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Hon, L. Q. O, LAMAR,
Seoretary of the Interior.

Sik: 1 have the honor to transmit herewith the sixteenth and seventeenth volumes of the quarto series
comprising the final report on the Tenth Census, namely, that devoted to the water-power of the United States,
prepared undler the direction of Professor W. P. Trowbridge, of the School of Mines, Columbia College, New
York, N. Y., chief gpecial agent.

The report comprises the following-named monogra.phsi

Pary I,
Btreams of eastern New England ........ e eaaenee s S eiesetaaena e e Swain,
Region tributary to Long Island sound. ........... et e raan Ceare aeean ....Porter.
Hudson River basin and Lake George outlet ..... ...voue o.... . « «. .. Porter.
Region tributary to lake Ontario and the New York state canals.. ... v e Porter.
Drainage basins of lakes Huron and Brie, and water-power of Niagara falls and river. . Groenleaf.
‘Middle Atlantic water-shed. ... . ET PP e venn et reas e e e e Swain.
Southern Atlantic water-gshed ... . ............ eetaesaanaanas faeeeaes venenenn . Swadn,
Eastern Gulf slope....... teeanana aevectmetecneaenans eee e v sacansnaanarnnenns Porter.

Parr IL
The Northwest ............ e enmMs araa amanan e cabannne chrr e exeeens .. Greenleaf.
Mississippi river and some of its tributaries. . ...cvvevvniivieinnicvanon i venr v .. Greenleaf,
Mississippt river on the west, below Dubuque «.eceneveweeieiairiiiiiraiiiinenn. Porter.
Ohio River basin and Ohio state canals........... feamre e P 00} 4 1) 8
Water-supply of certain cities and downs ..o viivicon i e EHiot.

The general review and swinmary which is so strongly commended and approved by Professor Trowbridge
was prepared by George F. Swain, Assistant Professor of Oivil Iingineering in the Massachusetts Institute of
Technology, at Boston, Massachusetts.

Very respectfully, your obedient servant, '
JAMES H. WARDLE,

Ohief of COensus Division.
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GENERAL LETTER OF TRANSMITTAL.

SompooL oF Minms, CoLuMBIA COLLEGE,
: New York, N. Y., October 12, 1882,
Hon, Onas. 'W. SgATON, :
Superintendent of Oensus, Waskington, D. C.

S1r: I have the honor to transmit herewith the reports of Messrs. George I, Swain, James L. Greenleaf, and
Dwight Porter on the water-power of the United States.

As special agent of the Tenth Census in charge of the collection of statistics of power and machinery, I
arranged, at the request of General Francis A, Walker, and under his general direction, the plan of investigations
of which the results are embodied in these reports. I have already transmitted the reports of the other special
agents selected by me for the collection of statistical information on the other branches of the work under my
charge, and the results which I now forward complete the series of investigations intended to cover, so far as
practicable, the subject of power and machinery.

The general scheme of inquiries in relation to water-power was arranged in consultation with General Walker
before the special agents who were to take the field had been seleeted. It embraced the examination of the
different great water-sheds of the country as they are naturally defined by mountain systems and intermediate
slopes and valleys, The investigations were to be conducted by personal explorations and reconnaissances in the
field, with the aid of all available maps and other sources of information that could be procured. It was foreseen
at once that great care must be taken not to make the examinations so general that the results would have no
specific value, nor so much in defail as to preclude the possibility, with the limited foree at my dispesal, of
embracing the entire country east of the Rocky mountains.

For the work thus planned I selected, with General Walker's approval, Mr. George I'. Swain, civil engineér, Q@
graduate of the Massachusetts Institute of Technology; Mr. James L. Greenleaf, civil engineer, a graduate of the
School of Mines, Columbia College, New York, N. Y.; and Mr. Dwight Porter, a graduate of the Sheffield Scientific
School of Yale College, New Haven, Connecticut. These gentlemen remained in the field continually until their
investigations were concluded, receiving advice and directions by mail ag their work progressed.

I need only refer you to their reports for evidence of the large amount of work which they accomplished.

But these reports do not, and can not, exhibit any evidence of the fatigue and exposures undergone by these
gentlemen in their efforts to accomplish within the time allotted the work which was assigned to them,

Ag contributions to the hydrology of the country, the reports will , I am sure, be found to be of a character not -
heretofore attempted, and to contain general and specific information of the highest publie value and interest.

The whole cost of the work consisted of the very moderate salaries of the three special agents named above,
and their necessary traveling expenses.

I have the honor to be, very respectfully, your obedient servant,
W. P, TROWBRIDGE,
Ohief Special Agent, Tenth Census.
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GENERAL INTRODUCTION.

By Pror. GEORGE F., SWAIN.

According to the returns of the Tenth Census, there were in uge for manufacturing in the United States, in
1880, 55,404 water-wheels, using a total power of 1,225,379 horse-power, this being 35.93 per cent. of the total power
used in the country for manufacturing purposes.

Although statistics of other countries are not at hand, it is probably safe to say that in no other country in the
world is an equal amount of water-power utilized, and that, not only in regard to the aggregate power employed,
but in regard also to the number and importance of its large improved powers, this country stands pre-eminent.
And yet o very hasty glance will suffice to convinee us that even this enormous total is but a very small fraction of
the total theoretical power generated by our streams and rivers in their passage from their sources to the sea. A
rough approximation to this total theoretical power may be made by dividing the country into sections having a
general uniformity in the climatic, topographie, and other conditions affecting water-power, and assuming in each
an average elevation above the sen, from which a certain proportion of the rainfall descends to the sea-level, A
calenlation of this kind, based upon the best data obtainable, turnishes the astonishing result that the total
theoretical power of our streams, taken as the average through the year, reaches the enormous figure of over two
hundred million horse-power. Sueh is the energy developed by our rivers, streans, and brooks, of which we are
using but little over one-half of one per cent. Could it all be utilized, the power afforded would probably be more
than sufficient to turn all the machinery-of the globe.

- But although the above estimate has some theoretical interest, it is evidently of no value as an indication of
the amount of power techunically available, The latter will be but u small fraction of the former, for it will be
necessary to discard at once the'power generated in the lower or navigable portions of our rivers, and in many
other parts of their courses where their slope is small, as well as a large amount near their head-waters, where, on
account of variable flow, excessive slope, or topographical configuration, the development of power is impracticable.
Some iden of how large a proportion of the total power is thus unavailable may perhaps bo gathered from the fact
that the theoretical power generated by the Mississippi river alone, from Cairo to the gulf of Mexico {within whieh.
distance no development of power is possible), is not less than thirteen million horsa power, or over 6 per cent, of
the total theoretical horse-power of the country; and it will be evident that, when we have deducted all the power
which by reason of the conditions above enumerated may be called unavailable, the practically available power of
the country will be but an exceedingly small fraction of the total power estimated above. '

The main objeet of this report is to give an idea of the available power of the country, describing privileges
actually in use, and calling attention to locations where power could be advantageously developed. It must be
remembered, however, that it is not technical availability alone which determines the value of a privilege, but that
many sites where considerable power could easily be developed are commercially valueless, perhaps on account
of inaccessibility, remoteness from the markets, or for other reasons; and it has been an important part of the
object of this report to call attention to conditions affecting the commercial value and availability of the locations
described. We shall soon have occasion to diseuss briefly from statistics some of the facts bearing upon this
matter. Before doing so, however, it will be well to glance at the distribution of utilized power over the eountry,
and the changes which have taken place during the decade 5 and to reproduce some of the tables from the report
oun steam- and water-power used in manufactures, by Mr. H. Hollerith, printed in Vol. I of this series of census
reports. :
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WATER-POWER OF THE UNITED STATES.

THE DISTRIBUTION OF UTILIZED POWER IN THE UNITED STATES.

The following table shows the total water- and steam-power in use in 1870 and 1880, with other facts of interest:

WATER-POWER. BTEAM-POWER.

Total steam-

and wcltlter-
Average Averagehorae.|| powor (horse-

Number of wa- | poreenower, | horso-power | omberof | goeniwer OWer per power).
ter-whoels, P por wheal, | stenm-engines. P stgmm-enlf),rine.

1880+ 2nnrnnns 55, 404 1,205,870 22,12 56, 483 2, 185,458 88.60 3,410, 837

1870vencvenen. 51,018 1,130, 431 22,16 40,101 1,215,711 30. 35 2, 846, 142
Percentage of|

increase ... 8. 60 [ 1 I PR 40, 54 TOTT fomomanransomnnes | 45.38

Trom this we see that the total amount of power used in manufagtures, both steam and water, has. increased
1,064,605 horse-power during the decade. Of this total increase, 94,948 horse-power, or 8.92 per cent., is due to
the increase in the amount of water-power used, while 969,747 horse-power, or 91.08 per cent., is due to the increase

in the amount of steam-power used.

account of the introduection of various forms of small hydraulic mofors for light work.
The following table gives the total amounts of water- and steam-power in each state and territory in 1870 and

1880, with the percentage of increase, and the proportional amounts of water- and steam-power.

must be regarded as an approximate comparison only:

The average power of the water-wheels has slightly diminished, probably on

This, however,

a Deoreass,

WATER-POWER. BTEAM-POWER. 1870, 1880,
State ov territory. | X - . S
: i ! . Water- team- Wator- team-
‘Toml in 1870, ' Totalin 1880.| Increase. {Totalin 1870, | Totalin 1880.; Increase. puwer. power, power, ;)OWQTL‘.
Horvse-power. | Horse-power, | Per cent. | Horse-power, | Horgg-power.| Per cent. Porcent. | Percent. | Percent. | Percent.

Total inthe United States.| 1,130,481 1,225, 879 8.40 1,215, 711 2,185, 458 79,77 48,18 51,82 36. 03 64. 07

AlabAMR. o iiie e nas 11,011 11,797 714 7,40 15,779 103, 86 68.72 41,28 42,78 57,22

ATHZONE <areeiiiirinianaeaee 10 160 1,500, 00 o> 370 057. 14 w1 88.80 80,10 09. 8L

ATKRDBAB v v vaveenrniananaeanns 1, 545 2, 024 3100 6,101 | 13,709 124,70 20, 21 79,79 12, 86 47.14

Californie . ven e visneeivninnrns G, 877 4, 850 (a) 18,403 28,071 64,43 27.11 72. 80 14.78 66,27
(5, 381) 17, 072)

(8703 1) 1 1 R O 702 1, 848 148,19 1,433 3,053 419,45 35, 60 a4, 40 31,87 08,13
(742) (761)

Conneetiout ...vvivecieniannn. 64, BOD 61, 206 12,52 23, 079 B7, 027 119, 51 a7, 68 32,82 8177 48. 28

DAKOLR v vverirrerrnssennnanns 70 808 950, 58 248 1,421 472.08 23. 48 76. 64 36,11 63, 89

Dolaware «coveevrnnn.en 4, 220 4,785 18.80 4,313 10, 643 146. 97 40. 46 50, 54 81,02 68,98

Distriot of Columbia .. 1,100 880 () 780 2, 263 180. 82 68,23 41,77 28,00 72,00

L RTIPTRPLS 628 930 77. 84 3,172 6,208 95,71 14.27 85,73 18.14 80. 86

GOOTEIA cavereeniirecnaniaanns 27,417 80, 067 0.91 10, 828 21,102 95,19 71, 69 28.81 58,76 41,24

(27, 850) (10, 811) y
TARBO carsmvnermraenraennneens 205 1,130 1,134.78 311 546 185. 88 48. 68 51,82 67. 64 82, 46
’ 92} (101) .

TIHN6I8 «aneniranmanrarirrnnans 12,058 17,445 34,08 73, 091 126, 843 78. B¢ 16. 06 84,05 12,09 87,91

TOURDH - - eeareenaaranrennsnans 23, 618 21,810 (@) 76, 851 109, 960 48. 08 928,43 76,57 16. 66 83.45

JOWA . coeeiviinaniinin iy 14,249 20, 303 42,91 25, 208 43, 858 33, 84 86, 03 . 63,07 37.56 02,44

G 1YY, Y 1,780 7,611 325,43 G, 860 18, 408 111. 76 21, 95 78,06 86,11 03, 84

Kentueky eoveviveioncaanean. 7,640 9, 012 17.96 81,028 45, 017 48, 81 19,81 80. 69 186, 41 . 88,69

LouiBianf. cevescenununcnnuean 142 80 (o) (%34'6 2234 11, 256 49, 82 0.57 99,48 0.79 99, 21
, B28)

70,108 79, 717 13.76 9, 465 20,759 119.32 88.11 11,89 79. 34 20. 66

18,461 18, 043 {m) 18, 561 38,216 137. 92 56. 04 43.06 35.20 64. 80

Masgnohusetts. cueevveaenaan, 105, 864 138, 862 80,71 7%8,4 .%02 171,897 118,48 57,42 42,58 44,67 55, 88

(78, 460) .

Michigan ...ovcvmanannannaa. 34, 885 34, 395 {a) 70, 958 180,352 83.71 32,97 67, 03 20. 88 79,12

Minnesota.... 18, 064 28, 689 T 1877 7,085 26,191 256. b5 04, 82 35,18 68,26 46,75

Migsignippi ... . 2, 453 8,449 40, 60 10, 019 15, 001 49.73 19,67 80,83 18, 69 81,31

Missouri.covanieioiiiianicnas 6, 644 8, 162 ‘ 22, 85 48,418 72, 587 40, 92 12,07 87.93 10.11 80, 89

» Mouband . .coiiinmen e 705 454 56, 14 822 644 140,71 49,17 50,83 68. 08 86, 82
(611) (226)

Nobraskt o vvvevinnvsnareennan. 1,446 6, 495 280, 01 1, 865 2,909 60. 8¢ 43.67 56,83 64. 69 86. 81

Novadn....... 2, 538 108 (a) 6, 007 408 {@) 20.70 70.30 15,08 84. U2

. (370) (636) N
New Hampslire eeeeeearanca, 48, 201 69, 155 1.27 8,787 18, 595 111, 62 88.60 11.40 78,81 21, 10
HoWw derBey.curccrcrennscnmne- 25, 832 27, 066 4.78 32, 307 72,792 125,84 44,43 65,67 27,10 72. 90
12




GENERAL INTRODUCTION. , xii

WATER-POWER. BTEAM-POWER, ) 1870, 1880.
State or territory.
Totalin 1870, | Totalin 1880, Increaso. | Totalin 1870, Totalin1880.| Inerease. ;\ggg 15)3‘9%'1‘ ;)glvlvtglf gg%{"‘}‘l}
Horse-power. | Horse-power.| Per cent. | Horse-power, | Horse-power.| Per cent, Per-oont, | Per cent. | Per cent. | Per cent.
Now Moxie0 ucceainiannnnnns 650 932 46, 60 262 427 314, 56 72.34 27, 66 08, 68 31,42
. (628) (108)
Now ForK.coeennneannrannsnns (2%%8,1 %.gf)) 218, 348 5,40 126G, 107 234, 705 86. 18 02,28 8r. 72 48,80 &L, 76
North Carolne ....o.ovuennen. 26, 211 30, 003 14.74 6,941 16,026 120, 44 79,00 20. 84 00, 63 83,32
(26, 200) (6, B18y
[0)15 (0 S eemimceemaraaas 44, 746 38, 641 {at) 120, 637 202, 502 71,71 28,07 . 7438 14. 80 85. 20
Oregonm e eeerreeeiaaenans 5, 806 9, 985 00. 51 2, 471 4,804 78. 83 0,16 29.85 68,11 31,80
15, 760) : (2,461)
Ponngylvanin..u.ocveeeianann. 141,982 116, 276 {e) 021,936 402, 132 81,10 30,01 00, 90 21, 52 78, 48,
Rhode Tsland . ccooeeooiiiiaan 18,481 22, 240 R 20,34 23, 540 41,885 75. 65 43,97 66, 08 4. 08 65. 02
South Caroling ......veceanane i 10, 895 13, 878 13, 68 4, 537 11,008 16. 78 68, 62 30,38 63,03 46, 37
(10, 388) (4, 487) '
TONUGESO0 «vnerensannnensnnn 10, 514 18,604 (@) 18,467 53, 888 80. 80 51,38 48,62 85,73 04, 27
TOXAB verersaniasniancaannnns 1, 8380 2, 508 37,05 11, 214 28, 026 149, 02 14.03 85,07 8.2 .70
Tiah ovevveninann. teaansasasen 2, 160 8, 535 62,08 (8?1%% 1,164 201, 76 ‘ 86,76 13,24 76,30 24,61
Vormont. e s sueeenennuarane 44, 897 62, 220 16, 82 CGde6 | 11,088 72, 58 87,48 12, 52 82,49 17, 61
VIrginia e eeneeeeninennrenanss 41,202 37, 464 (@ 8,410 19,710 154, 38 83. 06 16. 95 05, 63 24, 47
‘Washington . 1,412 1,185 (@) 1, 411 8,210 127,49 66, 02 49, 08 26, 06 73, 04
Wost Vivginia ....oooenvinnn 10, 196 0, 454 {a) 17,136 28, 456 66. 08 87, 80 42.70 24, M 76, 08
WHBCONBIM cue e rreann vnnneann 88, 714 45, 356 84,58 B30, 509 60,720 0. 06 52, 50 47. 00 42,75 57,26
Wyoming.eeevereereensnmrenns 84 i1 % (R 310 n7 102, 06 0.88 00,12 5,08 4. 07
(0) (245) R
o Decrenss.

Nore.—In cases whero two fignres are given for tho stepm- orwnter-power of a atate in 1870, those not inclosed in parenthesos aro the ones returned, Those in
parentheses are tho figures used in computing the percontnges of inerease, and have hoen derived from the former by subtracting power used for pwrposes which {n
1880 wero not classified under manufactures. Tho table thus refors to powor used in manufaetures as classifled in 1880,

In taking the results for these tables from the census returns, it is to be observed that the classification adopted
in 1880 is not exactly the same as that of 1870. Thus, from the tabley it would appear that there was o falling off
in the amount of steam-power used in manufactures in the state of Louisiana from 24,924 horse-power in 1870 to
11,256 horse-power in 1880. This is due to the fact that in tlie Census of 1870 the sugar made on the plantations
direct from the raw cane was included as a product of manunfacture, while in 1880 it is included with the products
of agriculture. Thus, in order to make a comparison, we must deduet 18,296 horse-power (steam-power) used on the
plantations from the total 24,924 horse-power, and we should then have for the industries included in the Cengus of
1880 an increase from 6,628 Liorse-power in 1870 to 11,256 horse-power in 1880. In a similar way, some of the items
which in 1870 were included under the head of manufactures, such as ¢ gunartz, milled”, were in 1880 classed among
the statisties of mining, and their amounts had to be subtracted from the figures given for 1870. The corrected
amounts, taking account of the principal items of this kind, have been included in parentheses in the foregoing
table, and in all cases they have been used in computing the percentages of increase. As this report deals with
water-power without reference to the use made of it, whethexr for purposes of manufacture, agriculture, or mining,
it would have been better if, instead of subtracting from the amonnts given for 1870, we had added to those of 1880,
or to both, making both represent the total amount of power used for all purposes; but the necessary statistics
were not at hand at the time of writing this introduetion, and probably the percentages would in all but o few cases
remain approximately the same. The figures given have reference, therefore, to the power used in manufactnres
only, as classified at the Census of 1880, '

This table shows that the steam-power bas increased within the decade very much more rapidly than the
water-power, the proportion of water-power in the entire conntry having fallen from 48.18 per cent. in 1870 to 35,93
per cent, in 1880; while it has decreased in every state and territory with the exception of Arizona, Dakota, Idaho,
Towa, Kansas, Louisiana, Montana, and Nebraska. There has also been a decrease, according to the tables, in the
actual amount of water-power used in California, the District of Columbia, Indiana, Lounisiana, Maryland, Michigan,
Nevada, Ohio, Pennsylvania, Tennessee, Virginia, Washington, and West Virginia; but as these figures represent
the power used in manufactures only, the total power in use may neverthcless have increased in these states, In
every case there has been an increase in the actual amount of steam-power used.
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WATER-POWER OF THE UNITED STATES.

