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REPORT ON THE MIDDLE ATLANTIC WATER-SHED.

PREFATORY LETTER.

Bosron, MAss., June 1, 1882,
Prof. W. P. TROWBRIDGE,
Oolumbia College, New York City.

Smm: 1 have the honor to submit herewith my report on the water-power of the middle Atlantic water-shed of
the United States, embracing all the territory drained by streams flowing into the Atlantic ocean from the Hudson
to the Chowan, not inclusive, ‘

Following your directions, I have traveled over the region referred to in this report, but necessarily in a hasty
manner; and although I visited many of the larger powers in order to form an idea of their availability, lack of
time made it necessary to gather the facts regarding numerons important ones by oral inquiry or by correspondence.
The only instrument of measurement used was a Locke pocket-level, and in some cases reliable measurements of
fall could be obtained, while in others this was impossible,

In preparing the report I have freely used all the material that could be found, and am especially indebted to
the reports of the Chief of Engineers, United States army, and to various state documents bearing on the subject.
I am also indebted to numerous private individuals, state officers, engineers, railroad officers, and others, for
valuable information and adviee, and particularly to the officers of the United States Engineer Corps, and their
assistants, who have afforded me every facility possible. My obligations are so many that it would be invidious to
attempt to name those to whom my thanks are specially due.

In the arrangement of this report I have followed the general method adopted in the case of my previous
reports. The drainage areas given were measured in a few cases geometrically, but in most cases with the
planimeter, and are believed to be quite accurate. They agree very well with other measurements in all cases
where I have had opportuuity to compare them.

As regards the estimates of power available, the principles discussed in wy former report have served as a
guide here, and it is hoped that the estimates given, although they can not pretend to absolute accuracy, will be
found to be tolerably close approximations to thetruth. I am well aware that these estimates, as well as those given
in the report on the New England water-sheds, will to some appear overstrained. It may be thought that they
present a semblance of acecuracy which they do not possess and which no estimates ean possibly possess. In regard
to a quantity so variable as the discharge of a stream, it will be asked whether the attempt to present estimates of
four different states of flow is not worse than nothing, and whether it is not a needless and deceptive refinement to-
give more than one estimate. I am conscious of these objections, and my reasons for having given estimates as I
have done is simply this: These reports will in all probability be read by persons who arve uot engineers, and
whose ideas in regard to flow and power are not very clear or definite, and general statements would very ]ikely. be
misunderstood by such persons. The very fact that the flow of a stream is such a variable and fluctuating quantity,
and that the amount of power available would depend upon the storage reservoirs which wight be constructe:d,
as well as upon the natural flow of the stream, seemed to me to render it especially important to leave no room for
misunderstanding as to the state of flow referred to in the estimates offeved. Ifit were said, for instance, that the
available power at a certain place varied from 500 to 3,000 horse-power according to the state of the water a;:xd
the amount of storage utilized, that statement would, it seems to me, be of little value, _not only l}ecausq of its
indeﬁniteness, but because even to those who might understand the meauning of the words, it would give no idea of
the way in which the variation between 500 and 3,000 ocenrred, and how much was due to storage and how mu.ch to
fluctuations in the natural flow of the stream. It seemed essential, then, in the first place, to give a separate estimate

of the maximum power available with storage. In regard to the flow and power without storage reservoirs, the
H17v



vi PREFATORY LETTER.

question arose: Upon what state of flow should the estimate be based? To determine the avérage flow during the
year, or the low-season flow in ordinary or dry years, a series of gaugings is almost a necessity. On the streamg in
the district now under consideration, however, no such measurements have been made, and the only gaugings atmy
disposal were some meagurements made on o few streams at very low stages of the water, or when the flow wag nearly
atits minimom. Data regarding this minimum flow being the most numerous, I thought it would be well to tabulate
these data (see page 9 of the present report, and pages 9 and 10 of the report on the New Lingland water-shed), and g
give estimates of the minimwn flow so that the reader copld see how they were arrived at, and could disagree with thq
figures given according as his judgment led him to think the assumed flow per square mile per second was too great
or toosmall. But I am aware of the fact that the minimum flow is not the most important quantity so far as wagep.
powey is concerned, because it occurs only at remote periods and lasts only a very short time; and I have felt, therefore
that, in addition to the two estimates referred to, at least one other was desirable. In view of the uncertainty
attending all such estimates, and the large error to which they are liable, it would perhaps have been as well {p have
given an estimate simply of the average low-season flow, But I thought that I could make the subject a little clearer,
and show a little more plainly the method of caleulation that I bhad used, by giving the minimum low-season flgw
and the low-season flow in dry years; for if T had estimated the average low-season flow I should have had to do it
by first estimating the two guantities just named, and adding to the latter of them one-fourth to one-third of itself,
It seemed to me that in this way not only would the subject be made clearer and the estimates more definite,
but that other persons would have better facilities for forming opinions for themselves in the matter, and for
disagrecing with me intelligently and on reasonable grounds. In fine, of two evils I chose what seemed to me the
lesser, preferring to give to the estimates the appearance of aceuracy which they do not possess, rather than leave
them in any way indefinite. If onee it be understood that they are presented merely as estimates—in some cases
almost guesses—that they make no pretensions to absolute accuracy, and that, although some of the estimates
given (as the minimum low-season flow and the low-season flow in dry years) differ by only 15 or 20 per cent,, either
or both of them may be in error by a large fraction of that amount, I think there will be no difficulty and no
misunderstanding.

The fact that this report has been written more than a year after the region to which it refers was visited, will
serve to explain some of the inaccuracies which it will be found to contain, Not only will changes be found to have
occurred in the mean time, but when so long a time elapses circumstances lose their freshness in the mind, and many
things would no doubt have been presented in a clearer manner if the report had been written immediately after
the region was visited. Some omissions will be found in the report, and lack of completeness in many instances;
and while this is due in some cases to the fact that the time was not sufficient to allow of the necessary information
being obtained, it is for the most part due to the fact that the attempt to obtain it was unsnccessful. The interest
in the subject seems to be less in the district covered by this report, as a whole, than in the more northerly states,
and, a8 a rule, it was more difficult to obtain the desired information, In some cases it was found to be absolutely
impossible to obtain by correspondence the statistics desired.

I am, sir, very respectfully, your obedient servant,

t

GEORGE F. SWAIN,

Special Agent.
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THE MIDDLE ATLANTIC WATER-SHED.

Having completed the description of the streams draining the New England water-shed, we proceed to discuss
thoso draining the middle states. 'We begin, as before, by describing the general character of the region under
consideration, after which each stream will be separately considered.

GENERAL CHARAOTERISTICS.

1.—~AREA AND FORM,

The area included in the district under consideration, comprising the region drained by all the streams flowing
into the Atlantic between the Hudson and the Chowan, measures in all about 84,300 square miles, and is distributed

approximately as follows among the different states:
Sqgnare miles,

2 L g P 23, 600
Wert Virginio .. camaesammn i b it et et i rert st aerny mmnar eermrrana dmneean B, 3,700
Maryland.....coemeinuennaa B e e M ae e heedmnn et aeana et am e s A Ramaas aeamanee taeaar cmaoan snmann 10, 700
District of Columbin..eseecnne vennneannaae e et tameaeveneman e wasaeenry canmn b many aannnn 64
DA AL - csu mnvemsns cammes sncsannacssasnnrsnunns sonasamma e e N memeaauamEe. pmaEatawe e aeatannas e anen 2,120
B 1 O U P U e 97,000
N W JOTBB Y e cme e tmmes ciee tmnnus e mosaesaane saamns sanact asen aaatme rannannennnaas nenes anaenannen 7,400
New York ........ e e e mae vm e mmea maae A waas BAAN e me s e mace e asen seee amanabasns oaan e ennana oo ceea 9,07
B PPN 84, 260

This area lies between the parallels of 37° and 43° north latitude, and the meridians of 74° and 80° west
longitude, approximately. In shape, it is a strip lying along the Atlantic, with an average width perpendicular
to the coast of from 225 to 240 miles, and bounded on the west by an irregular line forming the water-shed between
the streams flowing directly into the Atlantic and those flowing west or north into the Mississippt and the Saint
Lawrence. This western boundary-line is rather more irregular than in the case of the sounthern Atlantic water-
shed, and topographieally the two differ considerably, as will presently be seen. The coast-line, too, is much more
irregular and indented than in the case of the southern Atlantic water-shed, and although its general direction is
about north-northeast, yet its outline is broken at every step by arms of the sea and extensive bays which penetrate
the land. to a considerable distance.

2.—~GHEOGRAPHICAY, AND CONTINENTAIL POSITION.

. Like the New England water-shed and the southern Atlantic water-shed, the middle Atlantic water-shed lies in
the north temperate zone, and the prevailing winds in all are the return trades from the sonthwest. But as we go
toward the north within the distriet considered, we gradually eseape more and more from the influence of these
winds, and those from other points of the compass become more common. As in the New England states, the
winds from the east and southeast are maritime, and come laden with moisture from the ocean; but here the winds
from the southwest, and even those from the south, have passed over large extents of country, and have discharged
their load of moisture to a considerable extent, so that they do not partake of the character of sea-winds as much
as in the case of the states farther north or south. That the influence of the gnlf of Mexico on the region considered
is here not of 50 much importance as regards rain and moisture as in the states farther south may be seen plainly
from the Smithsonian charts showing the distribution of rainfall, in which the long finger-like projections extending
from the Gulf, and indicating a large rainfall, show, by the fact that they do not extend into the Atlantic states
north of North Carolina, that the moisture in those states is derived principally from the Atlantic; and in fact,
we see along the coast a large rainfall, which diminishes quite steadily as we proceed inland, being even less in the
mountaing than on the immediate sea-board; while in the southern states we shall see that the rainfall is greatjest
in the mountains, because the principal carriers of moisture, the warm gouthwest winds from the Gulf, blowing
parallel with the mountains, of course part with more of their burden in the mountains than in the lower lands.
In the region we are now considering the principal carriers of moisture, the winds from the sontheast, I?Iow nearly
at right angles with the mountains, instead of nearly parallel to them, and as the mountains are not hlgh,l and as
they approzch near to the coast in the northern and middle parts of the region, the rainfall diminishes from the
coast inland quite uniformly. 5191
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9 —1 nd WATER-POWER OF THE UNITED STATES,

The region now to be considered is bounded, on the east by the otean, on the west by the Alleghany mountaing,
on the south by the water-shed between the drainage-basins of the James and the Roanoke and Chowaq, and on th:;
north by that between the drainage basins of the Hudson and the great lakes, and those of the streams flowing

_ into Delaware, Chesapeake, and Newark bays.
3. —~ToPOGRAPIY.

In describing the topography of this region it will be convenient, now that we have completed the study of t},e
rather detached New England water-shed, to c4ll attention to the general structure of the Appalachian mountain
system, and to the changes in its general features in different parts, and to contrast the region we are about tp.
consider with that already discussed, and with the southern Atlantic water-shed.

The region under consideration, as well as that comprising the southern Atlantic water-shed, may be
topographically divided into three quite distinet divisions, which we shall call the eastern, the middle, and the
western, The former extends, in the middle Atlantic states, from the coast inland to the head of tide-water aug
navigation on the rivers, its western boundary being a line, which we may call the fall-line, and which marks the.
geological boundary between the Cretaceous and later deposits which lie. between it and the coast, and the older:
geological formations which lie to the west. It is the most easterly line of outerop of the older rocks, and marks
the last considerable fall on the rivers. In the southern states it passes through Columbus, Georgia; Columbia,
South Carolina, Rocky Mount and Weldon, North Carolina, here, however, being some distance above the head of tide-
water, and often of navigation; and it may be traced northward quite through the district now nnder consideration..
Passing in Virginia through Petersburg, Richmond, and Fredericksburg, it skirts the Potomac between the latter
point and Washington, and, crossing it at a point some 10 miles above the national capital, it continues in a
northeasterly direction, remaining nearly parallel to the shore of Chesapeake bay, crossing the Patapsco a little-
above Baltimore, and the Susquehanua near the state line; then, bending slightly to the east, it crosses the:
northern part of the state of Delaware, and follows the west bank of the Delaware river up to the great bend at
Trenton, where it crossés it. Beyond this point it is not very prominent, but extends almost in a straight line:
between Trenton and Jersey City, crossing the Raritan near the town of New Brunswick, and the Hudson at its.
mouth, being there, however, entirely without influence as regards water-power. It will be seen, then, that the-
eastern division, which in the southern Atlantic states is a broad plain from 100 to 140 miles wide, gradually contracts-
in width toward the north until it negrly disappears at the mouth of the Hudson and in the northern part of the-
state of New Jersey; and the same will be seen to be the case with the middle division.

But although the eastern division becomes narrower toward the north, ifs slope does not vary to the ssme
extent, becoming only slightly greater; and, as a consequence, the fall-line approaches nearer and nearer to-
navigable watérs, until, when we reach the region we are discussing, we find throughout its whole length the fall-
line at the head of navigable waters and at ihe head of tide-water, both navigation and tide being checked by the-
falls in the rivers at their crossing with that line. The effect of this cireumstance, in bringing the water-powers on:
the fall-line nearer to transportation by sea, ig of gieat importance.

Geologically, the eastern division preserves essentially the same character throughout its whole extent, The
soil consists of sand and clay, and the large rivers afford no water-power in that part of their course lying within it
although some of the smaller tributaries, and some of the smaller streams flowing directly into the sea, afford in.
some cases very good power and belong to the class of sand-hill streams. As alveady incidentally remarked, the
slope of the ground seems to increase somewhat toward the north, and the coasts are not bordered by swamps and:
lowlands to such an extent as in the sonthern states; so that, as we shall see in the case of some of the streams in-
New Jersey, in some cases fine water-powers are obtained, by damming, within a very few miles of the coast.

As regards the area of this division, it includes approsimately two-elevenths of the state of Virginia, or about
7,500 square miles; nearly two-thirds of the state of Maryland, or about 7,850 square miles; the entire District of”
Columbia; about nine-tenths of the state of Delaware, or about 1,900 square miles, and six-tenths of the state of
New Jersey, or about 4,600 square miles. Its area in Pennsylvania and New York is too small to be mentioned.

Before deseribing the middle division, it will be best to consider the principal facts relating to the ‘general’
strueture of the Appalachian mountain chain and the character of the western division. For most of the following
notes and quotations I am indebted to Professor Guyot’s article on “The Appalachian Mountain System?, in the-
American Journal of Science and Arts, 1861, o

This great system of mountains, which extends in an undulating line for a distance of 1,300 miles, from the-
gulf of Saint Lawrence to the state of Alabama, is composed of a number of sensibly parallel chains in the eastern.
part, aud of an extended platean in the west, which gradually descends to the valleys of the great lakes and of the-
Obio and Saint Lawrence rivers, The Atlantic plain, which extends from the base of the mountains to the Atlantie
ocean, and includes what we have called the middle and eastern divisions, has a width in New England of about
50 miles, alwost vanishes near the mouth of the Hudson, and stretches out to a breadth of over 200 miles in the-

southern states; and as its slope does not vary much,‘the elevation of the base of the mountains rapidly increases:
toward the south and north, starting at the Hudson—Dbeing from 300 to 500 feet in New England, almost nothing.
about the bay of New York, from 100 to 300 feet in Pennsylvania, about 500 in Virginia near the James river, and.
between 1,000 and 1,200 in the southern part of North Carolina. On the west, the plateau above referred to, and:

which may be considered the base of the mountains, has a general elevation of about 1,000 feet.
520
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The mountains present three remarkable characteristics: The first is that, us already remurked, they are
composed of a series of nearly parallel chains, often very regular and uniform; and that “in the same part of
the system the general height of the chains is sensibly equal”, their summits showing neither many nor deep
notches. Bspecially in Pennsylvania and New Jersey, the ridges “present the appearance of long and coltinuous
walls, the blue summits of which trace along the horizon a uniform line seldom varied by any peaks or crags. In
the extreme northern and southern portions, however, this character is considerably modified. There the system
loses very much of its uniformity, and its physical structure becomes far more complicated ; the form of simple
parallel ridges almost entirely disappears”,

The second prominent feature of the system is “its well-marked division into two lon gitudinal zones of elevation,
one turned toward the shores of the Atlantie, in which the form of parallel chains just spoken of predominates,
and the other turned toward the interior, which is composed of elevated and continnous plateaus”, occasionally
wrinkled by minor chains parallel to those on the east.

The third prominent feature is the existence, in the region of corrugations, of a “large central valley which
passes through the entire system from north to south, forming, as it were, a negative axis through its entire length”,
This valley, known as the Great Appalachian Valley, is occupied in the north by lake Champlain and the Hudson
river; in Pennsylvania it is known as the Kittatinny or Cumberland valley, and is occupied by the tributaries of
the Susquehanng, and in part by the main river; in Virginia it is the great valley occupied by the Shenandoal and
some tributaries of the James; and still farther south it is the great valley of East Tennessee, ocoupied by branches
of the Tennessee.

At the northeast and at the center its average breadth is 15 miles; it contracts in breadth toward the south in Virginia, but reacles
its greatest dimensions in Tennessee, where it measures from 50 to 60 miles in breadih. The chain, more or less componnd, whick horders
this great valley toward the southeast is the more continnous, and extends without any great interruption from Vermont to Alabama, In
Vermont it bears the name of Green mountains, which it retains to the borders of New York; in the latter state it becotes the Highlands;
in Pennsylvania, the South mountains; in Virginia, the Blue ridge; in North Cuaroliva and Tennessee, the Iron, 8moky, aml Hnaka
mountains. Oun the northeast of the Great Valley, between ihe Iatter and the borders of the plutean parallel, there extends a middle
zone of chains separated by narrow valleys, the more continuous of which is the range which bounds the central valley. ‘This zone has
o variable breadth in different parts of the system, and the number of chains which eompose it is by uo means uniform throughout,

As we proceed from the coast inland, therefore, we cross first the Atlantic plain, then the chain bmuu.ling the
Great Valley on the east, with parallel ridges and longitudinal valleys, then the Great Valley, and finally the chain
beyond, also with parallel ridges and longitudinal valleys, but irregnlar in strocture,

The above are the general features common to the Appalachian system through its entire lengtly, but it may be

divided from north to south into three divisions presenting very remarkable differences in strueture. The most
northerly of these, extending south as far as the deep valleys of the Hudson and the Mohawk, which cut through
the system to its base and across its entire breadth, need not here be considered, us it falls without the territory to
be specially described. The middle division, which is about 450 miles in length, extends from the valley of the
Hudson and Mohawk on the north to the New river, in Virginia, on the south; while the third or most southerly
division comprises the remainder of the system. In the middle division the region of parallel chains, “at first very
.narrow about New York, presents toward the center, in Pennsylvania, its greatest breadth, which again diminishes
toward the south. Itis.composed of a considerable number of chains much carved toward the west, and remarkable
for their regularity, their parallelism, their abrupt acclivities, the almost complete uniformity of their spmmits, and
-their moderate elevation, both relative and absolute, which varies from 800 and 1,500 to 2,500 feet. The ehains,
however, increase in elavation toward the south, while they become more numerous and more indented. In the
peaks of Otter, in Virginia, they attain to 4,000 feet”. The platean region west of the mountains is quite narrow
In the southern part, but very wide in the north. Its high terraces occupy all the state of New York south of the
Mohawk, a considerable part of Pennsylvania, and culminate in the plateaus in the neighborhood of lake Lrie,
‘where the mean altitude of the platean reaches 2,000 feet, the valleys preserving a height of 1,600 feet, while the
hills reach 2,600 feet. .

"Chis table-land forms a remarkable water-shed, from which the waters descend hy the Susqueltnna into the valley of the Chesapeako
and the Atlantie ocean, by the Genesee and Saint Lawrence to the same ocean, and by the Alleghany aud Ohio to the gulf of Mexico.-
The Susquehanna thus starts from lake Erie at the extreme western border of the plateau, and runsg across all the Appalachian system
aud its wountain ranges to its eastern base. More to the sonthward the eastern escarpnent of the platean divides, as far as the sonrees
of the Potomac, the waters of the Atlantic coast from those of the gulf of Mexico, It is the same escarpnient which bears the loeal name
of Allegheny mountain , aname which eontinues to be applied, south of the waters of the Potemae, to the dividing ridge along the sonrees off
the various branches of the James river, and even to the irregular hills which form a water-shed bebween the waters of the upper Roanoke
and the Noew river, across the Great Valley, near Christiansburg., Throuyh all this middle region the name of ¢ Blue ridge ¥ is applied
to the main eastern chain whicll soparates the Great Valley from the Atlantic slope, and whichis cut by all the rivers which flow out of it.

The southern division, from New river to the extremity of the system, is much the most remarkable for the diversity of its phywsical
strueture and its general altitude. Even the base upon which the mountaing repose is considerably clevated, and in the interior of the
mountain region the deepest valleys retain an alticude of from 2,000 to 2,700 feet. .

Trom the dividing line in the neighborhood of Christianshurg and the great bend of New river the orographie and hydrogmph}o
relations andergo a considerable modification. The direction of the principal parts of the system is also somewhat changed. The main
¢hain whieh borders thé Great Valloy on the east, and whicl moze to the south, under the name of the * Blue ridge”, separates it from the
Atluntic plain, gradually deviates tokwar(l the sonthwest. A new chain attached on the east, and curving alittle more to the sonth, takes
now the name of “Blue‘ridge”. It is this lofty chain, the altitude of which, in its more elevated groups, attains gradually t::)il’r,ﬂ()() and



4 ' ~ WATER-POWER OF THE UNITED STATES.

5,000 feet, which divides in its turn the waters running to the Atlantic from ‘those of the Missis§i ppi. The line of separation of the e&ﬂtem
ane the western waters which, to this point, follows cither the central chain of the ‘Allegl.mnles or the W(}stern border of the table-lang
region, passes now suddenly to the castern chain, upon the very border of the Atlun'tlc p‘lum. The reason is that the terrace which formg
thoe base of the ehains, and tho slope of which usually determines the ge.nem.l du'ect'mn of:‘ the water-courses, attains here itg Zreatest
elovation and descends gradually toward the northwest. The base of the interior chain which runs alongside the Great Valley is thyg
depregsed to a lower level; and though the chain itself has an absolute elevation greater than. that of the Blue ridge, the rivers which
descend from the summits of this last fow to the northwest toward tho great central Valle'y, whicl they only reach, in southern Virginia
and North Caroling, by first passing across the high chain of the Unalka and Smpky mountains, through gaps of 3,000 or 4,000 foet in depth,

The fact just alluded to, namely, that south of the state of Virginia the water-shed separating the streams
flowing into the Atlantic from those flowing into the gulf of Mexico is on the extreme eastern edge of the mountaing
is of the greatest importance as affecting the character of the rivers. The Roanoke is the most southerly Streau:
flowing into the Atlantic which bas its sourees really in the mountains or beyond the first ridge. The James and
the Potomac rise in the western part of the system, their tributaries drain the narrow and parallel valleys between
the ranges of mountains comprising the system, and they themselves break through these ranges one after another,
flowing alternately through narrow gaps and meandering through the intervening valleys, reaching at last the true
Atlantic plaing while the Susquebanna and the Delaware take their rise quite beyond the mountains proper, on the
platean which bounds them on the west and northwest, and cut thréugh the entire system to reach the ocean, Buj
the streams sonth of the Roanoke, which will be described in the following report, have their sources simply on
the eastern slope of the mountains, do not drain the parallel valleys lying between the ranges, but are confined
altogetber to the true Atlantic slope. And it follows from this at once that in the case of the former streams the
mountain or western division of their drainage basins is much the most important of the three divisions we have
distivguished, while the middle division is of not so much importance; while in the case of the more southerly
streams the mountain region is unimportant compared with the middle division. But the change in this respect
is of course gradual, and we shall find that in the case of the James and in that of the Potomac the middle division
is still as important as any of the three. 'Che effect of the character just alluded fo on the flow of the streams is
of course very difficult to take into account, bat some remarks concerning it will be found farther on.

The preceding quotations from Professor Guyot will serve to give an excellent idea of the character of the
western or wmountain region of the district to be considered. In regard to its elevation, the mountains rise from
a height of 800 or 1,000 feet near New York to 6,000 feet and over in North Carolina, while the Great Valley ascends
in a similar way from a height of 50 or 150 feet to 2,000 feet and over, and the Atlantic plain at the base of the
mountaing from 50 feet or so to 1,200 feet. '

The following table of elevations along the Great Valley will show its rise very plainly:

Feot.
Great Valley at Easton, on the Delaware river, Pennsylvania.. .. ..o viiatiamme it cevrevccemcvannnes 159
Great Valley near Leesport, on the Schuylkill river, Pennsylvania . cocvee cavmanianas feeuareameeeaasannanas 250
Great Valley at Harrishurg, on the Susquehanna river, Pennsylvania .ovove oo veniieiniiacn ceinananinn 306
Great Valley near Chambersburg, en Conococheagus creek, Pennaylvania - .oovvivonie oo vioinianaaans 600
Great Valley at Shephoerdstown, on the Potomae river, West Virginia...... e acimestnvneenanee s 280
Great Valley at Port Republie, on the Shenandoah river, Virginia ... oooovoiimnioiioiiiiiiiiiiirnranaaen 1,039
Great Valley at Lexington, on the North river, Virginia................ e emranaen evamee e aanenan 894
Great Valley at Salem, on the Staunton river, Virginia. ... o oiiar it it iacae e sannaras 1,070
Great Valley at Newbern, in the valley of the New Tiver. . ..o e e e ceee cnec camvcmmracaasecncnases 2,065
Great Valley at Mount Airy ridge, highest point near the sources of the Holston Tiver (@) - .ccvcvuusseunns 2,595

South of this point the elevation decreases, sinking to 675 fect at Chattancoga.

Of the region draining into the Atlantic, the following are the areas in the different states which may be said
to belong to the western or meuntainous division: :
. Square miles.

