......
................................... ceen 02-914, 202 205

Longwell, 1T. K., veport on test of lignite in gas producers. .73-75

Lost Valley conl, Jack County. .., .. T R 25
Lovelady, Tlouston connty, lignite from. ... ... ... ...... S7-89

Lower Strata Lignite Mining Co., Tedbetter. Favetle Countye, 98
Lytle, Medina County, lignite from...87-89. 91-94, 100, 202-204

MeAlester Fuel Co., samples of eoal from.........o.s carape | 10
Anialvsis oLetll fofi. o vsmmmsmsams s s s 42-43
McAlester Lump Coal, analysis of . ........ AR R R0 i 45-46
MeAlester mine rim coal, analysis of ..o oo ool 16-47
MeAlester, Oklahoma, pea coal. distillation of.......... . .51-52
MeAlester slack eoal, analysiz of. . ... oot 43-14
MeAlester washed chestnut, analvses of oo an. L
MeAlester-Idwards  Co., Pittshorg, Oklalioma, analysis of
cod] TPOM s emaaiins 588 0u B R s A S R 42
McCulloch County, natural gas in........................ 78
MeMullen County, natnral gas in..ovvvevnvnioiii.. 79-81
Madrid, New Mexico, conl {rom......ovvieiiiiiainnan, .. 41
Malakoft, 1lenderson County, lignite from................ 98-99
Mandan, Niorth Dakota, hoiler fests on lignite at........ 116-11%
Marshall, Tarvison County, supplied with natural gas [rom
Caddo, Louisiana ............. T A L.
Prces:of-1nluraliguiath . o o ovsensmsnsmarsa s suae i 83-84
Maverick County conl. ..o ovvncniiiionin 13-17. 18, 10-21, 50-51
Maverick County, natural gas in.......ooooniinain.. 78, 50-81
Maverick County Coal ('o. (coul)...... e 13-14, 25-28
Medina County, lenite from.......... 87-84, 91-03, 100, 108-110

Megass—See  Bagasse,
Meleher Coal & Clay Co. (lignite), 0°Quinn, Fayvette County.

............. S R R e s T, 2035205
Mexia Commercial Club, information about natural was..... 80
Mexia, Limestone County, natural gas at............... 73, 80
Mexican Crude oil; production of ... ool 212
Importation of ... e (DR
ERCUTIVE TIORRR DB oo vmormich oo aitisiosson s oo S 5 212
IHALYSIS O R i omin oo e AR AT Lo 212
Maland Cowity; Hetiilo:from com vorimvsmiih ot cres i -

................ 87-89, 91-Y3, 100-101, 108-110, 202-205



Inder 281

Minera, Webh Connty. eoal at.oooov i vioiiins 12, 11-16
Mineral Tndustry. The, quoted. .. oo o oo 209-210
Mis=onri eoals, compared with lanite. ..o ..., 118
Matitagne eoniity 600l cuvssaa s susan iz e 25
Moran. Shackelford Connty, natural gas fmm .......... 77. 80-81
Morev, Wm., Jr,, quoted on producer gas................. 75-76
Morris County, ]1gm‘fn T IINY i i ac  p  A s 108-110
Morrvis. H. C., quoted on healing power of natural gas from
ITOMTR racusizmsn o msrssmein il S O e S I ST S §0

Mt. Marion (Ceal Mining (o, Palo Pinta Countv. (See
Strawn Coal Mining Co.)

Mt. Pleasant, Titus C'ounty, lgnife from...... ... ........ 91-93
Nabiwal SaB vl Fas o o s o oV Kis b 76-84
Natural gas companies, acreage controlled by.............. 79
Natntal gas, AnalyEEE ol e voimamennssses s 80-82
BABIOETAPHY OF v varainsdoiwsnsrsie il saaam e e e s e aies 267
Cities and towns supplied with...... ... ... ... T6-17, 84
Healing power-of oo ivvivsssvanin sonsiisvinsyesis 77, 80-83

Localities referred to: countics—Angelina, Atascosa, Brown,
Clay, Coleman, Falls, Gonzales, Harris, Iouston, Lime-
stone, MeCulloch, MeMullen, Maverick, Navarro, Red
River, Shackelford, Trinity, Webl.