The following table shows the percentage of the total amount of steam- and water-power, of the total amount
of water-power, and of the total amount of steam-power for each state and territory; also the rank of each state
and territory in regard to amount of 1)0\ver used

Pue rg(glt't‘ Percont- Percent- P: é get?rt- Percent- Percent.
Rank thg total R;‘r’“k ago of R%?k age of Rank | the total R{;'llk ago of Rg‘k ngzo of
State or territory. in total| steam- | oot the totuld ionm. the total State or territory. in totall steam- § o 4. tlm totfml stoam. the)toml
power.| water. stoam. power. and . | water- r, | Bteam-
water. | POV | powor, JPOVEN power, water- | POV | pawer. POV power.
powar, power, ]
Alabama cene 27 0,81 23 0. 86 25 0.72 || Missourie.iaeccmeenasaan 13 2. 37 27 0.67 9 3.82
Arizona . 47 0.02 44 0.01 47 0.02 || Montant,meascasaeveanns 43 0. 04 39 0.08 45 0.02
ATKaNSaB.cae-iamvaanes 81 0. 46 35 0.17 28 0.68 || Nobraskf..oeweearrvarar- 3b 0. 25 29 0.46 a8 0.14
Califormin..eceieinnneneas 26 0,97 30 0.40 18 1.28 || Novadleocvaersenre (nmans 46 0, 02 45 0.01 43 0, 03
C0l0rad0. cueeravenneenan- 87 0,17 a0 0,16 86 0.18 || Now Hampshire-........ 12 2.67 5 b. 64 24 0. 85
Connectiont .. 8l am 6 4,99 u 281 | Now Jersoy.snnnserverens 1 nga{ 15 2.91 8 583
Dalaotn ....... 4 0.07 4 0.07 40 007 | Now Mexio0..neees veees 44 aua| @ 0.08 46 0.02
DalAWRTO vavenernnenionnn 32 0,45 3t 0. 30 83 0.49 FOW TOrK oo oneneocevnes 9 13, 81 1 17,90 9 10.74
District of Columbin..... 40 0,09 42 0. 07 30 010 || Worth Caroling .oeeennon. 03 1,89 18 9,45 26 0. 60
FIOude weevensveneenaneas 36 0.21 40 0,08 94 0,28 Ol0 ennnens ) 4 .60 9 .16 3 10,18
GOOPLI e ranereirnanranans 22 1.60 12 8,45 21 0.97
Tdnho.... 46 0.05 8 0. 00 44 0. 02 OCOfON vvenun vrvmennmnnns 83 0. 40 25 0.78 35 0.20
ILlingis ...... eereraens g{ 42 = 142 g 5. | Penusylvanin.eoeeoon... 1) 1502} g8 0.00 1 18.40
AN . eeerienreaemcee 7| wnes] 1 1.78 7 5. 0p || Bhode Taland ... 14 leif Wl L& 18 1.50
TOWinreern resnnnnrennns 8| nef 18 100 14 1. 56 || South Carolina. 28 0.76| 2 LIS B0 0.85
T'ONNEEAGE +eevsasmnes enas 20 1.52 19 161 16 1.68
TCRIERB v eeveenneaenann 2 0.62 28 0. 62 20 0. 62 '
Kontucky . 17 L61 26 0,74 12 2,10 || TEXAB «vevveamancnoanrnes 20 0.90 84 0.20 10 1,28
Louisiana. .oveuneenranenn 84 0.33 40 0.01 31 0.62 ) Ttalt ceveen cnennsen 88 0.14 82 . 0.20 41 0,06
MAIB0 cemeriviranirnanen 10 2,95 [ (33 22 0.95 || Vermonb..cuaeaeaen 16 1.86 7 4,20 82 0,51
Mapyland .. .eouny, e 21 1,50 20 1.47 16 1.62 i Virginig oeoenooan 18 1.68 16 b8 28 0, 00
Washington .........ca.n 89 0.13 87 0.10 87 0.16
Mapsachusetts........... 8 0,08 2 11,20 4 7.84
Michigan covvnevnnennnnns 4.83 1 2,81 ] 5,90 | West Virginda ........... 24 L1 2 0.77 17 1.30
Minnesott .o covuceieenns 19 1.68 14 2, 04 20 1.16 || Wiseonsin .c.cvovenvannn. ] 311 8 370 10 278
Missisgippi coeecniiinaens 80 0. 64 33 0,28 27 0. 60 || Wyoming......eeivmanan.| 45 0. 02 47 (@) 42 0.08

15,02 per cent. of the total for the United States.
with 9.08 per cent.; and Ohio fourth, with 7.66 per cent. of the total.

and Maine fourth, with 6.51 per cent. of the total.
per cent,; New York second, with 10.74 per cent.;
with 7.84 per cent. of the total.

« Less than 0,004 of 1 per cont.
From this table we see that Pennsylvania stands first in the total amount of power used in manufactures, with

New York is second, with 13.31 per cent.; Massachusetts third,

In the amount of water-power used, New
York is first, with 17.90 per cent.; Massachusetts second, with 11.29 per cent.; Pennsylvania third, with 9 per cent.;

Tor steam-power we again have Pennsylvania first, with 18,40
; Ohio third, with 10.18 per cent.; and Massachusetts fourth,

It is interesting to compare the amount of power used in each state and territory with the area of that state

In it the area of each state and territory
is given, and the totul amount of water- and steam-power, of water-power, and of steam-power, per square mile, with
corresponding rank of each state and territory:

or territory. TFor this purpose the following table has Dheen computed.

a Less than 0.005 horse-nower nar sruare —ile,

( .
Stato or tevritory. Aron. 'r T‘;ﬁ:}ﬂ‘x‘ggfv é‘l_nd “‘,'nter pnwmf Slsenm»p‘awmI l tolt;{r,mll1 ‘111;03;101' wg:grx*‘-%‘olvger stgil‘t‘all;voivl;or
por squaremile, | PO MIUAKE TG | Por Biro mEe. ]‘ sqxxupfggnilu. sqtmlr)glmile. squa,gglmilo.

{

|

Squere miles. IHorse-power. Horse-power. Horse-power, |
AlQDAMA oeevn cnsncninsunninansnnas . 51, 640 0. 54 0.28 0. 81 28 26 28
Arizong . .eveann 112, 920 6.0 () {a) 43 44 45
-Arkonsas 53, 045 0, 30 0. 04 0. 26 80 33 80
California. - 155, 080 0.21 0,08 0. 18" 38 86 82
Colorado..ceeeeuan 103, 645 0.08 0,02 0. 04 89 36 88
Conneetient «ovnveverenrsneemnrsrens snanes 4,845 24,40 12,63 1.7 4 4 4
Dukota ...... 147,700 0.02 0.01 0,01 41 89 40
Delaware 1,000 7.81 2,44 5. 43 9 13 8
Distriet of Columbia. 60 52,38 14, 67 87.72 2 3 2
3 Pl O b4, 240 0.13 0.02 0.11 35 87 84
GROTEIR e = reeaseeasencrenmnenns arenenneens 58, 080 0.87 0.51 0.58 25 19 25
Tdeho..an. 84, 290 0.02 6.01 0, 0% 42 40 41
Tlinois ... 66, 000 2,58 0,381 2,27 16 26 12
Indisna... 86,910 |j 3,87 0, 61 3.06 13 17 11
TOWR coereinannennrren 55,475 0.68 0,37 0,61 28 23 22
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XV
. Rank in Rank in Rankin
State or torritory. Aren :E?‘&EE{%%J %1‘:1 v Xg&%ﬂgmﬁfo. ) litg[&ﬁl:l{’-g?:ﬁo. totn;p gwer wul:eprél;ower ston?-g‘nwer
. square mile, | square mile. | square mile.
Square miles, Hovrse-power. Horse-power. Horse-power.
81,700 0.26 0,00 0.18 81 a0 33
40, 000 1,87 0,23 115 201 27 16
46, 420 0.25 (a) 0,26 32 45 a1
. . 20, 805 3,86 2,07 0,60 14 ] 21
BN £151 F15 . N PR Py 9, 860 b, 20 1,83 8,87 12 12 10
Mngsnchusetts ... +8, 040 88, 63 17.21 21, 32 8 2 8
Michiganeomeen. .. 57, 430 2.87 0. 60 2,27 15 18 18
MinDESOt - onaene cennenrovanneanennnnannaas 79, 205 0.68 0.88 0.42 21 24 28
Y RETEN TS Y )10 S 46, 840 0.40 0,07 0,32 20 81 29
MABBOUTE. e cernermrernesarsasaransanararenes 08, 735 1,17 0.12 1.00 29 2% 19
MODEADA. 1rsnveemrersesoremsemcnenrassoncas 145, 810 0,01 0,01 (@) d4 41 46
INODTASK A < - - veceervemvmmamsamanssmennsanns 76,185 0.11 0.07 0.04 87 32 80
Novada 109,740 0.01 {a) 0,01 45 46 42
New Hampshirs. ceevereenivavansvaaconenss 9, 006 0.74 7. 68 2,00 T b 14
NOW JOIBOY +vnvnvernrmnensransenensnnrence 7,456 18,89 8,63 0,76 & 8 5
New Mexico..eene.... emeesasacnssmeannay 122, 460 0,01 0.01 {a) 40 42 47
Now York...c.... eamervesstnsnaerr ot 47, 620 0,54 4. 61 4.03 8 7 9
North Garolinf .covvevnvennencaeecarenanas 48, 680 0.98 0. 02 0,81 24 16 20
(63137, O - 40, 760 6.41 0,05 5,40 n 13 7
04, 660 0. 14 0.10 0. 05 84 20 86
Pennaylvanit.coee e cveaiceananvaenes 44, 985 11,80 2. 46 8 04 [} 10 [i]
Rhode Island . ... s 1, 085 68, 60 20. 50 88,10 1 1 1
South Carolnm . cuvveeevranracacmienrinens 30,170 0.86 0. 46 0,40 26 20 24
T ONIOBHO0 o v 0 mesmmrnremnersanasasnnannossas 41,760 1.24 0,44 0.80 21 21 20
T OXAB . s sreennnnsnesensrnansvannnasnnsenns " 202,200 012 0,01 0.11 80 48 35
1 82,190 0. 06 0,04 0.01 40 34 43
VOrmOND ceeveeinmssvennsrarnnsomancanennn, 9,186 6. 03 6,72 1,21 10 1} 15
Virginig.ouenos 40, 125 1.42 0.08 0,40 19 14 23
‘Washington . .. - 66, 880 0,07 0,02 0,06 88 a8 37
West Virginia. ioeerammmeaninneiannonn, 24, 046 1. 64 0,88 116 18 22 w
Wiseonsin..co.oaveeaes Fenansremeerreneseas 64, 450 1, 06 0,83 1.12 17 15 18
Wyoming 97, 575 0,01 (@) 0.01 47 47 44

« Less than 0.005 horse-power per squara mile.

From this table it appears that New York, which stands first in the total amount of water-power used, stands
eighth in rank as regards water-power per square mile, showing but 4.61 horse-power per square mile, whilo Rhode
Island, which stands sixteenth in total water-power, stands first in water-power per square imile, showing 20.50
horse-power per square mile. The close agreement of the figures for the same state in the last three columns is
ratber remarkable,

‘The territory of the United States may be divided into five sections, viz: The northern Atlantic states, including
all those along the Atlantic coast from Maine to Pennsylvania and New Jersey; the southern Atlantic states,
including all those along the coast from Delaware, Maryland, and West Virginia, to Georgia and Florida; the
northern central, or middle states, including the remaining states north of Xentueky, Arkansas, Indian territory,
and Texas, and east of Montana, Wyoming, Colorado, and Now Mexico; the southern eentral, or middle states,
including the states south of the northern boundary of Kentucky, Arkansas, Indian territory, and Texas; and the
western states, including all those west of the eastern boundary of Montana, Wyoming, Colorado, and New Mexico.(e)

The distribution of power in these sections is shown in the following table:

Total steam-
Diviglons, and water- | Water-powor, | Bteam-powor,
power, .
Horse-power, | Horsepower, | Horse-power.
P Unitod Statos.cvaseaeiaann, 3, flIO, 837 1, 225, 379 2,185, 458
Northern Atlantie............... 1, 800, 615 779, 605 ? 1, 029, 920
Southorn AHNHG .o evnenerennes 404,186 145,508 148,018
Northern Contral oceveenerisann. 1, 028, 0680 08, 770 709, 010
Southern Central 210, 520 47,444 163, 076
WOBLELH covneraiarsersanunsnnanas 67, 936 24, 002 43, 034

o This ig the division followed in thoe report of Mr, Hellerith, from which the following tables are taken.
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In the followiug table are given the percentage of the total water- and steam-power, of the total water-power,
and of the total steam-power used in each of these five divisions:

Porcentage of y
Divisions. Jdotofal | PeREERiED of | Porpeniagy of
steam-power. water-power. | steam-power.
Northern Atlantio... .. meanaaan 53. 05 63, 62 47.18
Southern Atlontio ...o...ovinin. 8. 63 11,88 6. 80
Northern Central... 30, 16 18, 47 36. 60
Southern Centrai . 6. 17 3. 87 7.46
R 15 o N 1. 990 1.96 2.01

From this we see that G3.62 per cent. of all the utilized water-power of the country, or nearly two-thirds, is in
the northern Atlantic states, while the northern Atlantic and northern central states together include about four-
fifths of this total. New England alone reports 34.51 per cent. of the total water-power, while all the Atlantic
states together include 75.50 per cent., or nearly three-fourths,

The relative amounts of water- and steam-power in these sections of the country are shown in the following table:

Divisions, Water-power. | Steam-power.
Per cent. Por cent.
United States.....c.ovveaaa.. 85, 08 G4. 07

Noerthern Atlantio......... 43.08 56. 92
Southern Atlantic ... 49, 48 50. 52
Northern Central ................ 99,24 7016
Sonthern Central ................ 22, 64 7. 4G
WOSTOUIL runnaneeninnnrnionannnnas 35.33 64, 67

In the following table is given the power per square mile in each

of these divisions:

Average Aver:
tom verage Averago
. Aren in water- aud oo Sver | stoamepotwer
Divisions. sqnare miles, s{)eat;n;-pl;gzgr per square per s'gmm
mile, mile. mile.
Horss-power. | Horse-power. | Horse-power.
TUnited Stited. ccveevevnnnnn. 2,900,170 1.18 0. 42 0.75
Northem Ablantio coovoevvannnn.. 162, 065 11.1¢ 4,81 6. 85
Southern Atlantio ..coaeeooue.... 268, 620 1.09 0. 54 0, 55
Northermn Contral.... 768, 550 1.86 0,80 1. 08
Southern Central ................ a 540, 385 0. 39 0. 09 0.80
R L1} 5 Y 1,175, 660 0. 06 0,02 0,04

proportion of water- and steam-power used in each.

@ Exelusive of Indinn and unbl‘é&ﬁized tervitory, ‘
It is interesting to study the distribution of water-power among the more important industries, and the

The following table shows for some selected industries the

total amount of water-power, the percentage which this total forms of the total water-power of the country; also tha
percentage of water- and steam-power in the total power used in each industry :

1870, 1880,
ot pae Total
' Per eent, of total power i Tor cent, of total power |00t POWOL otal
Industrios. Total ﬁ?ﬁfﬁéﬁ%&s in industry. Total tlz)gifs‘?ﬂft gf_ in industry. \%t?:r);lgge(}l ot h»)leilsb(.)-f
water: wer of water- | powor of - er estab- | menta.
power. |t é’gfel:?d Water- Stenn. power. th&g&ﬁed Water- | Stoam. | Dolent
power, power, power. power.
H, P, : ., P,
Agricultural implements .oneevenveunnen. 10, 200 0. 90 89,14 60 86 12, 645 1.03 28,27 71,78 34,902 1,281
Boots and shoes (factory).... 167 0.01 5,44 04, 656 410 0.03 3. 64 96, 46 15.62 T4l
Cotton £o0d8 (@) < emveameannnnanean 99, 078 8.76 07,84 32.16 148, 754 12,14 53. 90 46,01 288,18 9506
Flouring- and grist-mill products .eu..... . 407, 950 36. 00 70,74 29, 26 469, 987 28,35 60, 94 89, 06 3L.79 24, 258
Toundery and machine-shop produets «oofoeeveecanndienniaa ot liaennn oo i, 15, 364 1.26 15, 34 84,66 23,79 4, 200
Trom and 8506l ceemeecucie i eans 14, 631 1. 20 9,72 90,28 186, 506 1.86 4,16 95.84 508. 64 781
Tmmber, suwed ... 320,728 28. 08 50,03 49,07 278, 686 22.74 33.91 66, 09 32.01 25, 680
DUPBY e e cvnieriaceana e nann 41, 644 3. 68 T8, 25 21. 75 87,611 17.16 70,70 20,30 179, 08 603
Sashes, doors, and LURAS. .eeeeeennnnn.. 7,768 [EA ¢ N 8, 505 0,63 17.16 82.84 88,48 1,132
Silk nnd sill F0088. cov vt eaine s, 780 0.07 ! 41.2 53,71 1, 562 0.13 17,73 82,27 44.72 167
‘Woolon goods..... 52, 006 408 62,17 37.83 58, 610 4.38 50,33 49,67 53.08 1, 084
Worsted goods 4, 634 0.41 57, 8L 42,19 4, 802 0. 51 38,34 6L, 66 216.28 76

16

@ Including both specific and special cotton.mills,
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The maps and diagrams accompanying the report on the Statistics of Power used in Manufactures, by Mr.
Herman Hollerith, 1, M., Special Agent of the Tenth Census, inserted in the volume on manufactures, illustrate the
facts shown by these statistics,

The four maps illustrate the distribution of power used in manufactures, No. 1 being for the total power, No.
2 for water-power, and No. 3 for steam-power., “In the compilation of these maps, the county was taken as the
unit, the average amount of power per square mile was computed for each county, and that county ranked from I
to VI, as shown in the legend of the maps.” West of the 90th meridian the amount of power used is so small that
that region was not included in the maps. The fourth map shows the relative importance of water- and steam-
power in various sections of the ‘country. The following deseription of the plates is reprinted from the volume on the
Manufactures of the United States ot the Tenth Census: ‘

Plate Iis o graphical comparigon of the statistics of power used in manufactures as returned at the Tenth Census, with similar
statistics as returned at the Ninth Census. The plate shows the relation of steam- and water-power, and the distribution of the total
amount of power among certain leading industries in 1870 and in 1880.

Platoe 1T shows the distribution of power Ly states and territorics, and the relative importance of steam- and water-power in cach,
ag retuined at the Census of 1880.

Plate III is a comparison of the statistics of power nsed in certain loading 1udustuus ag returned at the Census of 1870 and that

of 1880,

These statistics illustrate very clearly some points rvegarding the commercial availability and value of water-
power which it may be well briefly to consider here.

In comparing water-power with steam-power, the most striking point of dlﬂ'erenw, and one wlnch at the same
time constitutes a great advantage in favor of the latter, is the fact that steam-power is mobile and may be used
wherever fuel ean be obtained, independently of any particular location. Mills using steam-power may thereforo
be located in positions most favorable for economical production and for quick disposal of the finislied product.
Convenient facilities for transportation counstitute, therefore, & most important factor atfecting the value of a water-
power, and many powers which are technically all that could be desived are rendered almost valueless by the lack
of thix essential element, unless, as in some cases, the raw material is produced and the finished produet disposed
of in the immediate vieinity. A perusal of the pages of this report w ill show that generally water-power is much
cheaper than steam-power, but the former can not be moved, the factory must be brought to the power, and unless
the means of approach are easy it will nevertheless bo located olsewhere and run by steam, It is not possible to
illustrate this point by figures, beeanse the conditions are so complicated, and because steam-power, as well as
water-power, is largely dependent upon means of transportation.

Again, where fuel is cheap the value of water-power is correspondingly lessened; and consequently throughout
the coal regions of this country there is not only an excess of steam- over water-power, but the amount of the
latter per square mile is much smaller than would otherwise he the case.

-Further, there are some industries for which water-power is better adapted than steam-po wer, cither on account
of the greater cleanliness connected with its use, or becaunse the manufacture requires the use of large quantities
of water, so that such mills, even were they to nse steam-power, would perhaps seek a location on the banks of
some stream, Thus the table on page xvi shows that, of the industries specified, the largest proportion of water-
power is found in the case of paper-mills, 70.70 per eent. of thelr total power being water-power.. These mills
require large quantities of clear water for purposes of the manufacture, and the large proportion thus finds a
simple explanation. Again, of the total power used in flour- and grist-mills, 60.94 per cent. is water-power, being
a larger proportion than in any industry except the one just referred to. This finds its explanation in the fact that
very many of these mills are small and. for local use only, so that with them the question of transportation loses
its importance, and water-power, on account of its cheapness, is preferred. In the case of cotton-, worsted., and
woolen-mills, which use considerable quantities of water for washing, the proportion of water-power is still above
the average for the entire country. On the other hand, the proportion of water-power used in the manufacture of
boots and shoes, and of iron and steel, is insignificant. In the former case this is explained Dy donditions of
location, by the very small average amount of power per establishment, and by the smaller use of water for purposes
of manuiacture. In thie case of iron and steel, the manufacture is not dependent upon water to any great extent;
and althongh the average amount of power per establishiment is large, it is especially questions of location and easy
transportation which render the proportion of water-power so small.

It is interesting to compare the proportion of water-bower in the case of iron and steel with that in the case
of foundery and machine-shop products.. The larger proportion in the latter case finds its explanation in the local
character of many of the establishments, and their dependence to a smaller extent upon location and convenient
means of transportation. .

The table shows that the industry consuming the largest mnount of power is the manufacture of flouring- and
grist-mill produects, with 38.35 per cent. of the total power of the ecountry. Next comes lumber, sawed, with 22,74
per cent., and then cotton goods and paper, with 12.14 and 7.15 per cent., respectively,

In the special reports compriged within these volumes the conditions affecting water-power in different sections
of the country have been clearly set forth, and comparisons have been drawn between the streams of different
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regions as regards their general character and their adaptability for ntilization, A brief glance may here be cast,
however, over the water-power of the ¢ountry as a whole, and some comparisons made which will perhaps render
more c]e.uly apparent the differences between its different parts.

