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LETTER OF TRANSMITTAL.

DEPARIMENT OF THE INTERIOR,
OFPICE OF THE SEORETARY,
Washington, D, C., June 1, 1888,

SIR : I have the honor to transmit herewith the twenty-second and last volume of the series constituting the
final report on the Tenth Census. It consists of seven distinet reports, as follows: ‘

Steam and Water Power used in the Manufacture of Iron and Steel; Machine Tools and Wood-working
Machinery ; Wool and Silk Machinery; Pumps and Pumping Engines; Manufacture of Engines and Boilers,
and Marine Engines and Steam Vessels, compiled under the direction of Professor W, P. Trowbridge, of the School
of Mines, Columbia College, New York, chief special agent; and a report upon the Ice Industry of the United
States, by Henry Hall, of New York, a special agent of the Census Office.

I have the houoﬁ to be, very respectfully,
JAMES II, WARDLE,
COhief of Census Division,
Houn, Wirriam I, VivLas,
Secretary of the Interior,
ili
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LETTER OF TRANSMITTAL.

New Yorxk, N. Y., September 25, 1882,
Hon. Cmas, W, SRATON, ‘

Sugerintendent of Census, Washington, D. C.:

Sir: I have the honor to transmit herewith the followuw reports of special agents of the Census acting uuder
my supervision and direction in obtaining statistics of “ Power and Machinery,” to wit:

1. The report of Mr. Herman IIollemth on “Steam and Water Power used in the Manufacture of Iron and
Steel.”

2 The report of Mr, F, R. Hutton on ¢ Machine Tools and Wood-Working Mﬂchmery "

3. The report of Mr. T, R. Hutton on “Pumps and Pumping Engines.”

4 The report of Mr. Knight Neftel on ¢ Wool and Silkk Machinery.”

5, The report of Mr. O. 11, Fitch on ¢ Engines and Boilors,”

6. The report of Mr, C. H, Fitch on “ Marine Engines and Steam Vessels.”

These reports exhibit the conditiong of the industries to which they relate at the present period in the history
of this country,

The report of Mr, Hollerith will Le found interesting as showmg “the gradual increase in the proportion
of steam-power over water-power, notwithstanding the increase in the latter. It is nob diffienlt to find reasons
for this.” In the first place, water-power is not always, nor indeed usually, found convenieuntly located for
the erection of large manufacturing establishments. Accessibility to lines of communication is an important
element in connection with the building up of extensive establishments in which power is used, and although many
notable instances are found where the water-power afforded by large streams is so favorably located in all respects
that manufacturing towns have grown up in the immediate vieinity, supported mainly by the water-power available,
vet the general rule in regard to water-power, from the very nature of this power, is a certain degree of isolation
and inaccessibility ; whereas steam-power is not restricted by the topogmphical features of a country nor to
definite localities.

In the second place, water-power i generally limited in amount aud irregular, at any one locality, dependm g,
as it does, upon changeable hydrological conditions; while steam-power may not only be indefinitely increased
at any point, but may be made regular and constant from day to day, winter and summer. A. large part of the
increase in steam-power for certain kinds of manufactures is therefore found to be auxiliary or supplementary to
established water-powers, either for the purpose of adding power or for supplying the oceasional or periodical
deficiencies of water-power. :

In this connection I would refer to the reports of Mr. George I', Swain, Mr. James L. Greenleaf, and Mr.
Dwight Porter, on the water-power of the whole count;ry including that which has been utilized and that which is
available, :

The relative cost of steam-power and water-power in dlfferent parts of the country was one of the questions
proposed in Mr. Hollerith’s investigations, but withont mueh hope of any definite solution. It was apparent from
the first that the costs of these two kinds of power have no relation to each other; the cost of steam-power
depending upon the cost of plant, fuel, and engineers’ wages, mainly, while the cost of water-power depends upon
the cost of dams, supply-conduits, and hydraulic motors, The cost of either for any particular locality can thus
be determined under local conditions aud eircumstances only.

* The report of Mr. Hutton on “Machine Tools and Wood-Working Machinery” furnishes a condensed but
sufficiently comprehensive statement and exposition of the condition of the arts coveled by these important aids
to industry in this country at the present time.

The two features which are of the greatest importance in American manufacturing industries are the devel
opment and general introduction of the principle of interchangeability in the parts of machines and implements
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vi . LETTER OF TRANSMITTAL.

manuimctumd and employed in the country, and the gradual introduction into our machine- shops and factories of
special tools for preparing and shaping materials for the special uses which they are to subserve, either as parts of
such machines or implements, or for general nse.

These two branches or lines of development are closely related to each other, and have exercised an immense
influence in the rapid growth of our national interests. It may be said of both that they had their origin in the
characteristic inventive genius of our people, which bas been wisely fostered by the national legislature through,
liberal patent laws enacted from time to time.

Within the memory of men now living, a New England farmer has devoted his winter evenings to the making
of wooden clocks for sale, his implements being a knife, a file, and a saw; another has devoted himself, with the
aid of his family, to covering buttons by hand; the modest products in each case going far toward the support of
the family. Tho same processes are now accomplished, with great improvement in style and materials, on a large
scale in extensive establishments provided with special tools which render hand-work almost unnecessary, These
are mere instances to illustrate the changes that have taken place in every branch of human I'Lbor through the
introduction of special devices now employed in manufacturing. .

In the treatment of the materials which form the heavier metallic parts of engines and other machinery, and
all varieties of wood-work, the advance has been no less remarkable. Operations now performed at small cost in
preparing such materials for use would have been found impossible a few years ago by mere hand-work, or would
at Ieast have been impracticable on account of the great expense involved.

- It may be afirmed, moreover, that with the multiplication of general and special tools in shops and factories
there has been a corresponding advance in the strength, durability, and reliability of the machines and implements
produced. The exact time-tables of our railway systems, fulfilled with such wonderful certainty at the present
day, and the comparative immunity from stoppages and accidents of onr manufacturing and mining machinery,
would be unknown elements of modern activiiy if the machines employed were made wholly by hand.

The heavy operations now employed in welding, turning, boring, and shaping would be impracticable without
the modern tools employed for these purposes.  Without thesteam-hammer the modern propeller-shaft for steam-
ships could not be made, while there are undreds cf operations which, though possible by hand, are commercially
practicable only through special tools.

The desire of General I, A. Wa,lker, late Supermtendent of Census, that the subject of shop-tools and
wood-working machinery should receive attention i conneection with the statistics of power and machinery led
me to secure the services of Mr. I'. R. Hutton, assistant in mechanical engineering in the School of Mines, Colambia
College, Now York, for this special work, Mr. Hutton’s acquirements and fitness for this work were well known to
me, and I now trzmsnnt his report, together with sketches, drawings, cuts, etc., relating to and illustratin g the same.

The report will, I believe, be found worthy of & place in the records of the Tenth Census as illustrating the
present period of our country’s progress in the mechanic arts,

The report of Mr. ITutton on Pumps and Pumping Engines will, I am sure, commend itself to the mechanical
engineers of the country, The modern steam-pump is comp"ua.bwely a recent and exclusively an American
invention. Ithas been copied abroad and has been brought into almost universal use. Variations in details have
been introduced by many skillful American inventors, and their numerous designs applicable to pumping with
equal facility large and small quantities of water, with lifts from a few feet to many hundred feet, render the
American pump one of the most valuable of modern inventious.

The report of Mr. Neftel on Wool and Silkk Machinery deals with very old processes in which radical improve.
ments, except in minor detfuls, are hardly to be expected, but the report will be found to contain much that is
interesting. Mr. Neftel’s report on Flour-milling Machinery has already been transmitted and is published in Vol.
IIT of the final report on Tenth Census,

To the reports of Mr, Fitch, which have already been transmitted, I have now to add his reports on Stationary
Engines and Boilers and Marme Engines and Vessels,

The former covers & branch of indnstry in manufacturin g and the application of steam-power in which it is
universally acknowledged that this country has taken the lead, while the latter report will be found to contain
descriptions of marine engines and vessels of types peculiar to our inland waters, prepared for publication in a
form suitable for conveying general information on these subjects which is not generally accessible.

