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Introduction

The ever increasing demand for power runs parallel
with our indusirial developement. Because of large power
increases various studies ére heiﬁg nade, some with a
view to finding the controlling influences, others for
determining the many social and economic causes and
results involved. The we#lth included in power producing
machinery runs into a considerable per cent of the
nations total wealth. "Hachinery" is taken in a broad
sense, of course, ,

This pépér is a study of the influencéé surrounding
the production and consumption of power in the state of
Texas. Certain questions arise, as for example; how is
the power produced, and by whom; what are the quéntitie&
relatively and in absolvie numerical amount; what controls
these quantities, if they are controlled by oﬁher than
the economic of supply and demand. These and many other
questions come up and an endeavor has been made to answer
some of them here. Data are not available for long
enough periods to allow of cumyieta studies, but such ag
are to be had were used freely. Ilost of the material is
taken from the government reports of the Bureau of Census.
References to the Geol@gical Survey and =22 other sources
~ are shown in the bibliography. |

It is regretted that time prevents the nmeking of a
study of this kind for the entire United States. In such



a‘étudy results and relationshipsvwculd be fortheoming
which are not now to be had when restricted to one state
oﬁly. The author takes this uppnttunity to express his
thanks to Dean P, F. VWalker for suggesting this study

and for valuable critiéisms during 2ts preparation.

Forrest E. Jones

Austin, Texas.
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Ausiin,vTexaa,

Hay 1st, 1923.

Dean P. ¥, Welker,
School of lngineering,
University of Kansas,

Lawpeence,

my'dear Dean Walker: ‘

I have the pleasure to subnit
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University.

Yours very respectively,
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Texae is the largést af the states and, sceording to
geographical classification, is in the West South Central
grouy with Oklahoma, Arkansaé, and L.ouisana. Some cone
ception of the State's size can be gained by considering
the length of its boundries. The boundry between Texas
‘and Oklahoma is approximately 675 miles long. The Rio
Grande viver line is 1100 miles long, while the coast
length is 1680 miles, The distance from the northeast to
the southwest extremity is 960 miles, ané the distance
from the east to the west side of the state is 900 miles,
approximately. The area of Texas is 265,896 square miles,
almost all of which is land,.

In covering such a large area Texas has many extnemes,
which, although not unlike some other states, are when
considered as a whole, somewhat striking. In the extirenme
western portion, in the neighhorhood of Bl Paso, the rain
f£all is ten inches or less per year, while in the ex~
treme eastern section the.precipitation is 50 to 60 inches
per year. 1t is not unnetursl that this section of the
state is conducive to rice grcwing; Parts of Texas are
virtually desgert, the Stoked Plains of the northwestern
part; yet others are very preductive of cotton, wheat,
garden truck and other crcyps, not to mention cattle.
There are mountainous areas, and flat treeless tracts, as

well as great timber producing sections.



Texas is an agricultural state and ﬁaés not have ine
dustrial centers like those found in states such as Ohio
or Illinocis., Howsver, industrial and power consuming
centers ave developing around sema.af the citieg,~=wnot=
ably Dallas and Houston. The natural resources of the
state are conducive to industrial developement. Texas
has ranked near the top amohgvﬁhe pgtroleum producing
states for some years. The BﬁreauAcf Hines reported over
a hundred vefineries in the state on the first of Jane
uvary, 1921, Port Arthur alone has:ovérélﬂﬁ,qco ﬁérrels
of refining capacity. A large amnunt‘af iumbér is pro=-
duced. Texas has a greater 1ipnite producing area than
any other state, possibly greater than all other states
combined. This is a resource for which one day there will -
be a great demand. Iven at this writing, reéearch.is
being mede with a view to utilizing large quantities of
this fuel in the pgeneration of power.

In ﬁﬂpulatian.Texasrhas-inereased f?om three per
square mile in 1870, to 17.8 per square mile in 1920. In
rank of states she went from 19th to 5th place during the
aame period. The increase from 1910 to 1920 was 19.7 per
cent, and the population in 1920 was 4,663,228, There
are four cities with a pepulation of over 100,000, and 30
cities having a population of more than 10,000,

POVIER

There are three sources of power in Texas to-day,



ﬁamely, steam power, wherein oil or eoal is burned under
a ba;ler' gas and oil engxne powar, in whxeh fuel o0il of
all gradea is used; and water gower. Their‘impurtance is
in the order given, which ia t& say hﬁaﬁ the most power
is producsd by steam and the least by water power.
’é&thangh there are<sema>fair‘§izeﬁ rivers~in Texas, stream
flow conditions are such as to restriect any noteworthy
hydro-clectric projests. ’
LOCATLION OF POWER STAYIONS

The towns and cities having ﬁo@er stations bf'lOO kwe
capacity o avér are éhawn in table 1, Supplamanted by
figure 1, where the stations are shown on the map of Texas
The table gives the total capacity of the station, ine
- cluding boith alternating and direct current generators,
wheﬁher driven by steam unlts or some other power; the
type of prime mover; the fuel used; and, when possible,
the cbnhacﬁed 1&&&. Although some units may be stand«by
installaticns, or discarded and seldom or never used, if
they are connected to the boilers, or ready to operate,
they are included. Xost of tha>&até are taken from the
lioGraw Central Station Direetnry.y It is complets up to
1921 and is thought to be fairly reliable. Figure 2,
besides showing the location of ths stations and transe
mission lineé, differentiates between the prime movers.
The steam, water power, and internal-combustion engine

stations are separated as shown. Classification as to



Table 1,

Location of Texas Power Plants With Capacities

of 100 Kw. or Above

Power

TUWn‘Qr> Capacitj nf{ Prime Fuel
City | Plant Kuw, | Yoyer _ Load
Abilene _1,225‘ ' .Intwcomb. | éas  1,137 kw.'
Kice 175 Steam  o0il 150

| | .Int-ccmb. " |
Alpine 340 nooow " 35
Alto ) 105' Steam 50
Amarillo | 1.560' 4 "
Athens - 150 " Lippite
‘Austin 2,250 " .
Baird 125 L cas 33
Bailinger 300 " 0i1
Bastfop 125 ” Lignite 130 "
Bay City i50 # 0i1
Beaumont 5,700 " " 5,300
Beeville 200 " K
Bellvilie 115 Intecombe "
Big Spering 450 " " o

Steam
Bowie 250 Intecomb, t g9 "
Brady 180 W "
Brenham 1,200 n " n
Steanm Lignite
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Dalhart 360
Delles 18,300
Dayton - 150
Del Rio 325
Béﬁtnnv - 610
Donna

Eagle Loke 132
Eagie_ﬁass 500
Eagtian& 7,030
%ﬁiﬁampo 375
Elgin ,j 125
El ¥aso 10,700V
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Fort Worth 44,600
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P eague 280
Temple 850
Texas City 1,779
Thurbeyr - 200
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size is shown in figure 1.