Pina Doy fromn Olay (Conty. .ousemwmnawases s amsmiss 6-71

PHIEOR: OFL vinarmarsaverssransie oo o st aoe s e s alsn s 83-84

Statistios relaling 0w sniimesnemsranmn o saa s g 76-84
Navarro County, natural gns in..ooooviiiiii ... 78
Nelson, R. B., lignite from. ... .. ... ... .. ... ... .... 103
Newby, Leon County, lignite from......oooiiiiinn. 100
Neweastle, Young County, coal at................. 19-21, 50-51
New Mexico coals, analyses of.....oouniiinniiiiiinann, 40-41
North Dakota Agricultural College, hoiler tests on lignite at. 117
North Dakota lignite, boiler tests on................... 116-120
North Dakota School of Mines, lignite tested at.......... 142-163
North Dakota, University of, lignite sent fo....ooovvi it 142

Tedts on Hontealtvw s mieessamem s s siirsss 117
North Texas Coal Co. (lignite), Alba, Wood County...... 87-89

North Texas Hospital for the Insane, Terrell, analysis ol cozal
FBOIE orarmss s oosinterssrmssioey ey st 4 N ST TS TR G R 1% 16




282 Index

Oak ITill coal, Walker County, Alabama, analysis of........ 3
0il and water gas, Tor Tuel. ... coovviiiiiiiiiiin 60-63
Oklahioma coals, analyses of ... vovveiviiiii i, H1-47
PR BP0 i rmeionaneiseraisnsin s s asmsacariiag oo TR A 121
COKE FEOT L cursiwrarame somvmsniiaisse sTsimin: s ime 40w v mnsn i e o 458 61
Oklahoma Coal Co., Dewar, Oklahoma, analysis of coal Trom.42-43
Olmos Coal Co. (conl), Bagle Pass. Maverick County........

e e e s N A A AR S RS 10-21, 26-28, 50-51
Olsen Mine (lignite), Rockdale, Milam County............ 106
Olsen & Song, J. J. (lignite), Rockdalp. Milmn County. . ..87-89

Test of lignite from in, gas producers. ... 63
O’Quinn, Iayette Counly, lignile from........oooiainn 91-93
Osage MeAlester lump coal...ooviiein i iiiiiiiinae, 41
Paluy, O, 1., analyses hyss casein 58 daiesis aasua . 13-14, 16
Palo Dinto County coal.............. 15-11.10-21, 23-29, 50-51
Panola. Govntl;, Natitg it e vonee svvermsonmmmmes 108-109
Parker Cotinily woulicswmvenmsnnasasmmmnies 13-16, 19-21, 50-51
Pennsylvania coal, compared with lignite...ooooooaon. 116
Petroleum, bibliography ol ... 255
Petroleum, crude, relative value for steaming purposes. .. .197-198

Production of In Texus. . vaoviain sanpvveraiaie e 217-223

Nealue: 0 i cuiieme i s uvaiiniymaiymmpasms saise 219, 221
Pétrolia, Clay County, natural gas from........... 76-77, 80-81
Phillips, Drory MeN., producer gas in Texas.......... 66, G9-70

Prgparation ol MERILeS vos smummmasmins wsvesmmniseons | 139-141
Phillips, 1. (\., analysis of nalural gas from Caldo, La. ... .. 80-81
Pipe line construction in 1912, .. .. .oouiiiiiiia . 210
Pitisburg Testing Laboratory, analysis of lignite hy. ... .. 110-111
Plant, C. 8., analyzes of Olmosg coal from. ... ... .....o... 28
Poole, TL; dnalyses of matuealimisic i suvubinais domasis i 82

Weight of a cord of wood, ... ovieiiii i, 6-7
Porch, E. I., Jr., boiler test ol lignite hy............... 126-128
Port Arthur, Jefferson County, snpplicd with naiural gas [rom

Caddo; Louisiana 5 scemsvsisiih dubends s v e 4o 84
Poteet, Atascosa County, lignite frone. ... .. T 97

Poteet Sand & Coal Co. (lignite), Poteel, Mascosa Countyv., 97
Presidia Cotnty €oiliw v s ey s 29-31



Prodiietionss Bblogiapliconlog semimenrpmm esssain s nsnste: 267
Composition: 0f . e .55 om il S ievas va e S sl 67-70
Amonntiol, Wade DY Tesas v.or rvumsvmmmammvsmme oy G5
TISE.0F; TH TRERRE. mcriramas oo oers mie e s e i Sl mree 66-75

Nailroad Conunizsion, tavifz of freight rates on eoal, lignite,

anf petralonm Produetfu: g innarwassiveves 235-243

tina Commnty, Tienite from. oo 108-110

Randall, D. T.. and Henvy Kreisinger, hoiler tests on North

Dakaly lignite: oo s s vl vansRsra 118-120 .