I beg to add, in closing this brief introduction to these reports, that it is my belief that statistical information '
of the character here presented can be prepared and preserved for future reference and use only under the auspices
of the government, and that such information should be procured and published periodically at intervals of
twenty or thirty years as part of the record of industrial and national progress.

Thave the honor to be, very respectfully, your obedient servant,
: : W. P. TROWBRIDGE,
Clief Special Agent,
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LETTER OF TRANSMITTAL.

WasminagTon, D, O., October 25, 1881.
Profesgsor W. P, TROWBRIDGE, '
Ohief Special Agent.

S1r: I have the honor to submit herewith the statistics of steam- and water-power used in the manufacture of
iron and steel during the census year, from June 1, 1870, to May 31, 1880, embracing complete statisties of power
for that year of (1) blast—fm*naces, (2) rolling-mills, (3) Bessemeor and open-hearth steel-works, (4) crucible, Llister,
and ‘miscellaneous steel-works, and (5) blomaries and forges. The establishments included under the respective
heads are identical with those similarly classified in the Stadistics of Iron and Steel Production, in Vol. I of the
final reports on the Tenth Uensus; and the data from which the results herewith transmitted have been obtained
were taken from the replies to inquiries relating to power contained in the schednles used by Mr. James M, SBwank
for the collection of theo statistics of the manulacture of iron and steel, '

 Two sets of figures arve given, referring, fivst, to water-wheels and steamn-engines in actual operation during
the whole or a part of the census year, 1880 ; ang, secoixd, to such as were not in operation during any portion of
that year. ‘

These statistics have been prefaced by a short report making such comparisons with the Census of 1870 as were
deemed necessary. In this report I have also endeavored to show the relation between power and product and
between amount of power used and namber of hands e;nployed.

The figures relating to production and number of hands employed have been taken from the Stalistics of
Iron and Steel Production, compiled by Mr. James M. Swank, special agent,

T am, sir, very respectfully, your obedient servant,
HERMAN HOLLERITH,

Special Agent
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SUMMARY OF THE STATISTICS OF SITAM- AND WATER-POWER

USED IN TIIE

MANUFACTURE OF IRON ‘AND STEEL

The statistics of steam- and water-power used in the manufacture of iron and sieel in the census year 1830 are
Lerein summarized and eompared, so far as possible, with the statistics of power reported in the Census of 1870,

GRAND SUMMARY,

In the following table the totals of the various iron and steel industries of the United States are given, Two
sets of figurey arve shown, the first referring to such water-wheels and steam.engines as were actually in operation
during the whole or a part of the census year 1880 ; the second set of figures refer to such water-wheels and
steam-engines as were not in actual operation during any part of the censuy year.

NUMBER OF '
TLBTABLIBL- WATER-POWER, BTRAM-POWER, AOTAL HORSR-FOWER.
MENTS,
. N%ﬁg&‘;f’f Torso-powor. N{:g;h’?‘:'of Ng;:g}’lf’gaf’f Tlorso-power,
‘Works, p é
g y y y ‘In Not in
B & A §. g E, ] g S‘ . oporallon. foporntion.
8 8 {54 Tn Not in g °g 8 g Tn Not in
&l A 2 | B2 |operation. oporation, | 8 | HE 2 | #48 |oporation. joporation.
=l | & %" ¢ lgel & i3
H1lw@m | A4 |& L A & :
All fron. and steol-works, .........| 781 ] 924 860 04 16, 506 4,028 || 7,307 708 | 8,206 ] 818 380, 741 81,9284 807, 247 85,912
" Blagt fUrNACO8 . n s n e enirnenasriraniionns 840 | 160 02 47 3,827 1,983 2,688 | 442 883 | 178 181}, 470 17, 514 130, 803 10,407
RolNg-m0ilIB . veennsiurnamerscrnmrnnanas 283 41 151 22 8,825 2,100 || 8,830 | 244 | 1,020} 180 1904, 907 18, 675 208, 702 14,775
Bessemer and open-hearth steel-works..| 83 L3 | R BRI CELLRIRORR 458 i} 261 1 86, #41 500 an, 241 600
Crucible and miscellaneous steel-works.| 85 2 [ PO 020 [evemunenen. ; br 1] 110 ] 14, 585 465 15, 906 305
Blomaries and fOrZe8..cennevvivrenaeera| 00 28 [i 158 28 8, 784 545 i 40 [1} 27 l] 1,472 9280 5, 200 T8

The total capacity of the 464 water-wheels reported was 21,134 horse-power, of which 94 water-wheels with a
capacity of 4,628 horse-power, or 21.9 per cent, of the total capacity, were reported as having been idle during the
entire census year; 3,623 steam-engines were reported, with a total capacity of 412,025 horse-power, of which 818
engines, equivalent to 31,284 horse-power, or 7.6 per cent. of the total capacity, were reported as mot in opoeration
during any part of the census year.

The total capacity of all steam-engines and water-wheels reported was 433,150 horse-power. The power of all
steam-engines and water-wheels reported as not in operation dmmg tha census year was 35,912 horse-power, or 8,3
per cent. of the total capacity. :

1



2 POWER USED IN THE MANUFAOTURE OF IRON AND STEEL.

The relation between the power in operatmn and not in operation during the census year in the various iron
and steel industries is shown by the following table «

WATER-POWER. 1 BTEAM-TOWER,. TOTAL HORSE-FOWER,
Works. | A
Inopern-{ Notin [iInopera-! Notin yInopera- Notin

tion. operation, ! tion, operation. tion. operation.
DPer cent,| Per ocent. || Per cent. | Per cent, || Percent.| Per cond.
AN iren. andd steel-works ...oovee. 78,10 21.00 02. 41 7. 50 o171 820
TIOSHFUTRACER 1 aeereeireaaearreannnns 62. 66 37,34 || 88.40 .60 | 8153 12.47
Rolling-mills.erer ceceeeiaaana ] B8 19,22 43,90 .10 93,24 6,76
Tossemer and open-herrth steelworks.|...... JR DO 08, 6L 1,36 08, 64 1,86
Crucivie and migeellancons steel-works.) 100 00 j.ueen oovnnn 97,506 2,44 97,66 2,84
Blomarics and Inx'ges .................. 87,26 12,74 86,49 18,61 87.04 12,96

The total of 85,012 horse-power, steam and water, which was reported as not in operation during the census
year, is divided between the variounsiron and steel industriesas follows, viz: Blast-farnaces, 54.29 per cent.; rolling-

mills, 41.14 per cent.; Bessemer and open-hearth steel-works, 1.80 per eent.; crucible, blister, and mlscellm;eous
steel-works, 1,02 per eent.; blomaries and forges, 2.16 per cent.

COMPARISON WITH CENSUS orF 1870.