Industrial power loads of the principal cities are
giveﬁitable 2, where a.comparisoﬁ is made for the,last
threé census years. Inereases arQIV@xy'nnticable in the
céee of Dellas, Houston and some obhers, while a few de-
creases are seen., This is shown graphica&ly in fipure 9.
Some of the power is furnished by«electrié motors which
take current from the stations of table 1. There is no
‘relation between the "power load" of the latter table and
that of the former.

) Table 2.
Growtly of Industrial ?swer in Texas
Frimary>ﬁbrse Power

1909 1914 _ 1919

Ahilene . ' 502 469

Amarilio | : 1,791 1,612
Austin S 2,211 4,824 3,302
Beoumont | 4,596 5,580 7,265
Browmsville o 44 486 770
Cleburne 1,499 1,541 1,757
Corpus Thristi | ' 575
Cleburne - S 2,871
Dallas | 13,808 15,517 23,197
Del Rio | 183
Dennison 2,306 3,652 13,806

Bl Paso 3,396 6,778 10,045
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Fort Worth | o 6,614 7,815 14,234
Gelveston 3,633 8,939 7,643
Greenville . | ‘, - 1,871
Houston - 14,866 18,004 31,416
Laresd | | 353 530 584
Harshall o _1.326 3 1,963 1,533
Palestine | . 1,209 1,302 1,960
Paris - 2,489 2,220 3,788
- Ranger ; o 629
San Angalo | 608 937 743
San Antonic : 6,908 8,859 13,040
Snerman | 2,150 2,366 4,314
Temple | 1,616 1,566 1,841
Texarkana ' 2,669 3,519
Tylex , 769 1,332 2,289
Waco 3,669 5452 4,981
Wichita Falls ‘ 2,085 3,519

CLASSITICATION OF STATICH3 AND PRIUD
E%ZOVI*mS
The latest available infermetion on central stations
is the Census Report for 1917. At that time there were
24 municipal and 230 commercisl cenitrsl eleétrié stations,
a total of 254 in the whole state. In these stations 551
primary power units wexe in use, having a tetél power of

184,829 hp. Statistics for these stations ave shown in

tables 3 to 6. The tables show thet with mowe: stations



Table 3.

37

'Cbmmegﬁial and Municipal Central Flectric Stations

in fexas for 1917

; Eﬁﬁb@é of stations

Eﬁﬁber‘af‘uniﬁs primary power

f‘ﬂurse pawer

Kilawaﬁt~hﬁurs generated

E&lowatﬁ-hnurs consumed

Number of moters served

Horse ypowern

Burber of customers served

Customers per station

Value of plant and eguipment

Value per plant

Gross profit

Per cent on investment

Horse yower,yer‘sﬁaﬁian

Horse power per unit

Units per station

Customers per unit

Rétio of station capacity td
notor load

Hotors per station

Kilowati-hours per station

Kilowatt-hours per unit

230

511

177,134
306,610,912
351,718,450
14,627
159,727
181,434

789

$58,278,471
253,500
1,613,603
2.77

771

347

2,22

356

1.1

63.5
1,330,000
600,000

Commercial

Xunic
24

40
7,695
10,643,373
13,752,445
707

al'

3,750

13,714

572
$1,753,943
73,000
174,414
9,95

353

o192

1.66

343

2.05
29.5
444,000
266,000
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cxassifi@ation of Power ﬁnits iﬂ Central Blectric

Stean engines
Herse:pawar ‘
ﬁuﬁbér under SGG-hp.

_¢ﬁorse pawer

Eumbar between 500 and 2600-hp.

Horse power

Stean- turbines

Hargévpawer

Fumber under 560=hp,

Harse power

Nurber between 500 and 2000=hps
Horgse power

Nurber between 2000 and 5000-hp.
Horse power

Nurber 2bove 5000-kp,
Hcrae'power

?otal steam units

Horse power
Internal-~coribustion engines
Horse power

Water powers

Horse .power

u%ations i QGXas fcr 1

256
46,943
249

39,393

7,550
55

109,819

15
4,193
23
19,234

27,367

59,025
311

156,762

214
24,714
26

2,353



Table 5

Classification of Power Units in Commercial and

_1? ;

Tunicipal Central Flectrie Stétions iﬁ Texas foi“i?l?‘

Steam angiﬁes

Horse power

ﬁumbar-undar 500;hp.

Horse power

Number between 500 and 2000=hp,
Horse pawér

Stean turbines

Horse powser

Tamber under 500«hp.

Horse power

Fumber bhetween 500 and ZOOﬁA&p.

Horse power

ﬁummer between 2000 and 5000«hp,

Horze power

Huwber zbove 5000-hp,
'Horae power

Total steam units

Horse power
Internal-cormbustion engines
Horse power

Winter powers

Horse pewer

“Commercicl mgniq;pﬁa
| 232 24
42,988° 3,955
225 24
135,438 3,955
7
7,550
52 3
107,269 2,550
14 1
3,893 300
| 21 2
16,984 2,250
9
27,367
8
59,025
284 27
150,257 6,505
203 11
23,774 940
24 2
3,103 250
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Table 60

Statistics of Central Flectric Stations in Texas

Consumption of current for power

’ 2907 1932 1917
Tumber c@fééationa | "(‘  ,( .2i8»', s 253 254
‘Capaciﬁ&péf‘generaturs,kws. ‘48,558 . 84,564 133,917
ﬂumméx’of»generaﬁ@rs’ | [T ,_l 543
&#érage capacity per generator‘j‘ ﬁkb‘ . . | 247
'JCurrent,gane:ape&,kwbhrs.' .?5,8g§,198 149.068.819 317,254,285
Gu:frém umé for powen, Xyehrs, '124,804 664
Por cént uaed'?or,power | 34.2
‘}Mpulatiqnxsexved with'currentj‘ 1,640,041
}Per ceﬁt‘nf ﬁopulaticn yerved

36

~ per cap;ta | - | 6
Primary h@fse power 71,914 126,616 184,829
Turher of}units | | | 551
Average size pér'uhit,hp. 342
ﬁdmber of mgtors served 4,228 8 444 15,334
Inerease in per cent | e 50‘ r45
Horse power of motors v18,634 50,369 163,477
Increase in per cent ; - 63.5 69
Average motor size, lp. 4.52 6404 10.65

Value of plants and équip. $11,313,529 43,612,986 60,032,414

Average value 51,900 172,500 236,000
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the commercial planis have also more units per station
and greater power per unit. 7The vommercial stations
Imv-e' over double the capacity of the municipal plantse
Neverthaless the latter show a greater return on the
investment than the former. Without complete information
on the data in hand a definite a:iswer to this situation
is precluded. It may be that incomplete reports have

been made to the government, or the system of accouniing

may be responsible. Public Service caumpanies hesitate to

-

give information which moy influence the power rates thay
ﬁave- made. Ofton *thé' accounting vizi smal‘.i. eity power plants
is very loose. On 'iha othner hand the 'data. covers a large
nunber of plants, many of which are on the «ac'*"igef of Yankw
ruptcy, or, at leasi, operaiting at a very small profit,.