B3 AR OPUPOMY Y .1
3 N B 3,700
MALFIANA . ot et iin it it ety et et bt e ae e an e ae ee e e emee samom —e siee e ameee e mannaaneanan 1,17
LT U e 27,500
N W J T8  we euceamce cemess sommis mem e e emme aeen aan saeeaann e e e e amaen e 1,300
B o P 9,076

2 SR L. 49,381

With regard to the middle division, lying between the fall-line and the base of the mountains, little is to be
said, Its width increases toward the south from about 15 miles in New Jersey to 120 or more in the gouthern
part of Virginia, and its area may be stated approximately as follows:

Square miles.
B L O S S e nan 1,550
PeUDBFIVAIIR o n e tee i et e e e e er e e et e e e e e e e et e vomnan 100%
DIELATTALD - ce e v s e eeceee ae e cne e eae et m hmm e e e e e e e e e e e e aaaes 80
725 o T AU 2,425
S L O SRS 9,52
0 2 emm s et aeee s aeen o raanan 13, 680

599 ’ a Guyot,
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Its elevation above tide at the fall-line is zero, and at the base of the mountains, as we have seen, from 50 to
500 {eet. Its slope varies, therefore, from about 3 to 5 feet per mile. Like the middle region of the sonthern states,
it comprises a region varying insensibly from the flat eastern division to the mountainous western one, The streams,
in their course through the middle region, offer, as in the case of those farther south, many good sites for poswer.
They are naturally navigable only up to the fall-line, but above that line some of them have been improved by
locks, dams, and canals, carrying water communication far inland. It is not true here, however, as it will be found
to be in the states farther south, that almost all of the utilized or available water-power s in this section; on the
contrary, the great extent of the western district, and the fact that the streams flowing through it are often lurge,
render the facilities for power often better in the latter than in the middle division, and a cousiderable amonnt of
power is used and available in it.

Another very important topographical feature connected with the region we are congidering is the fact that the
facilities for storage are excellent in most parts of it. In the more southerly states the streams, not penetrating
the mountains, flow through comparatively wide valleys, and are bordered with fertile bottom-lands, semetimes
overflowed in freshets, and whieh could not be flooded permanently without withdrawing from cultivation some of
the most valuable of farming-lands. Here, however, the streams penetrate the mountains, and flow through the
longitudinal valleys between the parallel ranges often with a small fall; offering therefore facilities for damming
and constructing storage reservoirs of tolerably large extent, without the necessity of such expensive dams as
would be necessary farther south, and without flooding so much valuable land. And not only are there many
sites where artificial reservoirs could be constructed, but there exist in many parts of the region numerous lakes
and ponds which contribute in a very efficient manner to render the flow of the streams more uniform, and thus to
wake the water-power more valuable. The northeastern part of Penunsylvania, along the courses of the Delaware
and the Susquehanna, is dotted with lakes; and there are a number in New York and New Jersey, Toward the
south they diminish in number, and south of the Susquehanna there is not one in the entire region considered.

Finally, attention may once more be called to the effect of the topography of this region on the facilities for
transportation. On account of the many bays which indent the coast, as well as the narrowness of the castern
district, sea-going vessels can often ascend even to the fall-line, and the water-powers are thus quite favorably
situated as regards transportation by sea; and the fact that the middle Atlantie water-shed lies principally in the
western or mountain district, and belongs to the region of narrow valleys and parallel ranges of hills, has, as will
repeatedly be seen, an important effect on transportation by land; for while in the middle states the topography
is such that the best and often the only practicable location for railroads is along the streams in the valleys, so
that the water-powers are generally easily accessible, in the southern states it is often meost economical to locate
the roads along the divides, and many of the southern roads are in fact so located (as a glance at the map will
gliow), the water-powers being therefore often many miles from transportation.

4. —~GEOLOGY, SOILS, AND FORESTS.

So far as the influence of the geology on the water-power is concerned, it will be sufficient to mention briefly
a few points. As regards the eastern division, it belongs to the Cretaceous, Tertiary, and later formations, and the
soil is clay, sand, and marl. This division does not differ essentially in this respect from the corresponding part of
the southern Atlantic states, and it affords a number of sand-hill streams, as we may call them. In the middle
and western divisions the deposits are of an earlier age, and belong to the Azoic, Paleozoie, Triassie, and other
formations. Some parts of the middle division lie in a belt of red sandstone which is intersected by numerous trap
ridges, and this feature has an important bearing on the water-power, for where a stream crosses one of these trap
ridges it is very apt to produce a prominent water-power, and some of the largest powers in the region are formed
in this way.

One of the most important geological facts which we have to consider, and one in regard to which the middle
states stand in contvast with the southern states, is that over the whole northern part of the region is scattered
glacial Arift, occurring in thick layers in many of the valleys, forming the bed of most of the streams, and covering
the rock in some places to a depth of several hundred feet. These drift deposits are found as far south as the
southern part of Pennsylvania, but not beyond. South of this limit comes a trapsition region between the northern
glacial region and the southern non-glacial one, in which extensive beds of gravel and sand still occur, and in which
the streams flow with quite uniform declivities and are broken by but few precipitous falls. Tlowing over such beds
of drift or movable material, the natural tendency is for the streams to even out their beds, and to bring down
detritus from above to fill up deep places below ; and the result is that many of the streams which we shall have to
describe offer no falls whatever, but flow entirely in beds of gravel and sand and with uniform slopes; while those
of the southern states, as we shall see, offer numerous sites where they fall abruptly a considerable distance over
ledges of rock, Bus we shall also see that even these streams, although the material of their beds is not 8o anV'aple
a3 sand and gravel or drift would be, are nevertheless gradually attacking their banks and beds, and bringing
down from the fields and the mountains detritus and silt, with which they ave little by little filling up the ,‘i,",a?‘lls and
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evening out their beds to a uniform slope; and that this result is hastened in some cases by the influence of man
(See description of the Pacolett, Enoree, and Tiger rivers, South Carolina, in the report on the southern Atlanti(;
water-shed.)

The soil of the middle states, except where thick beds of drift occur, is generally not so deep as in the southery
states, but it is rather more pervious. It does not shed quite so rapidly the water falling on it, neither dge
when once saturated, part with its water quite so easily as the soil in the southern states.

As regards forests, I have no accurate data regarding the proportion of woodland in the different ‘stateg
beyond the table which will be found in the report on the southern Atlantic water-shed, page 10, to which T myst
thevefore refer. The middle states are doubtless much less thickly wooded than the southern states, and in fact
‘the only Atlantic state which equals them in the proportion of woodland seems to be Maine. It must be remarkeqd,
however, that in the southern states a large proportion of the woodland probably occurs in the flat eastern division
where there is no water-power, comprising the extensive cypress and pine forests which oceur there, and which
have no effect in regulating the flow of the streams. ‘ .

8 it,

5. —CLIMATE.

The general discussions connected with climate have been so fully considered in the previous report, and tables
lave been given so much at length, that it will only be necessary here to consider briefly a few points which remain
to be examined rather more in detail. We proceed in the same order as in the report alluded to.

& COAST-LINE AND OCEAN-CURRENTS.~—Though the coast-line extends in general parallel to the mountain
chains, yet, as we have seen, it approaches them much more nearly on the north than on the south., TReference has
also been made to the fact that in the region under consideration the coast is much more indented than in the states
farther south. As to the ocean-currents, the coast is bathed by the cold current from the north, whichflows along the
New England coast between the land and the Gulf stream, and gradually sinks below the latter toward the south,
The winds from the sea, therefore, except those from the south and southwest, are apt to be cooler than in the case
of the region farther south, and to a greater extent than would be due to their difference of latitude, having swept
over cold waters instead of over the warm Gulf stream. Therefore, the winds from the south and southeast ae
moist and warm, while those from the northeast and east are much cooler. These circumstances, however, are of
little importatice. ' : )

). PREVAILING: WINDS AT DIFFERENT SEASONS.—Though the winds are variable, yet the direction of the
prevailing wind is from some point between southwest and northwest, and the general movement of the atmosplere
takes place in the same direction. In spring and summer, winds from the southwest, west, and northwest are most
frequent; south winds are not so prevalent as in the southern states or in New England, but the southwest and
west winds are the most prevalent of all. In winter the winds from the northwest are the most frequent. Winds
from the east or north, or from the southeast, are Jeast frequent of all in suminer, while in winter north winds occur
more frequently. Taken in connection with the shape of the coast, these facts serve to explain the distribution of
rainfall over the region, as compared with that over New England and the states farther south, as we shall have
occasion to show in brief farther on.

c. TEMPERATURE AT DIFFERENT SEASONS.—As will be seen in the case of the southern states, the isothermal
lines in the district under consideration extend in a general divection northeast and southwest, being deflected by
various infinences, prineipally by the mountains, from their normal course parallel to the equator; so that there are
considerabie differences in the temperatures for the year and for the seasons, these differences being almost as
pronounced from east to west as from north to south. To the tables which have already been given, and to those
which will be found on pages 11 and 12 of the report on the southern Atlantie water-shed, nothing need be added
Liere. Tor more extended data the Smithsonian report (Contributions to Knowledge, vol. 21) may be referred to.
The principal facts to be gleaned from these tables are the following :

1. The mean annual temperatare in the middle states is about 52 T\, or about the same as in the western region
of the more southern states, and 8° or 10° lower than in the middle parts of those states. This is, however, from
30 to 7 higher than in the New XEngland states. '

2. The snmmer temperatare is about 73°, or about 2° higher than in the western parts of the states south, and
4% or 59 lower than in their middle parts; while still 40 to 60 higher than in the New Eungland states.

3. The winter temperature is about 329, or about 4° or 5° lower than in the western, and 120 or 13°lower than
in the middle region of the southern Atlantic states. In New England, however, the winter temperature is from
4° to 11° lower still.

4. The extremes of temperature ditfer move widely as we proceed north, the range in the middle states Abm’ug
greater than in the southern states, and less than in the New England states; but the difference is mainly in the

minimum temperature, for the maximum is not more than 20 or 3° lower in Maine than in Alabama.

5. The same thing is true, in general, for the extremes of mean daily temperature, and for those of mean
monthly temperature, although the difference is here, as regards the daily temperature, not so much on the side of

the minimum valne. Tbe tables given in the reports referred to show that the mean temperature of the hottest
524
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month is about the same in Pennsylvania as'in Georgia, while the mean temperature of the coldest mounth is 100 or
190 Jower in the former state. If there is a disadvantage in warm weather as regards water-power, the southern
Atlantie states have mo reason to complain in this respect, for, contrary to general impression, their’ SUmMmMers are
1ot much hotter than those in the middle states. ' ‘

4, RaINFALL.—For detailed information regarding the rainfall of the region to be considered, the Smithsonian
report (Rainfall tables, Smithsonian Contributions to Knowledge, No. 3563, second edition, 18581) must be referred to
which gives the annual fall; and also ifs distribution through the year. This region, as regards the character o:.“
the distribution of the precipitation, falls essentially under type I, which includes the Atlantic sea-coast from
Portland to Washington, and for which the characteristics are given as follows: “Three nearly equal maxima
about the middle of May, August, and December, and one principal minimum, about the beginning of ]':‘ebrmwy3
the range between the extreme monthly values is small; the August maximom is generaliy the highest.” Thé
following table is the one used in discussing the region, and it will be seen that most of the stations are on the
immediate sea-board. It shows that,in the entire region, the monthly rainfall fluctuates between 0.84 of the mean
montlly rainfall (in February), and 1.22 of that mean-(in August), or that in the month of maximum fall the fall is
only 1.45 time what it is in the month of minimnm fall:

%gzéﬁghgia Z0s [gix g | Eia [& e
I - R B O T R UE T - A > DT I U U - S = I O s
SRR I R A L - £ 18 % | ¢
f‘”ﬁi?‘d:ﬁ'g‘ﬁzéﬁ\iéf'zi“—'z‘m\ar—?":-z'g'gl"*
Month. R R I AN A I R TR R L AR AT AR LA T
: < 9 = =] E ; = =4 - & ] e

5| g gk g1 g gh( g5 -5?: T ER Eii;i A |55 25 £ g5 g0 S

4 B @ b=l - @ G B M A4 £ = = - 8 2
SlE(E |2 e85 g (28 201512 2181215 ]¢: ¢
ElE S |E BB IR ELEE 12 'E 28 2 308 2 bEE
) s | A B g 5 = BlR I8 l&a |&ala I& Al B =5 | H

s RIS RA S
1,011 0,87 0,99} 1,06 1006097 0.9% 0.88 004 08910.94‘;0.9010.94 0.88 | 0,80 | 0.79 1 0.82 | 0.01 § 0.92 | 0.88
..l0.8 10741083 0.8 }0.94: 096084 0.8 :08 | 6.06;07 ‘ 0.88 ' 0.80 | 0,861 0.81 ] 0.84 | 0.77 | 0.84 1 0.84 | 0.54
I
4 1.0211.00[093]0.906)008] 10310108 ]098)0.0L!001 i 0.92 | 0.3 0,880,984 | L1231 07| 0.92]0.96 | 0.84
Jo.07| 093|000 200} 104] 102 204|104 ] 202 204|098 0,09 0.05) 6.87 | 1.0/ 0.95 1 01]LIB}L00] 1.0
1,11 122 1.04{ 1,04 1.10| .06 ' 1.01 | 1.25 ; 1,06 ; 124 1.31%].24;1.17 L1881 L0911} 1.07|0210}¢ 18] L17
0,07 00908 |08 |08 ]08 08l 0688|1067 108 1.05]1.061\0.86;0.93‘1.13 ¢97 10,97 ] LOGE0.90 ) 1,01
10010081102 0,902|1.08/0,87]08|108]101 Lo} 0.95!1.01_\0.5}851.1‘_‘.1].05 1.1010.97 121011 105
Jrn1)n18lnes| ] 110 14 L4 130 | 118|121 1.33}1.17;‘1.25“.::531.22 117 Lo Lo Lee | B
i

J0.82{081 (001 106094} 0950800808808 |00 .01 0903 ; 107 10.89 | L0t | 0.94 1 0.0L 10,02 0,93
1,10} 1,01 )1.07) 0.02 | 0,89} 0,98 0.97]1.006 | 0.29 ’ 0.73 | 0.92 j 0.88 | 0.9, 0. 94 g' 0.01 } 0.65]0077L0L}0.96) 604
206|125} 1.05) .02 1,03f .12 | 1.17 [ 1.03 | 1.05 | 0.08 ] 0.95 | 0.97 L.OL, 0.88 ! 6. 05 | 0.06 ] 1.000.83FL062] 0.90

110|106 0.90 | 107|208 | 110 | 114 | 102 | 101 | 105 1.13}1.nsi1.09?1.06{1.011‘1.05 1.18] 0.85 ] 1.06 | 1.0
! ! ! ! |

For the vatios of fluctuation of the other type curves, for other parts of the country, the report on the sonthern
Atlantic water-shed, page 13, may be referred to. But there is, of course, no abrupt change in the fluetuation from
one district to another, the extreme fluctuation in the southern states becoming gradually less as we proceed north;
and the last column in the preceding table, which refers to those stations included in our distriet (to which should
properly be added some stations farther south), shows a slightly larger fluctuation than occurs in the entire
region covered by the table, namely, 40 per cent. instead of 38 per cent. But it we examine the fluctuation at each
station we shall see plainly that it decreases as we go north. It becomes rather different as we recede from the
coast, and for more complete information the reports on the separate rivers must he consulted, but the following
table will give a general idea regarding stations farther inland:
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Tt will be seen that the rainfall is more irregular than on the coast, so that the means vary more from the
separate valnes; but the finctuation is evidently greater, amounting to 45 per cent. of the mean monthly fall, anq at
some of the stations it is seen to be even much greater than this. The minimum occurs, as before, in February, but the
maximum is several months earlier than before, or in June, and at some stations even in May. But it is noticeals
that over the whole district the rainfall is greater in summer than in winter, and never the reverse, as is the cage in
some of the southern states. A glance at the Smithsonian charts shows that the rainfall is distributed over nearly
the entire area about asfollows: Spring, 9 to 12 inches; summer, 10 to 14 inches ; autumn, 8 to 12 inches ; winter,
8 to 10 inches ; year, 35 to 48 inches; and it is further noticeable that the distribution does not vary much ixi
different parts of the district. We shall see that in the sonthern states there is a considerable difference between
the sea-board and the western or mountainous parts, the rainfall being greatest in the mountains, and also very
differently Qistributed; for, while on the coast nearly twice as much rain falls in summer as in winter, in the
mountains nearly the same quantity falls in each of those seasons. The reason is probably this: The principal
carriers”of moisture are the winds from the Gulf and the Atlantic ocean, and in summer, winds from the south ang
sontheast being more prevalent than at any other time, the winds which bring rain strike the coast divectly from
the ocean, or after having passed over a small area of low ground, and are therefore highly charged with moisture,
which is condensed along the coast, the amount diminishing as we go inland, until the up-country and the mountaing
are reached, where, on account of the great height of the latter, almost all of the remaining moisture ig condensed
and the rainfall is again large; while in winter the winds bringing rain come more from the southwest, and thus
reach the coast after having passed over the np-country, and having parted with much of their moisture there and
in the wountains, so that in this season the rainfall is small on the coast and again large in the mountaing,

In the district we are now considering, however, the mountains are, as we have just seen, lower and more
regular than in any other part of the Appalachian system, while the ground rises more rapidly from the coast,
feaving only a narrow eastern or tide-water division below the fallline; so that with the exception of a narow
strip along the coast where the rainfall is greatest, due to the rapid condensation of the moisture in the sea-winds
which sometimes blow, and a few isolated spots In the interior where the mountains arve higher than usual, or
where other inflnences are at work, the raiufall shows no great variation throughout the area. Toward its sonthern
extremity, of course, the change is gradual from these features to those just described as applying to the southern
states; and southern Virginia differs considerably from central Pennsylvania and New York in regard to amount
and distribotion of rain; but, broadly speaking, the general features above referred to are guite not iceable.

As regards the fluctuation of the annual rainfall in the district under consideration, the table given on page
14 of the report on the southern Atlantic water-shed shows that it offers no peculiarityy and that it is about the
samoe as in the more northern or southern states.

Tinally, as to the absolute amount of the rainfall, the data which will be given for each river will be sufficient
for the purposes of this report. For more extended information the Smithsonian volume must be consnlted.

As a smaller proportion of the windy are oceanic and the mountains are lower than in the states farther south,
we should naturally expect the amount of the rainfall to be smaller in the distriet now to be considered, which is
found to be the case; and, in fact, we may say that as regards rainfall there are three principal differences between
the middle and the southern Atlantic states: Tirst, the rainfall is greatest in the latter; second, it diminishes from
the coast inland quite uniformly in the former, but not in the latter, except for a short distance; third, in the
former there is always more rain in summer than in winter, while in the latter this is only true on the coast.

Of course the fact that as we proceed north the precipitation is more and more in the form of snow has an
important bearing upon the flow of the streams and upon their water-power; but this effect is so well understood
that it may be briefly dismissed here. The northern streams are subject to a winter dronght, as the snow often
lies on the ground for several months in the winter without melting, and the freshets are usually most severe in
the spring when the snows melt; and the icejams which sometimes occur, as well as the large bodies of ice which
are carried down by the streams, are often very dangerous and destructive to the dams.

FLOW OF STREAMS.

The general facts and circumstances influencing the flow of streams have heen discussed with such detail on
pages 8 to 10 of the report on the New England streams, that it is only necessary here to endeavor to trace the
effects of the elimatical and topographieal conditions which have just been deseribed, npon the flow of the streams
to be described in the sequel, and to try to explain any peculiarities which gaugings have shown to exist; as well as
to forecast the probable peculiarities of streams for which we have no measurements, and to draw some comparisons

between the streams of the middle Atlantic water-shed and those to the north. The following tables are therefore
repeated for convenience of reference and comparison:
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Table showing extremes of flow for some American streams.
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Table showing monthly distribution of flow.
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The first point to be considered is the rainfall; and the fact that in the middle states the rainfall is greatest in
summer has an effect which is perhaps very large, and which may go far toward explaining the large summer flow of
some streams in those states. The table shows that although the minimum flow of the Schuylkill river is not much
greater than that of the James, yet its average flow in the driest month is very large indeed; and when we bear in
mind that the drainage area is not large, that it inclades no lakes and only a few storage reservoirs of the canal
company, that the forests are not exceedingly extensive, and that a good deal of theland is under cultivation, we
may be disposed fo attribute the principal part of this effect to the fact, which the table shows, that the rainfall
on the basin in snmmer and fall is very large—larger, in fact, than in the case of any stream south. Still, how far
this may be due to the artificial reservoirs or to errors in estimating the flow can not be stated. If we compare the
streams in the middle Atlantic water-shed with those in the southern, we are, I think, entitled to conclude that, as
regards this factor in the problem, the flow of the former is the more constant, except in the case of some streams
in Virginia where the rainfall is distributed unfavorably. As to streams in New England, the large summer
rainfall, and the numerous reservoirs, render their flow undoubtedly more uniform than that of any of the streams
now under consideration.

Again, the fact that toward the north the winters are colder and the fall of snow grealer has the effect of
tending to make the winter flow of the streams less than the summer flow. The streams being really lower in

- summer than in winter on the Atlantic coast, a cold winter with much snow may therefore in some cases be regarded
as favorable and as tending to equalize the flow. Compared with the streams of the southern Atlantic slope, those
in the middle states have therefore the advantage in this respect, and we may say that, as regards this factor of
the problem, their flow is more constant. It is unnecessary to refer further to the spring freshets in the north due.
to the melting of the snows, except to remark that if the winter snows lie long on the ground and are carried off
suddenly in the spring they may-do little toward increasing the summer flow of the streams, so that their effect in
regulating flow would simply consist in diminishing the average winter flow and causing severer freshets, and thus
that effect would be really unfavorable. The diversity of the conditions of the problem is so great, however, that
general conclusions must be made cautiously.

The next point which it is necessary to consider iy the effect on the flow which is exercised by the topographical
peculiarities of the region under discussion ; the most striking topographical feature being the fact that the gtreams
now to be considerved rise in the mountams, or toward their western extremity, and flow across them, while the
more southern streams rise on their extreme eastern side. Of course the effect of this physical conformation can not
be definitely stated or brought to mathematical form; but one resnlt seems to be derivable from it, namely, that
the extreme variability in flow of some of the Stl?&ms which rise farthest in the mountains, draining with their
tributaries the numerous narrow and parallel longitudinal valleys between the ranges, is in uteat part due to this

ra
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topography. The remarkably low flow of the James and Potomac rivers in d ry weather does not find a parallel
in the table, except for streams of small drainage area. A glance at the table shows that the rainfall on the drainage
hasing of these streawms is not distributed in a way favorable for a constant flow throngh the year, and it may be
that this fact plays the principal part in causing the low flow observed; but until we possess more acenrate data,
and measurements sufliciently extended, to enable us to gain some numerieal idea of the effect of the various
cirenmstances which affect flow—a desideratum which can with diffienlty be supplied—we are forced to estimate
these effects according to our judgment; and to my mind it seems as if the topography would have a much
greater influence than the distribution of the rainfall. The result thus reached is of value in showing us how to
estimate the flow of other streams; and iu judging of the power of streams ‘aining a number of narrow valleys
we have not lost sight of it.

The next circumstance which is to be borne in mind is that the soil in the region considered is, as u whole,
rather more porous, though not deeper, than in the states farther south. The mouutains are oftener roeky and
hare and the depth of soil perhaps less on the average, but, the poresity heing greater, the flow of the streams
will not on that account be less uniform, _ ‘ '

The third fact, and perhaps the most important of all, is that many of the streams in the middle states have
numerous lakes tributary to them, and, further, that the form of the valleys is generally favorable for the construction
of storage reservoirs, The power which will be found estimated in the tables us the “maximum with storage” may,
in most cases of small drainage areas, be considered really available, while in the case of the southern streams we
shall see that, though possible to utilize 'ij:, its complete utilization is in wost cases impracticable or unadvisable,
This fact is important in judging of the value of sites. '

In regard to the forests, their action will be referred to at length in a subsequent report. No data are at hand
sufficient to enable us to estimate the amount of woodland in the different states, and we are therefore unable to
bring this factor much into consideration; but from the facts stated on page 20 of the report on the southern
Atlantic water-shed it is elear that with the rainfall always greater in summer than in winter, as it is over our
present distriet, the influence of the woods is most beneficial. Bearing these points in mind, I have estimated the
power and flow at numerous points, following the same method which was explained on pages 8 to 10 of the report
ou the castern New England water-shed. Althongh it is not necessary to explain the method of ealeulation in this
place, it may be well to repeat the definitions given before of the various quantitics which have beeu estimated, as
follows: , .

1. ABSOLUTE MINIMUM can be depended upon always and with no storage at all. Large waste all the time,
except for a few days at a time, at intervals of several years. ’

2, MINIMUM LOW-SEASON FLOW, with no storage, can be depended upon at all times, except for a short time
in some dry seasons—perhaps for a few days in the dry season of each year, With small storage, can be depended
upon all the time. .

3. MEAN FLOW IN VERY DRY YEBARS.—Maximum amount permanently available with storage.—Storage capacity,
perhaps 3 or 4 inches ou the water-shed. With larger storage a greater amount could perhaps be utilized for several .
vears in succession, but not permanently. Geneérally impracticable except in the case of very small drainage areas,

4. LOW-SEASON FLOW IN ORDINARY DRY YEARS, without storage, can be depended upon generally, except in
the low season of dry years, when the supply will be deficient for perhaps several weeks; in very dry years, when
the supply will be deficient for & longer time; and in ordinary years, when the supply may be deficient for a few
days at a time. Can be rendered permanently available by storage. The low-season flow of ordinary years can be
depended upon less than the above, but generally for nine months of every year.

I regard to the maximum with storage, the powers given for large drainage basins, although perhaps in some
cases really available, could be made so only at great cost. Small basins arve more favorable in this respect, and
the amount of water available is also proportionally greater, because there is considerable loss by evaporation in
the case of large basins while the water is flowing from the distant reservoirs to the points where it is to be used.

TIDAL WATER-POWER.

There is no tidal water-power in the middle Atlantic water-shed. The country along the coast is in most
Dlaces too flat, and not suitable for building, the range of the tides is small, and there is no advantage to be
ubtained by using the power of the tides, as it is sometimes used in New Ingland.

TOTAL AVAILABLE POWER.

.

1 have made no attempt to estimate the total available power of the streams in the middle states. Such
estimates are liable to mislead, and, although they will be given in the case of some of the southern streams, I %19«"6
thought it best to omit them here. Dut the remark may again be made, that the elevation of the Atlantic plain at
the foot of the mountains becomes smaller as we proceed north, being 1,200 feet in North Carolina, 500 feet in
Virginia, and from 100 to 300 feet in Pennsylvania; so that, as regards those streams which do not rise beyqnd
the first ridge of the mountains, their total theoretical power will be much less in the region we are consﬁ%emng
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than that of streams of equal size farther south; but from the fact that in our present region the larger streams gq
not rise on the eagtern slope of the mountains, but near their western edge, or even on the elevated platean beyond
as in the case of the Susquehanna and Delawave, this conclusion can not be drawn generally, The sources of thé
Susquehanna, for instance, lie at an elevation of about 1,200 feet, so that its total fall to tide-water is greater thap
that of any southern stream, if the small upper sources be left out of account. Any sweeping statements regarding
total power available must theréfore be taken with considerable allowance, and are likely to give a false impression,

6, -—GENERAL RESULTS.