As regards water-power, the principal points to be kept in view in considering a region are its topography
and geology, and the volume of its streams. Confining our attention for the present to the Atlantic and eastern
Gulf slopes of the United States, we have to consider the region stretching from the Atlantic and the Gulf westward
or northward to the dividing-line or water-shed, lying somewhere within the great Appalachian Mountain system,
and separating the waters flowing direetly to the ocean or the Gulf fromn those flowing west or north to the
Missisaippi or Saint Lawrence basins. The mountain system in which this water-shed lics reaches in Maine o height
of 1,500 or 2,000 feet, with one peak at 5,200 feet, and it attains in New Hampshire its northern culminating point
in the White mountains, many of whose pealss rise above 5,000 fect. Descending, as we follow the system southward,
it reaches its lowest point in New York, the valley of the Hudson and Mohawk rivers leading to the lowest
erogsing between the Atlantic and the basin of the great lakes, at an elevation of only 430 feet. Continuing
southward, throngh New Jersey, Pumsylv‘mm, and Virginia, the Appalachian system again inereases in elevation,
and in North Carolina it attaing a second and higher culminating point, scores of peaks towering to over 6,000 feet.
From this point southward, through South Carolina, Georgia, and Alabama, the system falls again, and gmdual]y
shades off into the comparatively low divide between the waters of the Gulf and those flowing into the Mississippi
and Tennessee rivers. This great system of mouuntains, then, itself composed in great part of a series of nearly
parallel chains, between whieh lie narrow and parallel valleys, overlooks on one side the great Atlantic plain
extending castward to the sea, and on the other the clevated table-land which forms its base on the west, and
which falls gradually to the prairies of the central states. This western plateaun has o comparatively uniform height
of about 1,000 feet, while that of the base of the mountains on the east, starting almost from the sea-level at the
mouth of the Hudson, rapidly increases both toward the-north and the south, rising to from 300 to 500 feet in New
Hagland, to from 100 to 300 feet in Pennsylvania, 500 in southern Virginia, and from 1,000 to 1,200 in southern
North Carolina. At the same time, the width of the Atlantie plain, from the base of the mountains to the sea,
gradually increases north and south fromwn almost nothing at the mouth of the Hudson to about 50 miles in New
England, over 200 in the southern Atlantic states, and to a still greater width along the Gulf. The water-shed or
divide between the Atlantic streams and those to the west and north, however, which, from almost the extreme
south up.as far as into North Carolina, follows the extreme eastern ridge or chain ot the mountains, bends gradually
to the west, completely crossing the system, until in New York it is found on the platean forming its western haso.
Topographieally, then, the principal distinction to be drawn on the Atlantic slope is that the streams south of
Virginia take their rise and complete their course entirely on the eastern flank of the Alleghanies, while from
North Carolina to New York they gradually penetrate farther and farther into the mountaing, until the sources of
the Susquehauna, Delaware, and Hndson are found quite on the other side of the system, on the western plateau,
from which they cut through the entire system to reach the sea. In New England the mountaing are more
detached and isolated than in the south, but the water-shed line runs in general along their western flank.

The Atlantic plain proper may be divided into two quite distinet portions by @ line passing through Columbuns
and Augusta, Georgia, and running northward or northeastward, leaving between itself and the coast a gradually
narrowing plain, until it reaches the sea at the mouth of the Hudson, whence it follows the coast quite throngh
New England, Speaking genecrally, the region between this line and the sea, comprising a quite level settion,
narrowing from a width of nearly 160 miles in the extreme south to almost nothing in New York, is of recent
geological formation, belonging chiefly to the Tertiary and post-Tertiary periods; while the entire region west and
north of this line is geologically older. In New England it is occupied almost entirely by metamorphie rocks, and
south of Pennsylvania these predominate, while in the middle states-—New Yorlk, Pennsylvania, and Maryland—the
rocks are principally of more recent; date. To this last region belongs, therefore, almost the whole of New England
and much the greater portion of the middle states, while in the extreme south the easternregion is of very large area.
In this eastern region, which, as we have seen, reaches its greatest width in the south, the rivers are tortuous and
sluggish, running through swamps, obstructed by sand-bars, snags, or fallen trees, but navigable or capable of being
mnade so. The natural limit of navigation is in fact the limit of the eastern region, and along the line which has been
described, and which we may call the fall-line, the rivers pour down generally with a considerable fall in a short
distance, descending from the more elevated region west or north of the fall-line to the lower eastern region or to
the sca. If we understand by middle region the region Detween the base of tlie mountains and the fall-line, we may
briefly, but rather elliptically, describe the topography of the streams by saying that in the south they are confined
to the middle and eastern regions, the mountain region being small, while toward the north they drain a gradually
increasing mountain region, the mlddle and eastern regions Cmmmsbmg until in New York and New England there
is no eastern region whatever.

In the eastern region the streams are evidently of no value for W'IJGGI-'DOWGI‘, ih the mountain region or near
their sources they are often equally valueless; hence, to compare their slopes, we should compare only those portions

pmnmpmllv in the middle and western regions, where the economical development of power is possible, if anywhere,
18
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The following table is therefore of interest, and it shows that on the whole the slope of the streams is pretty
much the same from the Chattahoochee to ’rhe Merrimack. Only the streams of Maine and the Hudson stand
prominent with a remarkably large slope in what may be called their working portions. Thus the middle and
northern streams make up, by & greater penetration into the mountain region, for the smaller elevation of the
western limit of the Atlantic plain proper.

Slope of the principal streams flowing into the Atlantio and the eastern Gulf.

¥ T I I AT

Stream. FrOme— To— Distance, ‘ Tull. } ‘ﬂtgmgml
Miles. Feet, l Fert,
Baint Crolx veweeerenoonn| Chiputnoticook JAK veoeenieeneiemnas cesens cnemes IO e neaeeeniiiii i rree i it 0
Ponobseot veveemvvierannnns OO v acn et invane carmennnenrannan R S 173 1,600 | 87
"Eennobeo cevevscevseennen. M0osehoad Ik, eereesvnenincaneneannaneanes Jeaaeoudio . v eeesemecteaese i, 132 1,023 0.1
Androgeoggin .. Rangeloy TR0 vvemeiaennnrienesummoncrnaane wdo. 180 1,511 B
BREO weerervanrrnrvmneneaas Conway, New Hampshire, .... . 7d A12 5.6
Morrinnek vevennonnnannoo.] Lolo Winnipiseogoe. cvveeetinacimenne sncanns S S . 124 a0l 4.0
Connecticut .. Wost Stowartstownle . cavevivrennnnammncnacnsnean. 204 1,035 2.8
Connectiout .. BOUTEO o v nvemnrscmmrnarenasanmsnmannmsussaenascenss|rasser (0 cuomnneneioneocnrsannavnnasnssansnoanes 3925 2,038 G, 3
Hudson........ North Rivor village.... PRI 1025 1,089 10,1
MOHAWK ,cvnevaransnnncnns Romie, Wow York..vocviiieriveiiiiirionnennenanns 116 418 N N
DOlAWALD «eveiunmrarnnneson Deposit, New York .- ccvuiirrrmmieniniianianennn. 212 08t | 4.6
Susquehanna ... o BOUPED caee it vnrivcnan e rrananan 422 1,103 2.8
Potomag......... Cuwberland, Maryland ... ...._.. 185 610 8.3
James ..oo.o... ..| Clifton Forge, Virginia........... . a2 1,014 4.5
U T1) SN Danbury ford (on the Dan river)....... vov.| Heud of navi gntmn .- 208 651 8.1
Capo Fenr cocven cnevunvnnn, Hivw Tvor (on aw 2Iver) . ooveeeseacnaoraneannan. TFoot of Smiley’s mns. . 110 i 603 0.5
Yadkin Patterson, North Carolina o Falldine ceeveeviiiiinn. Ml 1, 145 4.8
Catawba 0Old Tort, North Caroling . covooiiiiiiirnmencnivan, 318 1,430 45
Congareo ..u... [ s Green River (on Broad viver) c.eu.ve.n e 1438 620 4.4
Oconeo ...... peveerereaa, Noar Lula, Georgia..ooveeennanann.. . 145 084 6.8
Chattahoochee......v...... Near Gainesvillo, Georgl oo viiiiiericniiinienns 216 1 3.8
b 1

In New England, and especially in Maine, the coast is abrupt, and the water deep immediately off shore. The
harbors in this region are consequently éxcellent. In the middle and southern Atlantie states the gradual slope of
the eastern division continues beyond the coast, and deep water 1\\ reached only at some distance. The harbors are
here not 8o good as in New England. .

The predominance of the metamorphic rocks in New England gives rise to & greator number of concentrated
falls than anywhere else on the Atlantic slope. In the southern states abrupt falls are less frequent, although
they often oceunr, especially on the smaller streams; but the falls of the large rivers are for the most part in the shape
of long shoals or rapids, sometimes extending over a number of miles, the bed being gravel or bowlders. In the
middle states, owing partly to the topography and partly to the softer character of the rocks, the slopes are for the
most part gradual, and abrupt falls are, as a rule, rare. An inspection of the table on pages xxxiii and xxxiv will
reveal this fact very clearly., In this respect, then, the more southern streams, and espeeially those of the middle
states, are at a disadvantage, particnlaxly as their width at these shoaly is often very lurge., While, tharefore, the
table on pages xxxiii and xxxiv contains mention of a number of large powers on these streams, the expense of

“utilizing many of them would be so large that it will scarcely be attempted, requiring, as it would in many cases,
very long and expensive dams and long canals. Among the larger streams, the Susquehanna river is prominent
by reason of the fact that it offers not a sin gle large utilized power, and very little power Lconomlczmlly available,
by reason of its uniform blope and great width.

Considering, now, the volume of water carried by the streams in question, it is clearly shown in this volume
that as we proceed southward from New England the streams beeome in general more variable in flow, the freshets
more violent, and the low-season flow smaller, These results are due to three principal causes: In the first place,
the streams south of the Delaware are not regulated in flow by any large lakes, such as are so abundant in New
England. In fact, south of the Susquehanna there is not a lake in the region considered, except one or two near
the coast, where they are of no value in this conneetion. Moreover, the streams are not regulated by artificial
storage reservoirs, as is the case so largely in New Ingland, and, in fact, the topography of the river valleys is often
such as to preclude any very extensive works of this nature. The result of this is that, while in New England the
ordinary low-water flow of many of the smaller streams is in many cases doubled or even trebled by supplies drawn
from storage reservoirs alone, this is not the case south of the Delaware to any appreciable extent, In the second
place, the topography of the drainage basins of many of the streams in the middle and southern states explains in
a measure their more variable flow. In the third place, the rainfall in New England and in parts of the middle
states is distributed with a greater quantity in summer and autumn than in winter and spring, thus giving an
inereased supply to meet the draughts of evaporation in the summer months, while in the states south of

Pennsylvania or Maryland the reverse is true, thus tending to render the streams more variable. "
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The southern streams, though free from the dangerous ice-freshets which sometimes oceur in the north, are-
nevertheless subject in places to rises far exceeding any thing on record in New England. The following table-
shows the maximum 1‘e(,0rd(=d rise above low water of various streams on the Atlantic coast, and indicates to a
certain extent the inereasing variability toward the south; Dut it must be observed that thls is by no means an
accurate criterion from whwh to judge of the uniformity of flow of a stream, and that the rise depends upon so.
many circumstances—such as shape of the valley at the point in question, slope of the stream, width, ete.—that
no certain inferences could be drawn from such data, and that of two streams the one really more constant in flow
might reasonably exhibit a larger rise in freshets at o certain point than was ever reached anywhere on the other
Nevertheless, the liability of a stream to excessive rises is a very important factor in determining its value as
source of power, and in this respect the advantage must be conceded to the streams of the North. The reason of
the large rises recorded on many of the southern rivers is probably to be found in the absence of lakes, in the liability
to sudden and excessive falls of rain upon the elevated or mountainecus regions, which discharge it at once into the
water-courses, and in the small slope of the eastern or navigable portion of these streams, at the junction of which.
with the middle region the heaviest rises ocour.

River nnd place. . m%g;‘,’g;{'g{';& River and place. mﬁgﬁgg?}g&
Tennebec at Auguste, Maine...........caon, 25 Jamnes at Richmond, Virginia.... 280 .
Moerrimack of Lawrenes, Massnchusetts... .. 28,5 Shenandoal at junction of forks - 40-+(1)
Conueetiout nt Hartford, Conneotiout. ....... 20.8 Roanoke at Weldon, North Carolina.......coeeeaes 50
Iudson at Troy dam. . ... e 22,0 Dun ab Madigon, North Caroling coeeeevemiinineaes 28,4
Aohawk at Lower aquednoed . ‘ 28,6 Cape I' ‘onr nf Fayetteville, North Carelina.. .. 65(%)
Delaware ut Baston, Pennsylvanin .......... 42,0 Yadkin ot Wilksborough, North Carolina. ........ . 23
Sehuylkill at Palrmount dam o.oooain e, 1.4 Savanneh ab Petersburg, Georgit. ... ccoenenne.. 44
Chemung at Eluiva, Now Yok ..ooveivennn. 2.0 [t Coosn at Wetumpka, Alabawn. . ......... . b4
‘ / Chattabooches at Columbus, Georgin 42
Chattahoochee, at Atlantic and West Point mihoud 25. 6

The table on pages xxvili and xxix, containing a compilation of all the prineipal data regarding flow which are:
geattered through these reports, will bear still stronger evidence to the fact that the northern streams are much
wore wniform in flow than those to the south. As regards absolute volume, the larger streams of the Atlantic
slope discharge annually, according to varying conditions, from 25 to 60 per cent of the rainfall over their basins,.
which itself varies in different loealities from 38 to 56 inches.

Finally, as regards the question of accessibility, the streams of the northern and middle states have a great
advantage in this respect, being generally more easy of access by rail than the streams farther south, where the
topography often renders the location of a railroad most favorable along the divides; while, as regards water
communication, the close proximity in the North of the lowest falls to tide-water and to the coast is an important
advantage in comparison with the long stretch of tortuous and shifting channel which in the South separates the
fall-line from the sea. Thus the head of navigation on the Alabama river is over 300 miles from the Gulf, and:
other southern streams have even longer navigable portions, while in New England navigation on the rivers is not:
carried over 50 miles from the coast, and ravely that.

Considering all these circnmstances, it must be allowed that on the Atlantie slope the streams of New Dngl.md
are in all respects the most favorable for water-power; and of the New Xngland streams fow will compare with
the great rivers of Maine. One can not read the list of splendid powers in that state, many still lying idle, without:
becoming convinced that her water-power is unsurpassed. Her lakes, many of them lying at a higher elevation-
than that of lake Ttasca, the source of the Mississippi, or than lake Superior; her rivers, plunging over ledge after
ledge of nnyielding granite in their short courses from these reservoirs to the sea; her extensive woods, adding their
regulating effect to that of the lakes; and her navigable bays and inlets, reaching to the last great leap of the
rivers—all these constitute an array of favorable eircumstances which, in spite of some opposing disadvantages, .
would be difficult to equal.

Crossing, now, the Alleghanies, and cons1dcrmg the great central basin of the eontinent, many of the streams
present a mm‘ked contrast to those which have just. been considered. Stretching from the western base of the
Alleghanies to the castern Lase of the Rocky mountains, a distance of from 1,200 to 1,500 miles, this immense-
region descends from éast and west toward the Mississippi, while on the north and northeast a considerable region.
finds its outlet in the tributaries of the great lakes and the Saint Lawrence and of Hudson's bay.

The streams flowing into l'uke1 Ontario, descending within a short distance from the elevated platean of New
York and Pennsylvania to the compm‘amvely low-lying lake, have a rapid fall, and ofter many shoals and rapids.
and not a few cataracts; but the latter are not so numerous as would be expectcd owing to the presence throughout
the region of comparatlvely soft and disintegrable rocks. IMowing over these, the streams have gradually
obliterated many falls which once existed, until they now flow in the gorges they have hollowed out for themselves,

while the falls which still rem'uu are gmdumﬂy receding as this umverml leveling tendency continnes. The divide-
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«or water-shed line between these streams and those flowing directly to the sea rises from an elevation of but 430
feet near the head-waters of the Mohawl, to 2,000 feet or more in some parts of Pennsylvania and in the Adirondacks,
-and the average slope of the principal streams is at least 10 feet per mile. The raintall being groatest in summer
and auntumn, and, there being numerous lakes in the region, the streams are as a rule well sustained, and will
-compare favorably as regards power with the streams of the Atlantic slope and even of New Ingland.

Mention may here be made also of the Niagara, the mighty stream through which the accumulated waters of
‘the enormous system of the great lakes seek their outlet, and which, in its short course of 37 miles, falls throngh a
height of 333 feet, developing the enormouns total of over 6 million horse-power, or more than five times the total
amount of water-power in use-in the United States in 1880, The precipice over which the principal part of the
-descent is made corresponds to that which occasions falls on some of the streams to the east, and, like them, it is
gradually receding as the cowmparatively soft rocks are disintegrated. This mighty power, unrivaled as regards
.constancy and amount, stands apart among the powers of the country, and the detailed report concerning it must
be read if even a faint conception of its features is to be gained, while it must be seen to be fully appreciated.

TFarther to the west, much the gréater part of the country east of the Mississippi is drained by the tributaries

-of the Ohio, and of these the southern tributaries, and also the two head-waters, the Allegheny and Monongahela, -

are very different in character from fhe northern ones. The former, descending rapidly from the clevated plateau
.or the great valley forming the base of the mountains, and which rises from an elevation of 1,500 feet in Pennsylvania
to 2,600 feet at the head-waters of the New river, in North Carolina, again to fall to 1,000 feet along the upper
"Tennessee—descending from this elevated region very rapidly for a few miles, the southern tributaries of the Ohio
soon reach the easternn border of the great central plain which stretches with a small and almost uniform slope
westward to the Mississippi, and in their middle and lower portions they flow toward the west and north with a very
.small slope, and are navigable for long distances. Thus the Ohio itself is navigable for its entire length, while of
its head-waters, the Allegheny is navigable for small steamers during about half the year to a point 123 miles above
Pittsburgh, and the Monongahela is also navigable by means of locks and dams for over 100 miles. Similarly, the
‘Camberland is navigable for 550 miles during several mouths of the year, the Tennessee for 4563 miles, barring one
shoal, and the Green river for 175 miles. It is thus evident that none of these streams offer any facilitios for water-
power in their lower portions, Above the head of navigation they no doubt afford a large amount of power, but
their How is so variable and the country they drain is so wild, inaceessible, and little developed, that even here their
power is of no value, and searcely any of it is utilized. They are regulated by no lakes, and the country they drain
is steep and favorable to a rapid diseharge of the rainfall; the latter, too, is distributed in a way nnfavorable 1o o
amiform flow, and the result is that they are subjeet to heavy freshets and to severe droughts, impairing very muoch

the value of whatever power they possess.(@) The following table shows the slope of some of these streams on their -

lewer portions:
Slope of some of the souwthern tributaries of the Ohio.

Stream., From~— To— Distance. Trall th)nlxli‘;ul.] o ' Romarles.
Miles, Jreel, Feet.

‘Cumberland ...........| Nashville, Tennesseo.......eee..| Mouth.... 102 70 0.41 | Navigable during sis months for stoamers of 300 tons.
GTEEN «crnereernnannnns Bowling Greon, Lonnesses. . vann.- RPN s S 176 60 0.34 | Navigable by locks and dams. '
KenttekY -veearungnsn o ... 258 228 0. 88 | Navigable by locks and dams for 95 miles above mouth.
Licking...c.ovuann . PR s SR 231 310 | 1.84
Great Kanawha. ..., cedo e 50 86 0. 06
Littlo Kanawha........ oo 181 200 168 '
Monongahela .......... RN 1, IO 123 132 1.07 | Navigablo by locks and dams for 102 miles. -
Allegheny cowmeneiinnes ..do .o 255 72 | 2,84

Like so many of the streams in the middle and southern Atlantic states, the falls in these streams below their
extreme head-waters are generally in the shape of long shoals, Thus the fall at the principal shoals on the
Cumberland is 55 feet in 8 miles; on the Tennessee, 164 feet in 36.5 miles; and likewise on the Allegheny, 11.23 feet
in 6,900 feet. As an example, however, of the rapidity with which these streams descend from their elevated sources
to the platean or gentle slope in which their snbsequent courses lie, Mr, Porter mentions the fact that the Cheat
river, in West Virginia, descends 2,400 feet in the last 80 miles of its course to the Monongaheln, while the latter
falls but 756 feet in the 90 miles from the mouth of the Cheat to Pittsburgh.

The northern tributaries of the Olio are somewhat different in character. The Qivide Detween the basin of the
Chio and that of the great lakes lies everywhere at a comparatively small elevation, from which the streams descend
in both directions, flowing through an only gently undulating country and with comparatively small slopes. To
quote from Mr. Porter’s report on these tributaries of the Ohio: “They are already largely in use and will admit of
much further development. The. powers offered, though well suited to the demands of ordinary manufietaring,
are not, individually, of great nagnitude, for the reason that the fall at command on the prineipal streams is nowhere

e "Thus the Little Kanawha in said ro have risen 28 foot within 24 hounra, o’
[ EY
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very large, while their flow is on a rather small scale relatively to the extent of area drained, and in the dry season
sinks very low; so that, it their value is to be estimated on the basis of permanently-reliable power, they can not
take u high rank. There are probably no privileges on the northern tributaries of the Ohio which can be depended
upon at all times for.more than 1,000 or 1,500 effective horse-power, and even such are of unusual ocecurrence.”