wton, New Mexico, coal Trom. ... 11

Iteais, TL S ivude Gl Pritei e s smsemeases st so vo 209-210
Bipe lineiganetiiiefionccosssmiinnnve s sy s 210

Ted Biver Comty, nafural saefitieives seasvsvsvssssais 80-81

Redwood, Boverton, quoted on foel oilo...ooooooin... 213-215

Roids W, JAE0IE 0L e sosrn i imiaiie s smmmissnmn wissiscesss 98-99

tefineries, 01l oomommsmmeasmaea K 0 T S S 210-211

Rio Bravo Coal C'o. (coal). Eagle Pass. Maverick County...13-14
Rio Grande Coal Co. (coal), Laredo, Wehl County

.................................. 12, 14, 19-21, 50-51

Tin Grande Coal & Trrieation Co., Larvedo, Webhly County,
arialygos of eonl TroMiscvwi i wmmmmeianesie oo 33-34

RioGrande Conl Neltlgesesvevas isais s Sisasesid o 9-10

Wherts, C. (1, on hall-Duteh oven type of boiler for lignite.. 128
Robertson County, lignite from......oovvviiiiiniiiunn,
.................... S7-89. 91-91, 101-102. 108-110, 137
Rock Creek, Parker County, eonl from............... 15-14. 16
Rock Creck Coal Co,, Texas, {est of coal from............. 121
Rockdale, Milam County, lignite from. .. ...t
e 87289, 91291, 101, 121, 192, 202-205
Rockdale Coal Co. (lignile). Hicks, Lee County..92-94, 202-205
Rockdale Clonsolidated Coal Co. (lignite), Roekdale, Milam
BT e T e e T e e o mgs tye Kan N 92-94, 202-203
Rockdale Lignite Co., Rockdale, Milam County. ...92-01. 202-205
iodaorsl e W, HEHHEI BNt e v s vamsssmemaioas 97
wwlett & Wells (lignite), Rockdale, Mikun Conndy. ... ...
......................................... 92-94, 202-205
Iviste: Counity, JIgnite Troml, .. veesonimeinsoeniosanssoss 108-110
Russelly, R, I, analyses of coal and coke [rom San Carlos
Rk, Presidio COUITE anmmammsn s s mseesms 29-30



284 Inder

Russell, W, M., analyeic of natural gas from Clay County. . .80-8]

San Angustine County, lienife from.....oooovnnn. ve...108-110
San Carlos coal field, Presidio County......oovvivnian. 29-31
Santa Minine & Developing (fo. (coal), Parker County. . ..50-51
Santo Tomas coal, Webhh Countv............ ceeae 235, 8L 50-51
Shackelford County, nafural gas in.......ooooiiiiiiinn.. T
Shale, Scoteh, Chapter XN.
Troducts from........... S R R R 181 et seq.
Shelby County, lienite fron. .o .. §7-89, 108-109
- Silver Moon Cfoal Mine, Coleman County......... e 24
Sinith Cownts. Hnile Tt voavmsnsaienenmensss 102, 108-110
Smith, Fugene Al analvses of Alabama coals from........, 37-38
Smith Gas Power (lo., stalement in regard to use ol lignite
in a gas producer......... P — e 69
Smith-Lee mine (coal), Kastland Counly.....covvivnn. 13-14
Smith., M. I',, on half-Dutch oven type of hoiler for lignite. .. 128
Snow, €. H., weight of a cubic foot of wood....... ST 7
Southern Fuel Co., MeANlester, Oklahoma, analyses of ecoal
T B e e T e e 42-13
Lostiof eoal Lr6il: o vmmmmsnmemsossm i asemmams wesm « 121
Southwestern Fuel Co. (lignile), Calvert, Robertson County.
s A A e 92-04, 102, 136-138, 202-205
bouth'.\vbi(m lm-l & Manufacturing Co. (lignite), Calvert,
Rohertson Couniy ...... B R R YR A SR 02-94
Southwestern Tngane Asylum, San Antonio, analysis of coal
TIOMT s e s e s s st e P s 47
Southwestern States Portland Cement Co., lignite producer
T S I N 66, 69-70
Speeific gravity of Tuel ail—(See Specifications) oo .., 211
Spécilications Tor Futl 0ilceemves sws smamisme e s 2L5-21%
Star & Crescent Coal Mine, Coleman County. ..o, .. 249
State Epileptic Colony, Abilene, analyses of coal for. ... ... 29
State Lumatic Asylum, Auvstin, analyses of coal from...... 45-46
State Purchasing Agent—See Elliott, J. R.
Stephens County coal, .. oo ooi... N i ) B
Stewart Creck Coal Co. (voal), Jack Connty, ..., .. 19-21, 50-51
Stokers, lignite ... L ST o 12120
Stokers for lignite, Green Chain Grate, ..ol L35

slolley; Otloy coal B o et imm pomms vt son g saa s 53



Index 2R5

Strawn Coal Mining Co.. Strawn, Palo Pinto Cowndy. ... ..
................................... 15-1 1 28-20, 50-51

Stromensky  Son. Wootan, Robertson (founty, lignite fron.. 102

Stullken, J. T, analvses of coal by oo iei i iie e 15

Acknowledements to.—Introdnetion.