Before proceeding to describe each river in detail, a few of the general results of the characteristics whicy
have just been discussed may be briefly mentioned. From the topography of the region it is clear that the water.
powers are, as in New England, more evenly distributed over its whole extent than in the southern states, where
will be found large areas without any powers whatever, The eastern division of the Atlantic slope being very
narrow in the north, and the middle region small, the greater part of the water-power, especially in the northery
part of the region, is in the western or mountainous division; and while the gradual falt of the streams makes
concentrated falls and cataracts perhaps on the whole less numerous than in New England or in the south, yet the
Tegion now to be considered has an advantage over the sonthern states in the matter of storage, and especially in
the fact that some of its streams are fed by pnmerouns lakes.

In those parts of the region where the streams drain namerous parallel valleys of the mountains, often covered
with soil to a smaller depth than in the south, the very variable flow of the streams, and the liability to sudden
and severe freshets, is a disadvantage; aud, in the cases referred to, it is not compensated by the presence of lakes
or by particularly good facilities for storage. The rain falling on these narrow valleys is rapidly gathered into the
water-courses—especially if the mountains are not deeply covered with soil—swelling the volume to a great extent,
and rendering the flow much more variable than it otherwise would be. The James and Petomac rivers are
especially subject to this influence, S

Regarding tle forests, their preservation is a matter of great importance, for their usefulness as regulators of
flow is very great, especially as the rainfall is greater in summer than in winter, In some parts of the region the
forests are, unfortunately, being rapidly destroyed by lnmbermen, but no data are at hand regarding the actnal extent
of woods or the rate of destruction. The operations of the lumbermen have in some cases a very important influence
on the water-power of the streams—especially the smaller ones—down which the logs are floated, as we shall have
occasion to see when speaking of the west bramch of the Susquehanna river, on aceount of the intermittent flow
caused by suddenly opening the artificial reservoirs which are constructed for the purpose of floating down the lumber
on the swell or wave which results, according to the same methed which was formerly used on some of the rivers in
France, as well as on the Thames and Severn in England (and still in use on the former streani), for purposes of
navigation (navigation par éelusées). The wholesale destruction of our forests now being practiced must before fong
lead to unpleasant results, similar in kind (we hope not in degree) to those which have taken place in some of the
streams of the Alps; and to the many words of warning which have been writien from economiecal and agrienltural
points of view, must be added another—the undoubted injurious effect which such destruetion will have on the
water-power of the streams whose drainage basins are so being robbed of their natural protection.

In regard to the temperature of the region under consideration, the facts that the yearly mean is lower, and -
that the winter mean is considerably lower, than in the states farther south, are the principal ones which have 2
bearing on water-power. Although the streams in Virginia are seldom frozen over, and the mills suffer little trouble
or interruption from ice, yet as we proceed north this source of trouble increases, and in the northern part of the
distriet, and in New England, it sometimes assumes considerable proportions. Then, again, the freshets in spring,
at the breaking up of therivers and the melting of the snows, though perhaps not more severe than on some southern
streams, are yet accompanied by such great masses of floating ice that their destructive effect on the dams is frequently
greater, 50 that those structures have to be built often in a very substantial manner. The evil effects of icejams,
which sometimes oceur and cause the overflowing of considerable areas, are too well known to need more than
mention here, having already been referred to in the previous report.

Again, regarding the objection sometimes urged respecting temperature against the advantages for
manufacturing in the south, this point will be discussed with sufficient detail on page 23 of the next report, S0 that
it is only necessary to state here that in the district now under consideration the temperature in the hottest month,
or even the average in summer, is very little lower than in the southern Atlantic states and but little higher than
in New England; and that it would seem that this matter of temperature is on the whole a factor of very 1‘1]:tle
consequence in the question, except, of course, in so far as it goes to determine. evaporation and other meteorological
phenomena,

The facts regarding rainfall, which have been alluded to, have already been considered in their effects on
water-power, when speaking of the flow of the streams. Their importance is great, and when we bear in mind.the
difference in distribution of rain, in the oceurrence and number of lakes, and in the topography of the reglons
drained by the different streams, we shall have no difficulty, I think, in explaining the facts given in the table of

flow of streams, and in arriving at tolerably close estimates of flow in cases where gaugings are not ab hand.
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Tinally, the advantage as regards transportation must once more be mentioned which follows trom the fack
that the streams in the region now to be considered are navigable up to the fall-line, thus placing some of the
Jargest powers in the whole region in a very favorable position in this respect. In Maine the water-power region
has been seen to approach still nearer to the sea-coast, but in the southern states we shall see that the powers are’
often separated from tidal waters by over a hundred miles of a tortnous stream, and that althongh this distance can
pe made navigable for river-boats, sea-going vessels can not reach the powers as they can those fartler north.

After these few general remarks, I proceed to give as detailed a description of each river as the material which
I have been able to collggt will allow. In order to compare the power available at different places to be described
with that at well-known places in the New England and other states, the following information may be found
interesting. It is taken from the statistics given in this volume, prineipally from the reports on the New England
states. At Paterson, New Jersey, the Passaic river furnishes, when at its minimum, about 1,200 gross horse-power,
night and day. At Lowell, Massachusetts, the Merrimack has a fall of 35 feet, and yields at a minimum about 12,000
gross horse-power during the usual working hours. At Coboes, New York, the Mohawk falls 105 feet, and would
yield at least 18,000 gross horse-power during working hours. At Manchester, New Hampshire, the Merrimack falls
52 feet, and gives a minimum of about 12,000 gross horse-power during working hours. At Lawrence, Massachusetts,
the same stream falls 28 feet, yielding a minimum of about 11,000 gross horse-power during working hours. At
Holyoke, Massachusetts, the Connecticut has a fall of 56 feet, and a minimum of about 14,000 gross horse-power
during working hours. At Lewiston, Maine, the fall in the Androscoggin is 50 feet, and the minimum power, during
usual working hours, is about 12,000 gress horse-power. At Birmingham, Connecticut, the Housatonie falls 22 feet,
furnishing a minimum of about 1,400 gross horse-power during usnal working hours. The improved fall of the
Connecticut river at Turner’s Falls is 41 feet, furnishing a minimum, during working hours, of about 14,000 gross
horse-power.

L—THE JAMES RIVER AND TRIBUTARIES.
THE JAMES RIVER.

The James river is formed in the extreme northern purt of Botetourt county, Virginia, by the union of Jackson's
river with Cowpasture river, both of which take their rigse in the mountains of Highland county, and flow in a
direction rather west of south, traversing longitudinal and comparatively narrow valleys between the nearly
parallel ranges of the Alleghenies. From their junction the James pursues a general course hearly east, flowing
first through Botetourt and Rockbridge counties, and for the remainder of its conrse forming the bonndary line
between the counties of Bedford, Campbell, Appomattox, Buckingham, Cumberland, Powhatan, Chesterfield, Prince
George, Surry, Isle of Wight, and Nansemond, on its right, and Amherst, Nelson, Albemarle, Fluvanna, Goochland,
Henrico, Charles Oity, James City, and Warwick, on its left, emptying into Chesapeake bay through Hampton
roads, not over 20 miles from the Atlantic ocean. The stream, with all its tributaries, lies wholly within the state
of Virginia. Its total length, measured along its course,is about 335 miles, while in a straight line it is only about
200 miles. Its total drainage area i§ about 9,700 square miles, and its principal tributaries are the following streams,
mentioned in their order as the river is ascended :

Drainage arveas.— Tributaries of the James viver.

From the north: Square miles.
ChickabomInY TIVer. e ioeen ceteoimn e cceeeeameamao e coae meancames mamsamemmscaeeeseen ceanns 410
RIVADIA TIVOT & e cre vacca aceasaasee aoasimrune srre s o= e ems sammnn o ar nmmm s semem s mots mamen s anane 668
T ATATVATE YIVOT vanee cern vamcnme e amemee suames aucmescaeras maaasasantsnonss snscmsassonssscmreosarne nnnee nans 245
ROCKABH TIVEL «on e ees oonesane crmeon saecnnaacmassaecsssmemans amssns asnsants snssss aascanmacnes snnsasnnananes 240
@ Lo VT o s et s ceeaeearemeesccmm saccesamsnnsaesssosamms sacees taneasaiiacs uacne iumans samnan e aaas 425
NOTED THVEE 2 euems wvenaunnne csmnans coesensnnn smmmes smsmes comnsasmrs s asmnes taems eeese s erann hasmnemssns narn 784

From the south:

A DD OIIAEEOX TIVOL cammas conn e vamcresacms cass mammaascsmcnar ass amemms amann asen asnansanne sam e cmonanan s 1,565
VL8 LIVET - - - o e enee teee e ccec oato smmmmecees spbacscnunnsmmes senmmn mass emns aase sase sacn ramsns sanmonnsac & 247
BIBEE TIVOT - e oe sene vunmecmcoe smce csemssnmns smccnnssmmmsasesanmmmsennnceannc s PO, .. 223
Catawba ereck...... e e eeereeammecaemes aumeetaesesmeeve e lees cama e an aneh anasnanar e e, annan 112
CrIE78 ETOOIL - o - o ee s emos sec e meacamemcs samomncmmaaaammena am e o o mSmnt o aes ot saws eeeemsane e ek 357

The head-waters—dJackson’s and Cowpasture rivers—drain, respectively, areas of 988 and 580 square miles.

The basin of the James is varied in character, being mountainous in the upper part, and very low, flat, and
often swampy in the lower part. Jackson’s and Cowpasture rivers wind through narrow and picturesqoe valleys,
over beds generally of sand and gravel, with rock ledges in places, and are hordered with fertile hottom-lands.
Their fall is on the whole not great, although in places there are local falls of some consequence. The James,
cutting as it does through the ridges of the mountains to reach the Atlantic plain, flows alternately across the
valleys, with a gentle current, a bed of sand and gravel, and fertile level lands along its banks, and through

breaks in the ridges, with steep, rocky, and sometimes precipitous banks, the fall being in these Iocalitiﬁ.’;‘ often
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considerable, and the bed solid rock, sometimes overlaid to a small depth with movable material. Tye most,
noticeable places of this kind are near Buchanan, near the mouth of North river, and at one or two other Dlacey
above Lynchburg. Below the latter place the country is more open, but the btream has considerable fall a]] along
'its course through the middle or hill country, as far down as Richmond, where it crosses the fall- line, and Deloy
which the basin js flat and low. The accompanying map shows the position and form of the basin, It extendy
farther into the mountains than the basin of apy Atlantic stream farther south, excepting perhaps the Romoke

5o that all three divisions of the Atlantic slope—the western, widdle, and eastern—are well represented, Tl\e
latter, however, extends ounly up to the head of tide-water, where the Virginia streams cross the fall. line,

Geologically, the eastern division is alluvial, just as in the states farther south, and the middle division is for tle’
most part of the Hozoic formation, with some patches of sandstone. The Western division is more varieq in
character than farther south, and is divided by the Valley region into two quite distin¢t parts—the Blue ridge oy
the east and the true mountain region on the west—and it is through the Blue ridge that the river breaks near
the mouth of North river, passing from the Valley to the Piedmont region or middle lelSlOIl.

The products of the James River basin are chiefly cereals, fruit, vegetables, ete. A largeé part of the arey is
covered with pine forests, but no data are at hand for determining the proportion of the basin so covered. In the
entire absence of lakes and artificial reservoirs, excepting the canal ponds on the James, the woods are donbly
important.

The James is remarkable as being navigable for sea-going vessels drawing 16 feet up to the head of tide-water,
or to the fall-line at Richmond, a distance from the mouth of the river of 111 miles in @ channel line and 130 miley
from the ocean. The falls at Richmond form an insurmountable obstacle to the further navigation of the river, bug -
by means of the James River and Kanawha canal, which was built along the stream many years ago, trauspmmmn
has until recently been afforded as far as Buchanfm, 1964 miles above Richmond, and it was expected to extend the
canal across the Alleghenies to join the Ohio; but having recently been purchased by the Richmond and Allegheny
Railroad Company, which is construeting the road directly along the tow-path, it is now entirely abandoned as 4
means of communication, and is superseded by the railroad. There are no very large towns on the river except
Richmond, and Liynehburg 146 miles above. Buchanan, though a small place, has been of some importance as the
western terminus of the canal. The accompanying map shows the railroad traversing the basin of the James,
rendering the stream accessible for its entire length, while the canal, having been abandoned for navigation, can
be made to afford a very large amonnt of water-power, as will be seen hereafter, and with the very best facilities
for transportation. .

The following table will show that the fall of the James river is considerable; but with the exceptmn of the
falls at Richmond, T obtained no information of any particularly large falls in short distances:

Table of declivity of the James river.

: : i
! ! Distance | Blevation | Distance Fall | I“s;lllil{;er
Locality. ! from above | betweon between |‘ between
! Richmond. tide. | points. points. H
| ! ! points.
| j '
| Miles. Feet. . Miles. . ; Feet, Feet,
Richmond—foot of falls . .ovesveenneonnns. i 0 v |
) - I} 3 . g4 | o8
L Grant’s AEm veveeeer e eiieeaiea s 3 84 )
E 5 § 40 5
Bosher's A . ovei ittt i e e 11 124 i
| } 18 19 1.06
Maiden's Adventure dam 20 143
' K 80 238 2.9
Tye River daxw coeeveooeiiin... 109 475)
. ! [ 85 2.92
Joshua Falls dam._......._.....ccoooai, oo, 135% l 463 [
‘ o on 5 8.8
Lynchburg Water Works dam..._......... 1483 } 518
. $ 3 27 7.7
S Judith'sdam C.oonn 152 540 ‘ '
| i '$ 5 18 3.6
157 58 | :
; '} 3 14 4.66
i 160 572 '
P , 3 % 18 8.4
| Coleman’s Falls dam. .........oooieinnen., . 1623 588 i } .
| ; 4 18 ]
| Big Tsland AN ..evsieiiinieiieennea . 166% 06 |
? 1 " 48 16,75
i Coghaw dam. ceeeriiii e te e 170% 649
; 4t s 57 114
| Blue Ridge dam...c..cocormveiieeivveennn.. 175% 706 }
| } 3 14 4. 66
I Quarry Falls dava ...e.e.ene.... 178%. 720
} 7 30 5.57
| Vorney's Falls dam 1854 759 .
Eoon $ 4 2 6.76
i Indian Rock dam 1808 | - 786
5.77
| Wasp Rock dare 104 812 % “ |
i Duehanan .........oooeniiaiiine.... 198 g2 |3 ¢ o r
o ¢ 27 202 7.5
! Jupctionof Jackson’sand Cowpasturerivers 226 1,014 )
i
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The preceding table gives the elevation of each dam on the river; but as the dams pond the water for some
distance in many cases, it does not give an exact idea of the natural fall of the stream. It will be seen that the
a1 between the head of the falls and Liynchburg, about 145 miles, is at the rate of about 3 feet per mile; while
from Lynchburg to the junction of the two head-waters, about 77 wmiles, it is at the rate of 6.5 feet per mlle

The rainfall on the valley averages from 42 to 45 inches. Near the coast it is 50, and between the coast and
Tichmond it varies from 50 to 44, while above Richmond it diminishes, reaching 38 in the mountains. The table
of utilized and available power, on page 23, will give details regarding the amount and distrilution above various
points. ‘ .

The flow of the river is subject to very great fluctuations and the freshets are very heavy. Those of 1870 and
1877 were remarkable for their violence, and did considerable damage along the river, and that of 1870 is said to
Lave been the heaviest freshet within a century, up to that time. In 1877 the river is sald to have risen 28.9 feet
helow the falls at Richmond, and 26 feet at the pump-house a mile or so above. The cause of this vuriability in
flow is probably to be sought in the absence of lakes, the narrowness of the valleys, and the steepness of the
lill-sides, and in the small rainfall in autumn, which tends to reduce the low-season flow to a small amount (see
table on page 9). The stream is not subject to heavy ice-freshets, and ice-gorges seldom ocenr.  In 1879, however,
a heavy gorge occurred just below Richmond which was the canse of some damage, the water having been backed up
to a considerable height. Those mills at Richmond and at Maunchester which do not use water frow the ennal are
generally obliged to stop at intervals in times of high water. I have only one record of a gauging of the stream,
viz., that given in the table just referred to, and it has served as a guide in muny estimates.  No measurements of the
maximum flow have come to my knowledge. The bottom-lands along the stream seem to be on the whole less
extensive and less subject to overflow than on the streams farther south. Notwithstanding the severe freshets,
however, no trouble is experienced in keeping the canal dams in good order, on account of the excellent foundation
for such structures which is to be found all along the river—generally solid rock covered with a thin Iayer of gravel
and sand,  The tacilities for the construction of storage reservoirs in the upper valleys, to restrain the ficods and to
render the flow more uniform, are on the whole not very good, on account of the narrowness of the valleys and their
rapid fall, although sites could doubtless be found. The ue(,cbmm for such reservoirs has, however, not yet heen
felt, and no accurate examinations have been made on this point, so far as I could learn,

The fine opportunity which is at present afforded of utilizing a large amount of power by means of the
now abandoned canal can not be too strongly emphasized. It has fine collateral advantages—climute, means of
transportation, building-materials, ete.~~but in my limited w ork it was, of course, not possible to make a detailed
examination of the canal to determine just what sites would be most favorable. The total full of the river between
Richmond and Bochanan, amounting to 812 feet, having been overcome by a series of locks, dams, and canals,
there is every reason to believe that a large ])roportlon of the total theoretical power of the stream between those
points may be considered available if the canal can be made of sufficient capacity to carry”the low-water discliarge
of the river, With such a large amount of power available it is evidently ununecessary to atfempt to specify uny
particnlar points where it could be used better than at others.

The falls at Richmond constitute the first power on the stream, and extend over a distanee of about 3 miles,
the fall being 84 feet in that distance, the bed rocky, and the Wldth of the stream from about one-eighth to one-
quarter of a mile. ¥rom Grant’s dam, at the head of the falls, and the first of the navigation dams, the canal extends
without locks to the basin at Richmond, which is therefore 84 feet above tide, This is connected with the river
below the falls by locks. Although considerable power is used at Richmond from the canal, there is also a large
amount utilized from dams constructed below Grant’s, so that in describing the powers it m]] be best to consider
them in the order in which the dams occur as the river is ascended.

1. The first dam is the onc which supplies power to the Haxall flour- and corn- unlh It extends from the
north side of the stream in a very broken and zigzag line diagonally up the river from rock to rock, terminating
in an island near the center of the stream which is here perhaps 1,200 feet wide. A portion 330 feet long and 6
feet high was built of stone in 1880 at a cost of $2 ,500, while the remainder, about 1,200 feet long and 2§ fect high,
is of wood. A race 500 yards long leads to the mill, where a fall of 22 feet is used, the power used being stated at
700 horse-power, which can be obtained during about ten months, while during the remaining two months about
two-thirds as much can be obtained. The mills arve run all the time, and at low water there is little or no waste over
the dam. The pond covers only a few acres and affords no storage. In times of freshet, the machinery is sometimes
stopped for a few days. The wooden dam is more or less injured Dby freshets ahnost evedy year, but there is
seldom any trouble with ice; in 1879, however, the great ice-gorge below Richmond backed the water up into the
mil] The mills of the Haxall-Crenshaw Company are the only ones usiug power from this dam,

2. The next dam is the one which supplies power to the various manufactnring establishments at Manchester,
illﬂf opposite Richmond, The dam extends from the south bank in a very broken line diagonally up the river from
rock to vock, ending just below the end of the Haxall dam. Its total length is about 1,650 feet, of which about
900 is of stone, and 3 or 4 feet high. About 50 feet of the stone part was built in 1878, and the rest about the
year 1858 (said to have cost $2,570). The remainder of the dam is of wood. The pond is insignificant. A canal
300 or 600 yards long 2. 40 feet wide, and from 5 to 7 feet deep, leads from the dam, and along the lower paf‘.tm()f this

O,
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canal are situated the mills mentioned below. The water-power is owned by the city of Manchester, and Power
is leased in 50-year leases at the rate of $4 per square inch of orifice under a head of 3 feet. Np 8pecial
precautions, however, are taken to regulate exactly the amount of water taken by each mill, and it seemg that
there is generally, except in very dry seasons, sufficient water for all the mills at present running, The followin
table gives the number of square inches paid for, and some other data. It is to be remarked that the price of
$2 50.per square inch was formerly the regular rate, but it is now $4 for all new leases.

Tadle of power used at Manchester, Virginia.(a)

i =
{ I Number e Number o N !
i . . 8@~ s umbe
Propristor ox firm, | Kindof |ofsgunso| T30uEe" | ont por [tfall| power (of ontns| GERRST, | o Tow | St
) g L \ talen. moh: anpum. |in feet. | used, net. capacity. the time, ‘ Pm; ft} s,
Martin Brothers 8 BaKer. e i oo cien i eeaienen Sumsae.... 150 &4 00 $600 14 30 DI2 feviieinaiii foeeannnn o,
Richmond Cedar Works. ..cvvninierravoeimaie i vivnes Bucket ...! 150 : 4 00 600 20 <120 2 10
Manchester paper-mill.. o eosccccesvicineisirrmraneainn e, Paper } 300 4 00 1, 200 19 100 12 [, (...
Old Domindon mill ..oe i mmie i e Cofton... j 800 2 60 2,000 18 ¢ 150
Waller & Saunders ... evsetmarasmeeeainas Flour..... : 600 2 50 1, 500 18 100
Thunlop & MeCones. coive e ieriaecvuereamaner sme s enes DR [ PN | 800 ! 2 50 2, 600 20 200
Marshall Manufacturing Company - «ocveicaevemimaaniann, Cotton.. 5‘ 500 2 50 1, 250 20 4175
Manchester cornmill (f} veueen canens e ceveeen]| COTB..enn P P 14 15-20
City pump-works (f) ..... [ PR t .................. TR P 20 36
‘l 925
i

@ The figures giving the power uged were obtained from the manufacturers, and may not he exact. The flgures giving the amount of water taken and paid
for were obtained from the city auditor; A calenlation would probably ehow that the two statements do not agreo in all cases, but the error conld not be located
without measurements.

‘b Sometimes obliged to stop on account of backwater.

¢ Power stated at 227 horse-power in returns of ennmerators.
d Power stated at 140 horse-power in returns of ennmerators.
e Averagoe loss of about eight days on account of high water.
f Owned by the city,

The power available at the two dams just deseribed would depend upon how the water could be distributed
between the two and how much could be taken from the river above. The available power of the entire stream
per foot fall can be seen by referring to the table on page 18.

8. The next dam is that of the Old Dominion Iron & Nail Works Company, and extends diagonally from the
head of Belle Isle fo the south bank of the river. The foot of the island is a quarter of a mile or so above the
Manchester dam, and on the island are situated the works of the company. The dam is of wood and stone, about
3 feet high and from a guarter to a half mile long, and from it a canal about 400 yards long leads to the works,
where the fall is from 16 to 18 feet. The power used is stated at 1,000 horse-power, and it is said that this amount
can be secured during eight months of the year, the capacity during the remaining four months being about two-thirds
as much.(¢) The power is used to drive the rolling-mills, This dam is really u continuation of the one next to be
described.

4. The Richmond wzuter—Works, on the north bank of the river, ave supplied with power irom a dam extending
diagonally in a broken line, from rock to rock, to the head of Belle Isle. For the first £00 feet it is of stoue,
walled up il_l cement, about 6 feet high, and with a nearly vertical fave. The remainder, about 800 fee't, is of wood,
not over 3 feet high. The stone part was built in 1844 at @ cost of $13,000, and the wooden part in 1874 at o cost
of 82,500. A race 700 feet long, 40 feet wide, and 6 feet deep leads to the wheels, where the fall is 10 feet. One
turbine- and six breast-wheels are used to drive the pumps, the total power used being wbout 280 horse-power, and
the amount of water taken by the city about 6,600,000 gallons per day, or about 10 cubic feet per second, Full
capacity can be obtained during about ten months, and during the remainder of the time about one-half, there
being little leakage or waste over the dam. A steam-pump of small capacity (800,000 gallons in twenty-four hours)
is used in cases of emergency. The bed of the stream is very rocky, and the dam has never been carried away,
although in the freshet of 1877 the water is said to have risen 26 feet at the works. The scarcity of water during
the dry season has led to the establishment of new works, which will be referred to below. '

5. Thenextdam is 3 miles above Richmond, and is known as Grant’s dam, or Three-Mile dam. Itisthe first of the
dams of the canal company, and was built as a feeder to supply the lower level with water, and not to afford slack-
water navigation. It is 1,700 feet long and 4 feet high, extending only partly across the river, and is a wood'en
structure, built about 1854, and would probably cost $20,000, The Richmond level terminates below in the basit,
which is connected by a series of 5 lift-locks with a dock which extends for a mile below the basin and is connected
with tide-water by a ship-lock, thus enabling vessels to come up almost to the basin. The canal having now been

abandoyed, this lower level is free to be used to its full capacity for supplying water-power; but even while t{le
canal was in use for navigation a number of manufacturing establishments were supplied with water-power from it

- a Power stated at'500 horse-power in enumerators’ returns.
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The use of navigation canals as a means of supplying water-power is limited, on account of the velocity of low thereby
occasioned ; and as there are various other circumstances peculiar to this case, it may be well to say a few words
regarding the power as it has heretofore been used. The dimensions of the canal are as follows: Width at top, 30 feet;
width at bottom, 30 feet; depth, 5 feet; area of cross-section, 200 square feet. According to the chief engineer of the
eanal, Mr. J. M. Haxris, there has been and is now used for power from this Iower level about 340 cubic feet yer second,
go that the velocity in the canal from this cause alone is 1.7 foot per second. This velocity has necessitated the
use of a larger number of horses to haul the hoats up the canal, and it has Deen concluded that u velocity of  mile
per hour, or about 1% foot per second, is the maximum which can be allowed on canals without considerable
detriment to the interests of wavigation. On account of the current it was proposed to enlarge the lower level off
the canal, but the work was never carried out. In a report of the former chief engineer of the eanal, Mr. Lorraine,
“on the capacity of the first level for supplying water-power?, it is stated that the cross-seetion conld be enlarged to
300 square feet, making the top and bottom widths respectively (0 and 40 feet, and the depth 6 feet, so that, with
a velocity of 1.0 foot per second, the capacity would be 450 cubic feet per second, atfordin g 51 thearetical horse-
power per foot fall. Asregards power obtained from navigation canals, it is also to be borne in mind that the water
is in some cases drawn off for a longer or shorter period for repairs, or during the winter. On the James River
and Kanawha canal, however, the water was not drawn off during the winter and the mills obtained water almost
uninterruptedly. There has sometimes been a little: trouble with ice, but it is never serions. Water was rented by
the company at the annual rate of $3 per cubic foot per second for each foot head and fall on the first level, while
above the first level and below Lynchburg the rate was 1 10, and above Lynehburg and on North river it was 70
cents. Although these were the regular rates, there were some old agreements in some cases, rendering the details
very complicated, and in some cases special rates were made, such as allowing to an establishment water free for five
years, at half price for the following- five, and at full price subsequently, in consideration of traffic brought to the
canal. The amount of water delivered to each mill was regulated by the engineer of the company, and was delivered
through an orifice accurately adjusted by him.