The average return may be thus cuit down.

A classification of ,prime movers in central stasfions
as to size, considering ’bntix the nunmber bf units and the
power is shown graphicelly im figure 3. There are four
groups, nemely; those engines and ‘motmmﬁ haring ratings
under 500=hp; those between 530 and 2,000«hp; those between
2,000 and 5,000~hp; and those above % ,000=hp, ALL the

internal~combustion engines, and water wheels, as well as

a large rumber of the steam engines and turvines are ine

cluded in the ifrst group. Tne largest mmber of wmits

and the greatest %otal horse power are in the group. Tha

seconfl and third groups are avout equally divided as to
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power, but the former has nearly ithrae timea‘mnre*units
than the latter. The last two gt&ups are comp0s§d en=
tire 1y of steam turbines, and in the last, espééially, is
whefé the lafge gize turbine makes itself felts OF the
whole group of prime wovers in ceniral stations only 1.4%
per cent were above 5,000<hp, but this amount represented
~31‘9.per cent of the total power. There will no doubt be
an inerease in this valve in the noxt census returns,
because of the £ren& toward'thé largervcéntral station.
zarger nniﬁsfarevnéw being installed at Ausﬁin. Dallas,
San Antonio énd other ﬁlaees. In the different groups the
size per‘unit varies from 142 tp 7,378~np. |

bteam‘unitz'predcminate over other types in the ratio
of abauﬁfl.3 té‘i, making 56.5 per cent of the prime movers
steam units, Oil engines { including some gas engines)
amount o 38.9 per‘eent of the total ﬁﬁﬁber. The rem-
ainder are water power installations. Two and fifty seven
hundredths perﬂéen% of the atéamhunitatare turhines &b ove
5 ¢ 000=l1p, Thiavrapresents'37.? pver cent of {he power of
he steam units. ’ |

The water power installations ave shown in gable 7.
Power and number of Wheelé on each river in the Gulf and
Nissiszippi river hasins are ahcwﬁ* The Guadzlupe river
has almast 65 per cent of the power and 35 per cent of
the wheels. The water~pa§er out look in the state is not
promising, there'being~pxactically'no.chance~fdr any

additional developement. Power developed by water is
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Table 7.

Water Power Stotions in Texee

Drainage Basins
iheels Howrse Powsmr

Gulf of Mexico : . . 190 | 9899

Migeissippi river | ,  5 67
Total o 195 9,966
o Rivers | |
Guadalupe - - | 69 6,447
Colorado | ag 1,503
Neches | : A 35 538
Brazous ' ‘ 13 448
Trinity | 12 279
Sabine _ | 24 263
San Antonio 6 215
Rio Grande 1 103
Pecos 2 53
Red 5 62
Nueces 3 36
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shown in a later table and will be seen to be of little
consequences %he'iaeation of powars‘ofylae-hp¢ or over
are shown in figure 2. The writer is indebted to Mr. C, E.
Ellsworth of théFU‘ 8. Geological Survey, Austin, f;r the
loeation of rthese stations. The data pretaining to the
numberfnf'wheela and the power ars taken from Water Supply
Paper 234, pge. 38 to 41, of the U. S. G. 5,

The use of iniernal-combustion engines -~ 0il enginese-
in central stations is increasing. The table shows the
total power to be 24,714-hp. The avazagé power per unit is
115‘5~h@, This is relatively small. The larger size units
of the present day will no doubt increasé this value in the
next eensus, Many plants have semi-Diesel and low come
pression engines nf‘small'power. This also lowers the
average size. According to Mr., L. H. Morrigon in Power
for March 21, 1921, there were 92 full Diesel engines in
Texas central electric stations, with a total of 19,975-hp.
Only 5.6 per cent éf this power was'in,municipal stations,
This makes an average size of 217-hp. The proximity of an
0il supply mekes this type of prime mover edvantageous in
Texas. The 0il engine alsce serves as an auxiliary or stané
by in many stations. A 1,250=lhpe. 2=cycle engine has
recently been insialied ai Nexia,

Increases in power genexation in central stations from
1907 to 1917 are shown in table 6, From 1912 ta 1917 the

number of stations incressed only one, but power generated
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incraased 53 per cent, and station ca@acity inereased 38.4
per cent. During the f;vavyears pravious to 1917 motors
inerﬁased 45 per cent in pumbor and 69 per cent in power.
This was‘hrnughﬁ atouh by the instaliation of larger mot=-
ors énd hecvrier loadings. Thie is shovm by the ineresse in
avevage &ator gize. Inecrease in value has been due mainly
to incresse‘in amocunt of equigtmenﬂ. |
© " PRINE KOVERS IV INDUSTRIES
The number and pover of pPrime nevrers ased in the in-
dustries of Texas a3 reported By tha Census Buroau for 1919
are shown in the following taﬁls; The éhart, figure 4,
shown power statistics graphicelly for 1500, 1914, and 1919.
| Teble 8. |

Prime Movers in Texes Manufacturing Indusiries

. Prime mov@gs', v : ﬁugbark Ferse power
Stesm engines ' 2,397 281,371
Meciric motors 11,487 | , 120,539
Internal~corbustion engines 1,062 36,579
Water wheels | | 34 2,405
Total | 14,977 44.0,894

Electrie motors far out numb&r a11 other prime MOVETS,
Thoge motors operatad'én current generated in the companys?
- owm power plant are, of course, nct included in the above
puriber, The distribution shows thet over 76 per cent of
the prime mevers ﬁ?ye:motora. This number represents anly

36 per cent of the power, however. This is due %o the
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swall average size, The nurbers and power of motors are
shown in the following tuble.
|  Table 9,

Tumber end Horse Power of Lotors

. | 1909 1934 1919
Yunber of meotors S 2,443 5,275 11,483
Increase in pcr,ceﬁt' | 537 54

Yerse power '  1&;868 42,943 120,539
Inerease in per cent ' 65.5 65.9
lorse power per mobor 6407 8415 10.7

'Thgra has been an increase of about'54 per cent in
notoras every five years, The-po&er has increased appréz-
imately 65 per cent in the same time. Motor size has ine
crensed 44 per sent in ten yenrs."