The following table shows the slope of some of these streams in their lower portions. It will be noticed that
the slope is considerably greater than that of the southern tributaries of the Ohio in their corresponding portions,
and, in faet, these northern streams are in a[most. every way better suited for the development of power:

Slope of some of the novthern tributaries of the Ohio.

| .
Stream, From— { To— Distance. Tall, Sl%’ﬁg"” Remarks.
! e — N
Afites. Feet. TFeet. ’
Wabash ..ooooooinninn, Mouth of Little river. ..... ...... h.... 870 386 L. ¢ | Navigable for some distancs.
Groeat Miami. .......... Dayton e mrsmiee i vewdo.... 7 208 3.9 | Extensively used lor power.
R I 25 11 1 o 1 108 422 3.9 :
L O & 111110310171 T L 110 225 2.0 | Not navigable.
Domeeeiiinniiaan, Groen Camp .-ovvevrmnieaniaaans . 162 433 2.8
Doooeciiiininnnnnn, Extrome source . 210 033 4.4
Muskingum ......covnn Dreaden cceveeiemiieniiraraniana, R o1 130 1.4 | Navigable by locks and dams,
DOeevmnieiiamnnn, AMouth of Walhonding river ...... Y Y I I 151 867 ‘ 2.4

Flowing, like the southern tributaries, over a region of recent geological age as compared with New England
and ofher parts of the Atlantic plain, the declivity of these streams is uniform and the bed prineipally gravel and
sand. As regards their flow, the proportion of the rainfall discharged is small as compared with that in New
Bogland, Humphreys and Abbot Cstimating it at 24 per eent. for the entire Ohio basin. The deep seil, the
permeable underlying strata, the openness of the country, and the absence of lakes and swamps, are reasons for
this fact, And not only this, but the flow of the streams is much more variable from month to month than in the
New England or middle Atlantic states. The rainfall throughout almost the entire Ohio basin is generally much
less in antumn than in any other season, and less in summer and antumn than in winter and spring, especially in
the southern portion of the basin. This fact, with the absence of lakes and the character of the country, explains
the variablo discliarge, which a glance at the table on pages xxviii and xxix shows to exist. Mr, Porter states the
prineipal disadvantages on the northern tributaries to be the liability to extreme low water in summer and antumn ;
the heavy freshets and ice-runs; the backwater, which often lasts for a considerable period 5 and the difficulty of
obtaining rock foundations. The power is principally used for flouring- and grist-mills. As regards accessibility,
however, these streams leave nothing to he desired. ,

As for the Ohio itself, its fall at low water from Pittsburgh to its mouth is430 feet, the distance being 967
niles, and the slope, therefore, 0.44 foot per mile. It offers but one opportunity for the development of power—at
Louisville, Kentucky—where the fall at low water is 26 feet in 2 miles, and around which a canal is constructed.
The theoretically available power is enormons, but practically not all could be economically developed.

The streams flowing into lake Erie from the south, and those draining the peninsula of Michigan, resemble in

- general characteristies the northern tributaries of the Olio. They offer but little power of importance, and no sites
“which would yield over 1,000 gross horse-power throughout the year. Their slopes are uniform and generally
small, there being bubt one prominent instance in all this region of a large concentrated fall, namely, Cuyahogun

- falls, in eastern Ohio, where the river of the same name descends 194 feet in 2 miles. The small grantity of water,
however, renders this otherwise exccllent site of limited importance, the available power at ordinary low-water
being not over 1,000 gross horse-power. The largest stream in all this region is the Maumee river, draining 6,723
square miles, but even this affords no power of over 500 horse-power, ‘

The remarky which have been made regarding the northern tributaries of the Ohio will also apply in general to
the smaller eastern tributaries of the Mississippi; but toward the head-waters of that river, in the Northwest, an
essentially different condition of things exists. Itmay be said that between the Appalachian and the Rocky mountains
there are no connected mountain ranges. There are, however, a few isolated ranges, and of these some are found
along the shores of lake Superior. Approaching, then, the head-waters of the Mississippi, we come to a region lying
at an elevation of from 600 to 1,600 feet above tide, and comprising some rongh and even rugged country, where the
slopes of the streams are large, and where their courses lie over beds of hard metamorphic rock. The most striking
feature of this region, however, is the presence of great numbers of lakes, by which the flow of the streams
isregulated to a large extent, although the lakes are shallow, and the evaporation from many of them is duite equal
‘to theinflow, Moreover, thronghout this region, comprising the basins of the western tributaries of lake Michigan,
that of lake Superior, of the upper Misgsissippi, and part of that of the Red river of the North, the rainfall is
distributed in a way very favorable for constancy of flow, very much more falling in summer than in any other

season. The absolute amount of rainfall is small , varying from 85 inches jn Michigan and around lake Superior to-
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25 inches on the upper Mississippi and Red rivers, but its favorable distribution and the large number of lakes
(over 8,000 in the region referred to), together with the extensive woods in some portions of the region, and the
character of the country, which generally is not very favorable to quick drainage, more than counterbalance this .
disadvantage, and render the water-power of some of these streamns even comparable with that of New England.

Perbaps the most noticeable stream in this region is the Lower Tox river, the outlet of lake Winnebago, which
in its course of 374 miles from the lake to Green Bay falls a distance of 170 feet, affording twelve large powers,
with an aggregate of over 46,000 horse-power at ordinary low water, of which bat o small fraction is utilized.
This stream, as regards fall, constancy, and general facilities for power, is quite on a par with the best streams o1
New England.

Of the other streams flowing into lake Michigau, the Milwankee; Sheboygan, and Manitowoe on the south
save slopes of about 8 feet per mile, and are nsed principally for flouring- and grist-mills. Being unregulated by
1akes, their flow is quite variable. Toward the north, in tho region of metamorphic roeks, oceupying northern
Wisconsin, Michigan, and Minnesota, the streams descend more rapidly, but are in a wild and inaceessible country.
The Menominee, flowing southeast into lake Michigan from the range of hills which borders lake Superior on the
south, offers an immense amount of power, almost entively undeveloped. It falls 970 feet in 160 miles from its
mouth, descending in rapids and cataracts over ledges of upturned rock; but, although its basin is heavily clothed
with timber, there are few lakes to regulate its flow. Along the southern shore of lake Superior the water-shed
lies at an elevation of from 600 to 1,050 feet above the lake, and at a distance from it of about 30 miles; and the
streams draining this region must offer large amounts of power entirely undeveloped. , The western and northern
tributaries of the lake, however, have especially large falls, for on the north shore the water-shed is 1,000 feet or
more above the lake and but 8 or 9 miles distant. The rock in this region is igneous and very hard, and the
streams, though geuerally very short and carrying but small quantities of water, deseend with plange after plunge
till they reach the lake. The Saint Louis river, which enters the lake ab its western extremity, and drains over
3,000 square miles, merits particular mention on account of its descent of 456 feet in the last 11 miles of its course,
giving rise to one of the most magnificent powers in the West, the available horse-power at ordinary low water
being estimated by Mr. Greenleaf at nearly 50,000 horse-power. The rainfall over the region draining into lake
Superior is from 30 to 35 inches, favorably distributed; and although there are fow lakes on the basin of the Saint
Louis river, Mr. Greenleaf estimates its ovdinary low-water.flow at 0.4 eubic foot per second per squars mile, a
flow which would do credit to many a New England stream. :

To the west of the Mississippi the Red viver of the North is a curionsly different stream. Tlowing northward
from about the latitude of central Minnesota, the main stream is entirely a prairvie stream, its course lying in a
wide and nearly level valley, and its fall from Breckenridge to the national bonndary, a distance of 394 miles, being:
but 165 feet, or an average of only 0.418 foot to the mile. There is much drift over all this region, and along this
part of the river’s course no rock is found in place. The bed is nothing but gravel and sand, and the deelivity
very uniform, the heaviest slope being at the rate of 1.6 foot per mile for a distance of nearly 3 miles. Above
Breckenridge the stream deseends from the hill coantry of central Minnesota, and ity fall from Otter Tail lake to.
Breckenridge, & distance of 34 miles, is at the rate of nearly 11 feet per mile. From this hill country, which is at
the same time dotted with lakes, come the eastern tributaries of the stream, upou which, as well as upon the main:
stream above Breckenridge, lies all the available power in the Dasin, Owver this hill reglon the rainfall is about 25
inches, favorably distributed, and this, in connection with the numerous lakes, renders the flow of the streams so.
uniform that at Fergus Falls on the main river a rise of 4 feet is not often exceeded. The western tributaries of the:
river, however, drain a prairie region where there are very few lakes, and where the rainfall is but about 15 inches,
with a very small amount in the antumn; and these circumstances, in connection with the open character of the
country, the large evaporation, and the small fall of the streams, renders their flow very variable and their water-
power of no value. The Red river thns possesses the curious characteristic that at the national boundary, where
it drains over 3,900 square miles, its ordinary low-water flow is about 0.07 eubic foot per sccond per square mile, while
at Breckenridge, where its drainage area measures only about 4,747 square miles, the ordinary low-water flow per
square mile is 0.217 cubice foot per second. And while at the latter point its flow is remarlkably uniform, in its
lower course, on account of its altered character and its small declivity, as well as owing to climatic conditions,
it is visited by tremendous floods, ‘ : ‘

While the slope northward into lake Superior is rapid, the slope southward into the upper Mississippi is mucle
more gradual. Nevertheless, the upper Mississippi and its tributaries afford more power than is to be {found
anywhere lower down in its basin, From the extreme sources of the river to Saint Paunl, a distance of about 500
miles by the river, the fall is about 1,000 feet, and some important powers exist, while at Minneapolis is found one of
the grandest powers in the Northwest, the minimum theoretical power, during 24 hours, being stated at 25,000
horse-power. The large nmmber of lakes, the favorable distribution of the rainfall, and the topography of the
country, render the flow well sustained throughout the year, while the rocky character of the streams in many
places affords good facilities for utilization. Below Saint Panl the main river offers but one power, and iy for the
most part a navigable stream, the groat highway of the central basin of the continent,
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The western tributaries of the Mississippi are for the most part prairie streams, and different in character from
any hitherto considered. IFrom the eastern base of the Rocky mountains—the elevated platean of Montana,
. Wyoming, and Colorado—these prairies extend in an unbrolken expanse eastward to the Missouri, rising again to the

comparatively low divide separating that river from the Mississippi; while more to the south their hitherto unbroken
monotony is varied by the range of the Ozark mountains, among which rise several of the lower tributaries of the
Mississippi. The slope of the prairiés is comparatively uniform, and varies from about 2 to 5 feet per mile; they
are almost entirely without woods, but covered with a rich growth of grass. Their surface is rolling and sometimes
‘hilly, and the streams flow in shallow basins, with low divides on either side. Geologically the country is ot
recent formatiou, and, although in some portions limestone and sandstone appear at the surface, by far the greater
portion of the area is covered with a deposit of dvift or loess., Below these lie the harder rocks, but the rivers have
not cut their way down to them, and invariably flow in beds of wmud, sand, quicksand, or gravel, with very uniform
slopes and scarcely any rapids. There are thus no falls whatever on the real prairie streams, and the character of the
bed and banks is very unfavorable for the development of power. There are, moreover, no lakes of importance in the
region, and no advantages for artificial storage., Lyingin the center of a great continent, the winds which reach this
region have been almost drained of their moisture before reaching even its outer confines, and from 40.7 inches at
Saint Louis, the mean annual rainfall diminishes as we proceed westward, until at Fort Bridger, in Wyoming, it is
but 8.4 inches, while it is less than 20 inches at most points west of the 99th meridian. The rainfall in spring and
summer is much greater than in autumn and winter, and the streams lose much by the excessive evaporation which
takes place throughout the region, Thus, while in New England there are probably few streams which do not
discharge annually from 30'to 50 per cent. of the rainfall which falls upon their basins, Humphreys and Abbot
give a ratio of but 15 per cent. for the entire basin of the Missouri river. Although the rainfall is distributed in a
measure favorable for a coustant flow, yet the fact that the precipitation during the winter is almost entirely in
the form of snow, which remains long upon the ground and is thus of little value to the streams, has the effect of
carrying the streams very low during the late autumn and winter. Moreover, the pervious character of the soil, and
the circumstance that the streams have not cut down to an impervious stratum, prevents much of the water which
falls as rain from reaching the streams at all.  In fact, during the dry season many streams dry np entirely, or are
converted into o series of sluggish pools, while beneath, in the deep pervious subsoil, there may be a considerable
pereolation or seepage. The consequence is that the prairie streams, when at their lowest, discharge a remarkably
small quantity of water in proportion to the extent of area drained. Thus, while the discharge of large streams
on the Atlantic coast rarely falls below 0.2 cubie foot per second per square mile, even the largest prairie streams
fall as low asfrom 0.05 to 0.10 at some time of the year; and even the Missouri river, draining over 500,000 square
miles, has been kuown to offer as low a ratio as 0.05 or less, ’

- The slope of many of these streams is quite rapid, as the table on page xxv shows, and owing to their generally
considerable width they are not subject to extremely great rises in freshets, although rises of 30 and even of 40 feet
have been known in some places, . ‘ , ' '

The streaws to whieh this deseription partisularly applies comprise the Missouri and its tributaries, especially
those from the west, draining the greater part of Dakota, Montidna, Wyoming, Nebraska, Colorado, and Kansas,
as well as Indian territory, drained by the Arkansas and Red rivers. In the mountainous parts of this region the
streams, of course, have very steep slopes, and the bed is often rock; but they ave still very variable in flow, and
their principal use is for irrigation, after supplying the demands of which there is often little water remaining to bo
devoted to power. Those streams which flow in deep cafions, like some of those in Colorado, are, moreover,
topographically unfitted for its development. . ‘ :

The power ufilized on all these streams is insignificant in amount, and is principally used for flouring- and
grist-mills. When the slope of the stream is sufficient, power may be equally well developed almost anywhere,
there being no rapids. The dams, on account of the yielding character of the bed, are necessarily of brush in a
great many cases.

Regarding the Missouri itself, it is navigable at some periods of the year to Fort Benton, in Montana, a distance
of 2,644 miles. Thirty-five miles above this are the falls of the Missouri, where the stream descends 161 feet within
a distance of 9.miles. There is no power, however, utilized from the river. . .

The tributaries of the Missouri from the east, draining portions of Dalkota, Iowa, and Missouri, resemble in
general the prairie streams from the west, their flow being quite as variable and their slopes even smaller, They
flow generally over the loess formation, and their beds arve generally muddy and their slopes uniform. In southern
Dal':o‘m, on the Big Sioux river, is the only prominent instance of a sudden fall over. a rock ledge to be found in the
prairvie region, ' :

The following table shows the slope of some of the tributaries of the Missouri, to which are added for comparison
that of some streams in the Northwest., It shows elearly that, so far as concerns fall, these prairie streams compare
favorably, in many cases, with streams on the Atlantic coast, and even in New England; it is the abscnee of

concentrated falls, the variable flow, the shifting bed, and the general unfavorable circamstances which render
them far inferior as sonrces of power,
R4
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"~ Slope of some tributaries of the Missourd river, and of some streams in the Northwest.

Stream. Tributary to what.| From what state, From— ) L0 Disfanco.| Fall. 5133?‘31}01-

) ALles, Tact, Feet,
Missouri viver .............| Mississippi river .| Missouri...ccooanenn.. Fort Bonton, Montans ........ Mouth..vvaeiiineevennnanas, 2, 0dd 2, 464 .93
‘Dakota1iver. . uveemeaeenans Missouri river....| Dakotn .veenvananrnnn. N.P. R R. crossing ..eco..oo.. Coand N, WL R, R, erossing.. 252 157 0. G2
Big Stoux river cooveenen... e PN ([ S Watortown, Dakota caeoanen.. Mouwth. cee i aciecnrsenrimnann 221 638 2,80
Little Sioux river.... Towa.. Chieroliep, LOWR .. veenennennn.| Nonr month 70 101 1.28
Boyer 1iver cocvee .. -.do Near Dentson, Towp, caveana oo Month... 50 148 2,51
Nishnabatonariver .. .. Missouri ceen.o | Near Atlantie, Town .... JRP P [ Y ver 120 230 1,02
“Noduway TIVer. vevevs ceunnn veer R 1 RPN Neunr Villisen, Tow..vo.vunan. Nearmonth. . o1 180 1.76
Platto river of Missouri...|....do ccveeeenenan. O [ N Near Conception, Missourt....{ oo ovemrennaniines 119 321 2,70
Grand river...v.caveeenn.n. .e-. e Noar Gontryville, Misgouri...} Mouth.ceeveeiaiiiiniannn. 128 T8l 1.41
Chariton river Chariton, ToWa..cveesnvennnn. Noar Keytesvillo, Missouri. 186 403 217
Niobrara river e - WeaT SONTCH . caetracanemerennnn Mouth.oenn Srevemrearnancans 355 8, 829 10.78
Platte river.ce..ccceennnn, ..do .. wofrnes .| North Platte, Nebragka. ...... vee o s ceannes 804 1, 800 G.22
EIKhorn 1iver. c.eaceevaeaan .o Near O'Neill, Nebraskn. ,..... Near month . 201 858 4,927
LOUP TIVET. e aeensrncnannnnn . Y I S v.-- | Head of Middle Loup......... vee 10 e PO reaennn 957 76 700
North Platte river......... e veeelld crvrnravmneeneon. Worth Park, Colorado......... North Platte,.eeeevennnsnnn. 514 4,830 9,41
‘South Platteriver.... . .| Denvor, Colorado . ...... . Mouth 286 2,454 8.01
Kansagriver........- Funcetion of forks..... . 184 830 1.7
Big Blue viver N . Soward, Nobraskn ....... [ . 153 a8t 251
Republican river .......... vaas vens Western boundary of Nebraskne] Month.vueee.yyan. [, 428 2,530 5.908
‘Smolky THIL Hver. cvaeeeneesfinn. Wallpeo, Nobraska e 395 2,275 5,70
08880 Hiver .. ... . issour Ottawa, KaNsas .....cooeeen. e 47 358 0,86
~Gasconade river Indian Ford, Missowd ........ . 78 108 1,38
Milwaulkeo viver. .......... Lo WHEETR wenenvenneeennns P 1 N " 66 500 7.58
Sheboygan Mver.......... cendd PR | 1 N L 46 360 8.00
‘Manitewoe river. seeeean . oo FR | PR PR L S N 42 860 8,83
Lower Fox river. .. Lanke Winnebago «ooevervrened] oo 0 i iiniiiinnvenrcannnn. % 105 4,40
Menomines river ....cucu.lla. Hoad-waters..,. RN R RN SRR U ] 476 0, 00
Red river of the Novth ....| ITudson's buy..... Qtler Toil lnko ... veemaena Breekomvidye, Minnesota. .. 34 J68 10,82
Doeoriieeeinannn eene RN 15 RO N PO Breokenrldge, Minnesotn..... Nationnl boundary .. ceenn. 304 165 0.4%

The tributaries of the Mississippi from eastern Towa offer a marked contrast to those draining the western alope.
Not only is their fall very much larger, but numerous rock exposures oceur along the streams, and rapids occasionally
-«oceur.  The drift deposits are thick over this region, while the loess which covers so much of the western slope is
-almost absent here. Moreover, the streams are well sustained doring the low season, by reason of the numerous
springs issuing from the drift deposits, while farther west the loess is entirely lacking in springs. The rainfull is
~also greater here, averaging from 30 to 356 inches for the year, of which the summer yields the largest quantity,
‘while spring and autumn eome next, and are nearly equal, whereas farther west considerably more falls in spring
‘than in automn, The result of these eirenmstances is o muel more uniform flow than ig found in the streams farther
west. Mr. Porter, in estimating the flow of these streams, assnmes the low-water flow in an ordinarily dry year as
from 0.06 to 0.09 cubic foot per second per square mile, while for the streams on the western slope he takes generally
-0.04 or 0.05, though sometimes ag high as 0.08, and for the prairie streams west of the Missouri he uses a smaller
ratio still. These rivers are not navigable, and much power is utilized upon them, although & large amount is still
available. The principal use of the power is for flouring- and grist-mills, There are, however, no individually
large powers in eastern Towa, probably none which will yield over 1,200 or 1,300 gross horse-power in low water of
-ordinarily dry years. The general glope of the country is at the rate of about 4.5 foet per mile toward the sontheast,
but the declivity of the individual streams is given in the following table:

Slope of the streams of eastern Towa.