Postponing mention of the powers on the canal above Grant’s dam, it remains to name those on the lower or
Richmond level. They are as follows:

1. The Tredegar Company (rolling-mills, founderies, car-shops, miachine-shops) use, according to Mr. Harris,
about 122 cubic feet per second, discharging into the river below the city water-works and above the Haxall dam,
with a fall of about 50 feet, in two falls of 23 and 27 feet. This would afford a theoretical power of 693 horse-power,(a)
and full eapacity can always be obtained. , ‘

2. Richmond Paper Manufacturing Company, using, according to Mr. Harris, 80 cubic feet per second, with a
fall of about 21 feet, giving a theoretical power of 191 horse-power. (The enumerators’ returns give the fall as 20
feet, and the power as 120 horse-power.) This water is ultimately discharged into the race leading to the Haxall
mill, but before reaching it is used again by three different establishments, viz.:

a J. J. Montague’s planing-mill, sash, blind, and door factory, using half the water coming from the paper-
mill, with a fall of 20 or 21 feet, and 75 horse-power, which can always be secured. Steam-power to the extent of
65 horse-power is also used,

b T. W. McCance, jute-bagging factory, with 19 feet fall and 9 or 10 horse-power.

¢ Grist-mill, with 20 feet fall or thereabout; power about 25 horse-power.

3. The mills of the Gallego Mills Manufacturing Company (flour), situated at the lower end of the basin, are the
last mills using water directly from the canal. They use, according to Mr. Harris, about 138 cubie feet per secowd,
with a head and fall of 363 feet, giving a theoretical power of 572 horse-power. The water is discharged eventually
into the dock below the basin, after being used by the Gallego corn-mill and Whitehurst & Owen’s sush- and blind-
factory. There are 23 runs of stone in the flour-will and 8 in the corn-mill, and full capaeity ean be secured ,
generally during about half the year. ‘

a The Gallego corn-mill uses a head and fall of 134 feet, and perhaps about 80 to 100 horse-power, taking the
water after it leaves the flour-mill

b Whitehurst & Owen’s planing-mill, and sash-, blind-, and door-factory use a fall of 16 feet and about 40 Liorse-
power, and full capacity can always be secured, of course. The water is discharged to the dock after passing over
a wheel formerly used for a paper-mill, with 7 feet fall. The ground, power, and mill are rented from the Gallego
Company.

4, The Shockoe mills (corn, sumae, plaster, and bark), owned by ‘Warner Moore, esq., take water from the dock,
and discharge it into the river, usin g a fall of 14 feet and aboat GO horse-power. No other mills take power from
the dock, and this is therefore the lowest mill using power from the canal.

4

& The power uscd was given, in a blank filled out by the company, at 1,100 horse-power. It is stated to be 829 horse-power in the
enumerators’ returns, |
535

L]



18 " WATER-POWER OF THE UNITED STATES.

The power used from the canal on the Richmond level is therefore approximately as follows, assuming the
efficiency of the wheels to be 75 per cent.: . ‘

Net horse.p DWOr;

Tredegar COMPANY - vu vttt cee e n oo cennas e samamt e m s s amee s co Smmoo selsccsmeeoocilcsloa. 520(%)
Richmond paper-mill........coee .. e ee e e e rme e mman nee s e e e e e 143 (%)
Montagne’s planing-mill .o .. ueisianiimine e aea s mee e e e e et daeeen sl o 75
McCance’s bagging-mill ..o viii i aaa el T LT LR D TP I 10
Smith?s grist-mill .o me. v e e e e e e e S 95
Gallego flonr-mill (... e e m e ia it i e e aie e el mes i tie el 430
Gallego corn-Mll ... it i i e iaecoreetmen cimmate weescmeensasess aoeereMomsiseensani L 8
Whitehurst & Qwen’s Planing-mill ... vree.eenosomcan o cet e mae s e it e et ceanns cneae 40
Moore’s Shoekoe mills. .o oivimiaamniciann R LT R T T P P N 60

o1 PSS LR ELLRER TR L LL Y bemmaesenan 1,383

" The total power used from the James below Grant’s dam is as follows, approximately:
. Wet horse-power.

From the James River and Kanawha canal - . oot soun i e e i e s 1,388
City water-works ... oo i iiie e icm et it cmeccccettesmearannscneae e P : 280
O Dominion Iron COmMPAIY « oo cen ccvereenes commmsmannasiasssamans smmresassaseaaneomran aammoe e caanns mnnan 500(3)
Manehester Waler-POWear (oo e e e eara st a e s wacaesaeaaanana. 9°5
Haxall-Crenshaw COmPany «oceu.euunveumesoatams coamoe cmamseamcmcscosns saassesans tmsass hamaneean [ 700

' 1171 Uy U v 3,788

These figures are liable to considerable error, but it is impossible to make them more aceurate.

It is evident from the preceding description that the method of using the water-power at Richmond is rather
complicated, and also that only a very small proportion of the total available power is at present utilized, There
seems to be no technical reason why Richmond should not be one of the great manufacturing centers of the Atlantic

. slope, for it may safely be asserted that so far as water-power goes such advantages are seldom to be found. If
all the water of the river conld De diverted into the canal at Grant’s dam its available fall at Richmond would be
84 feet at the lower end of the caval, while ‘along the canal above the basin and above the Tredegar works is a
strip of land which eould be oceupied by factories for n distance of between half a mile and a mile, or even more,
with an average fall of 48 or 50 feet. A glance at the estimate of power below will show the large amount of
power whiel could thus be rendered available. But even if it were not practicable—for legal or other reasons—to
divert the entire flow, or a large part of it, above the city, a considerably larger amount of power could be utilized
if the dams were raised and tightened, and extended entirely across the river. A detailed discussion of these
points, however, does not belong here. It has been said that the Three-Mile dam could be raised several feet;
but on the other hand, it is also asserted that this would be accompanied, in times of freshet, by damage to the
Richmond and Danville railroad, which here follows the river.

The drainage area of the James above Richmond is about 6,800 square miles, and the average rainfall over the
entire basin is probably about 42 or 43 inches, varying from 44 at Richmond to 38-in the mountains. Of this about
12 inches fall in spring, 12 in summer, 9 in autumn, and 10 in winter. The flow is very variable, as already
mentioned, but no series of gaugings has been made. Two different measurements of the flow, however, made in
very dry seasons, when the river was lower than for many years, and probably not far from its minimum stage,
agreed quite well in giving the discharge at about 1,300 cubic feet per second. I have therefore estimated the
power available as follows: )

Table of available power of the James river at Richmond.

|
{ State of flow (see pages 8 to 11). Dﬁ‘ggﬂ’fge Tall. Igggglﬁ{" Horse-power available, gross.

8q. miles, Teet. Cubio feet. 1 Foot fall. | 50 feet fall. | 84 feet fall.

MIBIMUDL. - o veneieierneeee e aeen 1,300 147.7 7,885 12, 400
Minimum 10W 588801 veveenrennn.. ... & 860 o { 1, 500 170.4 8,520 ; 14,800
Low season, Ary years ............. ' 1,750 200. 0 10, 000 \ 18, 800
i Maximum with storage .............. U 6000 681 8 34, 000 1 57, 000

It is not probable that any storage during the night could be obtained. 'The above figures, therefore, refer to
power available during twenty-four hours.(a) ' o ‘

« During the summer and fall of 1881 the James river has been lower than for many years past. The miils on the canal and on the
river have been obliged to run at a small fraction of their capacity, and it is stated that the river could be crossed almost anywhere fﬂﬂﬂ_g
the falls without wetting one’s feet. It is probable that the flow has fallen considerably below that given as the minimum, 1,300 cubie
feet per second, or (.19 cubic foot per second per square mile, and it is possible that it may have fallen nearly as low as in tpe case of f(hﬂ
Potomace (0.093 cubic foot per second per square mile). Nevertheless, I have retained the fi gures given, having ne accurate data regarding
the flow in 1381.
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The existing canal would carry perhaps 350 cubic feet per second with a fall of 1 foot per mile, and about 500
cubic feet per second with a fall of 2 fe'et per mile (supposing its dimensions to be 50 feet width at top, 30 feet at
bottom, depth, 5 feet), and still more with a greater fall. If its dimensions were 60, 40, and 6 feet, it wonld carry
perhaps 600 and 900 cubic feet per second with the declivities given above,

The following table gives the power which would be available under these conditions :

i Full ' Estimared

: of bed . eapacity of :
Section of canal. Wr carljnal Ibwr Horse-power availuble, gross,

nile, second,

Feet. | Oubic feet. § 1 foot fall. | 5 feet fall. ¥ fest jall. i

‘ ‘Width at surface, 50 fect; width at bottom, 30 feet; depth, 5 feet. { 1 | 850 40.0 ; 2006 & 200

3 4 i 50 36,8 | 2, 540 4,584

o N g P noanp

| Width at surfuce, 60 feet; width at bottom, 40 fect; depth S feet.[§ 0 | O G20 AAD . han
i E
1

900 2.3 l 5,115 8 184

From what has been said it is evident that the advantages for the use of water-power at Richmond are very
great, The facilities for transport, both by sea and by land, are scarcely surpassed; building-materials can be
obtained near Dby, and an excellent qualify of granite is quarried within a very short distance. In faet, alost
every advantage seems to be here.(a)

There is no power taken from the river between Richmond and Lyneliburg, a distance of 146 miles along the
stream. The fall between these points is, as already stated, 513 feet frow tide-water to the Lynchburg water-
works dam, or 429 feet from the crest of Grant’s dam. The latter figure gives an average fall of 2,94 feet per mile.

Within this distance there are 6 canal dams, with a total height of about 60 feet, and this subtracted from 429
leaves 369 feet as the total fall between ponds, or an average of £.53 feet per wile.  'Within this distance there are,
no doubt, some falls and some sites that might be utilized for power, perhaps to u considerable extent, besides |
those on the canal and at the dams. But the fact that the eanal is now abandoned as a means of communication,
and that consequently almost the total fall of the stream from Richimond to Buchanan is availuble for power, with
as much water as the canal will earry or could be made to carry, seemed to me to render a detailed examination of
the strean nnnecessary for the purposes of this report. It would seem to be in the power of the railroad compuny
to offer the very finest inducements to manufacturvers desiving to use water-power.  AMills could be established at
each dam and lock alonyg the entire length of the canal where the conformation of the ground would permit, those
at the dams using falls equal to the heights of the dams, and discharging the water into the river below, and those
at the locks using falls equal to the lifts of the locks, and discharging the water into the lower levels, o be used
again at the next lock below; and in favarable plaees mills might also be established along the canal, discharging
the water into the river—withdrawing it, to be sure, from the lower levels and thus lessening the amount available
at the locks.  And by increasing the dimensions of the canal at suitable points a much greater amount of power
could be utilized than is now available, until at the limit the whole fall of the stream, minus that which is suflicient
to maintain the velocity in the canal (which may be taken as not less than 1 foot per mile, and probably more).
would be available for power. It is scarcely necessary to do more than eall atfention to the large amount of power
which could thus be rendered available. Scarcely any of it being utilized, the field is almost entirely open, and
the location has only to be selected from among numerous good ones, A few remarks, however, regarding the
capacity of canals of different dimensions may serve to convey a clearer idea of the circumstances of the case.
‘When water flows in open channels its veloeity is due to the slope of its surface, not to that of the bed of the
canal.  If the bed be horizontal, as in many navigation canals, then, as any velocity must be accompanied by a slope
of the water-surface, the depth will be smaller at the lower end of the channel than at the npper end, and the
cross-seetion will vary from point to point. The motion thus becomes varied, as it is called, and the mathematical
investigation of its laws more complex. For a rough caleulation, however, the discharge may be considered the
same as if the bed were inclined and parallel to the surface, and the section the same as it is af the lower end-—
especially as the eapacity of the canal depends upon the number of bends on its course,und many other cireumstances,
all more or less uncertain. A tolerably close estimate for the discharge could be obtained in any particnlar case
by o series of approximations; but it is evident from what has been said that on long levels the capacity will be
considerably smaller than it would be it the bed were inclined, and it would probably be necessary to give the
canal-bed a slope on many levels, or to raise the water at its head—proceedings which would either reduce the full
available at the locks, or necessitate the raising of the dams and the embaukments.  Assuming, however, that the
fall of the bed of the canal is 1 and 2 feet per mile, then the capacity of the canal, the total available fall between
Richmond and Lynchburg, and the total theoretical power between those points, ure given in the following table.

@ Between the years 1848 and 1868, the number of days during which the James River and Kanawha canal was closed by fee variml

from 0 to 56, the average for the 20 years being 15 days. 637



" approximate esfimate of which will be found in the table on page 23.
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The capacity of the canal is the same as previously given for the Richmond level, the same dimensiong belng

asgnmed:
| Fall | Distanco | Availabl T
Fall a ISLInee | AYANBLI | Bstimated VORBLPOWER |
~ i between | between fall be- AVAILZ |
Section of canal. [ in gled Ricerln(alond Ricll‘lgwnd t\‘;%gza I&i‘;:‘lil cgi?xil(flﬂiﬁ:gf m‘:IiIE, GROss, i
v i
mile. |y .crehburg, Lynehburg. Lynq?\lburgt second, P?z;fOOt ? Total, ‘\
— IS S
Feet. ] Teet. Miles. Foet. Cubic feet, | ;
. 1 : 283 850 10.0 | a0
Width at surface, 50 feet; width at bottom, 30 feot; depth, 5 feet. { 2 l If - rdu ‘ 0 ! 11,820
. 429 146 90 6.8 | T
jdth 60 foct; width at bottom, 40 feet; depth, 6 feot. |§ L J ‘ 1 288 600 682 | 19,000 |
Widt) a.t.surface,)‘ aet; width at bottom, eot; depth, 6 feot. 9 187 300 1093 l 1 uip |

The table shows that the total power available is about 40 per cent. greater WIth a fall of 1 foot per mile thag

with ene of 2 feet. The table given on page 21 for the power at Lynchburg will show that the flow of the stream at
that place is probably seldom less than 600 cubic feet per second, so that the power given in the table above conld
probably be realized if favorable ground for location conld always befound. It is sufficient to call attention here to
these figures as giving a rough idea of the power lying here unemployed.

Althongh there is no power used directly from the river between Richmond and Tjynchburg, a certain amount
is alveady used from the canal. The first power is just opposite Grant’s dam, where there are two locks with
10 feet lift each. The water is passed round these locks, and the fall of 20 feet is nsed for the new water-works of the
city of Richmond. The amount of water to be used was stated at 283 cubic feet per second, which wounld give 643 Zross
horge-power with a fall of 20 feet. The amount of water to be taken for bupplvmg the eity was stated at 12,000,000
gallons daily, with provision for an eventual increase.

Between the Richmond level and the Liynchburg level there are sixteen other establishments taking power from
the canal, nsing in all about 278 cubic feet per seccond, for which $5,975 per annum is paid; but none of these
establishments are of much importance. They are all, or nearly all, flonr-, grist-, and saw-mills,

‘The table on pages 22 and 23 gives a list of the damws on the stream between Richmond and Lynchburg, as well
as abeve, with their dimensions. All of thege dams, except Grant’s and Seven-Island, offer good sites tor power, an
Regarding intermediate falls on the stream
it is said that power conld be obtained a short distance above Scottsville, and at Fallsburg, 1 mile above Warren,
but I did not verify these statements. There are 51 lift-locks on the canal between Richmond and Lynchburg,
averaging 8% feet lift, and 4 gnard-locks at the dams. At each of the lift-locks, according to what has been said,
# eertain amount of power could be utilized if the land is favorable for building.

The next place above Richmond where power is used to any considerable extent is at Lynchburg. The river
has at this place a fall of about 23 or 24 feet in a distance of 4 miles, at the center of which, or rather below, iy the
city. The bed of the stream is rock and gravel, the channel is mter‘spersed with islands, especmlly at the head of
the fall, and the banks are favorable for building, being above all but the highest freshets, yet not steep. Power
is used here in two ways—from the mavigation canal, and from a second canal running parallel to the first, both
supplied from the same dam. The south end of the dam is about 2 miles below the head of the falls, and from
this point it extends very irregularly and diagonally across the river, reaching the opposite bank nearly 2 miles
farther up stream, or near the head of the falls. From the south bank a stene dam, built as an arc of a circle with
a chord of 120 feet and an ordinate at the center of about 20 feet, extends to the foot of an island. It was built in
1839, and is 12 feet high. TFrom the head of this island a wooden dam extends nearly up and down stream, to the
lower end of o second island, and in this way the dam is carried across the river from island to island. The wooden
dams are generally not over 3 or 4 feet high and are not substantial, 1t is proposed to raise the stone dam 2 feet
and to extend it straight across the river, the cost of this improvement having been estimated by Mr. Harris ab
about $60,000. From the Lynchburg le\ml of the navigation canal nine establishments are supplied with water-

power, using together about 391 cubic feet per second, with an average fall to the river of abont 17 feet, giving
therctore about 750 gross horse-power.

dam to 22 or 23 feet at a ])omt. 2 miles below. The mills on the level are as follows:

Horso-power.

Morris® barytes-milly 17 60t FIL .o .ot e e e e e e e ey s 36
B8 LN 1) o 1 ¥ P —_
Healds bark-mill, 16 100t 010 - ot ir i e et e e e e e e e e 30
Snead & Winston's planing-mill, 16 £oat Fall ..o o oot o i e e e e e e s 25
Lyunehburg Iron Company’s rolling-mill, 12 60 14 F6eb Falle wm v e oo o o oo e e e e e et ameanes 40
Picdmont lonr-mill, 12 £oet Fall ... o it e e e e e 150
Piedmont corn-mill, 13 feet £l .. oL . e e e e e na- 40
At AN R T ) T 1) S SN -
AR e o b Td L o U e -
City flonr-milly 12 feet DTl L oo i ittt e e e e e e e e e e e mre e 200

The water-rents for these establishments amount to $3,295 30 annually.
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The fall on this level from eanal to river varies from about 13 feet at the
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The head-gates of the second canal ave by the side of the guard-lock of the eanal, between it and the river.

The canal is about one-quarter of a mile long, and averages 30 feet in width and 5 to 6 feet in depth, but is very
variable in seetion.  On it are located the following mills, discharging their water into the river:

Horse-power.

James River Foundery and Manufacturing Company, 114 feet fall . ... ..o oo oo i e 20
J. P. Pettyjohrw’s planing-mill, 12 feeb fall oo et e e 40
1. 8. Dawson’s tobaceo-box mill, 12 feet fall .. ... oo e e s 15
Sumac-mill, 12 Leet fall - oo e e e et e e e eaaeeeam e 1B TO 20
City water-works, 12 feet fall ........................................................................... . 100
B 1] .,.._—E '

The water-power from this canal is controlled by the city, but water is not leased at any regular rate, on account
of old agreements and contracts. At present the city also controls the water-power from the navigation canal,
according to some special agreement.

All the mills at Lynchburg are troubled sometimes by high-water, but the interruption from this cause does
not exceed two weeks or thereabout in the year. The freshets of 1870 and 1877 did considerable damage to
property, carrying away each time part of the dam (one of the small wooden dams), and in the latter year
overflowing and breaking through the water-works race and carrying away considerable lumber. There is no
trouble with ice, there being no liability to ice-jams in the river. During the dry season there is often scarcity of
water, even on the navigation eanal, but this is due to imperfections of the dams or want of sufficient capaeity on
the canals. On the water-works canal more frouble is experienced in this respect, some of the mills being able to
run at full capacity only during eight months, and the capacity falling as low as between one-half and two-thirds in
dry seasons.

The drainage area above Liynchburg is about 3,650 square miles, and the rainfall about 41 or 42 inches—12 in
gpring, 12 in summer, 8 in autumn, and 10 in winter. The minimum flow is stated by some engineers at 1,000
cubic feet per second, but I have no doubt that it is much less. In the absence of further measurements, I have
estimated the flow and power as in the following table: .

Hgtimate of flow and power at Lynchburg.

State of fow (ses pages 8 to 11). D'};"i,i‘;""ge Fall. E:gg&ﬁﬁ" Horse-power available, gross.

Sg.miles. | Feet. | Qubic feet. | 1 foot fall. |18 feet fall. 22 feet fall.

VAU o eeee e mm e veaeeeaeaeennas 540 6.3 ! 797 ! 1,350
Minimum 10W BeRS0R +eevneeneneecnn- 650 78.8 | n 1,625 .
i 2 !
Maximum with storage .- B 182 8,200 a6s.6 | 474, 8,000 |
P08 1,80

Low season, dry years ............... l 740 84,1

There seems to be no reason why the whole of the power could not be utilized, exceptiug, probably, the maximum
with storage, regarding which it is impossible to state definitely whether sufficient reservoir room could be secured.
As regards facilities for transportation, Lynchburg is very favorably situated, as the map shows. Already of
importance, its manufactures could be greatly enlarged if the whole of the available power were properly utilized.

Between Lynchburg and Buchanan, the western terminus of the canal, water-power is used directly from the
river at only one point, known as Irish falls, in Amherst county, where about 50 horse-power is used for an iron
furnace, saw- and grist-mill. The dam is of crib-work, 1,200 feet long and about 8 feet high, backing the water
half a mile, and the fall used is 9 feet, with a race of 400 yards. There is also very little power used from the
e¢anal, the quantity of water amounting to only 55 cubic feet per second, supplied to a rolling-mill. At each of the
canal dams, however, and at various points along the canal, and at the locks, power could he used without ditficalty.
As the table on page 23 shows, there are in this distance 12 dams; 5 of these are of stone and 7 of timber, varying
in length from about 400 to 800 feet and over, and in height from about 8 to 30 feet, at all or nearly all of whicl a
large amount of power could be used. The total fall in the river between the points mentioned is 299 feet, or nearly

0 feet per mile. The following table is similar to that on page 20: ,
Fall 1 Distance . ORRE-POWER
Fall | i Eatimated .

Letween ! between | 4.4 N ityof| AVAILABLE, GROSS.
Section of canal. 022:‘1 Lynchburg:Lynchhurg; AV g:luble R ety ’1;’6‘1), S

¥ mile, end g ond second. + Perfoot | o

Buchanan. | Bochanan. | Y Cotal.
B ’ ! ’ e ,_,;,___ R )
Feat. | Feet. | Miles. | Feet. | Cubicfeet. | |
1 ; 240 @350 40,0 9, 960 ‘
‘Width at surface, 50 feet; width at bottom 80 feet; depth, 5 feet.. g 9 ] . 99 | 500 s 11,8 |
. 1 - BN up 600 6RE 16,982 |
‘Width at surface, 60 feet; width at bottom, 40 feet; depth, 6 foot.. { 9 . i 20,8568

1 109 | 900 1 102,38

o The flow of stream in dry weather is probably not 350 cubic fect per sccond except in Jower portion of the distance, 539
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In this case, however, the enlarging of the canal would, without doubt, be exceedingly expensive; but g the
minimum flow at Lynchburg is, according to the table on page 21, only 540 cubic feet per second, and probably
only about 330 cubie feet per second at Buchanan, the enlargement would practically be unadvisable. The Principal
locations on this section of the canal would seem to be at the dams, and estimates of the power at these places
are given on page 23. These dams are very substantial structures, the stone ones being built up i hydrayie
cement with nearly vertical faces, and the wooden ones being composed of crib-pens filled with stone, with sloping
tops and backs and almost vertical faces, sheeted behind and on top, and all being founded on roek.(a) The
Richmond and Alleghany railroad, when completed, will afford a most convenient means of transportation along the
river, apd it is needless to say that building materials are to be had in great abundance and of fine quality.

From Buchanan to the head of the river—the junction of Jackson’s and Cowpasture rivers—the distanee is
about 29 miles and the fall about 202 feet, or at the rate of about 7 feet per mile. No power whatever is nsed on
this part of the stream, although there are numerous sites where power could be obtained. The declivity of the
stream being tolerably uniform, there are no precipitous falls, but at numerous points dams could easily and
advantageously be located. It wasat one time intended to continue the canal up the river and over the Alleghenies,
and all the npper part of the James and part of Jackson’s river were surveyed with this object in view, and the
locations for two dams between Buchanan and the head of the dam were determined upon and the dams themselves
partially constructed. Oné, the Cabell dam, 9 miles above Buchanan, was built to a height of 5 feet entirely acrogs
the river, being constructed of wood on a rock foundation; and the other, at the Old Forge, 15 miles above Buchanan,
to be. built entirely of stone, was not carried quite so far. At the former place, which is about 2 miles above
Saltpetre Cave station, on the railroad, the banks are good, and a dam could be built probably 8 feet high, while
for & mile below there is some fall which might be worth utilizing, so that with a canal half a mile long, probahly
a fall of 10 or 12 feet could be used, while with a shorter race 8 or 10 feet could probably be easily obtained. At the
O1d Forge, about 1§ mile above Salisbury Furnace, it would be easy to utilize power on theleft bank, and probably
from 6 to 10 feet could be rendered available. None of the other sites seem of much importance, though there
arce a number of rifts where power could be developed, but at no place, it is said, is there a fall of over 4 or 5 feet.
The fall is gradual, the bed and banks gravel, clay, sand, efc., with rock at a small depth in most places. The
river in this part of its eourse is, on the average, perhaps 250 or 300 feet wide. Although no power is at present
used, there have been in times past several grist-mills above Buchanan, but none using large powers.