In the following table the power reported as used in the manufacture of iron and steel in 1830 is compared
with the power reported in the Census of 1870, showing the percentages of increase and decreasa:

WATERPOWER, BTEAM-POWER.
P o Census Total
Olass of worl, TeA: | Wumber| Horse- Nun}ber Horse. || POWER
g o
ot wheels,) power, I gines, | POWer.
Al fron. and steclsorks ... { 1880 360 | 16,508 | 3,205 380,741 || 807,247
870 |. - 893 16, 584 1,807 | 154,001 170, 675
‘Percentage of inereaso (.do-..oue. wemmenannrliennanran, 134. 88 147,09 132,75
Percentage of docreaso «.foa. vue 8.40 [N (R | SO N |
BIASE-FUITIRCER e emeeosrrnns { 1880 v G2 8,827 882 | 188,476 186, 803
1870 141 B, 084 G509 68, 866 03, 900
Percentge of InCroase ..jve eem]ieamecaniioaaaia, 73,28 § 126.75 114,09
Percentage of deorensd .l ,ue.n.. 66. 03 12812 N | ORPUTY [,
. Romng-mﬂia ______ . g 1880 181 | 882 1,020 | 104,907 203, 702
. 1870 182 | 819 744 | 80,058 89, 084
Pervcentage of increass ..f....... lrmmmannaas 8.60 +l| 159,27 140,82 " 128.76
Percontage of deerease .. |i....... JRUA € EO N | R s | PP
SteelWOrkS eun e n e e e innns { 1880 ) 9 620 367 B0, 826 61,446
. : 1870 6 250 83 | 11,857 11,807
- Percentnge of incroase .| ....... 50,00 | 145,00 842,17 380,79 335.72
Poxcentage of 4eerense ..l ..veeforeciiamilieeirnn, §| SRS O eennnann
' T
Blomaries and Forges - ..., .- §| 1880 158 | 3734 | 27 1,472 5,208
: ; T 170 g | 8,174 ; a1 | gm0 5, 984
Toreentnge of i00TeAsD ufueoveen. 88,10 Y% T RS SRR | I
Percentago of deorensd .j..eioioiieiieenn T ‘ 12. 90 45,08 11,52

In the Census of 1870 the number of boilers was not reported, hence no comparison can be made.

As the power used in the manufacture of steel was not divided in the Census’of 1870, the power used in
Bessemer and open-hearth steel-works in 1880 lias been added to that used in crucible and miscellaneous steel-
works for the purpose of comparison, In this industry the greatest percentage of increase, 336 per cent.,is shown;
this is due to the large increase in the production of Bessemer and open-bearth steel-works during the last decade,
no open-hearth steel and only a comparatively smflll quantity of Bessemer steel being reported in the Census of
1870,

The next largest percent‘age of increase, 129 per cent. in the amount of power used, is shown in rolhng

mills, The power used in blast-furnaces increased 114 per cent. The power used in blomames and forges
decreased 11.52 per cent. '




POWER USED IN THE MANUFACTURE OF IRON AND STEEL. 3

The total amount of water-power used in 1870 and 1880 was practically the same, the decrease being ouly 0.47
per cenb. The amount of steam-power used, however, increased 147 per cent., giving a total increase of 133 per
cent., although the total water-power decreased but 0.47 per cent., the number of water-wheels in use decreased
8.4 per cent. ; on the other hand, the number of steam-engines in use increased 134 per cont. These figures tend
to show the gradual substitution of steam-power for water-power in the iron- and steel-works of this country.

AVERAGE POWER OF WATER-WHERELS AND STEAM-ENGINES IN 1870 AnD 1880.

Water-whecls.—The average power of the water-wheels reported in 1870 was 42.2 horse-power, in 1880 the
average was 45,85 horse-power, showing an increase of 8.65 per cent. in the average power of wheels used.
Steam-engines~—In 1870 the average power of the steam-engines reported was 112.72 horse-power, in 1880 the
average was 118.79 horse-power, showing an increase of 5.39 per cent. in the average power of engines used,
" The following table gives the average power of water-wheels and steam-engines reported as used in the
soveral iron and steel industries in 1880:

AVERAGI POWER,
Works, -
Water-wheels. | Stenm-engines,
Horse-power, | Ilorsapower.,
All iron. and 8t0el-WOIkS svewes cavrvavocrrnns 45, 85 112.72
Blast-furnnoos. soeres rannevsecasnsannns sonans B3, 60 151.88
Rolling-mill8 suviuurencrsvennansnvsnrsaannnns 07, 87 101, 07
Bessemor and open-hearth stecl- Works weeeni|oacuvssancns 144, 80
Crueible and miscollancous stoclkworks.eee.. 08, 89 125,78
Blomarios And fOLLe8. cnser cansars vannnsanns 28, 68 54,62

RELATION BRIWEEN STEAM- AND WATER-POWER,

The following tablé shows the relative importance of steam- and water-power in the various iron and steol
industries, as reported in the Oensuses of 1880 and of 1870

i 1880, 1%70.
Works. v
TWater-power, | Steam-power. || Water-power, | Steam-powor,
Per cond, Per cent. Per oent, Per cent.

AlL fron- and steel- Works v evs sueeussaniians 4.18 05, 84 0.72 00.28
Blast-uTNACER. - vrninrrenie st conannvaninnes 2,43 07,57 7.88 02,13
Rolling-millg .unscunna evtree e s e e 4,83 05, 67 0,12 | 90, 88
Boagomer and open-hoarth steel-works «ovees lruease ccivenas T 200,00 [eceeeiiiniinanan . caarea
Craelble and migeellancons stocl- works, ... 4,08 05,02 |lvenerevnairasmanfonnenninurvarans
Blomarios and forge8 cevevneriranerneniesan. 71,72 28.28 63,04 46, 06
AlL 8teel work.uee v vvvnreeneas vomnue cannny 1,21 08,79 2.12 07.88

TFrom the foregoing table we see that the relative importance of water-power has decreased in all the irou
and steel industries excepting blomaries and forges, In 1870, of the total amount of power used in blomaries
and forges, 46 per cent. was steam-power, while in 1880 only 28 per cent. was steam-power. This is casily
accounted for when we remember that the product of all the iron and steel industries increased, excepting that of
blomaries and forges, which decreased 35 per cent. in the decade from 1870 to 1880,

Mr. Swank, in his Statistics of Tron and Steel Production says: ¢ This decreaseis due to the general substitution
of improved processes for the forges and blomaries of our earlier iron history, and it would have been much greater
in the decade mentioned if the improved Amevican blomary, so largely used in northern Neow York, had not
contributed its large product to swell the production of 1880.” Hence we would naturally Toolk to Wew Yorl for
this increase in the amount of water-power nsed. We find that the water-power used in New York in this
industry has increased 500 horse-power, the total increase for the whole United States being only 560 horse-power,
The northern part of New York state, where these blomaries are located, is peculiarly adapted to the development:
of water-power. As the costof manufacturing with water-power is less than with steam-power, other things being
equal, the advantages of water-power become more apparent as the competition increases.

The following table shows, first, the amount of water-power used in the iron and steel industries of tho
different states, as reported in the Censuses of 1880 and of 1870; second, the percentages of the total amount of
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water-power used in each state; third, the relative importances of steam- and water-power in each state in 1880
and 1870, giving the percentages of steam- and water-power; and, fourth, the percentages of incrense and decrease
" in-the amount of water-power used in each state.