Swastika Fuel Co.. Rafon. New Mevieo, aualveiz of conl from. 41
Swift & (‘0. Fort Worth, test on lignite at plant of..... . 136-138

Tar, Tignite: treatielt ofizseasmimme e s wess 178 el seq.
Tar, from Texas lignite, distillation of . ... oo ans 191
Livinite; nrodueleTr0mM, v momemnsornmseimarne s 178 ol seq.
Niold o TEmH oA wo wmmmmms o wms s e U ¢
Analysiz of. .. .. T R A R R A S SRR ...038-h9
'[I r = 3 Y [ o N I' * | &)
Temple Waterworks, Temple, {ests on Tignite hyv.ooooooon, 12
Tennessee Coal, Tron & Ry, Co., Pratf, Johns and Blocton,
Alabama, analysis of coal from. . ... ... aT-38
Texarkana, Bowie Couniv, supplicd with natural eas rom
Gl elo; LoniSimin o ceseoun g wmme imy, Die S e 81
Prices of matornl @i M oo s b e i roe e 88 b Nl
Texas coals, average composition of ... .. T-h 20, 35

Disenssion of, Chapter 111
Pexas Coal Co. (lanite), Rockdale. Milaom County. oooo o0
............................ 0204, 101, 102, 202205

, Parker Conndy. oo ., 1:3-16
The Texas Company, asphalt contributed by, oo, 112
Texas & Pacific Coal Co. (conl). Thurher, Erath County... ..
................................... 15-11, 19-21, H0-51
Thurber, Erath County, conl from....... 13-11, 19-21, 25, 50-51
Tilson, P. 8., analysis of Henite by, ... oL 103
Timipson, Shelby County, lignite o, oo, 81-84
Timpson Coal Co. (lgnite). Timpson. Shelby County. .. ... §7-89
Tredlow, Tenderson Connty, ligniie from. oo ool 98-HH
Trinidad, Colarado, coal Trom. ... oo viieiiineinne s 30-10
Trinity County, natwal gas F'rom. oo oo, NO-81

Udden, J. AL =amples of coal Trom San Carlos field, Presidio
1840111 07 1 b B SRRy o DU 31
United Gas Dmprovement Company, analvsis ol natural s

e e e e e R e e [0-81



286 Index

United States Geological Survey, stalisties of ... ..o ...
.............................. 10-12, 56-57, 62, 218-221
Technologic Branch, analysis of coal by................. 33
University Mineral Survey......... R TR R— 9, 12
University Power-louse, analyses of coal from...........50L 1}
Agalyris of Henite frome-. vveasss vananss vagammniigmmis 101
Upsghnr County, lienite from. ... T 103
Van Zandf Conntv, lienite from...... R AT ) s 91-93
Nelvet? orittes: for MEtiles s v s svannie el 28 . 129-131
Vogel Coal & MannTacturing Co. (lignite), ]\ncl\ﬂ-ﬂo Ml] tm
)3 1 ) RS VW e N e o e Doy gt ke 92-03. 203-203
Vogel & Torenz (lignite). Rockdale, Milaw Counly. .. .....¢ 92-914
Waco, to he supplied with natural gas from Mexia.......... 51
Wadsworth Red Ash & Coal Co., Falliston. Nabama, analysis
OFVE0R] ST o csiorssmoismersss s m RS TR S .. 37458
Waldrip Beds, Coleman County, coal from. .o 2
Walker C(mut_y, ligtide: IR s e i weaaaaes 105
Water and oil gasg-Tov Iwel: covsiviim sl asie i st viswms GO-G33
GO PR OROER R, s e s s riminie i ansnir e i G
Webb County coal............. 12-16, 18, 19-21, 25, %3-35, 50-31
Natoraligas Troi o sammemesmmommss s s oo 7, S30-81
Westinghouse Machine Co.. tesis of lignite in gas producers.
............ S e Ly o e PRI e R 1111 Nt L
Whitehouse, Smith lmml;, lignite Leom near....ooovee ... 102
Whitlield, J. lidward, analysis of coal rom Burnet County.. 23
Wichita Iralls, Wichita County, prices of natural gas at..... ]
Wilters Bh-Bay QUOTCH i wvaemmm e snmi st b s 116
Williston, North Dakota, hoiler tesls on lignite al........ 118-120
Wills Fomt, yan Zandt County, lignite from............. 91-93
Wise County coal....... A B S 15-16, 19-21, 25, H0-51
Wise Couny voal Co. (vonl), Bridgeport, Wise Counly. .
..... PRSP SR TN 5 L L 1 ’J H0-51
Wood County, bguite from. ...... G3-6Y, T5-T5, Si-8Y, Y1-93,
104, 1v4, LUS-110, 123, 129, 189-143, 152-15%, 202-205
Woou, ash 0L..oovvnvn... T e R B e T 7-8
Wood, conswmption and value of. T AT e R R 31
LEeathigg pOWeF UL wveipaoin ssas e S e caonen d=d