- The following tables give the statistics of damsand of power untilized, and estimates of the power availableat
the dams. Regarding the latter, it is to be mentioned that Mr. B, Lorraine, the late chief engineer of the canal,in a
report made in 1866, * on the points at which water-power ¢an be spared from the dams and canal”, does not wmention
Judith’s or Blue Ridge dam; and it may be that the land at those localities is not favorable for location,

Table of statistics regarding dams of the James River and Kanawha Canal Company on the James river.

[Heights given above foundation and above water-surfnce.]

DAM, ) POND,
Name of dam. st ! ! . Remorlks.
Digtanca
i " Dato of Whether used for
R cflrxez!nrrlmd. Length. | Height. Material. eroction, | Cost | Length. navigation.
Miles. Feet. Fect. ) Miles. .
Grant's ......... .0 3.0} 1,700 4 | W0odemoneeariaamannannneans 1855 (7) | $20,000 {..ene.... Teeder only,...... Dum does not extend entirdly
across river. No water
N power.
: ; 12 ’ :
Bosher's coacevovunna. 9.0 902 { 9} Cut granito in cement ...... 1857-'58 | 70, 000 10 | Navigation .......
R 12 .
Muaiden's Adventure. 9.0 1,028 { o } Cut granite in cement ...... 1852-'63 | 80, 000 5 | Smileanavigation,
Seven-Island. ... .veaifemnmiceniseasformeneneifoeeriilid Woodeee oo ivenoinaan.s cod 180 e Lo | Tecderonly........ Low dam, Epables boats to
Seven-Islan Wood. oo viiiniiinaaaa, 1840 Lo feeeeenao Teeder only %L\t e(r e al from ofher side
of river, Does nob extend’
entirely across. No water-
power.
12
Tye River ....oovvnn. 109.0 550 1 Cut granite in cement ...... 1860 | 60,000 |..evuvuen. 2% miles naviga-
tion.
Joshua Falls......... 185.5 600 { ?(;§ Cut granite in cement ..., 1870 | 50, 000 3 | 9% miles paviga- | Rebuilt in 1870,
tion.
Lynchburg -.....oo.. B.5 fomerniendiennnnns Part stone, part wood....... 1839 |.ooe..n. 2 |9 miles naviga | Extends ina brokon line from
a3 ? tion. = island to jstand.
Judith’s ............. 152, 0 725 § 9 } Cut stono in cement ......., 1850-'5L | 100, 000 4 | 4 miles naviga-
5 or over. tion.
14
Bald Lagle........... 157.0 498 { ” § Cut stono in cement ........| 1840-'61 | 135,000 2% | 23 miles naviga-
| [ tion.

« On this section of the canal (Lynehburg to Buchanan) thers are 22 miles of canal, 28 wiles of slack-water navigation, 48 locks,

2 nquednets, 17 tow-path bridges, and two farm bridges.
540
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Table of statistics vegarding dams of the Jawmes River and Kanawha Canal Company on the James ricer—Continued,

|
e

Name of dam, Distance
from Length, ] Height.
Richmond. '
Miles. Feet, | Feet,
y | 18
Podlal «eeeveenneonnes 160, 0 454 | gu}
{18
Coleman's Falls......|  162.6| &7 ll §.8
: . 12
Big Tshnd ccenennanns 166.5 688 | { 12}
1
! : 10
SUSHAW +oenrn vennn 170.5 &4
Cushaw .....n vt : 5 3 ‘ { 10 } ‘
Plue Ridge .......... 176,01 455 | 18
L gy
arre F . , 582 | I
Quarry Falls......... 178.5 | 8 ] {]3 $
! :
; 18y
rner's T 55 q |
Varnoy's Falls. ...... 185, 5 ’l 488 ‘ { s
St
3 30 3 31 .
Indian Rock ...o..... .| o 00
| Iocon
o Al I J H
Wasp Roek..o...._.. 1040 ] 384! { 5

f

AN, POND,
- D ) Af - N ‘»,...w‘ e e e ——
Material., ate o \ Whether used for
aterial erection, | Cost. | Length. nuvigation,
Afiles.
Cut stone in cement ........ 1849-'51 | $35, 000 2.9 miles naviza-
tion.
218 feet stone, 854 feet wood.| 1849-'51 | 80,000 3 |2 miles naviga-:
tion. :
SEONE « e l 1848~'51 | 85, 000 2 18 miles naviga.
| ‘ tion, '
L S ..h 184861 L 20,000 | L B P * Boats croxs yiver in pond.

150 feet stone, 305 feet woo(l.! 1849-'51 {
| i

136 fuct stone, 446 feet wood. | 1848-'51
Wooloeeen e 1849151 |
Wood..... teeramreaereneiees \ 184051 1
Wood .oo.ivevaniiiniio. } 184951 ‘

20,000 © 3and 13

26,000 | %
20,000 | 5
30,000 | 3
30, 000 3

James river—

At copfluenee of North river,
Stonp purt in frout of old
wooden part,

aviga. ;. Not very favorable for pewer.

1§3 miles on James
(lﬁ mileson North

2% miles
| Ttion,

'3 mileés  maviga. - Not so favorable for power us

oo tiem. this two below.

¢ 3 miles naviga- - Easy toutilize for water-power.
tiun.

'3 miles naviga-  Easy toutilizefor water-power..

tion.

Table of power available at Richmond and at canal dams.

,;.'-' AN . 0 HuREE-POWER AVAILADLE, e . !
= LAINFALL. X TOTAL FALL, GROSS. (@) ' CTILIZEL. !
B . & . : Pk = & - ‘
] 3 i [ Z = & £ :
Locality. =g @ P ! s | s Ze o EZE B ‘ temarks,
38 £ ;E‘_ PR E % EF % £ i
g ] gz lglslL ) B T E ' BT @ EE ot B 1
E OB [EIEIEIEIEl E g )& E EF oeEl:
A A laZl<diswl e S} F & & 1= &
LSO S LI — - > et e
R i S
| Miles. | Sg.m. fIn. In.|In. i T} In| Feel. | Miles. : | | Fet. |
Hehmond «cvevnvecieearemnnnns 0.0 6,800§12 ; 12 910 48 84 3 412,400 | 14,300 | 57,000 | 16,800 § 3,765 ... i
Bosher's dam .......oeeeveeeeinn.n,. 0.0 | 676012 12{ 9710 43 9| ¢ 3,300 | 1,500 6,000 1,70 0 eeeeinnn
Miiden's Adventure dam........... J 20,01 6,560F12 12 9110 43 10 J 0§ 1,460 @ 1,650 ; 6,600 : 1,900 [
Ty RIVEr A8M eeeerennenanaannan, 1000 4,350 312112 910! 43 10 0 T 800 T 4,mR0 1,150 U
Joghma Falls dam........ somorerraeaat 185D B,7H0 §12 1120 9110 48 yi 0 55 Yo 3,400 8 [ e
5 RO 050 4,700 1,100 |
Lynelburg «ocoee et cienas , 8,650 112112 421 1392 2 ! . ! Tabx. 12-16 0
Lyneliburg . 148.5| 8650121120 8{10 o {1.350 e | s ! 1e } 73 5
Tudith'sdam ...l 152.0 | 8,525 §12 112 510/ 42 85 0f 1,500 1,£00 OB E0 2,00 g e 1
" oy P 5 . ! amn 0t ; . | Seme pnwer nsed
Bald Eaglo dam cevevranrannnnennnn. L1570 3,475 {1112 BP0 41 14 . 0 50 : 1,000 . 4,800 1,150 0 i1 drem canal, but
Pedlar Aam oeeevee et ceien. 100.0! 3,475 011112 8l1af 41 12 J 0 700 E50 | 4,800 470 L none direetly at
Coleman’s Fallg daM. +ovvnueeennnnn.. 1025 gasfu 12 sl a W o) e a0l 470 3,10 th dams.
BigTaland dam . ..._......ooene.. 166.5 | 8,285 § 11,12 8110 41 2 0 673 1 Bou | G860 4o
Cushaw dam...oooenonneon e, 170.5 | 3,265 91112 ®#|10] 41 16 | 0 50 630 3,230 0 750
Blue idgedam. ...oovevenneonnn.. . we0) s frilie 5| 0] 40f 13| 0 w0 8500 4,200 | 975 i
Quarry Falls dam. ..ooeeveeoooonn fol] 1785 2,400 J21 (12 8] 9 40 181 0 5251 6250 3,100 00
Varney's Talls dam 1855 2,87af11)12 8! 8| 40 14 J (] 550 G50« 3,850 50
Indian Rock dam .....__...o......... 1805 apngiiie & 0l 4 16 0 6500 IR 5,730 0 000
Wasp Rock dam.......ovvevniinns. wao! os0f1nln: sl of 40 15 0 g5 Tos ! 3500 %00
Buehanan ....oovviiiivnnononnnnon., 1980 | 220011032 8] 9 40F oooiitiieiiideennnn, | [P

a See pages 8 to 11

TRIBUTARIES OF THE JAMES RIVERL.

The first important tributary of the James is the Chickahominy, which enters from the north, on the boundary
line between the counties of Charles City and James City, after having pursued a course of about 50 miles, measured
in a straight line, and draining an area of about 412 square miles. But though important by reason of its size, it
is altogether without water-power, Taking itsisejust about on the fall-line, it is sluggish and altogether unfavorable
for power for its entire length. )

The next tributary, and the most important affluent of the James, is the Appomattox, which enters from the
south between Chesterfield and Prince George counties. It takes its rise in Appomattox county, and pursnes
general easterly direction; forming the boundary line between the counties of Buekingham, Cumberland, I”nwlmt;:m,
and Chesterfield on the north, and Prince Edward, Amelia, Dinwiddie, and Prince George on the south, am} flowing

641
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through the town of Petersburg, where it crosses the fall-line, giving rise to a fine water-power at that Place, whiep
is the head of navigation and of tide-water. The length of the stream, measured in a straight line, is abont, 85 Wiles,

but by the river it is considerably greater, the distance from tide-water to a point 38% miles above Far mville, and
therefore probably not far from the source of the stream, being about 135 miles.(a) The river drains an areg of about
1,565 square miles, of which 1,325 are above Petersburg. The principal tributaries of the stream are: Swift oreek,

whlch enters from the north, below Petersburg, after draining about 165 square miles; Deep creek and Flag oreck,

which enter from the south, in, Amelia county, and drain, respectively, 173 and 112 square miles. The dralll‘lgg
basin of the Appomattox lies entirely east of the Blue ridge, in the middle and eastern chv1s10ns of the state, and
seems to offer no peculiarities. It contains no lakes; the rainfall averages about 43 inches—12 in spring, 12 in
summer, 10 in antumn, and 9 in winter; and the stream is similar in all essential respects to the James in
corresponding parts of its course. Like that river, it is subject to sudden and heavy freshets, but they are saiq
to be rather less violent than those on the former stream; and the flow of the Appomattox is said to be on the
whole more uniform and proportionally greater in dry seasons than that of the James—facts which find thejr
explanation in part in the distribution of the rainfall.

The following table gives an 1dea of the declivity of the stream:

Table of declivity of the Appomattox river.

Distance | Distanco Fall Fall per
A Blevation mils
Looality. from tide- : between | between
v water, | |¥hove tide.} ointe. points, | Petween
. points.
. Milea. Feet, Miles. Feet. Feet.
o0 T o R PSRN FOURPRI NE U
8 : $oex 110 17,60
Lowest dam of Upper Appomattox Company............ 6,25 110 E a1 o L6
. v {0 .
Richmond and Danville Raflroad crossing......ccc...... B4k 175 } . 00 50 : 2140
Atlantio, Misaiasippi, uﬁd Ohio Railroad firat crossing . ..\ 02 4 265 % r' 0 5 ! ;
5, 35 .00 v
Atlantic, Mississippi and Ohio Railroad second crossing.. 07 300
i

This table is in many respects ivaccurate, the distances having been roughly measuredi‘rom & map; butit
gerves to gshow that the declivity is small above the falls at Petersburg, being even smailer than that of the James.
The stream is, moreover, quite inacgessible between Petersburg and Farmville, and its water-power—whatever
there may be of it—is not extensively used above the former place.

As already mentioned, Petersburg is at the head of tide-water, and vessels drawing 11 feet of water come up
to the city. In this respect the stream resembles the James, the fall-line being at the head of tide and navigation.
Above Petersburg, navigation has been carried on by flat-boats, the river having been made navigable long ago
by the Upper Appomattox Company—still in existence—which has the chartered right to navigate the stream up
to Farmville. It is said that the river is susceptible of being made navigable by bateanx carrying 20,000 pounds
up to Plantersville, 16 miles above Farmville, and that navigation was at one time established up to this point; but
that part of it above Farmville was abandoned some thirty years ago on account of the building of the railroad.
At present, navigation extends up to Olemwentown, 70 miles above Petersburg, and it is said that it could be extended
to Farmville at small cost; but above this the stream is very small. At the present time the river is navigated only
to a small extent, the raﬂroad having absorbed most of the traffic, although it is often a number of miles from the
stream, The navigation works consist of loeks and dams , and one canal extending from Petershurg to the lowest
dam, a distance of 5} miles, with a fall in that distance ()f abount 32 feet,(a) overcome by locks. Above thisisa
series of dams, converting the river into a series of navigable pools. The locks are 60 feet long, 10 feet wide, with
lifts of 7 feet, and there are 8 dams between Petersburg and Clementown. .

Describing the powers on the river in their order, the first is that at Petersburg. According to what has been
said, the fall from the ecanal basin at Petersburg to tlde water is 77% feet, the fall on the canal 32 feet, and the fall
from the lowest navigation dam to tide—in a distance of 6} mﬂes—-—abou’ﬁ 110 feet. (@) The principal part of this
fall, however, occurs in the first' mile or two above tide-water, amounting to 70 or 80 feet, and js used by various
esta.bhshments, supplied from 4 dams:

1. The lowest dam—1} mile above the head of navigation and about 13 miles from the James—is 350 feet
long and 8 feet high, and is a crib-work structure extending in the shape of a > across the stream. Lt has been
built many years, and supplies power to the following establishments :

a. Williams’ corn- and sumac-mill and cotton- gin—10 feet fall; 45 horse -power; full capacity durmg elght
months, rest of the year one-third.

b. City flour-mills (Davis, Roper, & Co. )-—10 feet fall; 100 horse-power; full capacity eight to nine months; rest
of the year one-third.

¢. Jones & CoJs sumac- and bark-mill—10 feet fall 30 horse-power; full capacity twelve months.

e e T T

549 a Twenty-scventh Report of Board of Public Works of Virginia,
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These mills run night and day and are all on the south side of the river. In the summer and full, when the
gtream is lowest, there is no water wasted, and even then it seems that there is a great lack of water. It will be
be noticed hereafter that a portion of the water of the river is diverted several miles above, at the lowest navigation
dam, passing through the canal, and affording power to several mills in Petersburg. These mills, however,
discharge their tail-water into the pond of the dam which has just been described, so that the mills above mentioned
use the entire flow of the stream.

49, The second dam is also of erib-work, 400 feet long and 6 feet high, originally built about the year 1335, but
rebmilt in 1865 at a cost of $3,000, and pounding the water for about a guarter of a mile. From it two races abont
a quarter of a mile long, one on each side of the river, lead to the mills, which are situated at the head of {he pond
below :

«. Bagle mills, corn and Hour—17 feet {all; 80 horse-power; full capacity eight months; one-half eapacity ten
months; one-fourth capacity twelve mounths.

b, Bames’ saw- and planing-mill, sash and blind factory—16 feet fall; 20 horse-power; full capacity nine months;
one-half capacity twelve months.

¢. Aller’s corn-mill and cotton-gin—174 feet fall; 45 horse-power.

d. Powhatan mill, flour and corn—16 feet fall; 50 horse-power.

The above are all on the noxrth side of the river. Ou the south side are the following:

«. Kevau's lour-mill—14 feet fall; 80 horse-power; full eapacity nearly all the time.

b. “Merchanty’” cotton factory—closed since 1875; ran 2,600 spindles und 100 looms; fall 14 feet, This mill
was ran wholly or in part by water taken from the canal of the Upper Appomattox Company, and therefore
diverted from the river over 5 miles above.

It is stated that althongh in summer no water wastes over the dam, yet the mills have to run at a small fraction
of their full capacity during several months.

3. The third dam is of wood and stone, some 700 feet long and 5 or 6 feet high, and supplies power to the
cotton-mill of the Ettrick Manufacturing Company on the north side of the river, and to that of the Battersea
Manufacturing Company on the south side. The former nses a fall of 173 feet and an estimated power of 200
horse-power; the latter uses 12 feet full and 140 horse-power. Both mills run between eleven and twelve hours per
day, but the pond is not large enough to store the water completely at night. In summer there is no waste during
the day-time. Full capacity can be secured during about eight months, averaging from two-thirds to three-fourths
during the rest of the year.

4. The fourth dam is of wood and stone, about 300 feet long and 24 feet high, and supplies power to the cotton-
mill of the Matoaca Manufacturing Company on the north side of the river. The fall is 16 feet and the power
265 horse-power. In summer there is no waste during the day-time, but the pond is not large enough to store the
water completely during the night, the will being run eleven hours. TFull capacity can be secured nine months,
and three-fourths during the remaining three months.

None of the mills referred to use steam except the Matoaca, which has reserve steam for periods of low water.
There is little unimproved fall between these dams., Notwithstanding the freshets, there is no trouble in maintaiuing
the dams, the bed of the stream being rock., The banks are close and shelving, but 1ot steep, and the facilities for
constructing canals and buildings are everywhere good. During freshets the mills are sometimes obliged to stop
running for a few days, but there is little or no trouble with ice. v :

5, The fifth dam is the lowest nhvigation dam, which diverts part of the water into the canaly so that the
mills above mentioned, except those fed from the first dam (and Kevan's flour-mill), obtain only what water fluws
over the navigation dam. How much water the navigation company may turn into its canal is a question not
decided. Leaving the river about 5 miles west of Petersburg, the canal conduets to the basin at the city, which is
the lowest point that can Le reached by boats. The dam at the head of the canal extends entirely across the
tiver, which is here divided into two arms by an island; its total length is about 400 feet and its height 4 or 5
feet; its evest is 109 or 110 feet above low tide. Abent half-way between the dam and the basin, or 2 miles west
of the eity, is a flight of four Jocks, with together a fall of 32 feet, At these locks there are two powers of about
15 feet each; the npper one was ased during the war by the Confederate government for a powder-mill, and the
lower one was used until very recently for a snuff-mill, but is now idle. The entive fall of 32 feet, it would seens,
eould easily be utilized for power, if necessary. TFrom the basin at Petersburg, wlich is about 77 feet above low
tide, the water which comes down the canal passes to the river, driving in succession several mills, as follows:

1. Munts’ grist-mill—fall about 14 feet; about 50 (?) horse-power.

Box factory, with a fall of about 2 feet, run by an undershot wheel driven by the tail-water from Munts’ mill,
The Lynch cotton-mill—fall 14 or 16 feet; about 100y horse-power. '
. Davis, Roper, & Co.’s cotton-mill—fall about 16 feet, with an overshot wheel; about 70 horse-power.

From the latter mill the water flows into the race leading to Kevaw’s flour-anill. It was formerly utilized to ron
the “Merchants’” cotton-mill, which had a fall of 14 to 16 feet, and is said to have used about 125 horse-power, bat
which is now not in operation, and for sale. Kevan’s flonr-mill, however, as well as the mills from the lowest «dam
on the rivew, use this water. ' » 544
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All the mills using power from the canal can run at full capacity during about nine months; during the
remaining three months the capacity falls to from one-halt to threejfourths; none of them use any steam-power,

As regards the method of renting power, Munts’ mill and the Dbox factory belong to the persons running
them, and the power is rented from the canal company according to special agreement, and with no regulay ates,
The other mills now running are owned by the canal company, and are rented, with the power, according to special
contract. The Merchants’ mill was owned and operated by a stock company, the power only being rented oy
the canal company.

Recapitulating, then, the power used from the Appomattox in the 6 miles of its course above tidewater 1
as follows: :

‘ Horse-powar,
From first dam: Foot full,  AmEowor,
‘Williamg’ corn- and sumac-mill ... .. .. ... e emeemecaeareaaan Ceemenan Y e e 10 45
City flour-mills vocveivanionn o e 10 100
Jouney' sumac- and havk-mill ... oooooiiiiiiiannilan T LT 1 ¢ 30
00 7 [P P R wme emes—earacasanean 175
From second dam: )
Bagle millB Lo i i e ot et da e e oo 17 80
Saw- and planing-mill, ete oo oot i m i i el reman 16 2
ATICT?8 COPIATDIL] « oo e e e amems cmmme e s amma e eme mnm s mame mrebanan saaa maen e 173 45
Powhatan flour- andeornamill ... iiaoan e eem e eeea e cmaman neea s e 16 50
Kevan’s flour-millee v oo mon oo e it iaeece e R 14 80
Merchants’ cotton faehory oo e e i e e e Mo
Total first and second daMB . oo v oen e i ca e e e e mres e ean e aaee caae 450
From third dam: .
Ettrick cofton factory (@) . eeoeeoveemiemameioraiiainais ot cidaiiieiansananan teareimanen 17 200
Battersen cotton factory (1)) ........... Y emnmn e ——enanen 12 140
3 1 g R L SR TP P 790
From fourth dam: )
Matoaca cotton factory () cvevmrcncrie ce i cieci crert et tiv e maera rnrmet i are e e em s 16 265
B3 7 e 1,055
Frowm fifth (navigation) dam:
Venahles souffraill Lo i o e i mi e mecia e e meea e J i S
Munts’ grist-mill. oo o e s e i iin ier e emiceseamsesam et e e 14 50
B 2255 111 {1 PRI R 2 {H
Loyneh cotton faetory - .. o cavn i e e tbcm i acas i i aanaaa 16 100
Davis, Roper, & Cou (@) cveu oorome it et e e e et cee e et nm e s 16 70
Total from Tiver ..o..oevniiiao. et e e e e e e e e e s 1,20

The dminagé area above Petersburg has already been stated to be 1,325 square miles, and the rainfall at 43
inches (page 24). The flow and power may therefore be estimated as follows, in the entire absence of gaugings:

Table of estimated power of the Appomattox river at Petersburg.

State of flow (see pages 8to11), | Drainage Fall.

Flow per
area,

K ) i arks.
second, | Horse-power available, gross. ‘ Remarks

[; ‘1
', |
| . - B
| ) 8q. miles. Feet, Oubic feet. | 1 joot fall, | 77 feet fall. [110 feet jall.! : ;
| }
i

1

MBI e ee e nnmne eeeeesvannennns 5 175 20.0 1,540 2,900 |
Miniraum 10w 68801 ......ooveen. ... 200 99,7 1,750 2, 500 l .
Maximnm with storage............ - .l LEG | anrg-tine 1,100 . 125,0 9, 625 13,760 | Probably not available. |
Low senson, dry years ........ e 235 26.7 l 2,050 2,040 ‘ ’ |
JR— | :
a Bagin to tide. b Dam No. 5 to tide.

It wonld probably be impracticable to increase this power to any great extent by concentrating it into feﬂf’(‘!‘
than twenty-four hours, It will be seen that in all probability, if the entire fall of the stream from the navigation
dam to tide-water were well utilized, about 3,000 gross horse-power could reagonably be expected during the.loW~
season of tolerably dry years. The table just given shows that prebably little over one-half of this power I8 a
present utilized. The power is an excellent one, with the best advantages of transportation, both by sea and bylan(;l.

Above Petersburg the stream is controlled as far as Farmville by the navigation company, but I have found it
impossible to obtain complete details regarding the dams, mills, and powers not utilized. Itis saiw

n Power stated at 205 horse~-power in returns of ennmerators, o Power stated at 313 horse-power in returns of enumerators.
U Power stated at 160 horse-power in returns of enumerators. d Power stated at 70 horse-power in retnrns of enumerators.
544 :
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it seems altogether probable—that a certain amount of power can be used at each of the S canal dams below
Clementown. How much water would be available would depend upon the amount needed for locking boats
through, regarding which I have no data on which to base estimates; but as only few boats at present navigate
the river, it is probable that nearly the entire flow of the stream could be utilized for power.  Fur want of data
yegarding heights of dams and their locations I present no estimates. Tt was stated, however, thut the lift of the
oeks was 7 feet, so that this would probably be the average height of the dams. Some of the power af the dams
is at present utilized, but details could not be obtained, From one of the dams the Exeter mills, on the south
gide of the river, were formerly supplied, but the buildings were burned down some eight years ago, and the site
is not now used, though it is said to be one of the best above Petersburg. At Farmville there is a grist-mill, and a
fow small ones are above, none of consequence.

The tributavies of the Appomattox, although th ey have some power, are not of much importanee. Swift creek
lias one power worth mentioning, at Chesterfield city, the Swift Creek cotton factory, using 75 horse-power, with
a fall of 3(?) feet (according to the returns of the ennmerators), and using all the water of the stream in summer.
Tull capacity can be secured during about nine months, and one-half during the remainder of the year. There are
also several grist-mills on the stream. Regarding the other tributaries I have no detailed information.

The'next considerable tributary to the James is Willis river, from the south, but its fall is gradual, and no
unemployed sites of importance were spoken of.

The Rivanna river, the next large tributary, is formed in Albemarle county by the union of the North and South
forks, both of which rise on the eastern slope of the Blue ridge, in Greene and Albemarle counties; and from their
junction it pursues a southeasterly course, passing within a mile of Charlottesville, the county-seat of Albemarle
county, and entering the James river in Fluvapna county, near the town of Columbia. It drains a total area of
(68 square miles, the North fork draining 164 and the Sodth fork 226, comprising a hilly and rolling region, and it
has considerable fall, although the declivity is quite gradual. The bed is generally sand and gravel, with rock a
short distance below, and sometimes on the surface. There are no lakes, and the stream is, like all the others in the
vicinity, subject to sudden and heayy freshets, which, however, are of brief duration. The rainfall on the basin is
about 43 inches—12 in spring, 13 in summer, 8 in autumn, and 10 in winter. The flow of the stream has never, so far
as I could learn, been accurately gauged. Its fall from the junction of the two forks to its mouth—a distance of 40
miles—is 135 feet, according to an old survey.(z) Up to Milton, 32 miles, the stream was made navigable, over 50
vears ago, by means of dams and locks, some of which are in existence, many in bad eondition, and some of which
are at present used for water-power. At present the stream is navigable for a distance of about 23 miles from its
mouth. Its elevation at the crossing of the Chesapeake and Ohio railroad, a few miles from Clarlottesville, is 273
feet above mean tide. The map shows that the stream is accessible at its mouth from the Richmond and Alleghany
railvoad, and in the neighborhood of Charlottesville from the Chesapeake and Ohio railroad and the Virginia
Midland railroad.