Stream. - " Yrom— . To— Distanes, Tall. Sl%‘"&}"“
ALiles, Faef, Feet,

. Maquoketariver. .... Manchester, TOWa «ocvvvvvncenvnevenc] MOWH . cenieneminnnanl’ 87 333 3,88
Wapsipinicon river. | Independence, JOWS cecrenvroneneiinailanns [ 135 328 2,43

lowa river..... ... Nonr Towa Falls .o coivviinineiannnn.. loweelld vemmnnnimaena 215 7, 480 2,20

Cadar river .. .| Cedar Falla, ToWa. covivn e nvnevnnanns +1 Mouth of Yown river.. 176 323 1,84

Skunlk iver . ....| Boutheast partMamilton county,Towa..| Month 203 501 271

Des Moines river . ...| Windom, Minnosota «cveee veceienineasfaun, A0 cinevecnnnareaans 411 858 - 2,08

But little need be said regarding the remaining tributaries of the Mississippi from the west. Those draining
eastern Missouri, both those flowing: into the Mississippi direetly and those joining the Missowri, are practically of
no value for power. In their lower parts they are sluggish and unsupplied with springs, and sometimes run entirely
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XxXvi WATER-POWER OF THE UNITED STATES,

dry. Some of them have their sources in the comparatively elevated region about the Ozark range, and in their
upper parts are well sustained in flow, and fall rapidly over rocky beds, but the powers afforded are all very small..

The basin of the Arkansas river is in many respects similar to that of the Missouri. The mountainous portion,
in Colorado, is similar to that of the Platte river, and doubtless power could be obtained there if it were wanted;
buat the streams are already more or less devoted to purposes of irrigation, and will probably soon be further used in
this way, so that the subject of power is of comparatively small importance. In the prairie region the streams are
very variable, being lowest in winter, and running dry nearly every year, Their-slopes are uniform, their beds.
gravel, sand, or mud, and they are bordered by bottom-lands often several miles wide,. Even the Arkansas runs
almost dry at times, and near its mouth, where its drainage area is 160,000 square miles, its ordinary low-water
discharge is but 0.019 cubic foot per second per square mile. The absence of facilities for storage, and the fact that
more rain falls in summer than in any other season, while the precipitation in the autumn and winter is very small,
together with the topography of the country, siffice to explain these facts. On the main river power is utilized at
only two or three places and in but small amounts. In the upper 120 miles of its course, the river is a mountain
torrent, and ity slope is nearly 40 feet per mile. Hastward from the base of the mountains the prairies slope at the
rate of about 8 feet per mile for 500 or 600 miles, and the declivity of the stream becomes gradually smaller as it
nears its mouth, where it is at the rate of but 0.46 foot per mile for 150 miles. The principal utilization of power in
the basin is in the middle country, in sontheastern Kansas, where the streams can be dammed almost anywhere.

The Red river, the Iast important tributary of the Mississippi, is navigable for 460 miles, and is muddy and
sluggish for o much greater distance, Near its head-waters it flows in a cafion, shut in by sandstone eliffy rlsmg
almost vertically for from 500 to 800 feet, while its fall is rapid over a sandy bed. Little power i& utilized in its
basin, and many of its tributaries from Lombmna, and Arkansas, although in their upper parts bhey have a rapid
fall over gravelly beds, go almost dry in the low season.

The following tables show the slope of some of the lower tributaries of the Mississippi, and the maximum
recorded rise in’ freshets of some streams in the Mississippi basin and’ the Northwest:

Slope of some of the lower tributaries of the Mississippi.

i

© River, Tribmtary to what, From— Tomm Distance. Tall, Fixlglgor
........... i i '
Miles. Feet. Feet.

Meramee rviver. ......| Mississippi viver ..... Hendl 8Pring ccoeermeenariieereacnaann. Mouth.eiiitiiiiimeer e caeiiaccaccanaas 172.5 390, 5 2.00
Saint Franeis. .. Y T | QA ATREOYS  c oo scecnee vu rvemanaan s ammans QO eeereiirneeianasaaanaes e, 438.0 1, 006, 0 2, 0
..Go Eastern boundary Butler county, Mis- |...... LT 3080 170, 0 0. 0

: souri,

B I 11 T T Pucblo, ColoTado..cvvvvvennacinrncnannn. 165, 0 5,087, 0 3411

do... Pusblo, Coloxado. ceaeeevnincnnnnnnnn, Fort Gibson, Indian terrxtory 812,0 4,208.0 5.18

Lo -| Fort Gibson, Tndian tereitory . ......o..) Mowbh eaeonooiiiiiovei il 642. 0 308.0 0.02

..do SOMYEO . o ocvnamenecacnaaoateraannns Missomx, Kansas, and Texas Railroad 504. 0 1, 919, 0 5,19

crossing.
Docoiiiiiiniannn, P T Missouri, Kansas, und Toxas Railroad | Mouth....covtiuraeenrncassaanennmannann 1,025, 0 517.0 0. i
crossing. .
Hend of West fork 257.0 1,833.0 5.18
TForsyth, Misgomri.coeniinnneivasnaan, ; 690, 0 458, 0 0.77
Magimum recorded rise of parious streams of the Mississippi basin and the Noythcest.
' Rise Rise
River, Locality. above low River. + Locality, above lov
water. water.
Feet. Fest,

Ohldoriver ..ooooviiiiinineaniaa. Mouth ....oveerciiciinnaa-. . 50-- || Gasconade river........o.o...... Mouth eeneserairacionoiianenna. 20-25

Do Louiaville, Kentucky ...cc...... 64 Des Moines river In lowor parts .......... . 25

10 1 O R Cinoinnati, Ohio «.....o...oo. ot 71 Arkansas river ....o...veceeien.s. Nerr mouth vecveevnniines e [ ]

Miggouri TITOr . ...eniieieininn.. Mouth ..ovnieimiiiiiinias aes 85 Douereninne e Tittle Rock, Arkansas ..... .es a8
DOuiiiiiiie e, Saint Foseph, Missouri. ....._... 20 DOueeveminiiiiiiiaen -.| Wichita, Kansas .......... 3 3

Doueneiniviiiie i Fort Bouten, Montana.......... 6 Red river of the North ..| Breckenridge, Minnesota . ...... 18

Kanans Tiver. .o ieeee e, Topeka, Konsas ....cocvennnaa., 30 L .| Moorhead, Minnesota..... : 28

Smoky HHll river ...ovevienaanan. Bllsworth, Eansas . ............. 20-23 0 Below Moorhead.........o...... 40
O8go Tivor L.l S 1 O NN 29 Red Takeriver ..ol Crookstown, Mimmesota ........ 20

The water-power of the region west of the Mississippi tributaries has not been included in the investigations
of which the results are now presented, and little can here be said regarding it. In the platean region of the
Rocky mountains—a region of table-lands and cafions—there is probably little opportunity for the development
of power, while in the Great Basin region, which follows it on the west, there are few living streams. On the

Paciﬁc coast the streams descend very rapidly from the Sierra Nevada and the ‘Coast ranges, and their slope is very
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large. Even the larger streams are navigable for but very short distances. The rainfall, however, is exceedingly
variable in this region, frequently not a drop of rain falling during the summer in some parts of (California, while the
average summer rainfall over the greater part of the state is less than 1 inch; although farther north, in Oregon and
Washingtoun territory, summer rains and thunder-showers sometimes ocenr. 'The result of this is that, particularly
in California, only the streams which head far up in the Sierras and are fed during the summer by melting snows.
and perennial springs, are sustained during the summer time. The streams which head in the foot-hills or in the
Coast range of California are mostly dry during the summer, and even the larger streams, heading far up in the
mountains, are very variable. There is no doubt, however, that these streams offer an enormous amount of power,. -
little of which has been utilized. ‘

The following table contains a summary of data regarding flow of streams, compiled from the data presented
in these reports. It serves to bring out very clearly the difference between the streams in different parts of the
country, It will be seen that of the large New England streams none fall as low in discharge as 0.2 cubie foot
Der second per square mile; while the Potomae, larger than any stream in New England in point of area drained,
falls to half that amount, and the western streams, éven those of large size, fall to lower figures still:

7
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- Summary of date

MEAN RAINFALL. EXTREMES OF FLOW, ;
4 2 23
. =] q
Stream. Locality. § : E’_. § 5_ §
& . 8 g K} g % E y
8 VB8 B2 s| 95| 88 | ¢
g ElE| 2|28 48 | &3 | %
a & é | 4B | 58 g I
Sg.miles.|| In, | In. | In. | In, | In.
Merrimack river 4,509 10 11 13 0 43 96, 000
) TUU 4,085 01| 1 o [ 48 || 81,000
Concord river...ouee.nns 361 11 11 12 10 44 4,449
Hale's brook. .. 24 11 11 12 10 F 2 S |
SUADULY TIVOY cvvnns esemsannsnaaanans 78 11 11 12 10 44 3,223
CLarlos TIVT o vvaarereeaesonnnamnnens Newton Upper Falls, Massachusebis ....... aees] 0 215 11 11 12 10 [ 7 T |
Connoetiont TIVer.auaes cuarecesmearna. Hanovor, New Hampshire, ..eemerscmicsseracans 3,816 10 12 | 12 | 10 | 44 Jleceesennnn
DOuereiariaarancenananagennnnsana.l Hartford, Conneetiont .ove ciaeavveenncrienennns 10,154 10 12 12 10 44 | 205,404
Housatonte tiver cvencemeseereccnaneo.| Kot Conmoeticut. cov et oviieciivmirnrriraisnas 758 12 12 12 10 Ui | R, 260 (.veries
IO, tearrcmannnensncrsnesancnasununs Birmingham, Connectiont . cv.envennencetorenns 1, 562 12 112 12 10 46 lleeecrennns [0 S
CTOLON TEVOT at e aeanacn cvnnnmanensons|emeresscsmmaorniaecranssanns a39 12 13 13 10 48 25, 380 i1} 423
West hranoh Croton Iiver cuvece v narfemcrrarremneesn comraarion -20.371 12 13 18 | 10 48 1,100 0.88 9,827
Hds0n TIVOT . ciavcmancnnsensnonmsnnns Palmer Falls, New York . 2, 650 9 11 10 8 88 {lemmmercmun|onneronnnsfan reason
Mohawk river Cohoeg, New York ... 3, 490 9 10 10 8 87 {lewamwacan [800=1,000 luuseiae
O8Wego river ..ovcnusameuccasnnnnannay Oswege, Now York.. 5,013 8 10 0} 7 34} 4,100 1,153 8¢
Goneses TIVOr. . ccvovinmnsrrmnuconsanns Rochester, Now Youlk.. 2,474 8 0} 9 7 33% fewaeennuns 1111 R PO
PASHUO TIVEL +evvamnammmnmmccens cavan .| Patorson, NoWw Jersey ....cveceevencremmenanenssl 813 12 14 12 10 48 17,913 105 ]
Raritan Tivor ccieveuies cmevcannnnans Near New Brunawick, New Jorsey.eceesvenns 825 12 | 14 | 12 | 10 | 48 |eemciennns 180 foeawss -
Delawars Fiver cueceereesneainascnnnns Lambortville, New Jersey «oeveceeeeanrvanienns 6,820 11 13 11 9 44 || 860,000 2, 000 1%
SehuylRill TIver comeceveemcninrsnacans Philndelphia, Pennsylvamia ..ovoveeiamaasvannes 1,912 12 14 10 9 J:Co O | BLO  |.caveses
Totomac Yiver cccoviiarsnainseneenna. Cumberland, Maryland..c.ocoeevinminrionnans 920 10 | 12 9 8 | 89 17,900 26 716
Lpu ................................. Dum No. 5, Maryland ..oveeeiiconnrenscannnnns 5, 006 11 12 9 8 42 92,772 883 on
Doeercrnnnnns e iedun e ranan e aan—n Great Talls, Maryland ........... SN 11,476 12 13 9 8 42 {| 176,000 1,063 165
Rock ereek . .aanvanss ecirencenennes Hoyle‘s Mill, District of Cotumbis..useeainaao.., 64, 4 11 12 11 8 42 9, 800-f- 761 1,507
Shenandoah river-.ceeiceieiaeirnann. Near Port Ropublie, Virginin..o.cvvineaianas. 770 12 | 18 8 8| 41 ’
James river. v... v amtmansaraner et ooy Richmond, Virginia c....cvunsee 6, 800 12 12 9 10 43
Wear Raleigh, North Caroling . 1, 000 12 14 10 11 47
Near Montgomery, Alabama. .| 18,650 143 | 18y | 03| 16 63%
Fort Decatur Bluffs...onven.n. . 4,040 14 133 | 104 | 143 | 62%
.| Roberts’ Run vipple, Pounsylvanin ..| 6,020 10 11 0 10 40
.| Noar Pittsburgh, Pennsylvani.coeieveeeeonens. 11, 100 10 | 12 o [ 10 | 41
T y 18,782 0 | 13| 9 | w0 | 4
Fronoh creek..... remmsemrerunsaanns Alove Mendville, Pennaylvania ....ee.. e 018 10 14% 0% 9 43
Eoanawha ¥Iver cooviveviiciinnennnnn. Charleston pool, Virginit...coocvvivariveinannn. & 000 12 13 9 10 44
Groeenbrier river............ R, Mouth of Howard's 6reck cccvocevrvavevrsnennas 810 o 12 8 9 40
313 13 7 R e Columbus, Oliomaveearcanemniornaranacasemmsinns 1, 686 10 ] 113 8 8| 88
Tower Fox rIver.avavecarevenan: cunan.| T00b of lako Winnebago.see cnernenicniicnnan., 8, 046 ] 12 [} 3 35
Red river of the North «.cvevecwuze.e..| Forgus Falls, Minnesoth-veeoeiocerincsinanian. 1,618 6 10 4 8 23
DO-errnnnn areemeernaenEvasnennnn. National Boundary..eeee ceevaes .| 89, 577 5 8 8 2 18
130l de Sioux TIver ..voviensuaiaanaan. Breckenridge, Minnesots ..-..cevew 1, 998 5 8 3 3 19
Misslssippi river.... .| Grand Rapids, Minnesotd........ .- 3,086 7 12 i} 3 28
Do. . Adtkin, Mimmesota . coieenniiiiiinn 5,715 7 12 6 3 28
Do .| Wabasha, Minnesots ..oeeeennerenn | 55, 878 6 | 12 7 3 | 28
Do.. .| Roclk Tsland, TINGiS cuenmevonnennnn .| 87,842 7 12 Th| 3% 80 |[-eeveann wefoamemramnilosans P
Do.. .| Canton, Missouri...coovmvinniinnrnnn .|188, 995 | 12 8 4 30 | P P R
.| Hannibnl, Missouri..ocevacaen,en semmeracnenn .-..|187, 460 73| 12 8 4 L3 E | RN PR DI .x
Portage, WiSConsin -.ovcvareereiranranncacnnane 8, 200 9 |12} °9 B | 85 lreeienecue 2,800 Jocenvens
Foot of Bigf Stone lake, MiNnesota. e - weeeenn. 920 6y | 12 5 8 | 26% [leuaerenens [l
Above Redwood TIVEr «ovuee cvvravsnrasacmeinens 8, 540 oy | 11 5 3 | 25f |[eeeiinnnnn 217 enmal
JUdS0n, MANNEEOER - eeereremsenvennneonnnennins 11, 940 6k 11| & 3 | 258 ll-eerennnns 897 |ewrnens
. 17,230 64| 11 5| 8 | 20 [foeeeeannns 1,166 |.-en-. .
¥llinols river..... mseemmseianmamneann - 29, 013 13 | 11 0 8 39k (leneeennnn- 1, 600 fennsean
Des Moinos river .| 14, 878 8% 18351 9 | 4] 85 [le-ieeniie|en JROSN DR
COdAr PIVEL « evnnvmnverrnnsconren canene|ed 7,716 0k | 18§ 8% | 44| 86 fl..eeeo... R RN
pUSEETTE B oo SR O Saint Charles, Missouri. cuceverrivrnraannainanns 527, 000 64| 62| 4| 8:%| 10| 480,000 | 15,000 ]
Gasconadde MiVer ceveieaeeaniia Below Vienna, MisSouri veciceeieeenncneimueanns 3,181 12 11 8 7 38 fleanvamanue 450 P
Eansas IiVer - oo cosvererorareianatan Topeka, RANGES «ceivnrrcaninserraniemnanersrnne 56, 354 8&) - T4 Bk Bk 2ddfl........ 2, 000 IO,
Big SIOUX TIVOT .- vt vmrannnecnsaes Mouth . ....... R P 7, 880
Merameo Fiver .« evs camaenciatoann, T 1 T T TS 8,014
Arkansas river....... Wenemumersanannn Arkansos City, Kansas .oceeesiauenccnacaeninaas 44, 500
3 T PN LT 1 S e 160, 000
TVhito TIVOT v evacvanoncracnanrcmanans 5, 511
DO eeemnnmranm e seean froans 27,825
Ouachitariver....ovveiiinaiionna.ai. 5, 600
D0ucnanancnnincn araremeannnneanns 16, 050
Ningnra PIVer coemeaveracenmunirmcsnnas [
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regarding flow of streams, .
) b kD
FE £ B %
228 29 Sael
hali-t 2 TE R Remarks and authority.
BZe | B2 | pi%
Bosg g8 g8
25 | HZz | 223%%
Ez« @ P @ T o
Q o .
0,30 2,800 0, 60 Tuformation given the writer for this report. T
0.8 |iaviennn J Information given the writer for this report .. 2
0.17 126 0,85 C, Horschel, Transaetions dmerican Society Gmlﬂngmeers, 1878, p. 241.. 3
(130 2 O PR J. D, Frizell. Sco Proceedings Amerioan Society Civil Bngincers, 1879, p.110 4
0. 036 12. 5 0.16 Transactions American Secioty Clvil Engincers, 1881 «ccuvvoevens pacacnneanas 5
0,20 Jieeveenan eanfomcanninnann Massachuselts Stale Board of Iealth, Teport £or 1876 avnau reir i macrre e icessne s tssatrensoms i sn v ae s s sensosnsss 6
0. 303 1,210 0.905 | Professor Robort Flotehor o e e e ce e irns tin i smrmrmscmmneeismaace b s asnan T ressararnyroae s taascarREm e aanan e 7
0. 513 T, G Ellis,  Of late years the flow has Deen mueh L0WOr . vaeeet vaenaiimiaaesaanneccmsrtiisssnrounantsannnnmnneaes 8
0. 84 10, Loomis, Report of New Tork Board of Public Works, 1879 9
0,32 .| Measurements about 1BOT=1870. ... v erre varene e e cnne s ntt s ne e e et e n bt s s e s ar s s e aarane 10
0178 J.7, R Groea.  Seo Proceedings American Soctety Civil Engineers, 1879, p. 110 1
0. 016 T)0iun s iunsencemomecasessangaaes eonta mrsanasa esnrsaaanan annreaean 12
PP My, Warren Curtls {estimated) - c...ooooceiinenn 13
0.23-0.28 I, I, Van Auken....... Neeeeeieae saemnaeens 14
0,498 1, 500 0.80 Not gangoed, Supreme Court decree «.vvvveeeeenn 15-
Statemonts regarding power, ote.; not o ganging 18-
I T T, R Croes and G, W, ITowell 19
ABNDEL YTEIETL; I o cvvncmrinneenay rrmamnes cumsstneascnanenotaamiaautaassrassss asssuamaaar s b ns e Ry no st 18
Ashbel Weloh, Zransactions dmerioan Soclety Civil Bngincers, 1881, ...ooeiiiiiinniaiiaas R 19"
H. LM, Bix"ﬁdnbiuo .............................................................................................. [ 20
W.R IIutton. Transections American Sociaty Civil Bngineers, 1881, p 242 . ...... a1
22
23
damoes Ierron, chcniconih Report of Board of Public Works of Virginie, 1832 ::
I D, Whitcomb . uwewamenanaes PUTSTN ceann e 26
W, G KO0 SROFINE - reenemmeesar s v r et st e s e e es e e o7
Gauging by G. B, Yuillo ab n stage above ordinary 10w Wator .aee . veeeienons et e ae o8
Gauging at moean Jow Water..c.cooioiv e iiiiiie e enas e 29.
Estimate from o gauging, by Mz, T, . Roberf: . 30+
A 10 1o 1enelied ab TIDIEB . o et rcm et i ceir i nrsmrram A arrecie e tser i san e a e am s st earcan e [N 510
Gaugings, in 1878, by T, 11, Harlow. Seo Transactions American Society Civil Dngineors, 1881, 32"
GRUZINE MALLY FOOTS MO +vunnevanssersennmsmtnas casetanssnessontsrsasinstrssiaeannimasesnmasrooemteanonnssss 83
.| W, R. Iufton, Seo Tranagctions American Sociely Gtvil En_qmacrs, 1881, p. 242 a4
. b TR b imesncMamReRE AU ARETAme s eAR AR Al P AR ATt AN et eIt 85.
L Gaugings In 1882 oottt 86
Stated by United States Dnginoms. Stream 18 rogulated by n large lake.
F o T U T L . a8
................................... 30
40
41
............ 1, T8+ 0.0054 12
............ 10, 000 0.179 43
caanssaann 19, 000 0.216 44-
ORISR 26, 000 0. 104 45.
[ 80, 000 0. 213 46
A0 S RPN B United States Bngincora . 47
0.012 Repori of Ohief of Enginecrs, 1875, Appendix J, p, 63 48
0,025 0 A 40
0,083 .. 57 T NP 50+
0. 067 15 7 T 51
0. 065 0, 060 Mnjor'(?r. J. Lydecker, United States Army .oo.oo.ce 52
_____________ 0.000 | Assumed by Mr. Porter in this velume. ...c.veeee.. 53.
............ 0.119 DO urnarsirnanennenasaesscarianetbarinmntnans &4
0,028 oo oenmemmaifommaeaananns Agsumed for ovdinary exiremes, based on gangings 55
0,14 0.18 Mininmm as given by T, J. Johnson ;. urdinary low water as assumed by M, Portor. . .ccieiinnriariianinneriiriuiianian, 56
0, 085 0,043 ‘. Minimum duving an extreme drought; ordinary low water as assumedl by Mr. Porter -ocveveesnesamanrrimaririineensrins 57
............ 0,025-0.027 | Assumoed by Mr. Porter in this reporh . oo mmviaen i o e n et sttt st et 58
0,15 0.18 Minimum ns estimated by My, . Schmide, 1880; ordinary low water as taken by 3r, Porter &5
(U111 70 PR Mensured by 7. D, MeKown . 60
............ 0,010 | Dstimated by Major Suter, United States Army 61
0,048 Juvmncencemns|ianermnianns Monsured Y A TATOUINOTO. o cavsrrnesammoesaranarmendeastbnes s asasa s run s sae a2
0,1074 | Estimated by Major Suter, United States Army,. 03
0.068 { Estimated . . reamrreenmar e 64
0.047 | Ganging, thn rivel was 10 or 1‘7 inchcs abom lu\v wnter, guve 0.050 85.
....... .....| Avcrage flow, 106,600 cubic feet por second, aceording to T, 8, Bugineers. Principal fluctuation is dne to wind..cceu.ae-s.| 66
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WATER-POWER OF THE UNITED STATES.