! : i
1850, I 1870, h ]
Staton and teoforie. f | ; T aen . | aeaene
‘ Water-power, »To;)nol‘a:;fnr- Wate:npowm'.r\’:‘.tonm-powcr.HWamr-puwmu l T”gﬂ,‘yg“,f“"' iWntcr-po\»"er, Smnm-powcr.;f %
- L i - ) .
Horse-power, ] Der cent. Percent, | Der cent. i‘ Tlorse-power. | Fer cent. ; Par cont, Per cent, I» Py cent. ) Der cent
The Toited States. 16,608 {ooeeennn - 4,16 05.84 | 10,564 Luneeninn : 0,72 90,28 | [
' AIBBATIS e anene 100, 00 st e 15. 08 82 o
Californif ... 100, 00 'I ........................... 100. 0 Lreesen . '
Lolorado...... 160 Q4 & ! : ST TP
Conneeticut .. 70.08 | 278 108 20,98 .22
DEIAWATE o vvmereeanns 92,01 65 0,30 | 897 1.0
Distriot of ColumBin .. eveeeaaaensn. l 100. 08 \! .............. [TET TN N
GOOTEi B ernerinnnce | . 53 0.82 [ 3.3! 00.09 |, ) 0.13 i 4,30 96,70
DB waemmnmrrmnens oreee e 100,00 eereeennen. e 100 00
Tndiona ... .l- .!.. 100, 08 ’ ‘e 100, ¢0
Tansas t . 100, 00 fou- ] resraans .
Kentucky SO SO 100,00 I} 100,00 | .
Maine . 476! 41,04 58, 80 il -85 | B5417 Jovereecnne
Marglond ..ooo vorenen 670 4.6 11.27 88,73 | 76,81 182 inneniiinnnn
Magsnchngelts......... 1,650 1o.ooi 80.23 10,07 | 87,80
Micignn «peensrenenne 48 0.27 0. 56 90,14 | 97,05
b (T T A BN 100,00 | 07.51 ...
Nebraska .. 100,00 |l..... B P
Wow Tampsehire...... 100,00 Hevennnnniaid e Lo et
New Jewaey «eeanrn. 91,90 | 1,080 8,61 ) 20, 00 80.00 |
Now York, ... ooven.oen 84,23 1 5,718 34.48 | 3111 08,89
North Cavolina ....... ! 28|  LEI|  100.00 l.evevurnne... i 983 2,18, 50| . 24
OBIO weeee seenmennnnnn
OREOD anrnan oo WTY O 08BT T00.00 feessin e e e e e e
Ponnsylvanin...... on
RhodeTaland ., ........
Senth Caroling. ..., ...\
TEONEHSLR o nnryrnennnn,
TOXAT v v renrrncnnaans i - ! caene
Vermont.... 2 0.15 | 0,67 98,83 | 180 LODE 20000 feereracnnnn) , . 0. 11
Virghain ,eeeenennn,.ll 1,508 9. 67 80. 07 10,08 | 1,508 D.04 ! 70,59 28. 47 - 0.18
B L T PO FUSUUNURURT TRt 160,00 © 20 012 | 0.48 60, 54 RPN PRI .
Wiseonsin «.euennnees.. 104 0.99 344 00,56 | 190 | 115 17.51 8240 fleeucrnninann. 18,68
Wyoming........ VU ISR ISRRUUTTIN ST, 100,00 El .............. l ............. % ............................ SR .

By this table we see that the relative importanee of water-power has decreased since 1870 in each state in
which it was used, except in the following Maine, Massachusetts, Connecticut, North Carolina, and Virginia.

Of the total amount of power used in Maine in 1880, 42 per cent. was water-power, while in 1870 only 15 per
cent. was water-power. Tn Massachusetts the percentage of water-power used increased from 13 per cont, in 1870
to 89 per cent. in 1880. In Comunecticat the water-power was 30 per cont. in 1880 and 21 per cent. in 1870.

The relative economy in the use of water-power increases as the cost of fuel increases; hence, we should expect
o find o Jarger Percentage of water-power nsed in states where Tuel is ex pensive. Inaddition tothe relatively high
«cost of fuel in New Bogland, the topography of the country is sneh as to afford abundant water-power ; hence it
i8 not surprising that those states should be an exception to the foregoing rule.

In North Carolina in 1880 no steam-power was used, while in 1870, of the total amount of power used in the
state, 24 per cent. was steam-power. The total amount of power used in 1870 was 477 horse-power; in 1880 it was
ouly 253 horse-power, showing a decrease of 47 per cent.  Again, the production fell from 1,301 tons in 1870 to 439
tons.in 1880. . In 1870 several blast-farnaces, using steam-power, were in operation ; but in 1880 the production of
iron and steel was confined entirely to blomaries and forges using water-power.

JIn Virginia we find that the percentage of water-power used Lad increased from 77 per cent. in 1870 to 81 per
<cent. 1o 1880, From 1870 to 1880 the total amonnt of power used deereased from 2,088 horse-power to 1,971 horse-
power, or 5.6 per cent.; the total product, however, increased from 37,836 tons in 1870 to 55,722 tons in 1880.
Notmtlgstanding this increase in 1he production, fewer establishments were engaged in the manufacture of iron
and steel in 1880 than in 1870, there being but 19 establishments reported in 1880 as against 35 establishments in 1870,

The total amount of steam and water-power, the total amount of water-power, and the total amount of steam-
-power as reported in the Census of 1880 and in that of 187 0, is divided in the following table between the different
- indnstries, showing percentage of the total amount used in each.
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In the Census of 1870 the power used in steel-works was not divided; hence no figures are given for Bessemer
and open-hearth steel-works, nor for crucible steel-works for 1870,  The percentage used in the manufacture of steel,
all kinds, is, however, given for 1870, Tor 1880 the percentage used in Bessemer and open-hearth stéel-works has
been added to that used in crucible and miscellaneous steel-works.

i ‘ TOTAL HORSE-POWEL. i TOTAL WATER-POWER, , TOTAL SIEAMLOWER. )
Works, 18>0, i 1870, i 1880, 1870, 1880, , 1870,
\ | I U FU
807,247 H. I, | 170,075 1L, I, “ 16,500 1, I*. | 36,684 1L P, | 380,741 LD, | 170,075 IL T,
— I‘ B
) Per gend. DPeragnt. || Por cent, DPer cont, er cent. Per cond,
BIRSESUIACES avnnrevnieen ounmmernnssanns 84,44 ] 20,10 10,85 85,060 98,20
Rollng-amills..cvesiuneiiaransnnns 51,30 i 53, 40 49, 00 61,21 52, 64
Dessemer and open-hearth ateel-works ..., 0.12 IR EOTRPTEELE [PTTEREIEY 0, 8%
Crueible and wiscellancous ateel works.... 9.83 | 7| I PN .83
Blomnaries a0d fOrges convnvivniienven saus 181 22, 62 19.14 0,38
All aleuqurks ................ bevaeena @ 12.95 ‘ 0.02 \'; a .70 1,51

a These ﬂpu en were obiained by adding percentage Tor Bessemer and openshearth steel-works fo eruetble and miscellancous steelworks,

The following table gives the total amount of power nsed in the manafacture of iron and steel, as reported in
{he Censuses of 1&80 and of 1870, the relative rank in production, the percentage of the total amount of power used,
and the percentage of increase und decrease for each state that produced iron orsreel in the censns years 1870 or 1850:

1850, ! 1870,
R bt 1 S ,‘ e st s | ormemtom——————————— 118 A 3 -] Ty centage of
States and torrilories. Rmxk '4 Pordontage l‘l mu\k | Verontagaol a}:;g:‘uln&?‘%
pm«luo | Total power. tollu‘lnll)t;‘ fon | pm(luc Total powor. lhtnl’f)m{sov
tton, N it tion. ‘
Tho United StALO8. ccvnnrierrianionmarviosmntcnnciasnnarisatssacnannas]inns cuae ‘ 07,247 [uneaennan 170, 0P [ cvvuanaressn | 132,75
Por oend, Der cont,
[’@uusyl\'nnh\.,..........................‘...,.......A...................,.4 1 201, 262 50.07 | 1 B2, 052 48.42 ! 143,53
2 b0, 070 12,89 | 2 21,884 12,50 [ 138,01
3 20, 847 7.61 ll 8 1R, 470 10,77 ¢ 84,40
4 17,862 sa0] 15 a0 | 2l 985,77
N1 JOIBOY cavanscenennr vansnerannns ] 14, 035 5,76 | 4 £ 400 818 | 170,57
Wisconsin . .overes \ ¢ 4,704 Lol 12 1,085 ook o8te.m
Wost Virginit....... 71 8, 600 526! 0 4,005 2,58 f& 95, 48
Michigan voveeenan. . ceen . 8 B, 240 Ly, 8 8,204 1,80 "1 062, 69
Massachusetis.coeenesn wrarareeacranrane PTS. arreanseniiives eennveae ] 1B, 473 3,80 9 6,225 8,65 148,63
MASSOUTL e anareveeavannns ereremavneehnnnas eneetanvasanreea o eens P 10 5,015 1.49 | ] 2,047 166} 129, 40
Kontuoky . 1 640 © - LeL| 7 3,00 1 T
Maryland. .. 12 5,046 160 5 2,728 Lo | 7.0
Indiant, cyvewssnn 13 4,405 1,18 1 11 4, M40 2 89 ’l « 901
Tannesseo .. 1 B, 398 el 2,815 1.90 I 178.78
Alnbome .o 18 2,400 0,60 ' 20 805 0.62 168,18
Virging eeceenesss rreeeenneeseranea carevrevenn 10 1,871 ool 13 2,088 193 | 5.00
Connpotiont cuuirevinons saveavasanermuan wereamaenne ranan 17 8, 068 0.77 I 10 1,388 0,78 I 128,02
GOOTEIRsnanas - 18 1,500 0.40 18 518 X 219, 0
Delaware ..... 10 2, 559 0, 04 \ 19 25 0.42 259,07
I8 cuves . 20 1,900 h ' wervmelinanrsomraans [ remeflvmnnsanees
Callfornin . .covinrniiinnisnsnsensrirnnsans raeann R . 21 ' goo 013 22! 226 0.18 ¢ 106, 67
MAIne cvavevivmianinriiie cvrveniamns 22 1,883 | 0.48 17 l 800 0. 47 135, 62
WFOMINE eennesrnrnnnns 2 435 | 012 [rrenanils eervnreanes
Rhodo T8land « oo veunne vanees 24 420 t 0.11
Now Hampshive .. 28 766 | 0.19
Vermont...een..o.. 20 75 0,00
818 0.08 ...
47 0,04 if...
300 0.0 |
, 60 0,02, | .
North Careling ...... 283 | 0,00, ‘ 23 477 ] 0.28 a40, 00
Distriot of Columbia 135 0.03 .
SOULh CATOLNA cevnrevimesvesanss cnvsscanssnsnnnsntyrnsnassssnnsnnuinmerssnilines sansfersnn P

o Deoranse,
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Dividing the whole territory of the United States into four grand divisions, as follows, viz, eastern states
southern states, western states and territories, and Pacific states and territories, we have the following statisties of
power used in the seveml divisions:

WATER-POWER, " BTRAM-POWER,
Fumber of .
Divisions, i ?stnb-t Number of Nombor of | Number of horaTeoptglvor
ishments. er of | . || N nnyber of | Nun N ¥ .
' Whedls, Horae-paver. boilars. t;ulg,]riy.?:s? Horse-power.

“Tho United States .-.vune.... 781 260 16,508 || 7,287 8,205 880, 741 307, 247
Engtern states - couvaasaens R 480 268 . 12,900 5,107 2,041 255,037 268, 033
Sontthern states couvcv e cnvmmuens 182 81 8, 064 682 816 83,207 36, 201
TWestern states and territories. .. 165 ’ 9 300 1,438 816 0, 1’27 91, 438
Pacific atates amed tervitories., ... 4 1 147 ] 80 1,370 1, 517

.

The following table gives. the percentage of the total power used in each of the divisions:

Divisiona. ’I.‘og:}l‘&xg‘{se- Tolt)t(l)lw‘glf‘m.ter- 'I.‘ogg ;Eﬁgm.

Per cont. Per cent. Per cent,
Enstorn Sbate8 .o cuereirerncasiraraanarierinns 67, 47 78.74 66, 08
Southorn BIAEEE..cvvsinraucranianannas P 0.13 18, 50 872
TWeatorn states and torritories......c... 28.02 1.87 23. 94
Tacifio states and territories ..cccevaveieanns 0.88 - 0. 89 0.88

- The relation between steam- and water-power in each of the divisions is shown in the following table:

Divisions, Water-power. | Stenm-power,
Per cent. Per cent,
. Fogtern BUate8 cueeer cirocr v e iaainriaens 4. 85 935,15
Southorn 8tates..emueiarsocerrsciannenns B.42 01. 568
Western atates and torritories.. 0.34 99. 00
Tacifio atates and tertitories, suueenn.. [ .89 90,31

From this we see that the relative importance of water-power, as compared with steam: -power, is greatest in
“the southern and Pacific states and territories, The largest amount of water-power, however, was used in the
eastern states, being 78.74 per cent, of the whole, ’

The following is the average power of water-wheels reported : Bastern states, 48.3 horse-power ; southern
states, 37.7 horse-power ; western’ states and territories, 34.83 horse-power; in the Pacific states and territories but
one wheel of 147 hiorse power is reported.

The average power of the steam-engines reported is ag follows : Bastern states, 125 Thorse- -power ; southern
states, 105.4 horse-power; western states and terrvitories, 111.3 horse-power; Pacific states and termtoues, 44.3
horse- power

RELATION OF PRODUCT TO POWER. :

The fol]owmg table shows the number of tons, per horse-po Wer, produced in the different iron and steel
industries i n 1380 and 1870

1850, , H 1870,
|
Worka, Total Produced Total Produced
. Cota per ota . er
‘ product. Total power. |y gvge. produet. Total pawer. |yl
powWer. power,
: Tons. Tloree-poiwer, Tons. l Tons. Horse-power, Tons,
All iren. and stecl-works. cevouvaaarenn, 7,265, 140 897, 247 ! 18.20 | 83, 055, 215 170, 675 21,42
TAASEFUTTIACER wersnnensininnnmenanisrannnns 3,781, 021 186, 803 27.64 || . 2,052,821 63,000 | 52.18
Rolling-mills......... P NP R wnss 2, 853, 248 203, 702 11.65 ‘] 1, 441, 829 8D, 084 16,10
Bepgemor and open-Lenrth steel-works ..-... 083, 039 36, 241 27.129 |
. 490. 75 . 1. .8
* Ormcible and miscellaneons steel-works. ... i 78, 275 15,205 4,95 } l ,0 7"? 11. 807 4.8
Blomaries and forges «oemees cevrvicesnacnans 72, 667 5,206 13,04 110, 808 5, 884 18,83
AL BEOEL-TWOrKR vveun s resurnmenarnstusonanae nl, 058, 814 @51, 446 E 20, 7 ! 40, 757 11, 807 4.21

& Theso fignres avo obtained by adding togethor the figures for Bessemer and open-hearth and.crucibile and miscellaneons steel-works.
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) the product per horse-power for all iron and steel works was 21.42 tons, in 1880 it was 18,29 tons,

lecrease of 3,13 tons or 14.6 per cent. in the product per horse-power,

oduct of Llast-furnaces in 1870 was 32.13 tons per horse-power, and in 1880 it was 27.04 tons, showing

)f 4.49 tous, or 26.6 per cent. in the produet per horse-power.

yluet per horse power of rolling-mills was 16.19 tons in 1870 and 11.55 tons in 1880, showing a decrease
or 28.7 per cent.

odnct per Lorse-power of steel-works in 1870 was 4.21 tons; in 1880 the product was 20.57 tons per

'+ this increase is due to the large quantities of Bessemer and open-hearth steel made in 1380,

oducts per horse-power of bLlomaries and forges in 1870 was 18.83 tons 8; in 1880 it was 13.04 tons,
lecrease of 4.9 tons, or 20 per cent. in the produet per horse-power.

ation between produet and power in the three states producing the largest amount of iron and steel in
rear 1880 is shown in the following table:

PEXNBYLVANIA, omo, H NEW YORK.