The first power on the stream is 5 miles from its mouth, at the second navigation dam, known as Stillman’s,
with a fall of 16 (?) feet, 25 horse-power being used for a flour-mill, the drainage area above being about 650 square
miles. I should estimate the flow and power as follows, there being no gaugings of the flow:

Table of estimated power at mouth of Rivanna river.

Drainage | Flow per I Horse-power available,
State of flow (seo pages 8 to 11). Fall, aren. wernid. rrass. :

Fect. | Sg.niles. cubzojm:t.iJ 1 foot fall. | 16 feet full. |
i |

.
Minimunt.eeeeenennnn.. SERTDRPIPS | ( 75 ] &4 j 135 i
Minimum low season 1w | 30 80 i 10,2 | 160 ‘
Maximnm with storage «............. ! l €00 J; 68,0 { 1,10 .
Low 8eason, Ary years . .....coveeen-. ‘: 110 i 12a ! ]

Although the original navigation works were built over 50 years ago, I am informed that the present dam was
built in 1855 at a cost of $30,000, being a crib-dam 350 feet long and 18 feet (2) bigh, hacking the water 6 miles.
There was formerly one dam below this point, with a fall of 5 or 6 feet.

Bix'or 7 miles above is the Carysbrook dam, with a fall of about 8 feet, used b
bower would be rather less than balf that estimated in the above table.

The third is the Palmyra dam, about 10 miles above Stillmaun’s, It is 230 feet long, about 12 feet high, and a
fall of 124 feet is utilized by a flour-mill. The drainage area above is ahout 630 square miles, so that the available
bower per foot will be only very little less than at Stillman's dam. ’ ‘

Three miles above Palinyra is the Broken Island dam, with a canal perhaps a quarter of a mile long, and a fall
of 10 or 1% feet, not utilized. The available power per foot is probably about the same as in the table above,

Three miles still farther up is Bernardsburg dam, said to have a canal nearly 2 miles long, and & total fall of
Somewhere about 15 feet, not used for power.

v a grist-mill.  The available

*

a Eleventh Report of Board of I'ublic Works of Firginia, man
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Union dam, 2 miles farther up, is about 200 feet long and 10 feet high, constructed mostly of stone, and ig 82id,
to have cost $10,000. It was built in 1850. A race of 600 feet affords a fall of 12 feet, used for a corn-mill and g
small cotton factory (the latter idle since about 1366), only a small amount of power being utilized. The drainage
area above this place is about 500 square miles. The power available may be estimated with sufficient accuracy
frow the table preceding, by taking the horse-power per foot as about eight-tenths of that there given,

Three and a half miles above Union dam is the Buek Island dam, a crib-work structure 200 or 300 fe
and 10 or 12 feet high. It was formerly used by a cotton factory which is not now in use. The drainage
but slightly less than that above Union dam. o

Stump Island daw, which is the next, is used by a small grist-mill with a fall of alout 6 feet. The dum iy of
erib-work, about 400 feet long and 6 feet high, and backs the water nearly up to the next dam.

Milton dam, about 12 miles above Union daw, is a crib-work dam about 200 feet lonug and 4 feet high, A yage
of a quarter-of a mile affords a fall of 11 feet at a grist-mill with four runs of stones. The flow Lere is about the same
as at Shadwell, so that the power can be calenlated from the table below. This site is for sale.

Tt will be scen that up to this dam—which, so far as I could learn, is the last of the original navigation dams—
there are ¢ dams, of which 3 are not used for power, while at the remaining 6 a portion of the available power i
utilized. A summary of the available power (estimated) at these dams is given in tabular form farther on’, Many
of the dams being leaky, however, the power given conld rarely be secured, even if correctly estimated.

A mile or two above Milton is the most important uyimproved site on the river—the former site of the Shadweil
tactory. The available fall here is about 20 feet in u distance of 2% miles. The bed is rock, the stream is about 360
feet wide, and the facilities for dams, races, and buildings are very good, as a personal examination showed. The
old dam was 6 or 7 feet high, and the race a quarter of a gﬁle long, giving a fall of 18 feet or thereabout af the mill,
the principal part of the fall occurring at the lower end of the shoal. The site is a-good one, and I have estimated
the power as follows:

et long
area iy

Table of estimated power at Shadwell.

i 1 Hovse- i
State of flow (sce pages 8 to 11). Dfl‘;;‘xjﬁa Full,. I‘; o% por | Hovso Dtg;'gg:vaxluble,

. 8g. miles. Feet. Oubie feet. | 1 foof fall. |18 feet fall,
MINIMOUM « o penanevimeen e aan 45 5.1 40

Minitnum low 8ea80N «aneevenaaanaa. 60 6.8 125
448 18 to 20

Msaximuom with storage .............. 0 400 45, b 820

Low season, dry years. ..c.oeeeeva.. 70 ‘8,0 145

This power is very conveniently located directly on the railroad. , ,

At the head of the old Shadwell pond, or 2% miles above the foot of the falls, is the most important utilized
power on the river, the Charlottesville woolen-mills, situated 1% mile from the city. The dam is of cut sandstone,
about 200 feet long and 10 or 12 feet high, built abont the year 1855, A race 600 feet long and 15 feet wide leads.
to the mill, where the fall is 12 feet. The power used is said to be about 60 horse-power, with a waste of water ab
all times. The power is & good one, and is very conveniently located on the line of the railroad.

Between this point and the forls of the river there are no important powers utilized or available, though there
is one site, at Pen Park, where it is said some poweér could.be developed, though it has never been employed.

The two forks of the Rivanna, with their tributaries, offer some good sites for small powers, and are utilized
by numerous saw- and grist-mills. Their fall is rapid, and the bed and banks are generally favorable. None of the
powers, however, are large enough to ruu more than two pairs of stones, in dry weather, with the wheels in use.

The following table gives the drainage areas and fall at each dam on the stream, with the best practicable
estimates of the power, since no gangings have been made: o

Summary of power on Rivanna river.

HORSE-TOWER AVAILABLE, GROSS.
Drainage
Looality. ares. Tall. Mind Mintmom Low(1 Maxiilgglm
nimum, BeAE0D W

lowseason. | ooty R atorage.

Sq.omiles. |  Feet. : ’
Stillman's dam....... . 650 ©18(1) 185 160 200 1,100
4 Carysbrook dam.. veen 640 8 65 80 . 100 650
Palmyra dsm....... e 640 123 100 120 160 850
Broken Island dam........ 5504 8-10 50 06 80 476
Bernardsburg dam......... 525 pLEND) 80 115 140 825
Uniondam-.cc.oovvemnnn... 505 12 70 90 110 650
Buek Island dam ........., 4904 8-10 45 60 70 430
Stump Island dam......... 470 [ 35 45 50 800
Milton Gam .ecnernenann... 450 1 60 7% 90 |. 525
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Between the Rivanna river and the North viver, the next tributary of the James worthy of a special description,
a number of streams enter, all having the same general characteristies. Their deelivities ave gradual; their beds
gravel and sand, with occasional rock ledges; their flow quite variable, and they are all utilized to some extent by
saw- and grist-mills, generally with dams. There are probably sites on all of them where power cun be obtained
by damming, but no natural falls. Such are Slate river, from the south; Hardware river, Ltockfish river, Tye
river, and Pedlar river, from the north, besides a number of smaller streams from both sides.  Ona small tributary
entering at Lynchburg is a car-shop of the Atlantic, Mississippi, and Ohio railroad, with & fall of 12 feet and about
20 horse-power, but with this exception all the power used is for grist- and saw-mills, the former with two or three
pairs of stones, as a rule. Some of these streams have considerable fall, Rockfish river, for instance, Iraving a fall
of 250 feet in the lower 28 miles of its course, or about 9 feet per mile, aceording to an old survey. .

North river takes its rise in the northern part of Rockbridge county, where it is formed by the union of the
Great Calfpasture and Little Calfpasture, both of which streams rise in the mountains of Aungusta county, and
pursue courses a little west of south, draining narrow and parallel valleys. From their Jjunction the North rviver
pursues a nearly southerly course, first cutting through u gap in the mountains to reach the broader valley
separating the Blue ridge on the east from North mountain on the west, and thence pursning its course through
this valley, receiving as tributaries South river and Buffulo creck, and entering the James in the southeastern
corner of Rockbridge county, just above where the river cuts through the Blue ridge. It flows through the town
of Lexington, the county-seat of Rockbridge county, a tlourishing town noted for its educational institutions;
and it drains a total area of 784 square miles, distributed as follows: Great Calfpasture, 140; Little Calfpasture,
41; Buffalo river, 161; South river, 150. Of this area a large portion lies in the valley between the Dlue ridge
and Nortli mountain, and the remainder is a hilly and mountainous region amoug the parallel ranges which form
the western part of Rockbridge and Augusta counties. There are no lakes in the basin, and the flow of the stream
is quite variable. The character of its bed is the same as that of the other tributaries of the James. The rainfall
on the basin is about 40 inches—11 in spring, 11 in summer, 9 in antumn, and 9 in winter. The stream has a very
considerable fall, which is not so gradual as in the case of many tributaries of the James. The following table
ghows the declivity:

.

Table af declivity of the North river,

i J
R ‘ o Fall
- Distance | fyacating | Jistance Fan Al
Locality. | “from ! &}5; é‘gaﬂ | Detween @ between 1 gg%gﬁ
! maouth, ~1 points, ° points. puinta.
;;;;; | I ! —
Miles. . Feet, | Milss. . Fest.  Fee.
Mouth o ' 706 } @0 188 9.4
Lexington p . 20 864 : ) ; _
Groat Calfpasture crossing of the Chesapeake and Ohio railroad ...’ i 0 1,3% % e 85 . 101 .
Little Calfpasture crossing of the Chesapeako and Ohio railvoad .. .. s 1,481 ... [ s

Above Lexington the fall is very rapid, especially where the stream passes through the gap in the mountaius
from the valley of the Calfpasture, where there is a rapid fall over a rocky bed for several miles, perhaps at the
rate of from 30 to 50 feet per mile. :

The fact that the North river is quite inaceessible has no doubt prevented the development of its water-power.
Until the construction of the Richmond and Alleghany railvoad, which follows the James past the mouth of the
river, it was impossible to reach it exeept from Goshen, on the Chesapeake and Ohio railroad, from which place a
stage runs to Lexington, or by taking a canal-boat from Lynechburg, between which place and Lexington boats run
every two days. A branchof the James River canal extends up the North river to the latter place, and it is possible
that a branch of the railroad may be built along the tow-path, as is being done on the James. There ure, besides,
several other railroads in contemplation, all passing throngh Lexington, so that it seems probable that the
disadvantage of inaccessibility will before long be removed.

Between the mouth of the river and Lexington there are 10 navigation dams and 24 locks, varying in lift from
Tto 17 feet. With one exception the dams are built of rubble limestone, without cement, sheeted on top and
behind with timber, and varying in length from 230 to 450 feet, and in height from 8 to 20 feet. They werc all
built in the years 1852 and 1853. Within the distance referred to there are about 10 miles of canal, the remainder
being slackwater navigation. Should the canalon this river be superseded entirely by the railroad, as on the James,
there scems to be no reason why a large amount of power could not be ufilized at the locks and dams, In order,
however, to utilize the entire flow of the stream, the dams would probably have to be tightened. According to
Mr., Hars, “all the dams offer gdod sites for power”. According to Mr Lorraine’s report “on the capacity of
the canal to furnish water-power, and on the expediency of making grants generally”, navigation on the river
at that time was such that “on the North River canal no water-power can be spared till the dams are made tight ™.
A personal examination showed, however, that if the daws are tightened, and if all the flow of the stream is not

needed for navigation, there are numerous exeellent sites for power. At present very little is utilized, as the tabls
: o7
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on page 33 will show, there being ouly a few small flour-mills, a cement-mill, and others, each with perhaps 20 or 39
horse-power. In order to give some idea of the power available, I have estimated the flow and power at the month
and at Liexington,

Bstimated power of the North river.

AT MOUTH. AT LEXINGTON.

| State of low (sce pages 8 1o 11). . . . ! K
| (eco PEB RO | prgimago | Flow por | FUSGRONCE) Duninnge | Flow por | Tosepaer
‘& are. second. TS, area. second, gross. d

| ;
i Sg.miles. | Oubiefeet. | 1foot fall. 8q. miles. | Cubic feet. ’ 1 foot fall.
[R5 K353 E L 80 2.0 [ 50 517
! Minimum oW 868801 caurvvnraernncas - 100 1.4 416 60 6.8

Maximum with Storage -«cccoeee.ree. 700 80,0 1 375 ‘ 42,5

! Low scason, dry years................ 125 14.2 5
{

8.5

1f it is desired to estimate roughly the total power available between those points, the flow may he taken
as the mean of that at the two places, and the fall as perhaps 150 feet, the results being as follows: Minimum,
1,100 horse-power; minimum low season, 1,360 horse-power; low season, dry years, 1,700 horse-power ; maximum
with storage, 9,200 horse-power. The flow at Lexington was measured in the low season of 1876, by W, @,
McDowell, civil engineer, who found it to be about 121 cubic feet per second. This measurement is undoubtedly
accurate; but if this flow is the minimam, the stream must be very different in character from the other streams of
Virginia. At the same place the river is said to have risen 25 feet in the freshet of 1870. Tt may be that springs
in the drainage basin render the flow of the stream more constant than would be expected, and all mere estimates
are of course sometimes liable to be far from the truth.
Above Lexiugton, notwithstanding the rapid fall, Jittle power is used, but grist- and saw-mills-are scattered here
- and there on-the tributaries.. Where the river cuts through the gap in the mountains the fall, though large, is not
well available. Buffalo and South rivers are similar in character to North river, and no detzails regarding their
power could be obtained. '

The other tributaries of the James below the forks are small streams draining a mounntainous country, often

with rapid fall, and in some cases with cataracts or rapids. None of them are utilized except by small grist- or
saw-mills and & furnace or two. Power might be developed on all of them, but it would fluctuate preatlyin
amount.

The head-waters of the James, Cowpasture, and Jacksow’s rivers resemble the North river in all essential
respects; their fall is quite rapid, but very little power is utilized. As regards bed and banks, there is no
difficulty, but no rapids of importance occur on them except in perbaps one or two instances. The Cowpasture
takes its rise in Highland county, flows through Bath and Alleghany and joins Jackson’s river in Botetourt.
Its length in a straight line is about 50 miles and its drainage area 580 square miles. Regarding . its flow and
declivity no data could be obtained. It has numerous small shoals, but none with falls of over 4 or 5 feet ina
short distance. Its power is utilized only by grist- and saw-mills, with falls of from 6 to 10 feet, all with dams.
Jackson’s river takes its rise in Highland county, and flows generally parallel to the Cowpasture, and through the
same counties. Its length is about 65 miles along its general course, and its drainage area about 981 square miles.
1t flows through the towns of Covington and Olifton Forge, and between these places it is followed by the
Chesapeake and Ohio railroad. Above Covington, however, it is very inaccessible. Regarding its declivity and
flow no accurate data are ab hand. From Buchanan, on the James, to Clifton Forge, about 2 or 3 miles above

the mouth of the Cowpasture—a distance of 32 or 83 miles—the fall is 221 feet, or about 7 feet per mile; and between-

Clifton Forge and Covington—a distance of 15 miles—the fall is 167 feet, or about 11 feet per mile. The rainfall .

on the basin, as well as on that of the Cowpasture, is about 38 inches—I11 in spring, 11 in summer, 8 in autumn,
and 8 in winter. Iistimates of the flow at Covington and at Qlifton Forge are given farther on. The ghoals on
Jackson’s river seem to be more numerous and to have greater fall than those on the Cowpasture, although this
may be due to the greater amount of information which could be obtained regarding the former stream.

The first power met with in ascending the river is at Clifton Forge, at which place there is a dam 10 feet high
and 290 feet long, built in 1874, of erib-work, at a cost of $2,800, and founded on solid rock. It was formerly used for
a grist-mill, but at present no power isutilized. The river at this place passes through a rocky gorge in the range of
mountains which separates its valley from the adjacent one, and for half a mile below the dam—which is at the npper
end of the gorge—the banlks are steep and the power is difficult to utilize, as all the available space is occupied by
the Riclimond and Alleghany railroad, which passes through the gorge, en the south side, to its terminus just above.
No race could be built without blasting it out on the north side of the.river, or building a high wall on the gouth
side between the race and the river. The site may therefore be called practically unavailable. The dam backs the
water about three-quarters of a mile, with an average width of 250 feet. Between this point and Covington thero
are several shoals where power might be developed. At one point, a few miles above Clifton Forge, there was
once a mill, washed out in the freshet of 1877. About 6 miles by road below Covington there is another shoal,

where a fall of several feet could be obtained; and 5 miles below Covington, at Island Ford, a fall of 0 to 8 feet 18
548
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probably available, while there are several other small shoals below Covington, At the latter place there is a mill
using about’ 60 horse-power with a fall of about 7§ feet, and a dam 7 feet high and 325 feet long, built of logs, like
most of the dams in the vieinity. Tull capaeity can be obtained during only nine months, with two breast-wheels
and sometimes only half capacity can be secured, all the water of the stream being utilized. At this mill the w'atex"
rose 224 feet during the great freshet of November, 1877, which was the largest ever known on the river.

Above Covington the width of the stream averages 150 feet for some distance, and its fall is rapid but gradual.
There are several mills using power from it, but all are small. Among the shoals, the one best known is at the
Narrows, about 14 miles above Covington, where the fall is said to be 8§ feet or so in a few hundred yards, the place
being very rocky and the power difficult to utilize, ‘

Of the tributaries to Jackson’s river the following may be mentioned: Warm Spring run, which has one mill with
a fall of about 28 feet, and & carding-mill, with 14 feet ; the temperature of the water is 900 F.; Hat spring, a small
stream with a temperature of 1100 I.; Back creek, with several saw- and grist-mills, but said to be unfavorable
for power by reason of a sandy and shifting bed 3 Mill creek, with a cascade near the mouth, about 8 miles north
of Covington ; Dunlap’s creek, along which the Chesapeake and Ohio railroad runs after leaving the river, a stream
said to be exceedingly variable in flow, and of no value for power, almost drying up in summer, although it drains
194 square miles; and, finally, Potts’ creek, draining 152 square miles, a rapid stream, said to offer considerable
undeveloped power and to be a good mill-stream.

Table of estimated flow and power at Clifton Forge and at Covington,

CLIFTON FORGE. ! COVINGTOX.

State of flow (see pages 8 to 11), Drai E 1 . A . : e
e Re L Fall, | F o BT Gross horse-power. I";“:,i‘f‘a“_‘” Full. r “ﬁlé'(:;‘ﬂf'_r Gross horse-power,

|
4
|

‘ < : , 1 . R
8g. miles, | _E‘eei. ‘j(}ubicjeet. 1 foot fall, {10fe¢tfa21.~ Sy miles. i Feet. | Cubie feet. §1 Joot fall. | 7 feet fall,
MADIOHUTD - aveen cemcrmr e msi et e ; 100 ma 10 . i A w5 &0 { 60
Minimum low season... } | 150 17,0 | 170 | | ‘ I 110 19,5 90
us 925 . 1¢ [ | i Gl Tl ) |
Maxifnum with storage .. : £20 03.2 930 0 1! 600 68.2 | 475
LOW 80801, ALY FOALH <. eveveceia e arraaannnns ! L 175 20,0 | 260 1) l ; 130 14~ 100

In recalling what has been said regarding the James river and tributaries one ¢an not fail to be strock with the
large amount of power lying idle, and yet easily available, on the main stream und on North river along the line of
the canal. Dams and races built and almost ready for use, transportation as convenient as could possibly be
wished, the railroad passing by the very door, a healthful climate, abundance of huilding materials of good guality-—
all these advantages are combined in a way seldom found. There is no doubt, however, that the flow of the stream
is very variable, and the establishment of large storage reservoirs impracticable. :

The following table gives the statistics of utilized power in the basin:

Table of utilized power of the James river and tributaries.

N &
g1 - |E
; BRI -
Name of stream, Tributary to what. State. County. Kind ogcnzgr‘éf mani- “é 5 E;— Remarks.
{ — — )
. | Feet. |
JUINeS FIVer. it eei e Chesnpeake bay «e....c..-. Virginia ...| Henrico......... Flour and grist.......| 1 | 22 | 700
SO SR S corell0 e 1 SGE | 420
cdo ... PR I B J I ST 3 4Ty, 165 l
wdo ... JY T N Planing, ete.... 2 ¢ 36 ! 105 |pFromcanal,
sdo..... . Bagging ... 1 i 1B 10 E
Ao e J Paper ool 1 20 120 |J
o ... Tron-works ....eevnonn i E il t(?).‘ﬂn YFrom cansl (seo de-
| seription).
.o 1 10 . 280 .
] 1 20 480 | From canal.
..do | Nafls, 16 veeeanvennnn 1 18 (%) 500
..do Blagt-furnace ..coo.... 1 22 lieeinnns Not in operation,
.do 2 38 325
.do 1 20 a6
o .. 1 16 100
..do. JBueket L eeevrsevennnd] 1 20 120
.do. SIMAC . cee e vaemannns 1 14 30 {
.do Flour and prist . 3 52 320
.do. o 2 a7 e !
o 4 % @ i}Probnblyfrom canal.
...do 1 10 30 | N
....do 1 ] 20
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Table of utilized power of the James river and tributaries—Continued.

E [ ‘ RN
| = =1 5,
| | : S & |55
Name of stream, Tributary to what, State. Connty, Kind °§£§Hrgl: wana- ; g Z < Remarka,
NN
I 13 3
Feet.
JRmes TIVer. ... ooie e ae i Chesapeake bay.....-.... Virginia ... Campbell .......} Flour and grist....... 40 874 400
. . Bargtes..c.vasescnceass 1 17 36
, R Bark..oceeviniannanaan 1 16 80 | »From canal,
. Turpiture ........e.-. 1 16 25
. Rolling-mil], eto....... 1 j12-14 40 |J
. .| Steel company ........ 1 22 i......
. ..| Foundery........e..o. 1 113 20
- | Planing. .cceeeencnans 1 12 40
..do.... Tobaeco-bO% aresn- et 1 2 | 5 |pFom waterworks
ceodo oo, eeee@0 ieeeeno | BUMAC coaii i, "1 12 20
do..... PR . R Water-works ......... 1 12 100
PR U/ R Y 1 R, Woolen - coveenacvaane| 1 17 (h4o
.-..do ....| Amhorsf........ Iron-works ........... 1 9
..... ROV [ TP . . SRSV B | } 50
. Griab . ...l 1 ]
.| Rolling-mill B ! D Trom canal,
..| Flour and grist . 2 31 18
Cement. ...... 1 9 20 | From canal,
Flour and grist . 401 8 60
.| Prince George..| ...d0 - eau... 8 4 70
.| Hanover........ ....do A2 28 65
Y U SAW eeienerrenrsranean 1 14 25
James City ..... Tlour and grist ....... 4 51 52
Charles City..- |....d0 ceeeeuiniiienns .4 78 50
Henrico ........ Y 1 P [ o1
RN 1 SN 310 TN E. Y P, 1 24 40
Hanover.,....-.. AW eivneiieiaaiaanan 2 39 30
[N U R R I S, Flour and grist.......[| 6 80 106
.do..... Chesterfleld (@).[....do ...... .08 40 58
PN U JTIN IROY (- IR I -1, ceel 1 173 &
P ( R Powhatan ......[ Flour and. grisf -1 8 89 92
[ (TR DRI [« SR, Saw ....... : N PR 79
sdo ... Goochland ...... RN 1 S, 3 40 30
oL N 1 R Flour and grist 12 171 181
- do. ... Cumberland ....]....do .veenneemnnea.,. 7 107 153
PRSY: Ts RO RVUNY: [ SOOI B ;0\ S eamaanamanan 8 fienenans 8
I - PO L Buckingham....J....d0 - ceceanenrnnnnn 8 118 147
.J.-..d0 .o ... JRR ;[ S Wheelwrighting...... 1 7 4
-..do 1 S Y [/ S TFlonr and grist ....... 24 850 475
....do .do ... Appomattox....|....do 2 24 28
fewe.do . do ... Campbell ....... ....do 9 156 208
do ..., PR (R, ‘Woolen 1 17 20
.do..... R [ Saw 2 28 60
do ...} Bedford......... B 1 168 10
do..... eeello ceiiainaoo.| Woolen | A O 5
..do.........do..... e Flour and grist ....... 7 104 100 .
DOucreeeinnnan.s -w.do ... Roanoke........ Woolen .coovaeeananian] 1 22 12 !
Rivannariver.. R 1 R Fluvanna....... Flour and grist.......[ 8 41 73
cevmeneennneens]oeendo o) Albemanle ... R T PN 5 58 | 100
................... P PR [ RPN IO [, R I L 411 3 DR B | 12 60
................ .- . P [ veee--| Flour and grist.......] 6 68 51
. N O 1. SO JY: S P L S, R ST N 1 25 31
BAW ceioriiiineannn [ 2 PO 71
WOOleN ¢ vsmnvnnnneanes 1 22 8
Flour and grist.......| 12 177 212
PR+ SR 7 113 89
Saw ... 1 19 16
Agrieultura 1 20 45
ments. )
Tlour and grist . ...... 10 169 161
SO - S 7| 106 | 12
BAW .ieveneinnnnonnnas 4 56 ki
R T . 1 18 20
Flour and grist . ...... 4 63 84
Leather.....covauuneas 1 18 18
Flour and grist ....... : I (P 59

550 a For Appomattox river and tributaries, see helow,
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Table of utilized power of the James river and tributarics— Continned.