The steam engine is feundin,largex~sizes;but in less
nurber than the motors. In fact Yhe mumber of engines has
decreansed, but the power has inéreased. As may be expecte&
this is largely due to the S£éam.turbine. Turbine statise
ticé are, nnfortunately; not available for years other than
1919. Table 10 gives the steam engine statistics,

Table 10. |

Mumbers and Horse Power of Steam Engines and Turbines

1909 1914 1929
Tymber of engines 2,955 2,541 2,298
Increase in Per cent «16.3 =6,1
Number of turbines | 99

Horge power of enginés. | 249,535 262,200 248,653
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Increase in per éent - - 4.83  97.07

Horse power of turbines 32,718
Averapge horse power peé engineg - 05.5  103.3 108,2
Average horse power per turbins o 331

The decrease in nurbers and incresse in vower is quite
evident. It is likely that, in addition to the turbine,
a2 unit siﬁa.inéieas& ef the steam engina_ia responsible
for this., ,

Separaﬁevdata for mas, gasoline, and oil engines are
not to be obtained and 211 are hréugnt undsc the heading of
internale-combustion engines. There are, however, probably
more Diesel enginéa than any other of this tyoe in induse
trial plants ih the atate. Por example, there are over 26,
0G0-hp. in 0il pumping stations, 4,000-hp. in wills, and
5:000=hp. in ice plants. ‘

Table 1l.

Nurber and Horses Power of Internalelombustion

‘ngines
1209 1914 19i9
Nunber | 802 1,01 1,063
Increase in per cent | , - 27.2 -3,68
Horse power ’ - 15745 28,300 36,579
Increese in por cen  ‘ 4 46,5 50
Horse power per unit 19.6 25.7  34.4

The small carburetor engine (gusnline end kerosene)
,is so prevalent as to cut dowm the average enpzne siza.

The average size has increased 43,7 per cent in the last
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ten yea.ra/ I.arger uniaa h&ve been insta}.lea as shown by
the deeﬁease in numbers and increase in pwser. There is
& gemm}. tendem:y twm the larger units in all the
typea af Jprime movers jus% studied. There will -probably
be a le/ss uni;b increase in motors than in any ‘pf t.he
other ty@eﬁ due to the proc:ess of individual dnive in
;,z*"”industriéa, where the momr is usedso extensiveiy.

- /PRIME MOVERS IN PRINCIPAL INDUSTRIES |

/

Irx a sﬁudy of this kind the question a.risee as to what

the éiatxﬁ‘b&xtion of typas ‘af prime movers is among the
industrias. Where are metnrs especially used, and in what
(industrieﬁ do steanm en,vinaa 'nredomina’ce?’ These and other
uuestiona a.rise. Although the number of units 1s not
availabla the power canmzmﬁtien, taken on the b&sﬁ?ﬁ of
cannected 1036. is given .tn ‘$he fellowing tables.

. Ta.bla 12,

"Primary Power in 'Glaasiﬁeﬁ Industries 1919

Hcrae ‘Establi Hp. per
Qﬁgg Shuents establnmt

Hining and fuel ‘ 51},216, 3,894 16.9
Food products | 134,566 1,456 92.5
‘Building and house furnishing | 121,373 1,029 118
Ice and cold storage | 55,879 265 210
Metel products and comstruction 46,172 1,139 40,5
Miscellaneous 39,193 1,697 23
Clothing and textiles 4,859 74 201

Total | | 562,258 14,554 18.6
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Table 13.
Primary Power in Principal Indusiriess far{1919

Horse Bstabl= Hpe ®
TvoOWeT isnments £ gablishment

Automobile repairing 1,693 334 5

Pox making (not cigar box) 5,682 19 300
Bakery products 2,792 610 4.6
Priek and tile 9,093 58 156.5
Rail road shops, electirie 1,713 18 99
Rail road shops, steam 17,233 8s 203
Ceanent 16,290 ‘ 5 3,278,
Chemicals | 1,057 ‘ 9 117
Confectionery and ice orm. 4,368 193 22,6
Cotton goods 14,210 15 948
Fertilicer 1,404 9 156
Flour and geist mills 23,854 222 107.3
TFood products, misels, 3,546 58 612
Foundry and machine shops 9;450 181 . 52,2
Furniture 1,846 22 g4
Gas, awtifieal 3,622 25 144.8
Ice manufacturing | 55,879 | 265 210
Falt liquors 4,476 6 74.6
Lumber and tinmber products 76,025 457 166

Iurber anft planing mills 5.821 130 44,8



Marble and stone work 1,821
liatresses and spring beds 1,029
Mineral and sbaa watata 3,470
Oil“and cotton‘seed cake 70,743
Paving material - 1,567
Peanuts o 4 | ;‘257
Petroleum refining , 27,543
Printing and publishing 8,017
Rice cleaning | 7,998
Selt 1,656
Ship building S 6,026

Slaughtering and meat packing 14,055

Wall plaster and composition
flooring 1,715

Wood preserving 3,957

86

258

200

39

14

21
"

126

33
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7 This clogsifieation has not been made arbitrarily, bub
%m a viev to seprepating industries into sllied prouns..
Centoin deductions ecan then be made as to powver uses and
distribution. ZIncidentolly by this nmeons a detafled ond
corplete ﬁm&y of industrial conditiond in the sinte e¢ould
be mades |

The murher of esm?ﬁiﬁ?mmm engaged in mivdng ond fuel
nroduction inelundes 295 m@ﬁﬁéia& as plents, all mivnes and
quarries, petroleum and gos wells ond pebroloum refinories.
This secounts for the Zaﬁg@ mpdser, wich from o stond point
af eomparison can not be token %o oxescd the nm::;bcr of Qg
toblishments of 211 other proups, in 8s ymeh m o8l pow cang
of the mumbay are petreleun and gns wellSe The nhsy of
refineries are sone vhad vwi@am.eﬁ as in fz2et is petroleun
production. Tor exnmple, should ernde prices cdvance nore
developenent, or move intensive developement of producing
ﬁ@amg,@ 'mm he urz&ermzim, The sdyanee of evude peice , or
the decline ivn vries of velined yroducts, moyr raculd in the
elaoging of a omell xefinory, oF in J0me cagses luPps oneSe
Cther nining oporations sre eonfronted with the sowe cone
ditionge There is nothing ney of styange in 3his, and it/s
ordy mentioned hewve o call @tﬁamim to the faect fthat powar
in this proup is o varieble qumntitye

: Iw as nueh 23 wining covers & wide i‘ie‘&éa aad 20 Lupole
“tont prodvets ave found in Tams, u&m“!y, @onl and 6il, a
division of the group &9 showa, while data fov Pofining and

nptificial pos are shoun in othoer tables 2lag.
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Table 14.
Classification of Frimery Power Used in

© Diaing 1919
Nurber of doal rminas : 42
Junber of other mines | | 29

Fumber of petrolsum and notursl pgas wells B, 749

=

Pe tie. aml c’na?..‘ Gf,mr

Total primary horse pover. 19?.‘5“?9 5. 037 15,37%

Stesm enpines |
Turber of engines 2,174 76 204
ilorse power of engines 53,988 5,390 8,789

Average power per engine 27.2 6842 43,2

Stean turbines

Turber of turbines 1 5
Horse power of turbines | 100 2,600
Average pwmr per turbine 106 520

I.Mernal-emabuatmn nginera

Hunber of engines o , 1,734 11 84
Herse power of engines | 47,186 752 2,302
Average power per engine 27,2 68a2 274