The following tables contain a summary of information regarding the larger developed and nndeveloped waler
powers of the country, compiled from the different reports. It is not to be supposed, however, that every large
power has been included. The line had to be drawn somewhere, and it was talen at about 2,000 horse-power, butit
is quite possible that some powers have been omitted which are in many respects better than some which have
been included. It is further to be remarked that the reports on the Mississippi river and some of its tributaries,
not having been sent to press when this introduction was written, were not accessible to the writer, and the tables,
as well as the general discussion, are in so far incomplete. Nevertheless a general idea will be obtained from the
tables regarding the larger powers of the conntry, their importance, and their distribntion. The table of developwl
powers shows that New Ingland possesses at least ten developed powers of 10,000 theoretical horse-power or over
daring working-hours (although they are not all at present so developed as to be able to store the water at night), ar
least eighteen of over 3,000 horse-power continuously, and at about twenty of over 2,000 Lorse-power continaously,
The bagin of lake Ontario contains a dozen powers of large size, and a number exist in the middle stutes; hut in
the southern Atlantic and Gulf states there are but three, all of them large, however. West of the Alleghutnies
there is, with the exception of the comparatively small power at Lawrence, Kansas, not a single large developed
power except in the Northwest. In the table of undeveloped power a large number of powers ju the southern
Atlantic states are inclnded; butthe remark on page xix must here be recalled, that on account of the compurative
absence of abrapt falls on the larger streams in this region many of the powers so enume rated would admit of
development only at a cost which would in many cases be perhaps almost prohibitory. It is again noticeably
however, that, excepting the powers in the Northwest, there is but one undeveloped power west of the Alleghanies
of sufficient importance to be included in the table,

Large developed powers of the United States,

[NoTE.~Abbroviations in last column but one: N. E., report on eastorn New England; L. L, report on the stroams tributary to Long Island sound; B, Ik,
“report on the Hudson Rivor Lasing L. 0., report on the streams tributary to lake Ontario; M. &., report on the middle Atlnntie water-shed; 8. A, veport on the
southorn Atlantic water-shed; B, (h, report on the castern Gulf slope; N. Wi, report on the rivers of the Northwest; M. R.,report on the Missouri Liver baxin;
N. R, report on the streams iributary to lakes Furon and Brie, nand on the Ningara river.]

30

! g
DAM. - o
e ) @
. & Gross or theorsetical 1
Loeality, Stream, A % hovse-lml));ver 2 | Horso-power utilized,
vorage available, a .
Length, Lioight, & &
E 3
= 3
Massachusetls. Teet, Teet, Feet, Fuet.

LaWrente. .. ... ..... Morrimack river.. 900 32 80 | Minimum is 11,000 |26 t0 30 || Minimum s 10,000

during working gross.
! hours.

LTowell.eenaescannanforasflO menniiinnn 1, 098. 5 10 4 33 | Minimum is about 33 || Minimu is about
11,845 during 11,845 gross.
working hours.

Holyoko evencmennn Connecticut river.]l 1,017 8ik B8 | 24,000 i cceeeennia.. 56 || 12,260 offoctive | L. I

horse-powor  of
| wheels in use.

“Tarner's Falla......... (1 R 1,000 | 20t030 62,60 22,000, .oionanainnn, 41 | 4,320 effectiveliorse-

. : ower of wheels

| n use.
New Hompshire.

. : N |

Manchester........ Merrimack river..|; 680 N+ 50 | Minimum is abount 50 || Minimum is about
i 12,000 during 12,000 %"oss dur-
i working hours, ingworkinghours,
t
?
}

Hooksett cvuvanenn- PPN« T O lanmmanien 3to4 14 | Minimum probably 14 ; Rated power of
at least 1,800 con- wheels about 850,
tinuously.

‘Garvin's Falls ..... [ 550 B 28 | Minimum probably |..ccouiflioeneeaiiininn i,

: ab least 3,000 con-
| tinuously.

- Tshervillo ........ Coutoooook viver .|: Several .| Several . 100 {2,500 continuously 100 || Rated power “of [N,
in low season of wheels about 1,000,
ordinarily  dry
years,

“Franklin........... ‘Winnipiscogesriv-|| Several.! Soveral 140 | Minimum abont 105 | Rated power of | N,

or. | 4,000 continuonsly, wheelsabout2, 500,

‘Great TPalls ... ... Selmon Fallsriver.[{§ 57 33 I R 5 || Rated  power of

_ 149 2% e B
wheels about 2,500,
Maine. '
Biddeford and 8seo.; Sacoriver ....... fliaaaenn-n. emeenesan 40 | 1,700 continuously 40 || Rated power of
in_low season of wheels 4,600
p ordinarily dry
. yoars,
Brunswiclk ........ Androseoggineiv- |[ieeenoiii feainainnn 56 | 9,000 continnouslyin {26080 || Rated power of
er. low season of ordi. wheels 1,600 to
narily dry years. 2,000,

Reference in these
volumes.

Remarks,

Nearly nll the permanently avail-
able power is utilized.

Do,

Power ustiumtéd for low waler
of ordinarily dry years, duriog
24 hours,

Do.

Minimum power is horo_cales.
lated, assuming o alightly
larger minimum flow  per
square milae than at Lowel,
and allowing for its use during
11 hours,

A fine site, *
A pulp-mill being oreeted in 1883

Power vory wastofully used,

.| Flow controlled partially by ebr-

porations at Lowell and Laws
Tence.

.| Full power of wheels can not b

obtained at all times.

Do.

A fine gite.
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Large developed powers of the United Stales—Continued.

b:9.0.4

» DAM 2 o %
S g g
G = | gd
£ Gross or thevrotieal - =R
Locality. Stream. R ; ]mrsq-]v%\lvur 3 Horse-power utilizod, 35
veray availablo. pe =
Longan. | 410 | B a £
8 & &
=} k=] Q
£ 1] [
Feat. Feet. Feet. Feet.
Lisbon Palls....... Aundroscogginriv-lle.e.au... 10 a3 | 5500 continuously in 18 || Rated  power  of [N B,
or. low geason el ondi- wheols aboub 400, | p, 76,
uarily dry years.
Lewlston cooawaivaifeea o anas [ | 12 60 { 11,900 dwring 11 60 || Ahout 11,000 i:’,l‘(!ﬂﬁ N E.
lLours, minimum. or theoretical, ™ B0,
Livormore Falls . ..[-...do -cooniann, TSN 7 4100 . 29 || Verysmall......... . N,an,
. 8%,
Ty Bridge Falls. ..loooodo vovinoonin e Jee v 12 13000 e 80 [f--- o anen IPETRIT N's]f'
N 81
Angusti. ... seee.. Kennebeo river... 94 17 17 § 38000 0eeenennnnnan.. 17§ About 00 effvetiva.. 'N.Sls}.
1 80,
Watervillo. .o vveei]oene covee it unnnan 50 [ 20 | 8,000, ciiiannnanean ) | About 2,000 effeets | N, E,
iva BT
Kondall's Mills ... ofee o0 oeeniennnes N | ST R 22 13000 . eieisenieneeedienan ] Probably small ... NI;
P87,
Skowhognn ........ JRRT (- TR | IO U ISR b3 BN IR A1 POURPUUROIN PR | RN | SRR I 3 0N
. . 87,
Connectiout.
Windsor Looks . ...[ Connectiont rivor. 1, 500 ER A a8 [ 17,000, ..iaaooo... |20 t0 28 [} 1,800 fo 1,000 offeat | T, l{f
ivo, p. 48,
Vermont,
Dollows Falls oo o0 cvviannannn. . (iUt weasl| BELO AL 12,000, oiuuiinenia. 62 4 7,040 0ffeettvoliorss. | 1., T,
})()wm- of wheels | p, 68,
T Us0,
New York,
Maovhanlesville . ...| Hudson viver ... 05 10 LU I 1 L1 | R B | o t X
» jL LN
Glons Falls ........]. I o 400 | Sptoby P I RO 44 It Total power in nao |1, 13,
) uhuut 2,000 effvets | p, 10,
ive horse-powar,
Polmer Falls, coun oo} @0 cniinninne. 800 26 [ TR {1 O, 30 i 1,450 to LA efleat. (11 R,
ivo hovsv-power, 1 p, 17,
Cohoes.ucnanennn.. | Mohnwlk river,... 1,400 10 104 | 0,400 ciannvinananans 104 || 0,556 efectivoborae. | H, R,
pn\gm- FHISRTETS HI STEN
Schaghtiooko ......| Hoosao river...... Soveral .| Savoral . [ I (N 404l Albout §00 effoetive (11, R,
horse-pawer in P p. 44,
o in 1882,
Bigfulls........... Batton kill ....... 206 | Tto12 100 | 2170, ceveiiininnnn. 100 [[eomenenmananiuniian, 11.113.
™40,
Ticonderoga ....... Ticonderogacroek. || Soveral .| Sovoral .|220t0280 | & 0004, .coenvene. 175 || Ovor 1,700 oifvetive [IT, I,
horso-power  of I, 03,
srhioels 1 une.
Carthage ovvevenn. Blnckxiver .......|| Several .| Several. [T O 2 S 1,120 0ffactive horae: | I, Q.
owor of wheels | p, 6,
N Use,
Black River. ...-... [N [ P | RN O 10 [ 5L,800.ccoiiiiiinnnnn. 12 || 2654 effoctivehovse- | L, O.
power of wheels)p, 11,
. in use.
‘Watertown ........}. IR [ <+t Soveral.| Sevoral . 19% | 14,850 cieviimnnannnn 79 || 4,875 vated effeetive | L, 0,
. horse-powor of | p, 11,
wheols in use.
Remington's mill..|....d0 «vvueuscatnns 050 | 4% to 0% BO:k| GO20...ovesnricnnns 80 || 900 ratod offectivo | T, (),
. horsa-powoer  of | p, 10,
. wheols in use.
Brownville .......0eeoido o ieiiiainane. 100 |17 to 18 174| 2,070 ... 17| 800+ effeotiveliorao. | 1, O,
}mwur of wheels | p. 10,
RIS
OBWOZO cenuarrvanns Oawego river ..... 530 12 20 | 1,000, .neincsnenn. . J1210 20 |1 2600 & offoctive hoves-) I, 0,
Fowur of wheels | p. 24,
. n o,
High dam ..oooneifonn@O cammennanans. 863 |13 1o 14 16 14,000, .cieiiniinns 15 | 200 effective ...l L 00
p.27
Tulton...oooevennnals O 503 18% 16 ] 2,050......... eenean 16 ' 1.0
3,18 fToctive... | [ ag
O3W6Z0 PAIIS -eneelere o0 oeenrreeann a5 | 2t 1B | 1,080 15} 1304 effective { .28,
Outlet of Kouka |eeeeweena. PR | PPN I 217 [ 6,080 cniiieeinnrens, 033 i 420 offeotivo ..u.one. .0,
ake, . 8
Rochester ....... ..| Goneseo river.....|| Beveral .| Several . 203 | 8070 cnsiiniiiiniin e 6,442 offwotivo . eedae Ta 1%
. : D, 48,
Looknort «erreave..] ErIo 0800 ceeonsilliivacenas inenacnnn, 57 | 2,500 to 8,288 .cvunn 57 {1 1,400 effective .... L.M.
p. 04,

Romarks.

A {ino site.

Power ostimaied for low water

ol oviiim

Da.
o,
Do,

T,

Do.

D,

Dao..

Do..

D,

Do,

T,

o .

avify ey yewrs during
24 Twurs

Do,

<o But o sl portion

of tho  estimated
avallable yower of
tho viver 15 pragtls
eally  commanded
by prosent works,

LHeiong developed In
1882,

< Supply of water in-

sulllelent for press
enb needs  during
duveral muonthis of
the year,

»Being dovoloped in
T84

Powor oatimatol for ordinary

minimum, duving

24 hours,

Fall of 220 to 240 foet ocours

in 24 mil

08,

Power estimated fur low water

of ordin
andl duy,

nrily dey vowrs, night
Tall of 65 feot ocoura

in about 4,600,

Powor eattmated tor Jow water
of oydinarlly dry yours, night

and day.
Do..

I,
Yo,
Do.
Da.

.

!

Poway ost

Lavge  amount  of
powerunomployed,
ilo.
L
do,

imatod as tho average

for a sevies ol years,

Power catimated for low water
of ordinarvily dry yenvs, night

nnd day,

1fall of 263 fvet oo-

eurs within abont 5 miles,

400 to 600_enlile feel per second
. pssumed s available for power.

a1
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WATER-POWER OF THE UNITED STATES.

Large developed powers of the United States—Continued,

. -4
DAM. = = 3
! g 4
L] = &
£ Gross or theoroticnd | 5 He
Locality, Stream, an ; horseipg;ver 5 Hoxrsge-power ntilized. 8 E Remarks,
i Verage avai o. = ] .
 Length, heighié. & i E § s
! s £ &
9
& & &
Feet. Feet. Feet, Feet,
New Jersey,
Paterson........... Passnic river ..... 350 8 66 | 2,150 &........ [ g0 | About 2,350 gross or | M, A. TPower estimated for 1w season
] theoretical horse |p.180,| of ordinarily dry @ s, night
. power. and day.
Tambertville ......| Delaware river ... 000! 2108 1841 5,450 ... uiiiieinnn, 18 [ 640 effective....... M. A.| Power estimated for atire flow
: . : : p.95.| of the river in lov seasoh of
ordinarily dry year nightand
day. Power nsed o feader
of Dolnwareand Re  thn canal,
Fall of 18 feetocour  n 7 miles.
Wator iy dischargt  partly to
river and partly to wer Iovel
of canal.

Trenton ocvvevanns R L 1 800 to 4to b 10 to 15 | 8,000t0 4,500........ 10 to 15 4 5004: effective....... M. A.| Powor estimated for Hw senson
1,000 p.94.[ of ordinarily dry ; ars, night

andday. Coanelig’ ilestone,
Power not ccono cally de.

veloped,

Virginiea,
RichmondandMan. | James viver.......{| S8evernt.| Several. B4 116,800 ... .eemnns 84 || Alout3,800 eflective 3% A, | Power estimated for 1w season
ehester, | ) p. 15 of ordinarily dry ; ars, night
anddny,  Poweri econumi-
: ] cally utilized.

Lynehburg........ [N £ RN | I feamansane 22 TLBE0. ... 16 || About 700 effeetive . M, A, Do.

Il .

At15 damson the. (..do ..ol [ P 08 1A tutal of 16,000 .. 0 || None...ooeuess ceee ML AL Powor eatimated for 0w seisii

| | . p-23,| of ovdinarily dry ; nrs, night
! and day. )
Petersburg........| Appomattoxriver. | Several .| Several . 110 12040, v on, 78 ||"Aboutl,275effective M. A, Do,
: . 24,
Georgin, v
Augnstit...........| Savannah river ... 1,720 10. 63 50 {13,685....... PP 50 || Abont 3,650 (affect. | S. A, Do.
(ut low ivel). . 127,
wator). N
Colambus .........{ Chattahoochee viv- || Soveral .| Several. 120 ) 34,080 ..o 50 it 2,100 effeetive ... B, G, Do....Fallof 12 oeboceurs
. er, . 22, within miles of
. navigal 1 waters,
Alabame,

Tallassee Falls ....| Tallapoosa river.. 800 | Gto1s 84 {10,880... . caieeinnn. 82 || About 800 effective .| E. G, Do....Probably ot the en.
{wing- : . 8. tive fll T84 fuot in
dam), availnb

Tisconsin.
i 1700 16
Appleton ..........| Lower Fox river.. 450 ]0§ 86 110,200.....ccrnnmnn.. 36 |} Perhaps 3,800 effect- [N, W.| Power estimated fi  ordinary
417 10 boive » 27| low water.
Grand Xaukaann .. |.eo @0 .ooeee s 613 |ieeenn... 50 14,182 ..l icveenii|ieann., e e mn e ean . Nw Do.
| P38
Marinstte .........] Monominee river || Sevaral .| Several . 19 3,980, ..., 19 || Abount 820 effective .{N. W. Do.
. 62,
Minmesola, ' P
Fergus Falls ......| Rod river of the || Sevoral .! Several . 40 16,225, iunviieniana, % B N.W. De.
orth, . .81
Minnenpalja St. | Missiasippi river..||ceevaieis]iaiaaacl . 70 | 25,000 . ininiiciannn. [ | veenvo| Estimated powerisy bably nnt
A!_lthony 5 Falls), much abovethem] muom, dur-
. ing 24 hours.
Kansus, .
Lawrence..........| Kanaus river ..... 600 8 9 12250, . iucinmnicnn 9 || Abont 300 effective .; M. R.| Power estimated for ow water
67| of ordinarily dry 3 v,

32
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Large undeveloped powers of the United States.

{NOTE.~Abbreviations same as in foregoing table.]