‘ i ! g
‘ PE g 2.
: LR F ot
Name of stream. Tributary to what. Stute. j County. Kind “2::’:2""" mans. | E ; :‘: E: ! »ormarks.
R -
. LE 1 £ |2
1 U o ) 4 I =
-— T . o ’ ~ I — - —‘-—tv—»« — B s aarn | s e e e et
Nelson. oo .oon..! Flour and grist..... E 60 |
Amherst do . ..... R ‘ b 115 |
e do. . . 8 v
........... S.m,” 4 02
.| Blackswithing. .. ... Col 6
........... Foundery...o.o...onl 1 10
Flour and grist .... .. ‘ 28 408 t
........... SAW ceeeiie ] M0 u50
A0 S 1 12
Dlast-furnace . 20 20 Not in operation.
Flonr and grist . ......| 5 | 74 ¥
SAW et eriaeeae ceeaes 4 50 40 |
veeull0 hoeee.....) Fumiture............. 1 12 5
.- PR S Toundery.ows veeevaad 1 4. i [
O PN Rockbridge ..... Flourand grist . ..., 10 144 : 162
| T RV PRPDRNs 1, SRRSO MUY : ' SN e B0 i, 1T IS B | og | 8 |
TPEADULATICS OF vevnen v rneenseens ve.| North Tiver..ceeeeveenen..|oon o ... eel® e, R P [ T ‘ 48 |
DOurcmivmnnnesrainenanaann FUUUN PO 1 PP PR 1) ceenlO aeieae, Agricoltural  imple- | 1 10 j 8
ments, ;
.1 Wheelwrighting...... 1 a5 12
Furpiture............. 1 96 12 |
Flour and grist .......| 28 ) 344 ‘:
.. WOol oo el 1 18 1.
Angusta........ Flour aud grist ....... 2 43 34
Rockbridge..... R Jol 20 ag !
Blast-furnzee .........] 1 .. 20 Notin operation,
Flour and grist . peeeer} 1§ 35
PRI RO 1! a 8
Flour and grist.......i 2 | a5 26
[ L R 1 20 12
Wool ... . - ) S O
‘Cowpasture Tiver............. .... ' { R 1 7 12
DO, el eeeell0 e, [ 94 19 :
‘Tributaries of ...... P Blast-furnace......... 1 78 ‘ 30 }
Flour and pgrist . ...... l o W0 %8
i Blast-farnace......... ! 15 ° 20 | Notin operation.
Flonr and grist ........ 4 a0 ¢ e
veeellO seemeeeeaee bos 5. 178
........... Sush, 4008, elCeesnwe..] 1 16
Do.. . JU RN I 17 > DONUUUUUUON B 8 ; 465
Do SR ool e Dinwiddie...... veerll®eaeeeenenrneaeedd B 4 | 30
Do Tlour and grist . .....] 4 48 275 | Petersburg,
Do 2 R T
Do e i1 1% . ue | Petersburg.
Do.. . . SRR U Souffeeen..onns [ S DO 90 | Potersburg—notiin op-
: ' eration,
Do FS P P veerfeeenll i BOX e 9. | Petersburg.
Do. ! Flour and grist ....... 3 & 1 an |
Do W - caaecinrens seeaae 2 58 | 20 )
[T [ USSR B | 43 7
RN [* IO ; Flour and grist . ...... 8 103 26
Camberland ....ic.ec@0 covrvnenaad 2 133 40
Prince BAWArd -[....d0 .overniuiani.an | 2 03] 40
ceeall0 ey § P1 Gy 10
Chesterfield .... ... de ceen ‘ 1 12 18
Do U [ YU R I UL R’ 1 I, | Flour and grist ... 5 503 62
[P [ S 1 3 Kt
Nottoway .. .... -1 8 56 58
JIUOY [+ R G I £ 16 12
Amelia cciaerioite e 10 cian caeiianai 1 16 8
veor0 ceeneecne.. | Flour and grist...... 9 138 187
Powhatan RO 1) S S 1 15 18
Cumberland ... {....do ..eauns weemranans 2 M4 2
Buckingham.... 1 10 J
Prince Edward .|....do ... 8 100 |
O [ . .| 8aW ... 1 I
. Appomattox ... ... A0 veemrmamammnanns 3 30 ‘
B ORI SEUY: | U SO URPUPIN ORI I SR RN (- SN, Flour and grist....... N 8 87 |

anl
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1I—THE YORE RIVER.

The York river, the next important stream north of the James, is a broad and navigable stream for itg enmre
length, about 35 miles, and offers no power. It is formed by the union of the Pamunkey and Mattapony rivers, and
flows in a southeasterly direction between the counties of Gloucester and King and Queen on its left, and New Kent,
James City, and York on its right, emptying into Chesapeake bay. At the head of the river is the town of “’m
Point, conneeted by a railroad with Richmond, and the general government has appropriated $10,000 for the
purpose of improving navigation tp to this point, the present project contemplating the establishment of a navigable
depth at all times of 22 feet. The ruling depth at low tide is now 19 feet, and at high tide 22 feet. The stream lies
entirely below the fall-line,

The Pamunkey river, which with the Matta.pony forms the York, is itself formed by the union of two streams—
the North Anna and South Anna rivers—which unite not far from the fall-line, so that the Pamunkey lies almosg
wholly, if not wholly, in the eastern or tide-water division of the state. It pursues a general southeasterly gourse, is
about 40 miles long, measured in a straight line, and drains a total area of about 1,313 square miles. In the upper
part of its course (above Hanovertown) it is narrow and very tortuous, and much obstruot(,d by logs and trees, while
below that point it is navigable to a certain extent, and it might be made so above. The banks of the river are
bold, and even precipitous in places, and have an average height of 50 feet. The extreme rise of the river in freshets
is 22 feet.(a) There is no power whatever on the stream. The South Anna river, one of its head-waters, rises in
Albemarle county, near the sources of the Rivanna, and flows in a southeasterly direction through Louisa and
Hanover counties, tojoin the North Anna. Itsdrainage ares measures about 440 square miles, and lies almost wholly
abovethe fall-line; yet 1 was unable to learn of any power of importance on the stream, and the table on page 35 will
show that if there is much, only a small proportion is utilized. At its crossing with the Richmond, Fredericksburg,
and Potomac railroad, only a mile or two above its mouth, the stream has an elevation above tide of but 50 feet,()
so that the fall of the Pamunkey must be very small, No information could be obtained regarding any power where
the stream crosses the fall-line. The North Anna river, a stream similar to the one just referred to, rises in Orange
county and flows southeast between Spottsylvania and Caroline on its left, and Louisa and Hanover counties on its
right, to join the South Anna. It drains a total area of about 504 square miles, and its length in a straight line is
about 40 miles. Itselevation at the crossing of the Richmond, Fredericksburg, and Potomae railroad is also 50 feet
above tide. According to an old survey, the fall of the stream between its mouth and the junetion of its north
and south forks, the distance being a little over 49 miles, is 1644 feet, or about 3.4 feet per mile.(¢) In this distance
there were, at the time of the survey, 10 mills with deS of from 7 to 14 feet each, using together a fall of about 96
feet. Above the junction of the two forks the fall was found on one of them to be about 50 feet in 15 miles, or at
about the same rate as below, and in this distance there were two mills, with, together, about 16 feet fall. As in the
case of the South Anna, I was not able to gain any information regarding any large fall on the river at the place
where ib crosses the fall-line, or at any other place. In the report above referred to, mention is made of the Great
talls, but they seem to be where the stream is small, and of no value for power. No information could be obtained
regarding them, nor could I even learn where they are located.

The Mattapony river rises in Spottsylvania county, and pursues a southeasterly course through Caroline and
between King and Queen and King William counties, joining the Pamunkey at West Point. Its length in a
straight line measures about 70 miles, and it drains an area of 846 square miles, a considerable portion of which
lies below the fall-line. The stream is navigable for about 50 miles, and can be improved so as to afford navigation
for lighters or barges for a distance of 25 or 30 miles farther, or a total distance of 80 miles.(d) The fall of the
stream between tide-water and Milford, near where the fall-line is crossed, in a distance of 48 miles, has heen found
to be 73 feet, or at the rate of 1.5 foot per mile. The elevation at the crossing of the Richmond, ‘Fredericksburg,
and Potomac railroad is 70 feet. I was unable to learn of any powers of importance on the streant.

The average rainfall on the entire drainage basin of the York river is about 44 inches—12 in spring, 141in

summer, 8 in autumn, and 10 in winter. Bstimates of the low and power are unnecessary. The stabistics of power
utilized are given in the following table: '

a Annual Report of the Chief of Ingineers, 1880, p. 773.

b I am indebted for the elevations on the Richmond, Fredericksburg, and Potomac railroad to Major E. T. D. Myers, general super-
intendent.

¢ Thirteenih Report of Board of Public Works of Virginia, 1828, p. 311,
d Annual Report of the Chief of Engineers, 1880, p. 771.

552
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- Table of utilized poicer of the York river.

Z oz
. = <
Stream. - .Tributary to what. State, County. Kind of mill or mapu- = =
factare. & =
| ik
. ! ¢ Feet.
York river............ Virginda ...vviiniaaoo. | King William «.econveen.n Flour and grist (a). | 4 6 o
B T TR TR PO [ N i King and Queen ... Y i 4 4 i

Pamunkey 1iver...cccovvevns conenns
North Anna river

|
- 2 | &
O UL | 4! a
Flour and grist . [ 4 Bl ’ 1]
..do %, 1 9 28
..do [ Lo 21
.do. ol w1
[ [ SAW L iaieenans 1j 0 i)
[ PR I €)1 T (L { Flour and grist .......oo .. 2 l a6 ]
[ T TN LOmiBa . evneeranenrnannnne SO (T SR I 1 i)
...do . I Worennis ameeen 1 %6 B
..do Spottsylvania. ... .| Flonr and grist 1! 0! 16
..do Hanover...... JRY [ R, 9! 03 11
do.... Caroling avvververenennenan odo ... 31 70! w6
.o a0 e e DBEW e e 1 s 2
.do King William..oooooooaoe ¢ Flour and grist ... ...... R 40
................. King and QUeen ... .vveeloee @0 ceaneuivenecianans T fp | 105
B (R IBaW o eiranen e 1. 7, 7
NewEent .oovvenniuninnn. i Flowrand grist .......... (O 106 18
F (LR . Agrienltural implewents 1 16 1
James City -.. . Flour and grist .......... 2 04 18
CYork ... B L i | 56 1‘ 68
feenndlO e ST O 1 e ‘ 18
| GlOCERLET. v v ensennrnnn [ OO, 1 13 18
wllo i edo el Flour and grist .. i bk 12

a Perhaps on tributaries.

III.—THE RAPPAHANNOCK RIVER.

The Rappahannock river takes its rise in Rappahannock and Fanquier counties, Virginia, on the castern slope
of the Blue ridge, and flows in a southeasterly direetion through a fertile and hilly conntry belouging to the middle,
or Piedmont, section of the state, forming the boundary line between the counties of Fanguier and Stafiord on its left,
and Rappahannock, Cnlpeper, and Spottsylvanii on its right. At the city of Frederickshurg it crosses the fail-line
with a considerable fall and a large amount of power, and below that point it is a slnggish, tidal, und navigable
stream, spreading out sometimes to a width of several miles, and forming the boundary line between the counties of
King George, Westmoreland, Richmond, and Lancaster on its left, and Caroline, Essex, and Middlesex on its right.
It empties into Chesapealke bay at a point about 36 miles from cape Charles. The length of its course in a straight
line is about 132 miles, and it drains a total area of about 2,700 squave miles. Itsprineipal tributary is the Rapidan
river, which enters from the right, 10 or 12 miles above Fredericksburg, and drains an area of about 745 square
miles, The only town of importance on the river is Fredericksburg, with a good water-power und several mills
and factories, which will be fully described. Tp to this place, 104 mileg from the month of the river, there is &
uavigable depth of 9 feet at low tide and 12 feet at high tide, and the river is now being improved by the government
to secure a navigable depth of 10 feet. Many years ago the river was made navigable os far as Waterloo, in
Fauquier county, a distance of 50 or 60 miles above Fredericksburg, by means of locks, dams, and canals,

ne
shio
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termindting at the lower end in the basin at Fredericksburg. These old navigation works, howe
been disused, except in one or two places, have been mostly destroyed. . The locks still exist in 1
the dams are nearly all gone. The works will be described in detail in the proper place.

There are no lakes in the basin of the Rappahannock, and the flow of the stream i very variable, bug g
records of gangings could be found, and resort was therefore had to estimates. The bed of the stream is generally
rock overlaid with gravel and sand, and the banks generally high enough to confine the river, except in hig),
freshets—there being comparatively few bottoms subject to overflow, as in the case of the more southern streams,
The slope of the stream is not uniform, but is broken by considerable falls at several places, at which good water.

- power could be secured. The elevation of the stream above tide at Fredericksburg is zero, and at the crossing of
the Virginia Midland railroad, 354 miles above, it is 252 feet, showing a fall at the rate of 7.1 feet per mile. Ty
rainfall on the basin is about 42 inches, of which about 12 fall in spring, 13 in summer, 8 in autumn, and 9 in winter,
The small fall in autumn must have for its effect a corresponding variability in the flow, which would seem even
more pronounced than in the case of the James. ‘ : ,

The accompanying map shows that the river is crossed by two railroads, the Richmond, Fredericksburg, ang
Potomae, and the Virginia Midland. Between the two it can not be called very accessible, and any utilization of
1he water-power to a large extent would probably require a Better means of communication than exists at pregent,

The first power oceurs at Fredericksburg—the crossing of the fall-line—and, as in the case of the James, this
point is the head of tide-water and of navigation. The dam is located about 2 miles above the city, at the head of
the falls, and extends straight across the river. Itisa crib-work structure, 900 feet long and 18 feet high, holted
ty the rock which forms the foundation, and backing the water about & mile with an average width of 600 feet, It
was bailt in 1860 by Mr. John Chase, of Holyoke, Massachusetts, and is said to bave cost $60,000, Trom it a Tace,
about 13 mile long, 30 or 40 feet wide, and 5 or 6 feet deep, leads to the basin at the upper edge of the ¢ity, between
which and the river there is  fall of 48} feet, whieh is used in two parts. From the basin or npper level two milly
are fed, as follows:

1. Washington woolen-mill (I{ern, Bentley, & Co.); 18 feet fall; 4b horse-power, with two turbine wheels.

2, “Germania” flonr-mills (Myer & Briille); 23 or 24 feet fall; 50 or 60 horse-power (1), with three turbines; 8
runs of stones. ‘ : .

Both these mills discharge their water to the second or lower level, from which the following mills take it,
discharging into the river:

3. R. K. Knox & Brothers’ sumae- and bone-mill 18 feet fall; 50 to 60 horse-power.

4, J. B, Ficklen & Song’ “Bridgewater flour- and corn-mill”; 21 feet fall; 110 horse-power, with three turbines
and 9 runs of stones, . . '

5; There was formerly a paper-mill using water directly from the basin, with a fall of 12 feet, and discharging
its water through a separabe tail-race, at the lower end of which, a mile below, and just where the railroad crosses
the river, it was again used, and discharged into the river by the—

6. Excelsior mill (Thomas & Pettit), now running as before, although the paper-mill has not been in operation.

for some years. This mill has 5 runs of stones, and uses 50 to 60 horse-power, with a fall of 28 feet, and an overshot
wheel. : . '

ver, having long
nany places, by,

These mills can generally run at full capacity during the entire year, so far as amount of water is concerned, but
those discharging directly into the river are sometimes obliged to stop because of high water. The flour-mills run
night and day. The power is controlled by the Fredericksburg Water Power Company (L. 8. White, president,

¥ Baltimore, Maryland), and is leased by them at the rate of from $5 to $15 per horse-power (net?) per annum,
according to the level from which it is taken and the amount taken. There being at present generally an excess

of power, no care is taken to measure exactly the amount used by each mill. The following are the amounts paid
for and the prices: ‘ g

Horae- Por
Nower. aAnnun.
Gormanin IS ..ot i e e et et e e e e e e e s 50 $750
T ) T 1 O SN ] R
Thomas & Pettit’s Hour-mill ... . ..ot it e e e e e e e e 50 500
Knox’8 BUmMAC-TNIIL ¢t n it it e et e e e e e e 80 0
FiekIen’s Hour-mill . .oons iuoms e e et e e e e e e e e e 110 120
BT 0 B T R 330

In the case of the last two mills a certain amount of power is secured to them by prior rights.
The land around the basin is very favorable for the development of power and for the construction of buildi.ng8
and races. The interruption from freshets occurs so seldom as to be of little consequence, and there is very little
trouble with ice. The dam has never been carried away or injured. The entire cost of the works, including dam,

“canals, land, ete,, was about $250,000, but the canal was already built—being the old navigation capal—and
had only to be repaired and raised. ' '

Hihd
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The drainage area above Fredericksburg is about 1,600 square miles, and the rainfall about 42 inches—12 in
gpring, 13 in summer, 8 in autnmn and 9 in winter. In the absence of gaugings I have estimated the power a8
follows :

Table of estimated power of the Rappahannock river at Fredericksburg.

| S -

Drainage i Tall. L Pow per LHmso puwm-avm\bﬂﬂe.1
area. i kecond. i gross.(a)

State of flow {see pages 8 fo 11).

N ! ! .
Sq. miles. ' Feet, | Cubic feet. | 1 foot fall. |48feetjall

|
1
I
i
i

| Mintmum. e w ! 176 20.0 | 960 |
| Minimum low season ................ 3 ! ! 29 2.0 | 9
X ) 1,000 484 0] o 200
Maximum with storage.. .. l 1,414 160. 7 7 700 |
Low season, dry years............... 250

| 28,4 1,360 !
- i y |

a At present utxlwed, 300 to 400 horse power net. or say 55 horae-power gross, '

In their cireular the company claims 4,000 horse-power, said to be based on Mr, Chase’s report, but the stage of
the water is not specified. It was stated to me, however, that in dry weather the water even now falls 6 or 8 inches
helow the level of the crest of the dam, the entire flow being diverted into the eunal; that in dry years there is no
waste at all during two months or more in working-hours; and that when the paper-mill (referred to as No. 5) was
running, and using about 75 horse-power, there was one summer when the mills could not, obtain full capacity. Still,
with economical utilization of the fall and good motors, 4 considerably larger amount of power than is now used
could no doubt be rendered available even in tlie driest seasons, and in ordinary seasons much more. It is also
probable that the power can be and is increased to some extent by storing the water during the night, as the pond
is large enough to store several hours’ flow in the driest seasons. It is stated thatin winter there are generally S
or 10 inches of water on the dawm, in large freshets 10 feet, and in ordinary freshets 5 or 6 feet.  As regards the

. lmaximum available with storage, it is probable that sites for reservoirs can be found in the upper valleys, though
probably not by any means sufficient to render the whole available,

The power at Fredericksburg, though not large, comparatively, is deserving of attention as being very
conveniently located. The facilities for transportation by water and by land are excellent.

As regards the river for 25 or 30 miles above Fredericksburg, T have been able to collect information quite in
detail regarding the old navigation works, but regarding particular sites for power not mmch could be learned,
except in one case. Trom a description of the locks and dams formerly existing, however, an idea can be formed
of the amount of power which could be developed on the stream, and at what points.(a) The heights of the dams,
in the following description, are measured from the bed of the stream. "

From the basin at Fredericksburg the canal extended nearly 2 miles to a lnck with a lift of 11 feet, and beyond
one-quarter of a mile, to dam No. 1, which was 7 feet high, and the feeder of the lower levels.(d) This dam is
not the dam of the water-power company, but was nearly a mile above the latter, and is now washed away, the
navigation works having been abandoned before the construction of the present dam. In the pool of this dam
boats crossed to the left bauk of the river, thence by canal 2 miles to a lock with a lift of 12 feet, and beyond
one-quarter of' & mile to dam No. 2 (Banks’ dam), about 10 feet high. At the lift-lock just referred to there wus
at oue time a grist-mill. Above Banks’ dam there was slack-water navigation for 2§ miles, to a lock of 10 fect
lift: thence one-quarter of a mile canal to dam No. 3 (Ballad’s or Ballard’s dam), about 10 feet high; thence

stack- -water, 2 miles, to alock with 10 feet lift, and dam No. 4 (bnnth’s dam), 11 feet high; thence slack-water again
2 miles, to locks at United States mill (at errowa’ ford), 22 feet lift; then canal 1 mile to lift-lock of 9 feet lift,
and 1 mile farther to dam No. 5 (United States dam), 6 feet high, just below the junction of the Rappahannock and
Rapidan, above which was slack-water for 1} mile to locks at Richards’ ferry, 20 feet lift; thence canal ene-half
mile to dam No. 6 (Richards’ dam), about 6 feet high. Before proceeding further, attention must be called to the
lurge fall in this part of the river, as shown by the large amount of lockage., There seems to be no doubt that a
considerable amount of power could be developed in this vicinity; and as the canal and locks, although in bad
x(-nndition, are not entirely destréyed, it is possible that a good deal of power might be cheaply utilized. The

a Feor detailed information regarding the umul I am indebted to Wdlmgton Gordon, es(q., of San Francisco, California, who wuy
president of the navigation company.

b The following is quoted from a report on the canal in one of the reports of the board of publie works of Virginia: ©Between
Fox’s mill [43 11’1]13"} above Fredericksburg] and Fredericksburg the Rappaliannock presents three passes of peculiar diffienlty and
danger. The first i near Fredericksburg, the secend at the junction of the Rappahannoék and the Rapidan, and the third in the vieinity
of Kelly’s and Wheatley’s mills. The first is overcome by a dam 7 feet in height and a canal 2 miles in extent, carried for a considerable
distance under a precipitous cliff, and terminating in a basin 26 feet above the Jevel of the river at its nearest point. Between the dam
and the basin are a guard-lock, a lift-lock of 11 feet, a second guard-gate, and 3 waste-weirs. In the second a fall of 35 fest is overcome
by two dams, two canals—one of 800, the other of 900 yards in extent—and four locks. The third is under construction, but uot
completed,” r”
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draiuage arca of the Rappahannock above its junction with the Rapidan is about 784 square miles, and that of the
latter stream about 745, the total below the junction being 1,528 or thereabout. 1 should estimate the floy and
power for these three drainage areas about as follows: .

1 | i
; | DRAINAGE AREA IN BQUARE FLOW, CUBIC FRET PER HORSE-FOWER AVAILABLE, 1
! . MILES, | S8ECOND. FOOT FALL, GROSS. !
‘ State df flow (sec pages 8 to 11, | - N .
| (BeP0R |papidan. | Both, |, RUPPR |Rapidan.| Both. | ROPPY |Rapiaum.! o, |
‘ e SN S 1
| MAMIIO 1o e eeeseesmeeereeeeennees . ( 78 I 75 108 8.9 &5 | 101 |
| Minimom 10W SeAS0M «avneenenrnnsn. l - } 45 1500 102 98 220 11.8 n.2 950 |
© Maximun with stOPAge «euveann. ... J ' 6903 658 1,850 78.8 748 ‘ 153.6
" Low geason, dry Fears .........o.oaos l 117 112 250 8.3 | T e

|

Above dam No.'G there was slack-water for half a mile to a lock with 12 feet lift; thence canal for 14 mile to
dam No. 7 (Deep Run dam), about 7 feet high; thence slack-water 1§ mile to a lock with 12 feet lift and eanal half
2 mile to dam No. 8 (Skinker’s dam), about 5 feet high; thence slack-water to locks with a total Tift of some 23 feet
and canal for a quarter of a mile to dam No. 9 (Elli’ dam), about 8 feet high. Near this place is a grist- and
flour-mill with 4 runs of stones, a race three-quarters of a mile long, into which the water is turned by a rough wing.
dam, and a fall of 18 feet—no doubt an excellent power, Although itis the first power utilized above Frederioksbﬁrg,
there Liave been in former times various mills in the intervening distance. Two miles below Ellis’ mill there wag
at one time a mill (known as the Skinker mill) using a fall of some 20 feet, with a race a quarter of a mile long,
The {all in this part of the river for a distance of 5 or 6 miles seems to be very great, and capable of giving a
namber of fine powers. The power per foot may be taken as estimated above in the table. Above dam No, 9
there was slack-water for 2 miles to a Joek with a litt of 7 feet and dam No. 10 (Kemper's dam); about 9 feet high,
the back-water from the dam below reaching up to this one. Then came slack-water for 2 miles to a lock of 8feet
lift and dam No. 11 (Mountain Run dam), about 10 feet high; thence slack-water for 2 miles to Kelly’s will and a
flight of § locks, aggregating a lift of about 42 feet; thenee canal half a mile to dam No. 12 (Wheatley’s dam),
about 7 feet high. The fall of the stream in the mile below this dam is very great and the site one of the best in
the vieinity, so that it merits a more particular deseription. Wheatley’s dam was about 2 miles below the present
crossing of the Virginin Midland railroad and about 24 miles from Rappahannock station. Wheatley’s mill (now
destroyed) was on the left banlk, using the old canal as a race, and using a fall of about 28 feet. Below his tail.
Tace, or about three-quarters of amile by the river below his dam, was Kelly’s dam, still in existence, from which arace
of a quarter of a mile led to Kelly’s mill on the right bank, still in use, with a fall of 19 feet, making the total fall
about 42 feet, There would be no difficulty in utilizing the whole of this fall. The best building-ground is on fhe
right bank, and by putting a dam about half a mile below the head of the shoal and making it 12 or 15 feet high a
considerable pond conld be obtained—sufficient, I think, to allow the power due to the natural flow to be increased
30 per cent. during twelve hours; while by using the power on the left bank the old canal could be cleaned out and used
as w race. The bed of the stream is rock, gravel, and howlders, the banks in places steep, but generally shelving,
of elay or rock, and the width of the bed of the stream about 200-feet. Kelly’s dam is a erib-work structure,
rebuilt in 1867 or 1868, about 820 feet long and 3 or 4 feet high, not ponding the water over 100 yards. At the mill
about 60 horse-power is used. The flow is stated to be much more variable than formerly, and in heavy freshets
the river is said to rise 20 feat and more at the foot of the shoal and 10 feet at the head, although in ordinary freshets
the rise at the foot is not over 8 or 10 feet. There is little trouble with ice. I have estimated the power at this
place in the following table, the rainfall being about the same as above Fredericksburg:

\

i Stato of flow (seo pages 8 to 11). Drainage

i i
| Fiow, per
area, F all. | o]

B0~ P ils 88,
} gecond. Horse-power available, gross.

|
i
I
!
|

! Rq. miles. ! Feet. i Cubie feet. | 1 foot fall, [23fectfall. :42featfau‘j,

| MDD . e een | | 0 69 | 160 200 |

¢ Hinhoum low seasen ..ol )\ a1 1 42 ‘ 80 0.1 | 210 - 380 |

. Maximum with storage ........... J : | 543 6L 7 1,400 ’ 2,600 |

T Tow season, Ay YeaTs... .o ..ol J ; t i 10.4 240 448
i .