- - i . ‘_ -

Vorks. ‘;5 Fotal Tonsg ‘;.E . . Toug .} g-’% Tutal Fli)‘gll,ﬂ

) A Tota N ey | pOM | BE Toty m wlope futa . - 3
éi product, | TORIDOWeEr |y b, ’3’% product, | Totalpower o gi produet, | Total power. lljlé"l"?ﬁ"
powern pawer '
i: e .E}c NN IR SR B ’ : ,o, e | oo o

Tons. Horse-puwer. Tong, Iorsepower, ;] Tong, | Hursepower. t
d steelworks oo vifeenes 3,016,648 i "(\1 "8’ 1787 lawens i, 141 80,070 1 18,25 N 5(\3, 400 20,847 2¢. 08

[P (OIS S S OO | U e P NS (T SRR PSR
AN 9 1, 830, 811 J 2,22 "U‘ (B ] 548, 412 26,088 | 21,01 ] dlE J(JB 11, 085 20,15
vamnnsmsnenasenvenns 10 1,071,008 06,502 | 1L 09 0 472, 404 83,000 | 1L78 | 8 108, 638 11, 007 18. 62
n-kenrth steel-works.| 12 531, 881 19,780 | 26,00 10 108, 073 2,400 1 4543 12 87,165 2,675 W2, h8
cllancous stesl-works| 11 OF, 505 11, 041 &, 43 i 4 460 90 4,00 0 2,511 1, 050 2. 54
BEY cerravrarnnrane: ] 24, 578 1,600 | 14,40 R B e R S (R o 10 81,118 2,140 14, 8%

: )

owing table shows the relation between product and power in the four grand divisions of the United

{ ] Tong

Divistons, Total produet,y Total power, por horge-

{ ‘ power,

Lons. & Iorse power,

Thoe United States.e..eeeonnie [P T .05. 140 ’ 807, "47 18,20
SRS SRS I,

Laatorn states . oaevanont tvesraarauataasnnn o 071 508 208, 038 17,48
Southern states.... Veme ame ae 049, 103 16, 201 17. 90
Weatern states and territories....... weovs. 1, 912, 680 01,480 20,02
Pacific stales and Lorritorledeesvunasnns a1, 400 ‘ 1,517 20.78

tion between product and power in the different states for the census years 1880 and 1870 is smown
ing table: ‘

1880, 1870,
Months| Rank in Total PERCENTAGE, I’xoq&?odf Tank in Total IRERCENTAG, Proﬂ(::‘%d
e | PR | produaton.| FOt ROV =) b, | PR praduction, T POVER T e
produet. | power, | POWEr | product. | power, | POWEX
Tons. Horgespower, | Per cent. | Per cont, | - Tona. Tons. Horsepower, | Per cant, | Peroent. . Fons.
Bifsamraserfonnaneanne 7, 265, 140 L1 (O R P, . 18,20 ecnnreonad| 8,085 215 170,678 |vovmnneanifonnns 21.42
] 1} 8,010,008 201, 282 49,78 b0, 87 17.97 1| 1,836, 808 82,862 G0, 28 48,42 22. ..2
9 2 930, 141 50, 970 12,80 12,83 18,25 2 449, 768 21, 884 12,30 18,50 21,08
. 9 B 508, 800 29, 847 8,24 7.51 20. 05 8 448, 257 18,870 12,20 10,77 24, 80
9 4 417, 607 17, 852 575 | 4.4D 238, 41 15 25, 701 8, 075 0,71 2,18 7.0L
9 B 248, 800 14, 085 8.36 |, 8.76 16. 88 4 115, 262 5,400 3,156 8,16 2L 84
10 [} 178, 935 4, 704 2,46 1,20 37, 56 12 42, 284 1,085 1,16 004 38, 03
7 7 147, 487 B, 000 2,08 2,18 17,15 10 72,837 4,805 1,08 2.58 16,40
10 8 142,716 5,240 1,96 1.82 27,24 8 86, €79 8, 024 2,87 L8 26, 80
9 0 141, 821 15,471 1,95 8. 80 9,18 ] 80, 140 0, 226 2,80 8. 65 13, 84
9 10 125, 768 5, 015 1.78 1,40 21,20 8 04, 800 2, 047 2,80 L1,80 35. 85
9 1 128, 751 : 8,400 150 1,01 10,88 7 86, 782 8,000 2,87 2,20 22, 24
8 12 110, 034 5, 046, 1,563 1,60 18,60 b 05,424 2,728 2,01 1. 60 34, 08
10 13 08, 117 4,405 1.82 1,18 21,88 n 04, 148 4,040 1.78 2.80 12,99
14 77,100 G, 338 1.06 ‘1,60 12,17 14 84, 805 2,815 0,94 1.36 14, 82
10 - 15 62, 086 2,400 0. 87 0, 60 26, 24 20 7, 060 805 0.19 0,62 7. 80
16 55, 722 1,071 0.7 0. 50 28,27 18 37, 830 2,088 1.04 1.22 1B, 12
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1880, 1570,
; R - i
‘ ' S:§nte?°:ﬂi‘;ernd- Months| Ranledn | potal ‘ rERENTAGR.  Produeod | poiqc ot PENCENTAGE. | Proilucod
: ingBer| Procue | prodiotion| TO POV (TS T e | BIRANS pradugton, O RONER | e
: pruﬂuch,' powor, | Power. praduct. | power, ; POV
A T - Tons, Horse-power, | Fer cam.%f'or cent. | Tong ! Z'ons. Horse-power. | Per cent. | Per cent.; Tons,
o Couneotlont | ... 1o 1| . 68,001 B, 003 0.62° 0.7 12,43 | 16 5, 305 1,338 0.09 o781 1.0
_ R \ 0 8 38,152 1, 500 0.48 " 0.40 21, 08 ‘ 18 9,834 512 0.20 ! 0.80 13,81
' ST 1 33, 018 2, 530 0.47 054 13,23 19 8,807 725 0.23] 0.42i 1L45
o 20! 10,088 Lot 020 adel 106 e TSR FROTRTRpon IR R
12 2t 14,000 200 0.10! 0.15 93,83 2 8, 000 295 603 0.IB] 1803
: 7 o2 10, €08 1,885 0.15; 048] 573 . l
Wyoning..oiceeaeesf 0 28 9,700 455 0.1651 012 21,52 \ .
Rhodeialand.......| . 101 24 8, 104 120 0.11 0,11 19.97 | !
Now Hewpshive,...| 12 26 7,078 0 218 | 1087 l
L ¥ermiont c.eet vasaan T 24 6,820 . 875 | 0.00 0,09 17,65 |; ;
Colorado.. . ovaeuns 4 27 4, 500 a15 ; 0. 08 0. 08 14.29 l
Oregon ......leee. M| 9 28 8,200 - 147 0,04 0. 04 21,77 ! K
. BOLTAsKE. ceureeiant 10 29 2,000 200 . 0.03 0.08{ 0.7
‘ TEXAB er g e mna eens] gl 80 : 1,400 6 002 0.02| .88 l
- . North Carollus .. ... L3I 480 263 0.005 006 174 |
" Distriotof Columbia i B2 - 204 1851 . 0.005 0,02 1,96 .
- Hooth Jaxolloa ... -' ....................... ‘ ........ \