1012 w P—voL 16——3

g BT =
3 3
| Distanes 1L - |yeeinnted gross] & §
g v voss] B
Loanality. Stream. K .‘ﬂ{l“h tho t{qll ov theoretienl | $§ Remarks.
5 |in thepreceding| horsepower. | 25
< |eolumn ocears, g
3 9
=1
[ 1
Faet. )
“Sowell's falls, N H..... Morrimacl yiver...oevevaes.| 10 1.75 mile.. ... Ceramaaereaaeas N.E. | Minimpm power is sovoral thousand horsepowoer continnously.
. p-48.]  Soo deseription,
Noar Milton Threo | Salmon Falls river..es.....[200 | About 3miles.| Probably 2,000\ N. Ii. | ¥low controlled by mills below,
Ponds, N, H. to 2,500 at all| p. 07,
' . times -
ing working
hours.
Salmon Fally; ¥e...... Sneo river seeeeveen- Cranea. 62 | 3,000 foot..... 2,400..... N'iT'? l'ow%r]ostimnmd for low soason of ordinneily dry yoars, night
' p. 78 auddsy.
West Buxton, Mo...... O ) 62 | About 2miles, | 2,300......0.. N.qlg. Do.
p- T8,
Near Steep follg, Mo...|..-000 covvieenriiniaanieaess. (181 | About 8miles.| 4,600...... .. | N T Do.
T
Rumford Ialls, Ma ... | Androscoggin river.........[162 About 1 mile..| 13,252........ Nél% Do,
. p. &L,
Berlin falls, N.H ... IR 1 S ceeaf200 | About 1mile..| Voery large... [N él%
p. 81,
Madison Bridge falls, | Kopnoboo river......... vere 87 | 2 miles ...... 11, 000-12, 000..| N, . | Powor estimated for Jow senson of ordinarily dvy years, night and
Me. ’ P87 day. ‘This site is utilized to n small oxtent,
Caratunk falls, Me..... R’ U, S, heean 80 20 l‘(m in ono | 8, 000-3, 600... | N, B, 1’01\ver vatimated forlow senson of ordinarily dry years, night and
\ piteh. . 67, day.
Colloge rapids, Me..... FE [ wee | 20§10 foot in 10 | 8,000......... NI, Dao.
rotls, m B
Piscntaquis falls, Mo ..| Penobscot ¥iver............. b2 P 3, 000-3, 6u0.. ... N(}";‘ Do,
) RSN
Island Rapids, Mo ..... ce 0 ciivmnnennesreneenena] 16 11,080 foot ... 2, 000-2, 600, .. N.gn. Do,
b
Nenr Norwich, Conn...| Quinebaug river ......oeevun| 50 About 6 miles, | 1,700, .ccn0uvt L‘UI; I’n]w er estimated for low water of ordinarily dry years, night and
P BY, day, '
Sumner's falls, N. I | Connoecticut viver...... RPN T T PRRUDRRPORON (5 .4 111/ IRPPPRP [ VS Do,
and Vt. ) . G0,
Olic_:ott‘- or White BIVOr {v.vv@0 coveevnnvenianneniannn, 85 feeenvernn- veee | 4,870 wasnnn , L.”IO. Do......Boing developed in 1882,
ulls, P. G0,
Falls Village, Conn ... | Dousntomic viver.....occacl [ 05 oaeannns Ceeneen 2,700 .00unnns Li{(‘i No...... No powor used,
1. 140,
Ablove Troy, N.Y ... Tndson Thver ... .veeevnenee] 18=B0f o onianenn, eeed] 30700l 11‘,11(‘3, To. do.
P 10,
Tronton Falls, N, ¥....| West Conadw oreek......... 200 | Aboutj mile..| 1, 820..... ceen [ JL R T, o, ;
. sl
T.yons Falls, N.Y ..... Black river ..... [P 04y | 260 feob . ...... LOW.cvesenn.- L. é) Do ..... No polwqir used, but it is proposed to improve this
: 8 privilege.
Ravwson's mill, N, Y ...| ...do ..... ceeannian crernnnand 10 | 0004 foob .. 1, 820000000 L‘J%. Do......No power used, but this privilegs was formerly do.
p. 10, voloped.
Bc.]»lowlsmok Rivorvil-{....do . ........ ceevmenes] 46k | Fmile. ... e | 5320 el Ll(; Do,
o . 3
Two miles below Wa- [....do.oooiiiliii. vemeel} 804: | 8,000~ 000....] 8,010, 0suvuel | T4 0, Do,
tortown, N, ¥. p. 16
Portage, N. Y, .........] Geneseo river. ...cuecveue... (830 | 2-24 miles..... 5,260, v aviinins L. 0. Da,
: p. 4. ‘
Tittlo falls, M and Va.| Potomae vver ...... TN A0 At dam....... 2,0600.....000..|M, Al Power ostimated for low season of ovdinarily dry yoenrs, night and
p. 424 day. Dam not tight.
Great falls, Md. and Va.|... .0 -cvueee donecvnnennennns] 80980 13 milo.oooo. 20, 000+ .......|AL AL polwer eatimatod for low season of ordinarily dry years, night mnd
P-4 day.
Woverton, Md -ccneeiiifoan G0 wrvmmunevrrvnerearmnass 26 8 miles..aeanu. 6,200, ceeannns M. A, Dao.
- 1. 48,
Harper's Ferey, W Vol ...@0 cccveeiicvennnanoann.. 228 | 13 milo. ..o 2,000.....0.nss M. A, Do...... Only about 125 hovge-power ulilized.
poAd,
Di.ieeaiinieiianaas Shenandoah river...........| 8¢ 8miles.vacees.) 5,160, c0uene.o Bl A, Do.
‘ . 48, !
Conowago fulls, Pa ....| Susquehanna riverses.uav.a.| 104 | Aboutlmile..] 10,800........ M, A, Do.eee.. TFormorly purtly utilized.
R HE :
Tort Depositennal, Pa . ..do . .oooiviiannvniiiianan.| 80 | 9 milos ..., 04,600 2. oco- ML AL Do.u.o. Formerly o navigation canal,
’ . P B4,
Lambertville, N.J ..... Delaware 1iver cveeeenveann | 14 About 4,100 | 4,400..cuunn.. M. AL Do.enens Tower being partially developed, and o fall of 9 font,
oot jR N with 105 cffogtive horse-power intended to e
used (1880).
Foul rift, near Belvie [....do ...eaent... PP About 2 milea.) 4,000, ceeee .. ML A, Do...... Entirely undeveloped.
dore, N. J. m a7,
Woldon, N.C ..envenen. Roanoloe river...... veveeen| 84 Dmiles,..oonc. 18,500, caunn. oo B AL Do...... O canal in oxistomes,
1. 28, '
Smiloy's falls, N.C..... Cape Fear river ............ 27 | Bymiles.......| 2,800.......... S, A. Dao.
. 07,
Buokhorn falls, N C..u|ve 0 invnnnvansreereesnnnn| 20 Fmilo.....oi..f 2,000,..... .8 |8 A, Do...... Ol canal in existenco,
1. 68,
Grassy Island shoal, | Yadkin river ...... ceamveaant 36 Trobably sev. | 8,080, ..0v. . B AL Do,.vuus River vory wide. No abrupt fall.  Praetieally not
.G eral miles. n T all avaifable.
Narrows of the Yadkin, |... do ........... wnmimeomenesl100 | 4 milos........ 14,010, ,ouen s 8, A!i Do.....n Practically nnavailable,
O p. 79, :

33



XXXIV

WATER-POWER OF THE UNITED STATES.

Large undeveloped powers of the United States—Continued.

I -*mﬁﬁhw?_ =
2 &
é Distance in y ;2 8
B o - Estimated grogs; A €
Locality. Stream. % i::’ﬁglﬁg‘&%g‘;}}g or thooropioal g Remarks,
. & |column oconrs, horse-power. é'é
£ ‘ b
) 3] & o n \
Foet,
Benn's shoal, N.C..... | Yadkin river ccecveenvemnen.| 38 4 miles.._..... 2,820.......... 8. A, | Power estimated for low season of ordinarily dry year
. p. 81! and day. Old eanal in existence,
Near Camdon, 8, C.....| Catawba viver ..ec.n... eneas| 52 b miles........ 8,B50....,..... S A, Do...... 014 canal in existence, Power lavgely avai
. p. 81 .
Groat (alle of the .ooooife e e vld o ivernninainn i 173 8miles........} 24, 000......... S.A. Do...... Old canal in existence, A splondid power
™ 92 available.
Landsford, 8.C ..... S P | (RSN 40 2miles........] 5,270.......... S.A. Doeeenas 0OId canal in existence.
. : . 94,
Mountain Island shonl, fo .o o@0 o eiieiii coinia.. 46 3miles........ 2,300........ LS.AL Dovenen. A gplendid pewer. Partinlly wtilized by a
N.C. . p. 95. mill
Lookont shoal, N, G.euufeeeilO o yerennne., vt rianenn .| 64 34 miles. ..., 2,100.......... S. AL Do.
. N p- 96, .
Columbin, 5,0 ......... Congaree and Broad rivers..| 84 4 miles........ G700, S, AL Do.-.... A splendid power, (ld canal in existenca.
102,
Ninetyning  Tslands | Broadviver......ceeveven.. | 17.96! 22 miles ..ol 8,250 000l S.A, Dra,
shoal, 8, ™ 108,
Summers' slioal, 8, Co..fo - o@0 cvrenviecniiennvnneene.| 1L 61f 0,04 mils.. ... 2,000.......... S, A, Do,
. ™ 108 £ .
Lockhart'a shonl, 8, C..[. . ..Q0 vveeniin o] 47,88 141 mile...... 4,500, ........ 8, A, Do.eennn Noteasy tontilize completely. Porhaps 3,01
108, power casily available,
Ninety-nine  Islands .- @0 ceveeenn... [PTPPT . | G0, 62 8.20 wmiles..... 2,700..... e BOAL Do...... Complefe utilization impractivablo.
shoal, No.2,S. O, . 108, )
Cherakee shoal, 8¢ .| - €10 «eeneen.n. Chemriemaens §0. 956] 2 miles.... 2,700..... veeed SUA,L Do, do,
. P, 108,
Mouth of viver, 8. C....| Saluda river ........ ceveeenl] B4 2§ milos. .....,| 8,200..,....... 8. A, Do......0kl canal in existence.
p. 117,
Blue  Jacket shonl, | Savanneh river ..veeesaon.. 10 800 foet.v.....] 2,850.......... S, A, Do,
8. G and Ga, ) . 129,
Long shoal, 8. C, and |...... [ a5 Godles.. ..., (% P S A, Do,
G, p. 130,
Trotber's shonl, G ...} ... L h Tmiles........ 9,165.......... S, A, Do,
) . 130,
MeDaniell’s shonl, G de o e o0 vviiiienesvanennonn.. 30 5 miles.... .. 2,800.......... S, A. Do.
P, 130,
Partman’s shonl, 8, ¢ ..| Senecs rivet.ueeue nnnn ..n. on 2miles,.......| 1,050, .........|8 A, Do,
p. 138,
Anthony's shenl, Go...| Broad viver coooeeeanen. .. ... l0d0 1} mile........ 2,500 ..., S A, Do...... Fall and power can not be accurately state
p. 184,
Milledgovitle, Gu ......| Oconee river......cc......... 4 Hto 6 miles....| 2,860.......... 'S,A, Do......Wot a very good site.
. D, 146,
Macon, Giteooveenpuanns Qomulgee river...... Ceenane 40% | 10 miles. ....., 2,450, ... ...... 8. A, Do. do.
n. 153, .
Wetumpka, Ala....... Coosn viver ......... bevnenen 804 | 12t015 miles..| 10,860......... E. G| Power ostimated for low watoer of ordinarily dry years, n
12, day.
Total nt 24 ghoals above {...... (17 reeemnsarnaa 277k fevcecnnnns . G 600...._... B, G, Do......No power utilized except for a single sms
Wotampks, on the P18, il
Coogn river, )
Etowah Mining and | Btowah tiver .. oeeeen...., 80 Smiles......., 8,860.......... .G, Do.
Manufacturing Com. P 16
nany's privilege,
Totalut 28 shoals nbove [ Chattaboocheo river..... .. (52 E o 100, 000, ...._.. B, G, Do,
Columbus, on tha .
Chattaliooches river. 26,26, . '
Loudaville, Ky ......... Olio viver ...... [ 20 2 miles........ Very large....] 0. R. | Canul around falls,
p.7 .
Cedars, Wis...........J Lower Jox river........ el O (Dam) ......., 2,658, ....0 .. N, W1 Power estiruated for ordinary low water. A dam is bui
. 36, the river, but no power is untilized.
Little Chute, Wis ..., BT [ U weaen] 84 6,500, .....c.0] 9, 04dunnnen N WYL Do...... A dam 715 feet long and 11 feet high erc
‘ , P 86, viver, and a Hour-mill uses abous 100 hore
Rapid Croche, Wis ... leeeeoido oo o..., Caeanna 8 {(Dam) ........ 2,269, ..o INLW, Do...... A dam 525 feet long and 8 foot high crosses 1
. . 4L * * and a small amount of power is used.
Little Kauksunn, Wis.. |/ ..... [ (R Cereiveenen 7.5 | (Dam) ,..... wf 2,127 el LN W, Do......A dam 586 fect long and 73 feet high eri
p. 42, river, and a small amount of power 13 ns¢
]ﬁ;\;:v_ Quinnesee  falls, | Menominee river.... ....... 120 Short distance] 14, 905........, N, Y, Do.co... Would be very costly to develop full fall,
1s. p. 60.
Little Quinnesec falls, |oee o @0 cenenevenrverennnn .. 80 Short distance| 9, 936..........|1N. W, Do. do. ‘
Wis, . ip 6L
Sand Portage rapids, [.o.... JO ceneiiicii i, 40 6 miles........ 5, 078.cceun . NLW, Do,
Wis, . 6L
Pomenn falls, Wis ... {...... [ I [ A (1] Ymiles........ LR | (5 T, N. W, DNeo.
. M 6l
Whito rapids, Wis.....{...... [0 ceane {20 8 miles........ 8,27l N.W. Do.
p. 62 :
Graned vapids, Wis,....[..... VA0 .| 25 3miles......_.. 4,064 ... N W, Do.
’ p. 682,
T\w"i71_1 Islands rapids, [vu-...do...o..... etrenees 10 | Fwmile....... S % 1,085.can. . NV Do.
8. : p. 62,
Schappee's rifts .,.ovvule..... L2 7 Fmile....... vl 2,024, .0en..... N, WL Do.
p. 62,
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XXXV
L]
Layrge undeveloped powers of the United States—Qontinued,
- — == : = .
. = : ]
5 3 B | g
| ; Distanco in_ 'y 4
1B ! Shich £ Estimated gross| B
Locality. l Strenm, ‘ % '13‘}11'1‘3%&‘25?&;‘ or theorotical 35 Remarks,
! . & |eolumn ocours,| lorae-power. g%
N 2 | 2
P “ & [ [
: . | Feet. ‘
Grand rapids, Minn. ... Saint Loulsriver............ ' 7% Smiles....... ] 006450 cnneen. N, )iY Trower estimated for ardinary low water,
‘ , - T
Boloiw Kuife falls, |...... A0 «oeinnreemannenes 164 | 43 miles. ... .. | 20,461 ... ... N. ;\{ Dao. ‘
nn, { i . JINCN
Nenr mouth of......... ] ...... RO e rvvimiinas cmvienen 456 | 11 miles....... | 03,203......... N.W Da...... Of tho total full, 372 foot scour intho ug or 4 miles.
] | ‘ ™74, The total fall would not he wvailable, but Mr,
| ‘ } James B, Francis considored that three-fourthe of
( i | it would be. ‘This would give 47,408 horsc-power.
Niagarn river.......... Fl"bom‘ lake Lirle to lake On. (388 ~ 87 miles,.... .. . 6,204, 000, ..... N 111{ Lower eatimutr}fd {‘or avurage flow, No power utilized oxcoptat
ario. » 1L nls,
AT ‘ Niagars falls and rapids....[218 , I.caa;l than | 4,000, 000...... N.llf. Do...... ’L‘(})tnl power of present wheels (1882) 5,200 effeotive
mile. 1L HOLE0-POWET

The following table contains a compilation of information regarding water-pewer companies, prices for power,
methods of regulating, ete. In it will be fonud, arranged geographically, all the localities where power is regularly
leased, excepting some which may exist in the Mississippi basin, the report on which was, as has been mentioned,
It will be seen from this table that where power and not water is leased, the prices

16t accessible to the writer.
per theoretical horse-power range from $1 to $50 per annum.

Probably the lowest price is that reported on the

Lower Fox river in Wisconsin, while the highest rvates (leaving out of conwideration certain cases at some of the
larger powers, where the use of surplus is in the nature of a violation of rule and is charged very heavily) are at
Trenton, Paterson, and Passaic, New Jersey, Manchester, Virginia, and on the Great Miami river, in Ohio.

.

T.oonlity.

Stream,

The cost of waber-power in the United States.

Available power,

Pawtucket, R. I ...

Central Fuolls, R, T.]....

Woonsacket, R. T..|....

Lawrenco, Masy ...

Towell, Mass

Muncl\lea{or, N. H..{.

Biddolord and Saco,
Me,

Lewiston, Me ......
Windsor  Locks,
Conn,

Blackstono river..

Merrimnek viver..

Saco viver ........

Androscoggin riv-
or,

Conneotiont river.

Minimum is 11,000
gross hovge-
powor  dnring

working hours,

Minimum is about
1,840 gross
horse-power dur.
ing working
hours.

‘Minimum is about
12,000 £ros8
horse-power_dur.
ing working
lonra.

1,700 gross hovse-
power in  low
senson of  ordi-
narily dryyears,
without Btorage.

Minimum is nenr-
1y 12,000 gross
Torse-power dur-
ing working
houra.

17,000 theorutical
horse-power  in
low waterof ordi-
narily dry yeors,
night and day for
ontiroriver. Yrac-
tieally limited by
existing worksto
aless amount,

Name of |
comigny. owning
privileje,

Power owned by
individuals,

Tsaox Compuny ..

Proprietors of

. T,ooks and Canalg
on  Merrimaol
river,

Amoskeag Manu.
facturing Com-
pany.

Saco Water Power
Company,

Union Water Pow-
or Company,

Conneotiont River
Company,

[NoTHi,—For explanation of abbravintfons sea tablo on puge xxx.}

Smnll amounts of power rented
genernily with {loor-space, and
under spucinl ngrecmonts,

Nopower renteil

#1408 por groas horse-power por
anoumn for_eonstent power 10
hours per duy ; surplis powor
ot from 4.7 conta to D4 cents
pur gross horae-power porday,
according to amount naod.

Original eash paymont and an-
nual venk of $3 53 por gross
horse.-power for sonstant pow-
or 16 henrs per day ; surplus
power at from 1.2 £0 28,6 conta
por gross boraepower poer day,
according to amount waod ang
stago ot the river.

Original cash poyment and annun-
nl rent of #1347 por gruss horse-
Powm- for constunt powor 16

1ours per day i surplius power
ab 5.8 oents por grosy horse-
powar por dny.

Permanent power owneld. Rafe
for aurplus power 3.52 conts
por gross horse-power per day,

#1 87 to $9 37 por gross horse-
POWEE POr annnm,

Terpatond_leaso of water and
Innd. Nominal watoraental
18 $2 60 por aguare inch of ori.
flesunder a bead of 30 inches,
equivalent to $18 50 poer an-
nwmn per gross or theoroticnl
horse-powor with a fall of 30
feot, and $20 30 with a fall of

20 feet,

Aportures

Mothods of

regulnting quantity

of watoer,

pru{pur‘
tioned 1o gnantitios
uvwnoed,

Woeirs whose. lengths

are proportioned to
quantities ownoed,

Woir sl e mess-

nroments, ofe, car
risd on with the
greatest cave,

¥

Observations on helght

of specd-gato and of
wator in” pensgtook
anad pit.

Dadly absorvotions of’

height of apoed.pate
and of wuater in pan.
stoek and pit.

Monsnrements  latoly

made, once for all, to
determine gquantity
used by oaclr mill,

.
G
|
|
©
e

N. 1,
P 3G,

N. I
e

N B,
. 80

L. L
p. 48,

Tennrks,

Permanent  powor
complotely  ntil.
inad,

Do,

Do,

Pormanent,  powor
nomly all” utll.
iwod,

Allthe pormanently
available powor
is utilizod,

Da.

XNearly all the per-
manently svadl-
nble powor is
utilizod,
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WATER-POWER OF THE UNITED STATES.

The cost of water-power in the United States—Continued.

v
3
o~
-~
o
. Name of Methods of . - &
Locality. Stream. Avallable power. | company owning Rates for power. regulating quantity | o 5 Remark
. privilege. of water, g
gl
¢2
9
-]
Holyoke, Mass ....| Conneoticutriver.| 24,000 theoretical | Holyoke Water | Rote for permanent power oan Tests of wheels pre- | L. L. | Greaterpart
orse-power in PowerCompany. not be stated; surplus power vious to setting, and | p.51.] ized pow
low water of ab 2.9 cents per theorstical daily observation of |* ployed for
ordinarily dry horse-power for 12 hours, heights of gates, and nills, Co
ears, night and of waterin pen-stock abla powe
ay. and pit. availablo,
Twoer's Falls, f....do viieneen ...} 17,600 theovetieal | Toyner's  Falls | Usual rate has been #7 56 per | Welr measavements | L. T. Ta.
Mass. horse-power in Company. anpum per horse-power (not in the tail-races | p. 506,
low “water of farther specified), but there made as oftex as
ordinarily dry is no established rate for the desirable.
years, night and future,
day.
Bellows Falls, Vt..|....40 .....oovann 0| 12,000 theoreticnl | Bellows Falla Cs- | Neniinal rate #7 50 per annum | No aceurate mensure- | L. I. | Pewer nea
. horso-power in nal Company. per horse-power (not further ments made; quan- | p.58.! employed
Jow water of specified). tities rated = for per-mills.
ordinarily dry wiheelsinusearsae- |
ears, nightand cepted in practice.
ay.

Unienville, Conn ..| Farmington river.| 860  theoretienl | Tnion Water Pow-| Perpetual lense at $175 per mill- | Quantity used detor- | T, T. | All tho PorI
horso-powor in or Company. gowel‘perunmun,mn Jl-power | “mined by wheel-rat- | . 76. owor i8 1
Jow water of eing 7k oublo foet per second ings withont meas- n uge,

. ordinar{ly dry underahead of 18 feet, or 15.34 |  uwrement, !
yeavs, night and theoretienl horse-power; that !
day. is, tho price is $11 85 per theo- !

retical horse-powerperannum. :

Greeneville, Conn.| Shetnoket river...| Totnl rated power | Novrwioch  Wuoter | Water-nights sold with a ro- Quantity determined | L. T,
of wheels in uso, Dower Company.| served snnual rental of $180 by area of opening | p. 20
1,800 or 1,700 por 1,000 spindla-power. athead-gates,
horse-power.

Ocenm, Comn .eeelfoe oo vvvaeeenen. | 200 theoretical | Ocoum Company..| $20 psr annum per horse-pewer |.............. vameesrens| Lo ToL About 180 (7
horse-power in (not further specified). p.22| powerini
low water of
ordinarily dry
years, night and
day. .

Barrott's Junotlon, | Swift river..... ...l 200 theoretical | Barrett's Junc- | $0 per annum per horse-power |._ .. .............. veeo| Lo I About 125 o

a8y, horse.power in tion Water Pow- (not farther specified). . p. 1020  horse-pow
low wator of | er Company. . ized,
ordinarily dry
years, night and
day.

Birmingham, Conn.| Housatenio river .| 1,876 theoretical | Qosatonic Whator | Power leased for ninety-nine | Float or weir measure- | L. I | Power to T
horse-power in Company, yeors, per square foot, Per- ments made when ip.141.| 12 hioursy
low -water of manent water, $20 per annum considered necessa- Permaner
ordinarily dry per theeretical horse-power; Ty, butnot regularly. ov alill v

ears, night and Jirst gurplus, 812 per anpum
ny. per theoretical horse-power;
sacond surplus, $8 per annum ;
yer theoretical horae.powoer. !
ompany does not guarantee
power in any case, |
) 77 J Nougatuok river..| Total  effective | Birmingham Wa. |.o.oo.oeeeitennon.. PP, v Flume and orifice in | I,, I, | Pormanont
. (rated) power of ter Powor Com- tail-race. . 148.]  all leasod,
wheels in use, pany,

Amnsonia, Comn.....[|... A0 vsurvneneen..| Tota]l  offective | Ansonin Land and Wator leasod by the square foot, | Accurate  mensure- | I, I, Ordinary
{rated) powerof | Water Towor| underahead of 30 inches es- | ments aro not at- p. 148,  privilege
wheels in use, Company, timated to produce 80 theoret- |  tempted. use.