MLOISTAER A Cooanlaiii e siain arei o ale. swie asaare v via wis S R A a8



Weight of aieord. . .05 e b s cnmimiepss it e R TR 59

Weight of a cubic foot of . vcovvevnviin i, v
Wootan, Robertson County. lignite from near........... 101-102
Wooters, Houston County, lignite from....... ...t a9
Worley mine (lignite), Rockdale, Milam Countv.......... 87-89
Wonne, '@ Ay, Henilte Brom .. s csiniaii=sbinns e 103
Young County coal...covvvvninneiiniinnn., 19-21, 25, 50-51
Young mine (coal), Palo Pinto County................ 13-14

Zavala County, coal in........cooviiiiirinineriinenn, 10



	Bulletin of The University of Texas No. 307. Scientific Series No. 35, December 22, 1913. 
	Introduction
	Table of Contents
	Index

	The Fuels Used in Texas
	Chapter I: Bagasse (Begass, Megass) and Wood
	Chapter II: Coal
	Chapter III: Composition of Coals Brought into Texas
	Chapter IV: Dry Distillation of Texas Coals
	Chapter V: Gas
	Chapter VI: Lignite
	Chapter VII: Other Analyses of Texas Lignites
	Chapter VIII: Raw Lignite as a Fuel Under Stationary Boilers
	Chapter IX: The Briquetting of Texas Lignite
	Chapter X: Utilization of Brown Coal and Lignite in Europe
	Chapter XI: Distillation of a Texas Lignite, for Recovery of By-Products
	Chapter XII: Dry Distillation of Texas Lignites
	Chapter XIII: Fuel Oil
	Chapter XIV: Comparitive Efficiency of Fuels
	Chapter XV: Freight Rates on Coal, Lignite and Petroleum Products
	Chapter XVI:Bibliography of Coal, Lignite, Natural and Producer Gas and Petroleum in Texas


	Illustrations
	American Lignite Briquette Co., Big Lump, Milam County—Tunnel in 10-ft. of Lignite—2000 ft.
	Belknap Coal Co., Mine No. 2, Newcastle, Young County.
	Bridgeport Coal Co., Shaft No. 2, Bridgeport, Wise County.
	Olmos Coal Co., Eagle Pass, Maverick County. Washer Plant.
	International Coal Mines Co., Eagle Pass, Maverick County.
	2 ft. of coal between Jake Weitzel and Berry Meadows mine, near Crystal Falls, Stephens County.
	Cannel Coal Co., Darwin (near Laredo), Webb County, San Jose Mine.
	Santo Tomas Coal Co., Minera (near Laredo), Webb County.
	The Miller Gas Well, Petrolia, Clay County—Lone Star Gas Co.
	Kirkwood Burners for Natural Gas. Wichita Falls Light & Water Co., Wichita Falls, Wichita County.
	Natural Gas Line at Plant of Northwestern Brick Co., Wichita Falls, Wichita County.
	Como Lignite Mining Co., Como, Hopkins County.
	Underground Electric Haulage, American Lignite Briquette Co., Big Lump. Milam County.
	Tipple and Boiler-House. American Lignite Briquette Co., Big Lump, Milam County.
	Alba-Malakolf Lignite Co., Mine No. 2, Malakoff, Henderson County.
	Coming up the slope with a trip of loaded cars. Consumers Lignite Co., Hoyt, Wood County
	McKay Lignite Mining Co., Como, Hopkins County.
	The Velvet Grate Bar for Burning Lignite Coal
	Consumers Lignite Co., Hoyt, Wood County.
	Lignite Briquetting Plant under construction, Minot, North Dakota.
	Houston County Coal & Manufacturing C. Tipple at Evansville, Leon County, Lignite.
	The Treatment of Lignite Tar
	The various products derived from Scotch shales
	The distillation scheme for the treatment of tar from German bituminous shales
	Diagram of Bohemian Lignite Tar Treatment
	Texas Coal Co. (Lignite), Rockdale, Milam County. A tunnel in lignite.
	Texas Coal Co. (Lignite), Rockdale, Milam County.
	A line of fuel oil cars. Sour Lake, Hardin County.
	A Rotary Drill Rig—inside the derrick—1700-ft. hole. Putnam No. 10, Electra, Wichita County.