Tleetric motors |
Turber of motors : 6 3 62
liorse power of motors 1,375 o5 1,684
Avex?age pmé:er per rnotor 21.5 32 27.2
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| Almmat all the pawer of befh steam an& intern&l-
'combuaticn eagines is useﬁ hy petreleum ana natural gas
' proﬂucticn. Althgugh not aﬁaxlable for purpoaes of cone
pariscn this total pcwer can be &ivzde& xnta twa aeparate
groups, namely. that pcwar‘whzah has ﬁa da with drilling,
or bgimging the 0il or gas %o a state where it is “avail-
ablé“' an& the ether'pcwer which is ﬁeceasary to pump the
“ pzeduct to %ha xefinery or an intermediata loeatiou. whidh

v]iﬁ usually the case, Prime movers in tha firsn group are

/*’ $5 almost every instance xeciprﬂeaﬁing steam engines' and

‘internalncombustion enginea uaually canatitu%a the aecond
group., Iif this reasoning‘be sound ap;arenﬁly'mare wells
vere being drblled than were completed and "on the purmp"”
when the data was compiled. However, several wells are
often pum@ea‘with a single engine of small pawer; This
will account to some degree for the differences in nunber
and power of the two types. Tlectrification of o0il fieids
has been accomplished in some places, In this case motors
often replace the internal-combustion engine, lotors are
occaaicnally used for drilling also. In an electrified
field internal-combustion engines often drive the genere
ators. These engines are relatively large, while the
punping enginea are sm2ll. In studying the figures in the
table it should be remembered than a\ﬁroducingasell can’
not be charged with any power (usually)e.
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A little cluser analyzation of power conditions im
%*:éal m:"sfze:é then in 0il snd gos production i yossible,
Stean engirseag of course, preduminate, The averspgs povwer
per unit is 68¢3=kp. The eleven internalecorbustion enpe J
ines pyerage the came anounts 'Eﬁi%ﬁ%ﬁié moLurs are litme’
usxle The avervage pover per nine is 144 hps, indicating
the use of more thap ono wnld in & ning,

Hines other thon cozl aaploy movs power than the laster
by nboub 60 per eente The nature of ihe processes used is
:};&rggezy. regpopsible for thise OSisan e‘mggiﬁ&ﬁ arain gzecesd
with 0il engines nexte Turbines ave found only in the
iareey slinse

The second group of feod products imcludes thoze iae
zim%ﬂ%m mking food products and thoss of a cloasly 2llied
voture. Seme of the individunl mewbers of the proup are
shown in obhsr tsbles, vhere sinilay dala are given. 7The
proup ag 2 visle has the power ner esiublishment well dhove
the avernge. OSowe wexbers of the proup vequire ns high
23 350=hp, par plant, bhal such ez:s‘ﬁa%a},mm%ﬁm bolkeries
bring the sverage dowm. The avercge for bakevies and eone
fectioneriea is 5 to 22-hpe respeciively. Table 173 shows
this datne The small sctablisiments exceod the large in
point of wunbers by zbout 50 per conts The extent to which
the small a:2:00 ghoends use electric motors is showm in
the ‘{w‘b}e .. : vzlww 211 forns of rented pover ave included

under the heading of "electric motors®, the power other
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Horse Power of Prime ¥overs in Principal Industries
| 1919 |
Steam Sieam Internal Electric
engines turbines comb, motors

Automubila repairing 34 431 1,228
Box making { not

cigaer box) 1,671 é,aae 4 2,007
Pakery products - ée2 5 153 1,93
Brick and tile 8,001 5 206 881
Reil road shops,

electric 4,000 3 1,310
Rail wroad shops,

steam 8,056 565 8,112
Cement , 125 4,500 6,400 5,365
Chemicals 291 ' 766
Confectionery and

ice cream 1,079 350 2,939
Cotton goods 4,785 800 8,625
Fertilizer 405 999
Fiour and grist 4

mills 8,296 5,694 9,036
Toods products

miscellaneuos 1,743 279 1,524
Foundry and machine

shops 1,815 40 1,157 6,438

 Purniture 618 40 1“ 1,17



Gag, artifical

Ice manufaciuring

Iald liquors

Lumber and ﬁim?}ax
rroducts

zme}mr end ylaning
wills

Hoxble and stone work

}Eﬁaﬁ‘feﬂﬁéﬁ ond apring
beds

Iineral and sode

wmbers

1,877

42,694
34340

71,587

2,674
190

1,141

041 ond cotton seed ¢

ool
Paving muterial
P@ﬁz@uﬁ&;
Peivoloum refining
Printing #nd
publishing”
fice cleaning
saly N
Shi » building
Sinuphtering and meat
packing
Vall plester and

47,551
917
250

2,767

905

6,103
990

2,062

94657

composition flooring 190

Ypod pregserving

34767

1,194 125
1,933 5,664
’ 850
2,047 373
100  4®
718

82

1,118 231

1,375 5,805
150
2y5

10,375 2,700

5 702
420

433 33
690 547
675

169 21

39

416
o e378
286

2,179

’30639

1,113
941
93

14,932
ay1
712

11,701

6,502
1,475

2030
2,727

4,398

850
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than from electrie current is negligable. In the 'case of
the two industri es-'mmtiémzi 6‘7 to 70 per cent of the power
used ia fram elastrie motors. Flour and grisﬁ nills use
'38 aad ci‘i mi*.tla on‘ly 21 per con® of electric power. " This
| is ta ba expec’aed from thsmﬁ*'er ainca steam is used in tha
o pwcasa. A feﬁ! mills, however, employ electric motors
'through mﬁ: with a small boiler fprr*ma, process steam@
The ?:mlk of tha iﬁtemal»cumbustioﬁ enginea of this group
are found in eat‘tm& seed o0il wills and flour mills. Hors
water power ia iza be feun& in this group than in others.
Irxeluded ink ﬁhxa are mt only vwheels and turbines on rivems
but also wa_ter motors using water furnished from nity mains.
| Seveﬁtyv six per cent of all water power is in the sscomd
group. o |