In the following table this same relation between product and power is shown for all counties in the United
Btates producing 80,000 tons and npward of iron or steel, or using 4,000 Lorse-power or more:

|
i Conuti Stat iMouths Totol | po I’mﬁuc‘ed
onnties, atea. utggﬁ-m- proquct, | Totul power. p‘]?ow?:e'
! Tone. Torse-power, Tong.
Allegheny ..ouveren..; Pennaylvanin........ 10 848,148 68, 827 12,98
B 911143 (PO DU | [ Jo 10 324,875 18, 150 2.4
Worthampton ... ..... RS ) S . 11 322,882 11, 53¢ 28,00
Cambidi «voeeeovmemecfnnaas do 12 260, 140 17,018 15,20
Co0¥ .. .viinnvuannns.| JIllinois 20 248,470 11,002 | 20.77
f : - a Danphin...... . Ponnaylvania . 10 228, 670 4,027 | 45.40
: ' . Maboning .. ) T 10 | 219,057 12, 726 17.29
Borks....... . Pennaylvania 9 | 218580 9,510 22,44
Cuyahoge ... {63030 S 9 210, 454 7, 200 29,22
MAYCOT carennsrneana. : Pennsylvanla........ i} 182, 881 8, 274 20,15
Rensaelaer...... . New¥ork........... 1L 177, 067 7, 460 23,86
Montgomery. ... - Pennaylvania........ 9 168, 828 1, 610 22,16
i Laokawinna. IS SCUN: I J, U 11 151,278 14,720 10.27
Milwankeg sueeanenn. WiBEONBIN «evnnnesan. 11 128,191 3, 320 83.56
Saint Louls ceeen...an. Mis8pUTdcann.oay 7 102, 644 5, 585 18.88
. ) Lawrenco.e...oueune.] Pomnsylvanin........ 8 |, 83448 4,009 22,00
' T OANOABEET e nyromrnnn. vameeallD ces e iinenns 8 87, 019 9,753 23.19
Ohio .. -.u-n ..i West Virginia ..cn... 10 54,767 | o, 358 14, 98
Will...... TIHDO1S weceeninn cene 12 84,004 2, 056’ 40,90
Chester........ Pennsylvanin........ 0 78,363 © B, 007 13.83
Trnmbull..ovoven o] OBiD . aeiucrvninnnennn 10 78,360 4, 300 16. 01
Lebomon.....eeevua. | Penusylvania........ 11 78, 148 4,170 17, 54
Lawrenes.... we] OBlo.eoii i 11 70,704 4,458 15. 88
Pbhiladelphia.........| Pennaylvapia........ .0 65, 083 g, 18 12,77

In the foregditlg‘mbles, showing the relation of product to power, there are great variations in the amount
produced per horse-power. Thus, in Illinois the produet is 23.41 tons per borse-power, while in Massachusetts it
is but 9.13 tons per horse-power. This apparent discrepancy is oxplained Dy the fact that the average production
per horsepower for blast-furnaces is 27.64 tohs; for Bessemer and open-hearth steel-works, 27.12 tons per horse-
power; while for rolling-mills it is only 11.55 tons. By an examinatiou of the Statistics of Iron and Steel Production,
it is found that in Illinois 49.12 per cent. of the total productis from Bessemer and open-hearth steel-works, 22.84 per

“-ceut, from blast-farnaces, and 28.01 per cent. from rolling-mills; lbence it is not surprising to find here a much larger
product per-horse-power than in Massachusetts, where of the total product, 77.31 per cent. is produced in rolling-
mills; 6.75 per cent. in blast-fornaces, and 15.81 per cent. in Bessemer and open-hearth steel-works. A gain, the
product per horse-power will not only vary with the different iron and steel indnstries, but also with different

esatablishments of the same kind according to the character of the product. Thus, a rolling-will producing large

- ‘gizes of bar-iron and other large units will not require as much power per ton of product as a mill producing small
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rods, Loop-iron, cut-nails, and the like. By a glance at the statistics of production of rolling-mills, we see that the
product of the Massachusetts rolling-mills is largely composed of rods, hoop-iron, cut-nails, fish-plates, and such
other products as would tend to increase the relative amount of power nsed. Again, in Massachusetts a large
proportion of the power reported is water-power; hence it is very probable that much of the steam-power used is
merely as an anxiliary during the dry season. Therefore the total amount of power reported may be somewhat in
excess of the amount actually in use in the manufacture of iron and steel.

In examining these figures, the time which the different establishments were in actual operatmn must be
considered. TFor 1880 the average number of months in operation has been given; unfortunately, this cannot be
{one for 1870, as no provision was made in the Ninth Census for this item. :

On examination of the table on page 7 we find that during 1880 the largest production per Lorse-power was
in the state of Wisconsin, being 37.56 tons. The Statistics of Iron and Steel Production show that 66.1 per cent.
of the total product was produced in Llast-furnaces, and 33,9 per cent. in rolling-mills; the 60,053 tous of rolling-
mill product consisted of 31,101 tons of bariron, and 29,552 tous of iron rails, all of which was produced by one
establishment, The 118,282 tons of pig-iron were produced by 13 blast-furnace stacks, giving an average annual
production of 0,099 tons per stack. The average production per stack in Pennsylvania was 8,179 tous; in Ohio,
6,611 tous, and in New York, 6,06 tons. ' ‘

This will easily acconnt for the very large produetion per Liorse-power, as the rolling-mills and blast-furnaces
were running under very favorable circumstances as regards the economy of power.

RELATION BETWEEN THRE AMOUNT OF POWER UNSED AND THEI NUMBER OF HANDS EMPLOYED.

The following table shows the relation hetween the power used and the number of hands employed in the
various iron and steel industries of the United States for the census years 1880 and 1870:

1580, ' o s
Works, c ¥, .‘ V o
Total N‘}m}l’f{; of | fome-power]  Total N ‘{:}l‘};(‘{; f | Forso-power
power, employed, per hand, power. employed, per hand,

' Iorse-power, ‘ Horseporwer. .

All iron- and stecl-works ..c.vveinen. 897, 247 140, 978 2,82 170, 078 77, B56 2,20
Blagtfurnaces ..uvevaves rnreerave e, 186, 803 41, 870 327 03, 000 27, 554 ©oa.82
Tolllng millA. curssevmvsvcannsrecrnsas cerane 208, 702 80,138 ’ 2. 64 89, 084 44, 002 1,00

9 . ) .
Bessemer and open-hearth steel-works..... 86, M1 10, 836 8,84 § 1, 807 0 4 L8
‘rueible and miscellansous stecl.works. ... 15,205 5, 100 2,08
Blomaries and forgos.eeeeeeeenna. earenanes B, 200 2, 030 L7 6, 884 2, 102 < 2,08
U
All 8teelworks susues Neshanmtsenmnarabsonus 51, 446 16, 081 821 1], 807 2,487 4,84 1}

The above table shows that for all iron and steel industries the ratio of power used to hands employedt
increased from 2.20 horse-power in 1870 to 2.82 horse-power in 1880, or an increase of 27 per cent.; in blast-furnaces:
this ratio was 2.32 horse-power in 1870, and 3.27 horse-power in 1880, showing an increase of 41 per cent.; for*
rolling-mills this increase was from 1.99 horse-power in 1870 to 2.54 horse-power in 1880, or 28 per cent.; in blomaries:
and forges the amotnt of power used to each hand employed decreased from 2.03 horse-power in 1870 to 1.77 horse>
power in 1880, or 13 per cent. o

The followmw table shows the same relatmu in the states of Pennsylvania, Ohlo, and New York:

PRNNEYLYANIA. oHJo, ’ NEW YORK,

| R

Works. Nuwmber of IHorae- Number of Hovae. { Numbor of | ; TTorse-

Tiands Total power. | power per hands Total powor, | power por liands | To!al power.! powoer pex

employed, hand. employed, hand, emplo) ed, ‘ ) hand..

s [N R
i .
o Iorse-power, Horae-power. Horse-porwer

Alliron. and ateel- Works. vaveee v na. 57, 062 201,282 X 20,071 60, 970 2. 54 11, 444 0,847 2.0%
Blast-fUrnNCes cvrvrresvinann vevmenans vens 18,460 79, 228 5. 87 8,044 25, 888 2,84 2,818 11, 085 476
Rolling-millg coneervennernennnn reanrenusve 84, 008 06, 502 2,70 10, 206 28, 092 2,25 5, 532 11, 897 217
+ Bessemer and open-boarth steel-works ... 4, 784 10,730 4.15 821 2,400 2,02 1, 650 2,075 Lox
Cracible and miscellanoous steel-works .. 4,080 11, 041 2,71 40 20 2.26 255 1, 050 41x
Blomaries and forges. oeivivenecunnrenens 600 1, 608 b I S O A PR 1,480 2, 140 1dg

On comparing the statisties of power used in manufacture with the statistics of production of iron and steel
there appears to be a discrepancy between the increase in the total amount of power nsed and the increase in tha-
total weight of all products. Thus the increase in the total amount of power used was 132,75 per cent., while ther
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inereaso in total weight of all products was only 98.76 per cent.
~per cent. ; the inerense in value of products was 43 per cent.