	Tables
	Numbered Tables
	Table I. Production and Value of Coal and Lignite, 1895-1912—Short Tons.
	Table II. Composition of Texas Coals—Sampled at Mines by University Mineral Survey, 1901-1902.
	Table III. Composition of Texas Coals—Samples Received from the Companies, 1910-1911
	Table IV. Proximate Analyses of Texas Goals—Alphabetically Arranged— Dry Basis.
	Table V. Results of Distillation Tests on Texas Coals.
	Table VI. Composition and Character of Residue Left in Retort after Distilling the Coals Represented in Table V.
	Table VIA. Production and Distribution of Coal Gas and By-Products from Coal in Texas—1902-1912.
	Table VIB. Production and Distribution of Oil and Water Gas and By-Products in Texas—1905-1912.
	Table VII. Composition of Texas Natural Gas
	Table VIII. Composition of Texas Lignite, Sampled at Mines by University Mineral Survey, 1901-1902
	Table IX. Composition of the Ash of Texas Lignites
	Table X. Analyses of Texas Lignites—Company Samples
	Table XI. Proximate Analyses of Texas Lignites—Alphabetically Arranged— Dry Basis
	Table XIII. Proximate Analyses of Texas Lignites
	Table XIV. Ultimate Analysis of Texas Brown Coals
	Table XV
	Table XVI. Results of Distillation Tests on Texas Lignites
	Table XVII. Composition and yield of residue left in retort after distilling the lignites represented in Table XVI. Dry.
	Table XVIII. Production of Petroleum in Northern Texas, 1902-1912
	Table XIX. Value of petroleum in Northern Texas, 1902-1912
	Table XX. Production of petroleum in Coastal Texas, 1902-1912
	Table XXI. Value of petroleum in Coastal Texas 1902-1912
	Table XXII. Fuel cost of evaporating 1000 pounds of water with coal.
	Table XXIII. Fuel cost of evaporating 1000 pounds of water with lignite
	Table XXIV. Fuel cost of evaporating 1000 pounds of water with fuel oil.
	Table XXV. Fuel cost of evaporating 1000 pounds of water with natural gas.
	Table No. 1. Bates on Soft Coal (Except Slack), Smithing Coal and Coke.
	Table No. 2. Rates on Slack Coal.
	Table No. 3. Rates on Lignite and Lignite Briquettes.