The buildi.ng and houae farnishing group includes lumber
production, marble and stone work, furniture, and so on.
The lumber indﬁa{;r'y is the largest in the sitate in point of
powar. lost ci’?he timber producing land is in the eastern
 section of the state. Here most of the mills are to be
found, and the fuel used is largely mill refuse. Nany of
the mills are small effaris. This industry has 22.5 per
cent of '{;hs"esté:blismenﬁs of the group and 62,6 per cent
of the power. Cement ma:x_mfacﬁuref,ia '&he other industry in
the group which has a creditable amount of power. There are
- only five piants in Texes but the mtu:e of the process
requirsé & large amount of power per eé%abliﬁmnent. :
The group ranks third in power produced by internsle

combustion engines, One of its members, cement manufact-
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uxe, is ths largesﬁ aimgie usex of this type of pawer. The
gxoup héaas all athexa iﬁ the power of staam analnea and
' turbines.l Tue lumber in@ustry is responsible for 75 per
aant of this, mhetsr94 yer cent of the power is generated
with rea;pracatzng steam emgin@s. ~“hﬁ—group renks third
/ Mim the usﬂ of elestrie motors,
i x@a and aolé staxags is shown as a group and aiso as an
individual induatry wzﬁh a consequent duplication,. This is
f@r the s&ke of cnmpleﬁame%a only. As xegaras prlme movers
in the industry reciyraﬁatzﬁg steam engines rank first,
interna&»comhuation enginea second, electric motors thmrd.
:ané steam turbines fourth. The raw water 3ystem.0£ refrip=
‘eratinﬂxhas ﬁadakiﬁ possible to use prime movers other then
steam ééonomicaily. Also the perfection efnﬁhe high speed
ammoniafcompreasqr has been s great sild in the use of motors,
0il or gas engines. Probably about 11,000«hp. are in raw
water plants in Texas, Eéra éh&n half of this amount are
internal-oambustian ﬂpglnes‘ The averags plant load is 210
hp, This is +the largesﬁ of any group. Taking it as an
industry, hawever, the amount is about mediuwm.

Power consumption has increased in the industry rather
rapidly. During the five years previous to 1914 the ine-
erease in total power was 26.8 per cent, and the increase
from 1914 to.1919 wn= 20,4 por cent., During this tine stean
angines increased 12 per cent, intornalacemhustion'enginés
64 per cent, and motors 88 per cent. The labtter will

probably not have such 2 phenominal inerease in the next
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five years, zlthough both o0il engines and electric motors
will probably incre&sé at the expense of steam engines,
‘Plent location vAll play a large part in the final sel-
‘ection of the ﬁygae of prims mover. When rates permit of
their use electric potors are more desireble, Proximlity
to coal ox ol) supply will often he the decldil’}{? factor
ag to the final selection of the prime mover.

"iietal products and construction” 1nc1udéa foundries,
machine shops, automamla :repair shcps, a.nd similar entere
prises. Although thers are over a thmmand sueh industries
in the state, they are, with few eﬁmemionﬁ. small instite
utions. The group is next to the; 1_@&51: in rank of power
per esitablishment, as wal‘j.’ as mﬁ&i powers Fr.am' this it
would be concluded that the group is ’ré'latively‘ unimiodrtan’c.
Power required by an indusiry or a graupef similar induse
tries is indicitive of the relative inportance and size
within the bmmdrieﬁ :con‘sidareé., 'Thié rule can not be
followed blindly, .but is often &}vcriteri\am A noteble ‘ex;»
ception is mining, and farming. vDa‘ba;A foxf i;he‘ grduzﬁls' in-
dustries &re shown in table 15, and gmpmcan_j.y in Pigure
6. | | D |

Miscellaneucs industries for which iﬁdividu&l statige

tics are not available, and those which’de not fall nate-
urally into a group are included i:m&ei* 'i;iﬁa heaéings A

- qverage

large number of establisments are inecluded, wnich have an,

power per plant af 23=hpe The power per individual mdus«-
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try in the greup ranges fram 7.5 tc 117-hp, for printing
ang& publzshing and ehemiaala respecﬁively

‘Tnﬁ group lawest in rank as regardaApawer'use is
'“alathzng and textzlas“ In as much as Texas produees more
'Cﬁutﬁn than any athar sﬁa&e it is ﬁa he expected that this
'gxaup will inﬁrease in importamae. ln fact it is a little
surprising ﬂhat such 1itﬁ1a teatile nanufacturing is carried
on in Texas. In %he group are found elothing manufacture
of both men and women and all tootton gocds™. lost of the
power is supplied by electric motors, signifying that the
esteblishuents are cften amalle. Oheam engines rank next,
(A textile mdll is now being erected at New Braunfels which
will use water power). Steam turbines or water power are
not to be found in the gran@. The averaga power of the
”catton poodstindustry is 950~h@, _ This brings the aver-
age of thengroup up to Zel-hp.s ‘

POUER PRODUCTION

A previous discussion of cemmercialxénd m&aicipal cerx-v‘w
tral siriions relative towproduaticn:bf,current hés'beenw |
given, but dnly in so far as {0 classify prime movers and
stations, This will be supplimented with additionsl data,
and studied with a:view.to-determining’any underlying
causes affeceting power distrivution on the tinme basis,
if posgible. w~uatistics peribaining to- pager procduction
'and industrial power requirements have not been collected
for a sufficient length of time to allow very accurate
estimations. Some profit can be gained froma study of

that in hend, however.



Coal and Lignite Used for Producing

Tabhle 16

Blectric Power in Texas

Quantities in short tons.

1919 1920 1921
Japuary . -, " ° 21,428 20,561
Fobruery 25,330 20,959 15,492,
Haren 332,963 22,636 16,274
April 26,618 119,839 21,800 16,273
vay | 18,532 18,458 16,621
June 20,280 18,426' 17,097
July 29,269 22,650 19,314 25,510
hupust 19,783 19,240 24,676
September 24,511 18,129 17,728 19,105
Gstcher 26,696 18;223 018,479 18,637
Novanber 18,590 - 18,220 17,516
Decenber 20,259 . 17,281 21,777



o © Table 17.
,,Né;tural Gag Used for Producing

FEleotric Power

in Texas
Thousand cubic feete

1919 1920 1921 1922

 Bamgary 54,930 119,407
February 173,699 57,669 152,510
Mareh 179,760 60,469 156,413
Aprii 177,778 72,815 121,393 177,57
Moy | 95,409 113,918 176,624
June 187,515 124,987 209,417
July 1i4,148 165,373 4135,336 ‘246,317
Aupust ; 154,267 140,864 279,1‘}3
September 58,717 163,984 126,948 281,199
October 55,798 122,116 125,600 270,337
Novemiver i 135,650 131,456 260,004
Decenhor 343,344 132,828 227,183



Table 18.