1,600 horse-pow- ical horse-power.  Permanent
[} ! waier, $000 per amnum per
square foot; surplus twater,
$250 to $500 per annam per
. sgquare foot, '

Cohoos, N.¥....,..| Mohawk river.... 9,450 theoretical | The Cohoes Com- Pearpetual léase of land and pow- | Wair and fiume meas- | ¥ R. | The compa
horse-power in pany, er with reserved rent amount- | urements,madewhen- | p, 24 has pe
low water of ing to $14 67 per annum per everfhersigachange power to
ordinarily dry theoretical horse-power. inthe running of the
yonrs, nightand wheels, or oftener if

ay. TeCeSRary.

Oswego, N.Y......| Oswegoriver.....| 1,170 theovetical { Oswoge  Conal 099-wear leass of water. Watev {._.._......_.... eeeveaen L.O.
horse-powor in Company, lessed by the “run™ equal to p. 25
low <water of . . 111 cubicfeet per second under
ordinary years, 20 feet fall. Prige of first-class
night and'day. |, runs egbals $13 11 per annum

- per theoraticnl horse-power;
ot speond-class runs, $9 38 to
$11 24, of surplus runs, §6 55
to $8 74, -

D0.cevirninnnastenilO cenenneeeaae] 820 theoretical | Two individuals .. Terpetunl lease of water by the |... _.._.. ermaas vovunna| In O,
horse-power in ‘“ruu”, or 333 onbic feet per p. 25.
low - -+water of second under s head of 10 feet,
ordinary years, Cost ol jfirgt-clags_runs, from
night and day. $6 60 to %7 92, and of second-

and  third-.clasy runs, irom
$8 30 to $3 96 per annum per
theoretical hovse-power,

Rochoster, W, ¥....| Geneseo river.....| 8,970 theoretical | Owned principally | At one privilegepoweris rented | Water drawn from ca- | 1., O. With the
horsg-power  in by the manu. at $25 per annum per offective nalsover weirs,whose |p.48, | Qevelopn
low  water of facturers them.| horse-power. lengths are propor- the mille
ordinarily dry selves, tioned to amouut run ot fi
years, nightand of power owned. city dux
day, Weirs adjusted by ning ¢

COMIMIBZIONErs  ap- montha
" | pointed by the court. yeaz.
36
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GENERAL INTRODUCTION. XXXVII
The cost of water-power in the United -States—Continuned.
8
o
ﬁ .
) Name of Mothods of 83
Looality. Stream. Axvnilable power, | company owning Rates for power, regulating quantity | o 5 Romarka,
privilego. of water. %g
B
By
D
)}
]
Lockport, N.'¥ ....| Erie Cannl........ 2,600 to 8,238 theo- | Lockport Hydrau- | Perpetual lease or absolute pur- | Amount judgoed {from | L. Q.1 Water-power relin.
. reticnl  horse- lie Company. chase, Prico from $8 88 to wheel.-ratings, with |{p, 61, blaforthegreater
power, $11 11 per annum per theoreti- ocensional mensures Bm-t of the year,
cal horse-power, moents in the tail- ut not always,
. Taces.

NingaraFalls, N, ¥ | Niagara xiver.....| About 4,000,000 | Ningars Falls Hy. | When company mainfains wa- | Not stated..... fereen N, R.| Enormous  power
theoreticalhorse- |  draulic Power ter-whecls and mainshafting, ' p.14.f  still avallable.
power in ordi- and  Manufnct- the price is #$106 per horse-
nary stage, night uring Company. powor (not furthoer spocified)
and dny. porannum, ‘When manufuct-

urers  supply their own
wheels, price is $7 per horso.
yower per annum nup to 1,000

orae-power, and less for
largor powers.

Passaic, N. J ..... .| Passaioriver......| Abouti 800 theo- | Dundes Water | About $38 88 per smnum per | No rogular megawro- M, A.
retical  horse- Power and Lond gross or theoretical hovso- mentsmado, Prices p. 182,

. power in low : Company. power for 12 hours n day. baged on L moraure-
songon_of ordi- ment made, onco for
narily dry years, nll, scveral yeara
night and day. ngo.

Paterson, N. J ..... R [ N panen Abont 2,150 thee- | Socicty for Estab- | $750 per annum per squars foot | No vegular monsure- (M, A, All the parmanond
retical  horse- lishing  Useful of orifice under a heand of 2.75 menis made, Onl- [p.180,) power alveady
power in low Manufnctures, feat to conter, equivalent to fleos in flumes or utilized.
season_of ordi- about $30 per anmum per thoo- aperiures o tur-
narily dvy yours, rotienl or gross horse-power. bines nsed as basis
night and day. of enleulations,

Rarvitan, N, J ......| Raxiten river..... 218 theovetieal | Rarvitan  Water | Nominal prico, $300 to $400 per | None, oxcopt, porhups, | M, A.| Power noteconomi.-
horse-powoer in | Power Company, annum per square foot of ord- iy orifices, D, 120, oally dovelopoed,
low secpson of fice under o head of 30 inches
ordinnrily dry 1o center of ovifico.
years, night aud

y.

Trenton, N, J......| Delaware river ...| 8,000 to 4,600 theo- | Tronton  Whater | $3 and $4 povsquare inoh myilor | No mensurements [M, A. About 500 gross
retical  horse- | Powor Company.|  » hend of § Teot; oguivaleut made regulurly. A [p. 04|  horse-power utih
power in low te abont $37 60 and $30 per mensurement  was izodl.
season of ordina- nunum per theoretical horse- mado soveral yonra
rily dry years, POWOT, aro, ones forall, and
night nnd day. prices flxed nccord-

ingly,
TFrodoricksburg, Val Rappahannosk 1,860 theoveticnl | Fredorvicksburg From $6 to $15 per-horse-powor | No mensurvemoents [M. A,
ver. horse.power in Water Powor (not furthor specified). wade, p. 86
low sagson of Compnany.
ordinarily dry
qe&rs, nightand
day.
Manochester, Va....| James river ......| Cannotbostated..| City of Manches. | G0-yoear lenses at $4 por annum | No precautiona taken |M, A} Genorally sufficlent
. . tor. peraguarsinchoforifles under to regulate oxackly |p.16.]  wator for all mills,
n hond of 8 foot, corresponding the amountof water at present rum:
theorotically to betwweon $20) 60 nsed, ning.
and $42 10 per sunnm per the-
oveticnl hovse-power, aceord-
ing ns e Lk is 20 or 14 feet.

Augusta, Ga.......; Savanneh viver...] 13,035 theoretlenl | City of Augusin ... #5 50 per horsepower (nob fur- | Oplional with cily en- } 8, A, | Prive probebly ro.
i:orsa-powm‘ in 1haor specifled), gineor, D127, fers to joress or
low season of theoretical horse.
ordinarily dry power,
yoars, night and
doy.

Hamilton, Ohio....| Great Mismiriver|.............. vweres| Hamilton and Ross-l Water lensed in *“millstono | Water delivorad over | 0, R, | Permanent powie

ville Mydvaulie]; powers™; pries is equivalent fixed iron woirs, P48 | completely  utils
Company, 1o from $10 0B to #dd 0 por ized,
annum per theoretical or gross
horse-power.
West  Homilton, |-...do.ooeniaanoieaa [N vecnes] Weat  Hamilton | $200 por anpnm  per “ran”, |oevvciiiiiniieeersnensa 01, Do,
Ohio, Hydraulic Com- which eqnals 87 eubio foot p. 40,
pany. Ppor minute, :
Middletown, Olio J.oroe80 cvvrmenvvini]rannivnvcanvennsn. | Middletown  Hy- | $28 04 per annun per theoretion] | Fixed woirs. . ......... 0. R D,
drpulic Com- horse-power,  Compony Ye- ™ 40,
v pany., serves Hght to shut off watler
) 80 days in the year,

Franklin, Obio «vifeeei@0 commeenivaes| 600 theoretical | Franklin Mydran. | $20 37 per annum per theorstical | Wone, on account of | O.R.| Permanont  power
Torse-power in lic Company. Liorst-power. abundaneeol water, | p.§0,)  not nll utilized,
low water of Effoctive power
ardinarily dry of wheoels in uso,
years, night and 480. horso-power,
day.

Dayton View, Ohio.|....d0 ...ccovoco o | 270 thooretical | Duyton View Hy. | #3671 perannum por theoretical |.........c.cco.e, cerane] 0011602 effoctive horsp-
horse-powor in draulic  Com- horse-power, in 00-year leases. il hower of wheels
low water of | pany. ' En nae. .
ordinaxily dry
yoears, night and
day.

Dayton, Ohio ...... Mad river ........ ceeieninseasansses| DaytonHMydraulic | $30 21 perannum per theorctical | Adjnstablé orvifices ...| 0. R,

. Company. horae-powor. p. 52,
DO0.vecennavan..| Miami and Brie |......... (SR .| CooperHydraunlic | The preater part at $24 75 and | Fixed apertures ......] O. R,
canal, Company, $27 03 per anmom per theoroti- p. 68,

cal Liorse-power,
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The cost of water-power in the United States—Continued.

= j . b
2
=
. o d
Name of Mothods of £ a
Locality, Stroam, k Avpilablepower, | company owning Rates for power. regulating quantity | o 8 Remarks.
i . priviloge. of water. 1 -é
L
=
-
. «..[ Tiower Fox river..| 10,200 theoretical | reooooeoiaiaoians Powor leased with necessAry {........... PN N. W,
Appleton, Wis horse-power at Iand, A 500 to 1,000 horse- p. 19,
ordinary low wa- power site at $1 to $2 per an- p. 27,
ter, num per horse-power; &100t0
300 horse-power site at$3 to $4
per annum per horse.power;
& 60 horse-power sito of one-
half acre at $2 to $3 per an-
num per horse-power,
Kankatma, Wis....l....do coneeveannns 14,182 theoretical | Kaukaunas Water | A 100 to 300 horse-power slte ab {ioverruirenncereevenansJNLW,
horsepower at; DTower Com. from $2 to $5 por anpnum por p. 20,
ordinary low wa. pany. lorse-power. 1. 88,
ter, '
|
Lawrence, Kans...| Kansas river...... 2,230 theorstical | Mr. J. 12, Bower. | $20 por horse-power ............ Towor not mensured, |M. R.
horse-power at | wouk. but estimated ap- | p. H7.
lsw water of ! proximately.
orcinarily  dvy .
Yonrs. ‘

The following table contains condensed information regarding water-power used from navigation canals, w

rates for power, ete.:

Water-power wused from navigation canals,

[Nouit.—For explanation of abbraviations, see table on page xxx.]

Canal or company.

New York Stato vanala.

Delawnre and Rarvitan
canal,

Lehigh Canal and Nav-.
igation Company.

Sobuylkill Navigation
CGompauy,

Pennsylvanis-canal. ...

Chesapenke and Ohio
oanal,

James River and Kp-
nawha oanal,

State of Ohio

Obio State canals ......

Conditions of lonse.

Surplus water ouly; policy of
the atate is not to disposo
of any more pawer; water
entively drawn off at times.

Surplns water only ; no punr-
antes, and wator entirely
drawn off at times. .

Surplus wnier only; watoer
drawn off at timos.

Surplus water only ; bub gnan-
tity so rogulated thnt a
s{eady power can bo main-
tained.

Surplug water ounly; no guar-
anteo of water or powor, and
water drawn off at times.

Burplus wateronly; no head or
3unntlty gunranteed; wator
rawn ofl at times.

Surplus water only ........_..

Atdams on Muskinguwm river;
surplus power leased under
80-year leases, aud at expi-
ration of lense power sold
by suction; state veserves
right to shut off water ona
month in tho year.

Surplos waterflowing around |
acertainlock; orwatersuf-
ficiont for a certain number
of runs of stones; or a cor-
tain number of cubic feek

orminute. Rightreserved
0 shut off water for 30 days
por.year,

Rates fov power:

Tensed to highest hidders. ...

Nominal price, $# por squore
inch uniler a homl of 3 feot,
Lutspesinl agroements often
mnde.

From $1 to %! porsquare inch
of aporture undeyr a head of
3 feet to center of orifive,
aceording to the il and
other civcumatanoos,

Tor mills running 10 hours per
day, $6 per square inch per
anunm ; formills ranning 24
hours, $7 60 por rguare inch
por annum, under o head of
# feot to conter of nprture,

Terhaps $2 to $3 per horae-

power per anmnn, but no

rcgu] ar rntes.

2 50 por square inch per an.

nnm, in 20-year lonscs.

According tolocation, $3, $110,
and 70 cents per cubic foot
por gocond for each foot {all,
cqunl to respectively $26 41,
%0 68, and $0 16 per gross or
theoretical horso-power per
annnm,

No uniformity in rates........

F Y .

Mothods of regulating.

Standard ovifice pat in....

Flume nieAsuTEmants
wheoere turbinesave nsod,
and standard apertures
for ot hier wheels.

None

Watcer leased by sguarve
ineh of opening, and a
siandard orifice Is speci-
fled.

Water delivered threngh
an orifleo.

Leaaes apecify that water
shallbolalken over weirs,
but practically they are
not nsedl.

Praotically none

@©
[2]
W
4
Total amount] ~
of power |2
used; offect. 05
ive hovaw- | B3
power. T
&
&
&
L.O.|
.8}
.............. M AL
p. 06. :
About 800... 1M, A,
p. 107!
Abont 1,750 .M, A
p. 104,
.51)01115400 L MLAL
p. 63
I
Porlips 1,500, A.
p.4L.;
.............. M. A.I
p. 17,
!
" 1,100 to 1,20000, R. |
rated powor) p. 36. |
of wheels. .
1
6,01§........
. 59.

Remarka.

Yxeluding power at fo
danms,

Prineipal use of powe
the foeder-canal, at
bertville, Noew Jt
where about 6540 1
powor is used,

Company still haa
puwer to disposo of.

Congidorabla power is
able at tho looks,
5700 threoretion)
power in all over t)
tire cannl,

Principal nso of powe
Georgetown, D, .,
aboat 1,200 horso-
is utilized.

This cannl ‘is now
doned.

. ized,

i

ot

1on
m-

oy,
r80-

o

il
ot
T

on-

ant
er0
wer

hitgs

O.R.{ Mang powers still 1 utii-
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Tinally, the following table shows thé power utilized, by drainage basins, only the largerstreams being specitied,
From this it is seen that the basin of the Blackstone is the one in which there is the greatest amount of water-power
utilized per square mile, while in the basins of the Missouri, Arkansas, and Red rivers the utilized water-power is
practieally 24l in proportion to the area drained:

Uti}ize‘ﬂ Utili'zed Ap- ‘\‘ U‘dliza'(l Utilizod | o,

Stream. { Drainage eill"(?c't(i,:'e Pg:lfw raxi Strenm. . Dreluage oflil'ggtglva pg:;;'m praxt.
| area horse- square i‘;&t{? ared. horse- BquAr | :lllll:\t]e
power. mile. i powar, \ mile. | “

Sq. miles. H. P, 8q. miles. | P
Blackstone river........cooiieiiinii 468 19, D04 43, 655 1 Adnbama river. coveee v iinveacnnnen 28,700 10,109 ‘ 0.420 l 46
Taunton river ... 337 4, 097 12,157 4 || Tallapoosa river ... 4, 936 2,445 0.406 ;42
‘Charles river ..... 281 3, 862 11, 964 b || Coosariver .....o..ue + 10,610 6,257 0.690 ;40
Meorrimack river. cevees cavereennenenas 4,010 88, 818 18. 067 3 (| Appalachicola viver........cvviaan venan 19, 580 12, 080 0.603 | 7
Seeoriver ..ooooiiiiiiiiineas caean 1,763 8,129 4. 637 15 |} Chattalicocheo river ........ [ 9, 100 0, 785 L 97
Proaumpseot Yiver.coveceseenecasinsnes 726 5,430 7.470 O | Flintriver ....ccooviiianan.. [ 8,420 3,204 0,381 ¢ 48
Androseoggin river, .. .ceeeiieiiaenas 8, 608 15,741 4,257 18 || Black river, New York...ocovrnnseainns 1, 867 18,020 7,016 10
Kennebee piver.coeaciieinaiiiinnnnas 68,404 11,277 1.761 20 || OSWORO TEVOr. uererrrnaenenraraennannns 5,018 31,488 6,281 ¢ 12
Penobrcot Xiver. . coiecievrieinaiaeaaa 8,785 9, 200 o L047 28 1| Gonesee tIVer.coiiiin cinineeaaaaas 2, 400 18, HO8 o568 14
Saint Croix river in Maino........evuae 1, 874 7734 0.401 45 )| Allegheny river....... Cereveameneeannis 11,107 18,3404 L4t s
Saint John river in Maine .....vvaenn.s 7,908 8624 0,108 58 || Monongnhela HVer...eee i reeniennnianss 7, 025 5,705 0,760 36
‘Connecticut river ........ - 10,924 118, 020 10, 804 7 |j Boaver river ....... PR 3,030 4,002 Lol o2
Thamos viver.... 1, 460 80, 623 21, 060 2 || Little Knnawha viver ... 2, 200 500 6,202 | A
Hounsatonie river. 1,933 21, 150 10, 948 6 || Muskingum river...... 7,740 7, 006 0. D13 as
Hudson river.. 18, 366 82, 610 0. 203 18 I Seioto viver......., 6,400 3, 008 0, 470 dd
Passaic river. .. 962 8,160 8,481 8 || Great Miami river . B, 400 0,480+ 1,757 | b |
Raritan river .. 1,008 4, 977 4, 533 16 || Dalkota river....... 22, 000 208 0. 10 63
Delaware viver .. . 10, 100 43, 366 4. 203 17 || Bl Sioux vhvor coveeeiciiiiiiines i 7,880 073 0, 083 56
Sehuyllill tiver..covsvanannns et 1,912 12, 096 6. 326 11 {[ Tributaries of the Missouri river in 32, 110 1,034 0. 082 62

Susquehanna river...eee........ 26, 233 70, 283 2,070 | 10 ‘soutlmust D"k‘;t"' - - !
TOOMAG TITOE & v avenenneneienaronannn 14,500 18,7004 1206 | 9% 11‘1\:‘\;%1;;3?%0(15“{ 10 Mi“m“fi river in 10, 000 2205 0. w27 j &
Rappohannock viver.......oooeeieane. 2,700 2,871 0.878 | 33 |l qysputaries of tho Missouri river in 17,000 2, 958 0I1M | M

TAMOB PIVOY ..o en i iaviiiai e 9, 700 13,823 1.374 24 northern Missout, ; !
Ronnokd MVOr \ovvvs vomecaiiaasevaann 9, 200 8,420 0.916 | 31 | Platto viver and tributaries............ 80, 000 4,167 \ 0. 046 1 o0
Tar river ... 3,000 2,571 0.857 | 84 |} Kansas river and tributarion. ....u.. .. 50, 760 6,600 | 0.109 ’ 52
Neuso river ... 5, 209 3, 250 0. 613 8¢ | Osago river and tribatarios «veeee.non.. 15, 202 1, 47 j 0.UB8 ;B3
Onpe Fear river. ... 8, 400 7,121 0. 848 86 || Gasconmlo viver and tributerles........ 3,700 380 i 0, 104 k a4
Grent Poe Dee river . 17, 000 8,121 0. 478 43 |} Missouri River basin .oievevveaninon.. 527, 000 21,012 1 0,030 40
Waterseriver...... 5, 225 B, 168 0. 987 20 || Wastern Town slopo ........ Neveenianans 86, 005 15, 410 | 0,428 AT
Congnree river. . 7, 985 7,064" 0. 961 40 || Bastern Missour alope . 18, 800 1, 446 ; o, 078 } a7
Savannah river . . .|10,000-11;000 11,778 L1122 | 26 || ATKADBAS PIVEL vevnnvaeeceeviiinrns W4 188,148 7,070 \ 0,038 | 61
00mulges TIVer. coivmavereinenseaacnnes 6, 000 8,100 0, 617 41 || 'White river, Arkansas..... Neaeraaans 27,025 2,140 | 0,077 58
Q701 T:1 0 S B, 400 3,486 0, 640 38 |} Red Tiver .ceencniisveicia it i 92,700 778 5 0,008 i1}

GEO. I'. SWAIN,

Special Agent, Tenth Census.

New YOoRrX, N. Y., December, 1850,

I have examined the above summary, pi‘@p&r@d by Mr. Swain, in connection with the various reports to which
it relates, and give it my unqualified indorsement. o

It was originally arranged that this summary should be prepared by Mr, Swain and myself jointly, but the
pressure of other duties has prevented me from taking-any part in it except to examine and approve it. I regard
it as a most thorough, complete, and scholarly abstract and presentation of the results of the reports. ‘

W. P. TROWBRIDGE.
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