	Small Tables
	Tropical Cane Composition
	Firewood used in 1908, in Texas
	Quantity and value of firewood used in 1908 in the United States
	British thermal units per pound of different varieties of wood
	The weight of a cord, 128 cubic feet, of seasoned wood, in pounds
	Poole gives the weight of a cord of wood in pounds
	Snow gives the following figures as the weight of a cubic foot of seasoned wood, in pounds
	In these coals, as mined, the following variations in composition were observed
	On dry basis
	Composition of the Ash of Texas Coals.
	Averages
	On dry basis, these become:
	Three analyses of coal from the Rough Run district
	Analysis of coal from Burnet county by J. Edward Whitfield
	Analyses of Coal from Coleman County
	Analyses of Coal from the Waldrip Beds, Gohman County
	Six analyses of Texas coals in percentages
	Analysis of coal from Lost Valley, Jack county
	Analysis of coal from near Eagle Pass, Maverick county
	Analyses of coal from Dolch Mine, near Eagle Pass
	Analyses of Coal from Olmos Coal Company, Eagle Pass, Maverick County.
	Analyses of coal from the Olmos Coal Company, Eagle Pass
	Analysis by the Bureau of Mines, Washington
	Analysis of coal made by The Detroit Testing Laboratory, 1912
	Analyses of coal sampled from the bins and the boiler room of the State Epileptic Colony
	Analyses of Coal from the San Carlos Field, Presidio County
	Analyses of San Carlos Goal, Presidio County
	The analysis of the coke
	Analyses of Coal from the San Carlos Coal Field, Presidio County, Texas
	Analysis of Coal from Coal Branch, Stephens County, Upper Bench
	Analysis of Bottom Bench of Coal, Coal Branch, Stephens County
	The composition of the entire seam of 24 inches at this place
	Analyses of Cannel Coal Company coal
	An analysis of coal from the Laredo district
	Analyses of samples of coal from the Rio Grande Coal & Irrigation Company
	Analyses of coal from the Santo Tomas Coal Company
	Analyses of two samples of Santo Tomas Coal
	Average Composition of Texas Sub-bituminous Coals
	Range of composition of coals
	Composition of sample of coal marked "Alabama Lump."
	Analyses of coal recieved from Jung & Sons Co.
	Composition of a sample of Alabama blacksmith coal from Yolande
	Analysis furnished by Dr. Eugene A. Smith
	Composition of coal marked "Hartford, Arkansas, semi-anthracite"
	A Composition of sample of Arkansas semi-anthracite sold for domestic use in Austin at $10 a ton
	A Composition of Arkansas semi-anthracite taken in Austin, August 20, 1913
	Composition of "Bernice Slack"
	Composition of samples of Colorodo coal from Trinidad
	Composition of Blue Ridge coal, Saline county
	Three analyses of coal samples taken in El Paso, 1913
	Analysis of sample carload shipped to Mexico City
	Analysis of coal from Oklahoma
	Analysis of McAlester slack
	Analysis of Oklahoma lump coal
	Analysis of Oklahoma domestic lump coal
	Average composition of washed McAlester Chestnut coal
	Washed McAlster Chestnut
	Samples from State Lunatic Asylum
	Samples from Deaf, Dumb and Blind Institute for Colored Youth
	Samples from Confederate Home, Austin
	Samples from the North Texas Hospital for the Insane
	Samples of McAlester Mine Run from the Southwestern Insane Asylum
	Average of fourteen samples of Dewar coal, Oklahoma
	McAlester pea coal gave 6,130 cubic feet of gas per net ton, with the following composition
	Composition of McAlester pea coal
	Analysis of Coal Tar from Oklahoma Coal
	The Distillation of coal tar
	The Distillation of the light oil
	The Distillation of the intermediate oil
	The Distillation of the heavy oil
	Recovered from 1,000 gallons of this tar
	Average composition of coal gas supplied to a Texas city
	Price of fuel gas sold in 1912 per 1,000 cubic feet
	The cost of 100,000 cubic feet of fuel gas
	Average composition of oil and water gas
	Comparison of composition of oil and water gas
	Variation in British thermal units
	Heat unit factors
	Consumption of fuel gas in Texas, 1912
	Average composition gas from Crockett, Houston county
	Average composition from Consumers Lignite Company
	Composition of gas from Rockdale, Milam county
	Composition from gas from Pittsburg, Pennsylvania
	Average composition of gas from Hoyt, Wood county
	Tests of Pocahonias coal
	Tests at 125 horse-power
	Coal Analyses
	Gas Analyses
	Record of Natural Gas Industry in Texas, 1909-1912.
	Acreage Controlled by Natural Gas Companies in Texas
	21 samples of natural gas from different localities
	Prices of gas in Dallas
	Distribution of Lignite in the United States
	Variations in these analyses of material as mined
	In these lignites the following variations in the composition of the ash
	Samples as Received.
	Average compostion of Texas lignites
	Heat units in lignite as determined compated to those obtained by calculation
	Atascosa county, near Poteet
	Bastrop county
	Bowie county: Sample from B. W. Bodgers, Texarkana. Analysis No. 38
	Brown county lignite
	Fayette county
	Henderson county
	Analyses of lignite from Tredlow
	Analysis of lignite made by the Babcock & Wilcox Company
	Analysis No. 751
	Analysis No. 648