Tuel Oil Used Tor Producing Eieetric

Power in Texas

Barrels of.42 gallions,

1218 1920 ... 31921 1922
January 241,993 256,108
Pebrunry 170,905 223,973 219,773
Harch 181,397 239,174 239,901
Aprid 178,003 224,234 222,499 219,277
Vay 229,632 245,192 238,492
Sune 219,327 247,221 238,595
- July 188,691 245,716 240,983 240,357
Augast 241,586 282,779 266,265
Septembek 214,285 258,558 278,444 279,168
Oc tober 240,135 269,295 295,543 282,478
¥ovember 254,253 255,327 274,650
Dec exther 249,150 256,160 279,603



Thousands of Kilowatt Hours of Hleotric

Table 19,

Power Producsd by Fuels in Texas

48

1919 1920 2623 1922
Januaxy 55,622 4,604
Feohruary 43,070 4y 814 5 6 ,708
Hareh 47,616 53,590 £1,3117
Aprid 44,816 53,230 57,031 58,602
Hay 46,094 - 59,994 3,100
June 52,549 £).,139 &6 ,385
July 45,537 55,911 63,971 67,935
Aurust ‘ 57 409 65,5‘74‘ 72,067
Septorber 47,582 G261 56,377 73,777
October 43,299 64,072 66,702 76,883
November 61,986 63,330 75,912
December 63,284 63,955 77,968



) Tables 260
Thousands of Kilowatt Hours of Electric

Power Produced in Texas by Water Power

1919 1920 1921 _ 31922

January | L 74 432
February 266 231 389
Mareh : 284 380 369
April | 305 299 305 355
lay | 30 3R 3
June - 310 360 358
July 316 364 182
August 191 359 408 219
September 61 332 409 208
October 7% 491 237 209
‘Hovenber 492 375 208

December 43X 432 187
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&

The capacity of the commercial stations is 132,000-kw.
and thét'fdr‘the mﬁnicipal stations is 5,725-kw. The per
cent of 1oad carried per unit on a full load full time
vasis is 27.6 and 21,2 for théscﬁmmercial and munieipal
stations respestively@ Thé production is respectively
587,000 and 22,:;;'}70-1'«:@1.' nrs. So the commercial stations
carried‘96.sjpéf aént of the load and m&intained a 6.4
per cent greéter»laaa facéor. The average monthly pro-
duction was 26,438=kw, hrs. in 1917. ;This can be compared
w;th similar data for other yearé.' The U. S. Géulcgical
Survey has comyiieé data giving thé»kilowaﬁ% hours pPro=
duced by water power, and fuels; such as eoai. naturel
gas, and fuel o0ils The returns are for public utility
st&tinne, and those furnishing pawezlfﬁ electric rail ways
with productions over 10,000 kw. hrs. per month. The data
covers about 95 per cent of the power produced in the
state by such stations, and so can bé.c¢ne§dexea charaCce
tefistic. Curves and tables both show this informotion.
Vater power production ies low s has been intimated hefove,
and is comparad with that produced with fuels in fipure 8,

CLASSEFICATION AS 70 FUEL USED

Naturalgas, oil, and coal are all‘mgieAaryless eziend-
ively used. Gas canuhardly be utiliaed‘insectiénéjﬁgéy
distant from the producing fields, on account of the transe
portation charges. Nevertheless it is uséa ex%ensive1y'in
the producing herritory. the supply may not last for any

great length of time. The quantities of oil and gas cover
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that uaed‘in internal-combustiion engines and under hoilers,
Fuel oil is very extensively used in large as well as small
plants, see table 1.  In this state tranéportation chargeav
operate to the exelusion of coal over oil, alﬁheugh e large
amount of power is generated with coal and lignite, Lige
nite, wvith a heatxngx#alua‘an'thawwet basis of 9,500 Betols,
is scattered over a large portion of Texas; The other=
wise nearest coal fields are in OXlahoma. Both technical,
as regards the difficulty of burninghligniﬁe, and economic
problems must be sclved before a solid fuel can be used.
The plant =zt Bl Paso is sbout the ferthest removed from .
refineries or oil fields, of any of the large plants, and
0il is used there;m ”

As an ald in comparing the amounts of curient produced
with the different fuels I&gure 7 has been pleotted.
The actual amoanta of current pro&uce& by.bath.water powmr
and fuels is also shown for different years by months. The
seasonal varistion of current demand~1s usual 1y plain as
wellaas bhe yearly increase, Dapecially in the cose of
fuel oil it will be seen thai the peak cccurs between Octe
ober and August. Got“on ginning season is at this time and
is responsible in a large part for the shape of the curves,
The peak load for natural gas for 1921 and 1922 is at abhout
the same time. The use of this fuel is very erratic, due to
new wells coming in with a consequent dver supvly of pgas. |
The exceptional use of gas in 1922 helped Lo clevate the -

power nproduction curve for the same year as showma in figure
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7. Had it not been available some other fuel would pro=-
bably have been used. The use of coal seems to be variable
also and acﬁa as a soft“bf stabalizer for oil, although it
is not to be infered that a shift is mede from one fuel to
the other at will. Some pian%s,burntboth at the some time.
It should be noted that the oil and gas curves have the U
same general shape‘for the various years. The curves showi?g
the average amount of fuel used during 1920, 1921 and 1922 -
- in figure 7 are in reality parﬁé of tﬁose a% the tap of
figure 8. These are a summtbion of the former wi h diff=
erent units and seales. A large fuel écnzum@tion repres-
ents a large nower yproduciion.
POJER PRODUC '.L‘IOR’ BY FUALS ARD BY WATER PCTIR

For the years shown there is a general increase in power
production by fucls starting from about May and continuing
to the peak necer the wmonth of Ccﬁéher. 'The amovnts of
current produced with water power has a tendencj to follew
the shapa of the cufves above. ZThis is shown in the curves
- for 1920 and 1921 from Yexreh to Uenterber. It would anpes
that in this period all the current demanded was supplied
end that from July to Decémber 1522 piver conditions pre=
vented a full ypower ogtﬁnﬁl A ary perio& ﬁas in Tact exe
perienced at this time; Fractically no new load can be
taken on by the watcrvplants because-of the unreliability
of the source., The size of the wheels hégé‘&éﬁermine& the
pature end extent of the load %0 & lsrpe extont. The Yosd -

is usually local street liphting and srall motorse
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Table 21,
Power Statistics of MNanufaetures in Texas
Cities for 1919
Citiea Xo. Persona Capita.‘!. Primax:y cap. ' Pez:ri hp,per

Abile;ze %%2 :

 Amarilic 42 613 1049,000 1,612 650 ,380 38,4
Austin 91 '1,037 4306,000 3,302 1,305 <314 36,3
Beaumont 70 4,558 65’,733.,{)(}0; ".1;‘8,39(} 6,330 439 148.4
Brownsville 18 156 340,000 700 442 203 42,7

Cleburne 33 1,246 2501,000 1,757 1,425 .720 53.2
CorpusChrist 20 158 3,021,000 575 1,778 .275 28.7
Corsicana 40 729 5907,000 2,871 2,057 .253 71.8

Dallss 457 10,67742270,000 23,197 1,826 461 50,7
Del Rio 6 105 267,000 183 1,460 .573 30.5
Denison 42 1,217 1991,000 3,806 524 ,320 90.6

E) Paso 208 4,77734775,000 10,848 1,363 .441 52.1
Fort Worth 229 5,50 24084,000 14,234 1,693 .387 &5

Galveston 118 1,904 158,000 7,643 1,395 .249 64,7
Greenville 29 260 3380,000 1,871 41.665 0139 64,5
Houston 383 12,12649646,000 31,416 1,580 ,.386 82,2
Laredo 30 363 684,000 ‘584 1,171 ,622  19.4
Uarshall 24 1,815 947,000 1,533 5,960 1.185 63.9
Palestine 17 1,187 2,060,000 1,960 1,053 .605 11,5
Paris 52 1,164 3,808,000 3,788 1,005 .307 72.9
Ranger 17 237 894,000 629 /1/;220‘ 377 37