" POWER USED IN THE MANUFACTURE OF IRON AND STEEL.

The increase in value of all materials nsed was 41
Thatis tosay, the increase in the value of raw materials

\ . I process of anufacture was relatively greater in 1880 than in 1870. This might be due to the fact that the
“expenditure for wages was re atively greater, but we find that the total amount paid in wages increased only 36.93

L pér - cent;

Ag the use of machinery increases, the amount of power used will increase proportionately.

These

“faots indicate the mbroduchon of mechanieal processes and laber-saving machinery, which we know to have been

tshe ‘oase,

‘Although the average production per horse-power has decreased from 21.4 tons in 1870 to 1S.3 tons in 1880,

the aversge production to each lhiand employed has increased from 47.1 tons in 1870 to 51.5 tons in 1880, This ia

- undoubtedly: largely due to the fact that the amount of potver used to each hand employed has inereased from 2.2
hOrse power in 1870 to 2.8 horse-power in 1880,

TABLE ‘SOOWING POWER USED IN THE MANUFACTURE OF IRON AND STEEL,

WATERPOWER. BTBAM-POWER,
NUHERR !
TOTAL
OF RBTADLIFH.
oo , MENTS. 1\ * Number of Nnmber of l Number of HORBRPOVRR.
s : whoels. Horae-power. boilers. engines, 1farse-power.
Censua yonr 1880, |
N . 3 ' . . | I | 3
gﬁ g'g 2_ g‘g ?‘3‘. gd ﬁ é'g é. é’g ﬂ‘ é‘g fd g‘g
SEIGECE V29 | %823 ) %E |5 fE R || ¥
[ - s 5 3 k]
g (Al a |B5|g | BB s 1BE |47 28| 47 | 8% | & | BB
PLABT-FURNACHS, ‘ ' h
~M'he United States. . oiitenerenn Mo | 160, 62 47| 3,827 1,083 || 2,683 de2y 82| 178! 188,478 37,5614 ] 106,308 | 10,407
] . ! ! , |
B L T T U TR P R 7 L - 2 . 50 39 W 51 2,140 410 \ 2,140 400
Gouueotiout....... 8 2 6 loveeeed 4180 2 3 1 1 ) 00 1| 478 0
Goorgla .eo.venrinns 3 Y RO R AU B 15 sl s 2. 1,000 160 i 1,000 185
TR0 vevnentavscemamaean mraams manmas 3 [ | P FR i ........ aeren a8 32 16 11l 2,043 2, 087 ) 2, 045 4,907
I0IADA 1o v aerranesenrnensseseannanns 8 oo e SRS SN IO 7 e e Lot 076 L. | 675 s
Keitueky cocoaueae.. rrenseeat o 10 feamsnans e e N I a1 25 240 14 1,125 1,178 | 1,825 1,178
MOLI8 tneeeereramenasaenssnsmnnnneenes Loeeeatta be s T . b s
. D s LSRN | FEUROUION IO DU TS (ST (RO LIS I O,
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Massnohusetts .. B 2 2] 1 1 F 40 20 12 8 5 2 220 e 200 - o0
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Minneaotal. . eemmeenmvenionsnnvnninnn L T L e TP | P " 3 P 2 fereerenans 140 \ ......... ’ 140
hfluaoura R 4 8 I O w6 17 22 9 2,180 758l 2,130 o
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Hew York,...... SICPRIPEPEOREPY 80 ) g 8 &v2| 489 286 6 50 81 1,413 1,000} 11,985 1,433
: . i
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' | !
|
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0 | 13 60 | 12 ! 5, 050 i 1,330 | 5, U50 | 1,860
e R LR L AL L SR PP NS 28 ST ) UUUPURUU S 1 | IO 83 jeciennas 10 .. I8 (1 1 O ;500 Lanaanen
.ﬁurylnnfl ................... 3 R - N - TR o487
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Table showing power used in the manufacture of iron and stecl— Continued.

WATER-POWER. BIRAM-POWER.
NUMBER - o
OF ESTANLISL HOTABAG WER
BMENTS. N%lﬂgg B‘Of Horse-power, N{l)g;})&g‘of N(:lnlgg?:s?f Horso-power.
Census year 1880.
& ﬂ - é E‘ . é : % é‘ , é B é S o
. S'd , © s -] &'d ] o' a'd
AE AR AR AE- AR AL AR AR AR BE N NN
o < <
g |85 a |B5|a |88 e |28 |4 |28 ) 4 | E5 | & | B5
ROLLING-MILL8--Continued.
Now Hampshire .eceeevseeisarrnaassons I N -1 (8 PO I {1 N A B FPPTTOpN, 18 S
. oW JOIBBY avuverevrenseunvaruavanns . 12 2 199 480 7,020 1,450
Now York .. 10 206 400 11, 907 601
Onio ..... enensrvensmasannn 84 10 411 8, 050 23, 092 3,050
Pennsylvanio 124 7 1,824 1, 805 06, 502 1, 803
Rhode Ialand........ L 1 14 | 500 420 500
TENNOBBOO ¢anenvsonsrmnnnssuannanunanns [ PN 35 ' 8,100 |ieaennunns
o7 S JUS RO I 1 waeveerefleeniareens 80
Virginit eeeeeeerean 8 2 1l SO | . 1 519
Wost Virginay covovvveuennas [12:70 FORPPPIREN [ PR S A 1:1: 1) PO 5,408 1oennnnnan .
RLANTIO T RN TPA 85 O 2,860 {.inuunsen
Wyorming .ovevesversea 10 wee 450 ...
DESSEMUER AND OPLN-MEARTH STERL-
R
The United States ....oevavnesenas| 83 N | I S IR IR 458 5| 281 1| 80,241 500 | 80,241 | - w00
TIIN0I8 wurnunsvnannsesanesrsnooans 80 [enuiunas 4 feavinan (/%5 1 N ER ToALL [eamaaninns
KontuckY «oucvmevsosasonnnanns 1
Massnohugotts vevevesans 5 ’
Missouri . vevssniennenn it
Now Hampshire.ceeessveann aemranrans 8
Now Joraey..... enrrsNienenuannaraaune cannaner
Now Yorkewewons.s Wvanaasstasunannyaan 59
(0] Y cemtereaens 87
Ponnsylvanifieceecosves cne crmeennenans 218
Rhiods Island c.e..-... werrerieeranann -
Tennesses... cerenenieennean (i
VOIMONE ceueefrrneenensennannnrencacs 10
CRUCIBLE AND MISCELLANKOUS BTREL-
WORKS,
Tho Unitod States «veveeereennes| 85 2 9 fommnen] 020 s 22 6] 10 8| 14,88 805 || 15,20 905
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O (RN | PO U b b N 24 evanans % lrennes
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DBLOMARIES AND FORGLE.

Tho United States .........coco] 00| 28| 58| 25| 8704 | 45 49 of | oy L4m|  wmo| 50 5
Georgla ...... ernrtreenananians enans 3 P % (SO LR PO 1feeens |l O 3 SO au{ ..........
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Ohio ........ veneas
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Tennesses ........
Vermont.... en..u
Virginin ..........

a The power of this ostablishment is included in crucible steel-works.
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Table showing power used in the manufuciure of iron and steel—Continued.
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