	Leon county: Bear Grass Coal Company, Jewett
	Houston County Coal & Manufacturing Company, Evansville, Leon county
	Medina county
	Analysis No. 833
	Lignite from the Texas Coal Company, Rockdale, sampled in University power house, May 9, 1913
	Robertson county: From near Bremond, July 5, 1913
	Lignate from near Wootan, Robertson county
	Smith county
	Upshur county
	Walker county
	Wood county
	Consumers Lignite Company, Hoyt.
	An analysis of this lignite made by Crossley Bros., Manchester, England
	Houston county
	Medina county
	Milam county
	Big Lump mine
	Robertson county
	Wood county
	The calculated heat units of some of the Texas lignites
	Analyses of general mine conditions at Mines 5 and 6
	Boiler Tests on North Dakota Lignite, at Mandan, N. D.
	Boiler Tests on North Dakota Lignite, at Fargo, N. D.
	Another natural draft test was made on North. Dakota lignite at the North Dakota Agricultural College, in 1902.
	Principal Dimensions of Furnace, Boiler and Grate Used in Tests of North Dakota Lignite, Williston, 1908.
	The average composition of the lignite used
	The cost of fuel, per million gallons of water pumped
	Relative costs to produce one horsepower 
	Four Texas lignites were tested at the same time
	Average temperatures
	Boiler Tests on Texas Lignite at San Antonio, Texas.
	Tests made at the Temple Waterworks on five different kinds of Texas lignites
	Average amount of carbonic acid
	Water evaporation rates
	Friday's Test
	Tuesday's Test
	Partial list of installations in Texas
	Kind of coal, Cruches mine run.
	Another test run after stokers were installed
	Analysis of lignate burning at Brenham, Texas
	Analysis of Coal
	Analysis of Ash
	Water
	Pressures
	Horse Power
	Economic Results
	Efficiency
	Analyses of Lignites from Consumers Lignite Co., Hoyt, Wood County, Texas.
	Bear Grass Coal Company, Jewett, Leon County.
	Consumers Lignite Company, Hoyt, Wood County.
	Houston County Coal and Manufacturing Company Evansville, Leon County.
	Composition of Gas
	Composition of residue, dry
	Size of crushed residue
	Chemical Analysis Briquettes
	Chemical Analysis Briquettes
	Composition of residue, dry
	Size of residue
	Composition of briquettes
	Composition of briquettes
	Composition of briquettes
	Composition of mixture
	Composition of mixture
	The composition of gas
	The Composition of residue, dry
	Sizes of residue
	Composition of the briquettes
	Composition of mixture
	Composition of mixture
	Composition of briquettes
	The relation in cost per ton of briquettes
	Proximate analysis
	Its ultimate analysis
	Fuel-lignite composition by ultimate analysis, on an air-dried sample
	If pyropissit be subjected to dry distillation
	Distilling-lignite yields
	Fuel-lignite yields by distillation
	Distillation-lignite gas
	The chemical composition of Scotch shale
	The composition of bituminous shale of France
	The yield of different bituminous shales, in percentages
	The composition of gas of the Scotch industry
	The nitrogen content of the crude material
	The analysis of gas
	Products of tar having a specific gravity of 0.86, during the first distillation
	The loss in washing
	The products from lignite tar
	Composition of gas distilled from shale tar
	The yield of single products in Scotland
	The yield of tar from German bituminous shale
	An average of thirty-eight analyses
	Upon distillation, products lignite yields
	The analysis of 6,350 cubic feet of gas
	The profit of a lignite distillation plant in Bohemia, per ton of lignite coke
	The results of Scotch shale distillation
	In 1911, Germany produced
	Composition of lignite from Rockdale, Milan county
	The results of four separate determinations, in percentages.
	The composition of the residue
	The results of distilled tar from Texas lignites
	Distillation of Tar
	Paraffin estimation in the acid and base free oils:
	Total Paraffin from Raw Tar
	The nitrogen content
	Contents of a net ton, 2,000 pounds, of raw lignite
	What Watson Smith found nitrogen in
	The water contained ammonia as follows
	Recovered from a ton of ordinary Rockdale lignite carrying 26 per cent of moisture and 9 per cent of ash
	Per cent of soft pitch when "cracked"
	Paraffin, in the acid and base free oils
	The value of the by-products to be obtained from a ton of lignite
	The yield of gas was
	The following variations and averages were observed with respect to the composition of the gas
	The following variations and averages are to be observed with respect to the composition of the dry lignites
	The volatile combustible matter was
	The consumption of fuel oil by Southwestern railroads, 1912
	Prices of fuel oil at different points in the State, 1912
	Consumption of fuel oil by the railroads 1906-1912
	List of Refineries in Texas
	Average current quotations, 1913
	Production of crude petroleum in Mexico from 1907 to 1912
	Importation of Mexican crude oil into Texas ports for this year, by districts
	Heat values of samples of Mexican crude oil taken from 8 cargoes
	The total production and value of the petroleum in Texas for the years 1889 to 1912
	Table of Rates: Crude and Fuel Petroleum, also Asphaltum, Carloads.