San Angelo 30 202 401,000 743 540 275 24,7



San Antonio 318

Sherman 53
Temple 45
Texarkana 38
fyier - 33
Waco 134

Wichita Falls 69

8,708 22,580,000
1,089 9,392,000

566 2,044,000

963 3,085 :@06

863 1,858,000

1,795 6,657,000
1,236 15,945,000

13,040 1,728
4,314 2,177
1,841 1,111
3,519 878
2,289 812
- 4,981 1,338
3,519 4,538

667

255

«307
273
377
.360
<351

42
81s
408
926
693
37
51
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Stondby stoam snd ¢4l engine plants zre used 40 Jvrnish any
deficite in power demonde The total power usedin gthese
yeers iy coubined with siml Lzar s@ ta for mnmzm 8 ourve
ghosm with other curves in figare 1le  The ftendy aand cone
tinued Inereaga is very incouraging as regneds pover proe
dustions The value of nomifoedtured ond agg’rimz& mral pre

duchu davvease At very nearly the some ralte as kilowatd

PEIER CONSUNPTION
The srimary pewer wied in the principal cities of Toexas
in shiom in trmm 21s The peorer consumed in the indusiriea
is shown in fipure 5. A2 ths citiea with £ popuiation of
13,900 o7 over, with the owcenticn ai‘é‘ Porg Arthue, are mhum‘

in tadle 23, Thim ofty i5 rod incinded, as siatisties for

3,

% would disclcce inddvidusl overations. Taur itens arve
given in 3he table, namaly: primary power; the mwber of
sersens aaploysd in the manvfoetures per horde nower useds |
capiinl per herse power: and the emount of pover ner estabe
tisimante. Thiz data along with the number of mamufactuves
ond poevalabtion are shomn wmhﬁ.e%’uv in figure 1l. Popu=
lation and powar avpresy 0 min hond in hand with 2 ratio of
2biout 4 to 7.5 peraons per howvse power for the larger eities
these sbove 20,000 posulation, and 40 to 50 for those below
tihde Tigur2. 1§ w131 2lse be seon that impz.tal per borss
Cweowar, Tith a fer uoteble exceptions, is fairly ﬁmmmt

Liil ]

s notvre of the moanwfeetures will have o Iarre infinence
on this vatioy however, iHorse vpower per establ ishment,

thouph pnot oo fixed as the other does nch vary to 2 preat
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eztent, =nd for the larrer cities remaing within fairly
fimed Jimitz. The watioc is aprroximuiely ona horse

power PEr establizhment per 1,500 to 3,000 porsong. The

o

power per perpon employed is verianble ﬁe@snﬂiﬁgAaﬂ the
tvoe of industry ond leead condiiions. The soliaticn of
nidwer 10 population over scovarsl yesys is shoun in fipuve
lie ‘the posulation curve and %ﬁaﬁ fov horse pover of
vmpufaetures are almost porellicel. The pover usedin the
vrincinal eitios is suewn in prepvhical forn in figure 10.
in loxee @aﬁ%erag sueh ag'?ﬁrg'&&?%h, Dellas, and louston
ere Tound the gresctest stooa and eleciric molow puwers,
The lurge use el metors iz %0 be srpected where sentral |
sietions ave prossnt. whe veladtive imporisnoe of a 6%%&
zn in iﬁﬁuwtriai center s shown in the awmount of total
hovge puwer cononmpiion.

In 1915 17F vower R&ugﬁxiﬁa gore in VYexas. Yhsse
sonsunad o tofal powey of 5,%10shpe  The averaps pover
par piant wag then J4.0ehpe  Some inhernsleconbusiidn
anrines and eloctric metors weve used, bubt the bhulk of
the poger wag from ﬁﬁ&&m‘ﬁﬁgiﬂﬁﬁw

Ipviention is sssuning o good denl of lmportonce in
aome pavhbe of the statee In 1920 tacre wore 1,349 irae
wigation plonts in operailion. A $oisl of §0,51lehn.
wag employed, wiich nyerazes 3.8-hpe per plant.

Al thours n olagsification of prime movers is nod
artailehle, it 13 known {uob o large per cent of the totnl

iz internalecombustion engincse
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The following teble gives the consumption of electriml
energy and the connected motor load and number of notors
served fro@ 1915 401320 inciusive.
Table 22,

Consumption of Fleetrical Energy in Texas

Yeayr Jiotors ~  Connected 1aad‘ Total electrical
Served horse power  enerey sold lor hve, ’

01915 11,900 81,000 - . 54,800,000

1916 13,600 100,100 79,200,000

1917 14,500 123,200 114,500,000

1918 16,900 170,200 170,800, 000

1919 19.50Q 209,700 304,000,000

1920 21,500 308,500 391,000,000

Dusing this time the inercase in energy sold was 86
per cent and cennacted motor load iﬁere&sed.44.6 per cent.
The estimated povulation incresse in the same time was
9.2 per cent. Yh;a makes a ratio of power increase to
ropulation increase of 9.3 to 1. The ébqve table is
taken from the Jan., 1lst, 1921, mumher of Blectrical Worldd
and is given here as a suppliment %o the preceeding datea,
Figures 12 and 13 shown curvaes for the péwer-and motoxr
increass.

COMPARISON OF THR THXAS SITUATION WiTrH
THAT IV OTHER STATHES -
Data for JUebraskea and Ohio covering power.of industries,
value of manufactured and agricultural producis, and pop=
ulation are shown graphically in figure 14 for the years

1899 to 1919 inclusive. As in the case if Texas, power
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increases at almost the same rate as papulation~conéiderﬁng‘
the twenty year period. Horsover the value of manuf&etured
products increases at nearly the same rate ,in the three
étatas, Althaugh the value of agricultural products has
fallen off somewnat it is nct merked, and its curve slopes
in much the same way as the curve for the manufactured
products.s  Of course, war priées nave had a graﬁt deai to
de with the shape of the'“value“'nurves.‘ Power consump=
tion in Nebraska has iﬁcreasad at a greater rate than pope
ulation:and, on fthe whole, than value of menufactured pro-
duects. Value of ag?icultural producis and power consumpe
tion have increased ai ncaver a like rate than the alove.
These twuo states are taken for comparisop in as ruch as
they are”repre$entativa of moai states, OChlo has a larpe
population and large number of mamufaciures, wiile Nehw
ragks has a population smaller than Texas, with the value
of manufactured and agriculturzl products ncarly equal

but lower than that for Texas. Should a ﬁimilar study he
rede for all the states no doubt some siriking relations
would be fourd. Probably a definité relatianship exists

"between power consumphtion and population,

THD
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