S LU ' N :’

I have already alluded to the possibility of increasing this power in dry seasons by ponding the water dlll:iu.g
the night. This site is quite conveniently located as regards transportation; and good building-materials, 1t 18
said, ean be ebtained in the neighborhoed. B

From Wheatley’s dam (No. 12) there was slack-water for 13 or 2 miles, to dam No. 13 (Morgan’s dam), ub.ou(:
7 Ieet high, and a lock with 6 feet litt. This dam is still in existerec, and is about 200 fect long, and 8 fea? h\_g@
above low water, affording power to run a grist-mill with about 30 horse-pOWer, just at the crossing of the Virgima

Midland railroad. Above it was slack-water about 1 mile to dam No. 14 (Beverly’s Ford dam), about 7 feet high,
656
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with a lock of 6 feet lith; thence slack-water to lock and dam No. 15 (7 and 9 feet); thence slack-water a mile
to a lock (7 feet); thence canal one-eighth of a mile to dam No. 16 (Lee’s dam); thence slack-water 13 mile to
lock (9 feet); thence canal one-eighth of a mile to dam No. 17 (Fox’s dam), about 9 feet high; thence slack-water

to lock (7 feet), and dam No. 18 (Sulphur Spring dam), 8 feet high; thence slack-water 2 miles to locks with 16 fet;.t
lift, and beyond, canal for 1% mile to dam No, 19 (Hart’s dam), about 10 feet high, which was the last of the
“pavigation dams. Above this point the river is very small. All the old dams referved to were founded on roek
which was generally found about 2 feet below the bed of the stream. The dams were of timber eribs filled wi‘rl:
stone, and the abutments were in most cases cither of natural rock or of masonry in eement, very substuntially

. built. Notwithstanding the considerable length of slack-water navigation, it is said that very little lu;ul Wity ﬁnudc(i.

TFrom what has been said, it is clear that the Rappahannock river offers a large amount of muimproved power.
The conditions seem to be decidedly favorable for its development, the prineipal objections being the inaceessibility
of the stream, and especially its very variable flow. But the fact that at most of the points where power conld be
used to the best advantage there is a canal already cut, in some cases needing little work to put it in repair,
should counterbalance these objections to some extent.

Of the tributaries of the Rappabannock, the only one of importance is the Rapidan, which takes its rise
in Greene and Madison counties, and flows rather north of east, forming the boundary between Orange und
Spottsylvania counties on its right, and Madison and Culpeper on its left, and joining the Rappahamock 10 o 19
miles above Fredericksburg. Its total length, in a straight line, is about 40 or 45 miles, and its drainage are:, is
already mentioned, is 745 square miles. The stream resembles the Rappahannock in all essential purticﬁlnrs. Its
elevation at the crossing of the Virginia Midland railroad is 278 feet, so that its fall is not much different from that
of the Rappahannock, the distance from the junction to the railroad being probamy a little greater in the ease of
the Rapidan.

The first power on the stream is one not utilized, near the mouth of TFlat run. There was at one time o mill
here with a fall of 8 feet, and some stamps were run in connection with a gold-mine in the vicinity, but at present
there is nothing. ,

There are several other unimproved powers in this part of the stream, the next one above, which was speciully
mentioned, being known as “ Germania”, where there was a mill thirty-five years ago, with a fall of 6 or 7 feet.
Aceording to the map, this place is 10 or 12 miles above the mouth of the river.

At Raccoon Ford, perhaps 10 miles farther up, there is a grist-mill with a fall of 7 feet and about 25 horse-power,
with a dam 300 feet long and 7 feet high. It is stated that full eapaeity can be secured daring only eight or ten
months, and that there is not mueh waste by leakage. The kind of motor is not knosvn.

Next comes a grist-mill with a fall of 8 or 9 feet; and then, at Rapid Ann Station, a Hour-mill using 50 horse-
power and a fall of 9 feet, the dam being 240 feet long and 9 feet high. Full capucity can be obtained during nine
months, with some leakage in summer. The drainage area above this place is abont 440 square miles, Above are
a number of siall mills, and one site not used, known as Peyton's, with 6 or 7 feet fall, just above Rapid Ann Station,

The tributaries of the Rapidan and those of the Rappahannock afford small powers, and gome of the streams
-are utilized to a considerable extent. None of the powers, however, are large.

Table of statistics of utilized power on the Rappahannock viver and its tributaries.

: i
i ‘ |
|

. Totat

Stream. Tributary to what, | State. County. y Kind ofm;lul;z‘r manufue. | 2:1‘13 i 'lf?ﬁill ! ;‘gﬁi«‘\x

i ‘ . imilla.‘ used, | used.

\i ] ! 1o
. . i Feet. |

Rappahannock river..........x.......| Chesapeakebay....... Virginia ......... ....| Spottsylvania Woolen. .. cooiemieane| 1 | 18 ‘ 45
b1 S S | SN PO (| U s do .| Flour and grist ..o........ I ang
b1 SN FURTY; 7. TR ST : I SR R do  Fertilizers oo ceniinn. .. 118 3
Do .. .| Stafford Flour and grist ... 1 i8 } 40
Do... (0111170 01 O ' 1 16 ! 44
Do.... ! Fanquier .oovenemneiinnas 1 i a0
.} Rappabannook .. 3 60 ]
B PR | £ i S 1 a5 i2
.| Orange ....... .. doe 164 ! 92

Do Madison ... RS 2 3¢ oy
Lanengter .ecoovienaea... 4 43 57
eeo] Middlesex ... s 6 66 | 105
IS PO [ S R4 3 20 40
| S In
5 o4 136
) [ SO 106
. . 1 12 20
King George..ouevavncn... 2 o7 54
Caroling «vo-cecvecerreaneafonnans 3 a6 ! o8
.| Spottaylvania. 2 5 i o

5 68 1 K
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Table of statistics of utilized power on the Rappahannock river and its tributaries—Continued,

i
1 TN
N ! ! Total
. | No. i
Stream. | Tributary to what. State. County. : Kind of “‘é}llrgf manufne & of | Tgf]&ll Iﬁg%
! ‘ mills,; used, used,
\ X : 1 pomeb, o,
{ !
| [
Other tribubaries of covee. coevens.n...| Rappahannock river.. Culpeper .......coovainnt, Flour and grist 9 ! f 60
< D s 0 cererenennearannns Saw i P ”
Do QO wrerminiae e Furniture 1 | io
Do Fauguier coeeeeeaani.. Flour and grist 8 | ' 5
Do Rappahennock - .ooo.ovoinfee.... ! i g
Do. QO tvrreviinaniannns Saw 1 ‘ a
Do A0 e Leather 1 ! 18 3 15
Do A0 ooeiinan e -+--| Wheelwrighting.......... 1) i g
Do . Woolen ] 1 N 15
Do Mﬂdisop Flonr and geist ........... 11 144 149
Da do SaW . 4 40 5
Do do Woolen........ - [ 5
To. Greene Floar and grist ... el 8 44 &
Do do Leather ....oo.o.oo., 1 of 2
‘ m m Lt
IV.—THE POTOMAC RIVER AND TRIBUTARIES.
THE POTOMAC RIVER. .

The Potomae river is formed by the union of its two branches, the North braneh and the South branch, on the
line between Hamnpshire county, West Virginia, and Alleghany eounty, Maryland, whence it pursues & course at
first north of east and then southeast, forming for its entire length the boundary between the state of Maryland
and the states of West Virginia and Virginia, and emptying into Chesapeake bay about 60 or 70 miles from cape
Charles. It drains a total area of about 14,500 square miles, but its course is so devious that some of it head-waters
are not over 180 or 190 miles from its mouth, measured in a straight line. The principal streams tributary to the
river are the following, in their order, beginning at the mounth: '

Drainage areas.—Tributaries of the Potomac river.
From the north : ‘

. Square miles-
L= T T DU UIPN 163
MODOCRET TEVAL « o it e e o e e e e e e e e e n e e e e e 1,010
U 331 B o o = S U PSP 343
Conocochengne creek.....oaueeeuan.. et s eanicceartacate cenenn ian e ceae e seeey - P 493
B (L B Tl Y U 185
LT T e R I )< N 165
BIAEIINE CPBBIE « .. 1 e ot et et et e ce et et e e e hmm e e e e e e e e e e e e e e e n e e ae 121
B T N 190

North branch ... .c.cu....
From the south:
Occoquan credl..ooce.vnnunnn ...

e cmeeenaerrareannee 1,316

e e eeeaatieassminaesesatecemeeeatenne smmman anmereeenn aaey nnanns s 873

GHO0BE ClOOI ... evmue oo emen sncaen caaeae aen sncmneann man e m e e e m e amt seen ames eemmes osnesm e s emone ceenan 466

LT BT T U - <1
Opequan ereek. .. .. in i e e s

U 286

Buck eretk ..oneounnan... e e e e e e e e mme e— e e e e e met emmemn e mam e mame e e e . 220
~Bleepyoreek . ..ol s : 21
Groat Cacapon CTeek - . o it it et e e e e e e 616
Little Cacapon €rek - o« oo ottt e e e e e el (DU S emeinns 163
ST 1 O b T .. 1,580

The two branches which form the river rise in the Alleghanies, the North branch near the western corner
of the state of Maryland, and the South branch in Virginia and West Virginis, near the sources of the Cowprsture
and Jacksow’s rivers (the head-waters of the James), whence it flows nearly north. These branches, with their
affluents, and the tributaries of the maiu stream as far down as the Shenandoah, drain a series of narrow an'ﬁ
generally fertile valleys lying between the parallel ranges which make wp the systemi of the Alleghanies i1§1t1n‘8
region. Their falls are, as a rule, not very large, their declivities uniform, and their beds gravel and sand. 'lhefr
ehief peculiarity lies in the great fluctuations to which their flow is liable. The rain falling on the mountans 1%
shed rapidly into the water-courses by the steep side slopes leading to thie narrow valleys below, and there being
few lowlands to overflow, and so to store the freshet water, and no lakes whatever in the region, these streaus, and

with them the Potomac river, are subject to very sudden and heavy freshets, while in dry seasons their discharg®
568 .
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becomes very small, A glance ab the table on page 9 of the present report, which contains the vesults of all the
gaugings on the Potomac which could be obtained, shows this peculiarity very plainly. The flow of the North
pranch at Cumberland, wlhen at its minimum, is found to be only oue-tenth as large in proportion to its drainege
area as would be expected from a stream of similar size in New England ; and the minimum flow of the Potomuc
at the Great falls is seen to be exceedingly small for so large w stream. This characteristic seems to De more
warked in the case of the tributaries from the south than in the cuse of those from the north, in which direction
the conntry opens out somewhat, the mountains diminish in height, aud the width of the valleys becomes rather
greater. .

From the junction of its two branches the Potomac cuts through the mountains nearly at right angles. Its
valley in this part of its course is narrow, its fall at places quite rapid, the bed generally gravel, bowlders, and
gand, with rock at a small depth, and often at the surface, and the banks generally high and sometimes
precipitous, with not many low grounds subject to overflow. After receiving the Shenandoah at Harper’s Ferry,
the stream cuts through a narrow gap in the Blue ridge and reaches the true Atlantic plain. It crosses the
fall-line a few miles above Washington, and reaches tide-water at Georgetown, From this point to its mouth it
is sluggish, tidal, and navigable, there being at present a navigable depth up to Georgetown, 105 miles from its
mouth, of 16 feet at low tide and 19 feet at high tide. - Above Georgetown there are various shouls which prevent
further navigation. B .

The rainfall in the valley varies from 44 inches in the lower part to 38 inches in the upper part.  Reguarding its
amount and distribution above various points, it will be seen by the table on page 9, that, as in the case of the
Rappahannock and the James, the distribntion through the seasons is very irregular, there being u small fall in
autumn and winter. The effect of this will be seen in a small minimum and low-season flow, ocearring probably late
in the antumn; and this fact goes far toward explaining the very small measured values of the minimum flow.

The declivity of the stream is shown by the following table:

*

Slope of the Potomac river.

i

; Blevationl Distancel Fall per
‘Elevation| Distance; ¥all i
Locality, ?f{,)ggfut?(‘fg? abovn | between! between | p T2
§ tide, pointas. } points. pointi.
i i
Miles. | Feet. | Miles. = Feet. | Feel.
GHOTZOEOWE «evnenrervesenencnnanseencnss 0 0 1y i
o » I 4.0
Eiby 13 T8 U o0 245 :
P ‘ §oes . ® 57
Sheplierdstown . ...cociaeiiieriiainnn, 71 280 ;- ;
:} 14,6 39 2.8
Dam N0 4eeeersinimarrnmrscrennronrnaans 85 319 i
;} 2.0 | W 1.7
Dam No. 5 107 357 ) '
, i oo 4.2
Cumberland ................. [ 185 | 610 i : :
‘ : i

NoTE.—Distances are in some cases inaccurate.

It will be noticed that the elevation of the Potomac when it passes through the Blue ridge is about 245 feet,
while that of the James at its passage through the same range of mountains (at Blue Ridge dam, see page 14) is
706 feet. The fall of the Potomae is therefore much smaller than that of the James, though still guite large. Of
the 245 feet below Harper’s Ferry about 90 occur in a short distance at the Great falls; and if this be subtracted,
the fall in the remaining distance is found to average about 2.5 feet per mile.

As a water-power stream the principal disadvantage of the Potomac is the great variability of its flow. In all
other respects it seems favorable. Good rock foundations for dams can generally be obtained at small depth, the
banks are as a rule favorable, and there are several sites where large falls could be rendered available, as will be
seen hereafter. Building-materials can generally be found, and the faeilities for transportation are excellent. The
map shows that the Baltimore and Ohio railroad follows the river for its entire length, receding at places several
miles from it, but for long distances keeping within sight of it. In addition to this, the Shenandoah Valley railroad
and the Cumberland Valley railroad, cross the stream. Finally, the Chesapeake and Ohio canal follows it almost
within sight at every point, from Georgetown to Cumbefland, on the North fork, using it in a few places for
slack-water navigation. The pouds are not large, and the facilities for storage on the main stream are very small,
On some of the tributaries sites for small reservoirs could be found, while on many there are no facilities,

Aside from a small amonnt of power which is used from the Chesapeake and Ohio eanal, there is only one milk -

using power from the river—a very remarkable fact, considering that there are several large falls.

Water is leased by the canal company—to be discharged either around the locks into lower levels ov into the
river—generally by the square inch of opening; “opening to be placed with its lower edge 2 feet above il
bottom » and to be cut square through an iron plate half an ineh thick”. No head or quantity of water is guaranteed,
as the canal is to be used primarily for navigation. The original rates for water were $2 50 per square inch per yunum,

leased for twenty yea rs, & bonus of $3 per inch payable upon every renewal. The experience in regard rtg,leasin iy
L [V H B

mém.
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water has been that it is not advisable to lease large quantities, that it is a source of inconvenience to navigaio
and does not pay. The velocity allowed on the canal is considered to be about 1} mile per hour, or 2.9 feet ])e;
second, or rather larger than on the James River and Kanawha canal. Loaded boats coming down get the beneﬁt
of the current, and the greater part of the traffic is down the river; moreover, the dimensions of the cang] are
rather greater than those of the James River canal, so that a larger velocity would be required here to offer the
same resistance to boats. Considerable power could be rendered available above Georgetown by using the
flume-water at the locks, or the water which passes around the locks to supply the levels below; but the amount,
of power whieh might thus be rendered available can not be estimated, varying at different places and according
to the weather, the traffic, ete. As the company does not guarantee any special head or quantity of water, the mnillg
on the canal have to regulate their work according to the navigation in the canal. Those above Georgetown ey
however, get their full capacity aslong as there is water in the canal, but the water is entively drawn off during thé
months of December, January, and February. The mills on the Georgetown level run nearly all the year, sulyject
only to oceasional short interruptions; and the water is drawn off from this level for ten days in the year for
ordinary repairs. None of the mills use auxiliary steam-power, however.

The canal is fed entirely from the Potomac and the North branch, and there are no artificial reservoirs connected
with it except the ponds of the dams on the river, of which there are eight between Georgetown and Cumberland,
At some of these dams power could be used, as will be seen hereafter, but the ponds are all so small that they afford
no great storage-room. The original dimensions of the canal were as follows: I'rom Georgetown to Harper's
Ferry, 60 feet wide at top, 42 at bottom, 6 feet deep; from Harper’s Ferry to dam No. 5 the corresponding
dimensions being 50 feet, 32 feet, and 6 feet; and from dam No. 5 to Cumberland, 54 feet, 30 feet, and 6 feet,

The following table gives the mills and power supplied from the canal:

o . Number Quantity Teaa | Forse-
Name of place. Kind of mill. of square Head. | of water per and fall, | POWer, Remarks,
inches, » second. grosy,
Feet. Cubie feet. Feat,
GeorgetoWn . _.oen ittt e e e en e i 417 [ 7 S PR 84,5 [eeeeneinn.
AL T 38| B4 |eeiiiieeeeiin 345 |eerinnnn Head and fall of 345 foct ta
229 [ 7 S PPN B4 B deaevennoo. menn high tide; discharge
2,505 | @d |eeererieeeennans 84,5 to river.
781 [ 7 T PO 3.5
Totul in GeOTEOLOWI . « .. cecnvemrme cansemrmennnnanleaeeeiaemianineeans 4,300 ad ’ 310+ 4.5
Berlin, Frederick connty .....ocoovmiivnivnnniaanes Tlour and fertilizers ..|............feoiinn (Estimated) 55 6 37 | Flume-water of one lock,
WOVOTtON. «cvammanrraaeanns Flour 17 25-30 | Whastewaterlensed; disoharged
[ toriver.
Ahove Antietam aguednet......ccovianiieaneriians [T S 50 810+ |eeioee.o-. 1 Digcharged to river.
Williamaport 106k «.eveniemennnen, [ \1 Flume-water,
Williamsport aqueduact .| Digcharged to river.
Above Aam NO. D eveee i iviiiiiiea e aanaans l
B BT . .1 p Discharged to xiver.
Above Haneork. ... Coment....ccooanuenn. i 500} B4 |iveiimiirocienan b2 S A ] J

i . a Or less.

NOTE.—For my information regarding the cnnal nnd the power used from it, as well as for much valuable information regarding the flow of the river, ata, I
am indebted to My, William R. Hutton, civil engineer, now of New Tork, consulting engineer of the canal company. .

The power supplied is therefore very small in amount, though it might be increased greatly. In view of the
fact that the amount available depends entirely upon the state of traffic on the canal, and other circumstance's,
estimates ean not be made and are not necessary., The amount of water necessary for the purposes.of navigation 18
Very variable, and in dry seasons the flow at Cumberland is not sufficient to supply these wants, so that the height
of the water in the levels below gradually sinks, from evaporation and leakage, and at Pafterson’s creek a steam-
pump raises 100,000 or 120,000 gallons per minute to supply the canal. In the above table “waste water” means
the surplus which comes down to a given level over what is required for lockage, etc., below, and which is therefore
returned to the river. . :

Ascending the river itself, the first power is about 5 miles above Georgetown, at Little falls, where canal‘dam
No. 1 supplies the Georgetown level. The dam is 1,750 feet long, 7 feet high above low water, and is built of
riprap. Its crest is about 37 feet above tide, The river is shoaly for some distance below, and it s probable that
a fall of 10 feet or more could be used here. The dam, however, is not tight, so that at preseut, as already stated,
the canal company can not always supply their present leases on the Georgetown level; but with a close dam alarge
amount of power could be used, either near the dam or below at various places on the level. If the allowaple
velocity on the canal be taken at 2.2 feet per second, the canal could carry about 670 cubic feet per second, which
would afford at Georgetown, with a fall to mean high tide of say 30 feet, a gross power of nearly 2,300 1101‘se-1’>ff\’ie>{:{
The following table contains estimates of the flow of the river, from which an idea of the power at the dam 1fse

can be formed :
[5{t]
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istimete of Jlow and power at Lz’ttlc]hllw.

Drainage |

Fiow prr | Hur»u pnmxmmldhle
arca.

Stata of flow (see pages 8 to 11), Tull,
seeond, i ETORR,

|

i
Sy, miles, | ‘ Culiie feet. | 1 fuot fall, | 10 feet fall.

Minimum.eee e cennenenn ey | Treiht of dum, 1,075 | 1900 \ 1,220
Minimum low season . | N 7 feet: availe [ 1,070 | av & u o0
Maximum with storage ...... 11, s J able fall, prob 10,500 | [ 0

T J AULy abont 10 1 00 ¢ 10700 ¢ 11,700
Low season, dry years .............. 2,300 | 9 660

| )

] feel, 2L |
|

The pond of the dam is not used for navigation, and the facilities for building are good just below the dam.

The next site above is at the Great falls of the Potomac, 14 miles above Georgetown, The water pours here over
a solid mass of rock, with banks of the same material, often very steep and precipitous just at the edge of the walter,
but with level or nearly level places on top of the blufiy, extending back in some places o hundred yards or more,
the facilities for building being ample on both sides of the river, The stream descends at the prineipal fall perhaps 35
or 40 feet in 100 or 150 yards, and the total {all in o distance of about a mile or & mile and a half is 80 or 00 feet. The
gtream is narrow for the greater part of this distance, and in freshets the water is said to rise 30 or 40 feet at some
points. It is said that many years ago a canal 1 mile long was built around the falls on the Virginia side, which,
in the event of the development of the power, could be used as a race, thougl it is now almost entirely filled up.

The drainage area above the Great falls is about 11,476 square miles, and the rainfall is given in the tablo
on page 9. The stream has been gauged at this point, and the minimum flow found to be 1,069 cabic feet per
gecond. The ordinary low-water flow, however, is stated at over 2,000 cubic feet per second. I have estimated the
power as follows:

Estimate of flow and power at the Great falls of the Potomac.

| |
Drumuga Flow per | Horse-power available
State of flow (seo pages 8 to 11), ’ Fall. { et p"gm iy '
I 8q.aniles. | Feet, l | Cubie feel. | 1 foot yall. | 80 fect full.
Minimum . et } 1,008 124,58 9,720
Minimam low &CASON.. ! 1,950 26 17,730
Maximam with stomgo. 11,476 | 80-90 i 10,213 1,160.5 92, 840
Low 5ea80n, ATY FORTB. carrmmmrmmnnnenn | 2,300 261.38 20, 900

No power is used at this site. The water for supplying the cities of Washington and Georgetown is drawn
from the river just above the falls and conducted to its destination through a lurge aqueduct; but the quantity of
water taken is very small compared with the flow of the stream. One disudvantage of the site is that it is not easily
accessible except by the canal. The latfer, however, affords good advantages for truusportaﬁou.

The next site is at canal dam No. 2, at the mouth of Seneca creek. The dum is 2,500 feet long, and from 2
10 feet high {rom the rock foundation, md is a rubble dam and frequently dumaged by floods.  Its crest is uboat
180 feet above tide. The site is not a very favorable one, the tall being small and the facilities for building not
very good. Not knowing the fall, estimates of the power would be of little valae.

The next site is where the river breaks through the Blue ridge, just below Harper’s Ferry, From Weverton,
3 miles below Harper’s Ferry, to dam No. 3, & mile above that place, the fall is almost continnons, forming really
but one shoal or rapid; but as the part above the ferry could best be used at or above the town, it is best to
consider the shoal in two parts. From Harper’s Ferry the stréam falls 23 feet in a distance of 3 miles,(a) the bed
being rocky, and the banks, though in places steep, as a rule, favorable for a dum, and with numerous sites for
building. 1t was at one time attempted to develop this power, and in 1834 the Weverton Manufacturing Company
was incorporated with this object in view. The site was surveyed by E. N. Dickerson, of Paterson, New Jersey,
who reported on the property in glowing terms, and subsequently a dam was built and a cotton-mill and some
other mills started ; afterward a file factory was put up, together with a large flour-mill on the sther side of the river;
but for some reason noue of them continued long in operation, and at present the site is altogether unimproved.
The available power is estimated in thé annexed table:

to

istimate of ]iow and power of the Potomac river at ermn.

l ‘ Flow per | Horse-power avi .nluble, |
State of flow (8co pages & to 11), Dﬁg‘;go Fall. | au()&d P o,
| Sg.miles, | Feet. | Qubic fect. 1.foet jall. 195 Jeet fall. |
¢ Minimunt c.oooeiiianas \ [ 1 A6l . T 2,440 ‘
Minimum low seagon...... bus | 1,570 178, 4 4,460
Maximnm with Sterage ...c..eceeee 1‘ 8,240 030.8 ¢ w400
Low seRson, ATy FOars. .o...ereemvane ‘l 1, 800 2045 5,100 |

a E. N. Dickerson's report, 1845. i
» Dickerson states the total available fall at 45 feet, including, no doubt, a large part of the fall above Harper's Ferry,
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On account of the rapid fall of the stream above, the pond would be small unless the dam were very high, Tt ig
stated that fine building-materials abound in the immediate vieinity; and as far as transportation is concerneq the
advantages are excellent, the canal and the railroad passing directly by the place. As regards facilities fop damg
and races there would also be no difficulty, except perhaps that the freshets might cause a stoppage of work a
intervals. - '

At Harper's Ferry, where the Shenandoal joins the Potomac, the latter stream passes through a deep ang
rocky gorge with almost perpendicular banks for a short distance. Above that point the fall of the river ig rapid
and about 1} mile above we come to dam No: 3, which was originally built, it is said, to supply power to t.h(’a
government works at Harper's Ferry; but those works were destroyed during the war and have not heen in
operation since, and the dam, being now used only as a feeder to the canal, is not in good order. It was formerly
built of low cribs, but is now partly riprap and partly dry wall 2 to 5 feet high above the rock. The fall of e
river from the dam down to the mouth of the Shenandoah is about 27 feet. On the north side of the river the eang]
skirks the bank so closely that no room remains for the utilization of power; but on the south side, where the
government factory was located, the facilities for canals and buildings are tolerably good, though rather Yimited gg
regards space. The old canal, leading from the dam to the fagtory, is now dry and partially filled up. It is said
that a fall of about 22 feet was formerly used at this place, and it is probable that no more than this could be utilizeq
without raising the dam, the building-sites being located about an eighth to a quarter of a mile above the mouth
of the Shenandoah. At present no power whatever is used here, The following table containg estimates of the
power available:

Estimate of flow and power of the Potomac river at Harper's Ferry.

I |
i . T 03 34 PR g d 1 3
Stato of flow (see pages 8 to1n). | DLBNIES | g ‘1;1;’;;3;{1 Tovse power uvailable,

8gq.miles, | Feet. | Qubdic feet. | 1 foot fall. | 22 feet fall.

MiInimum seoeivieeiivree e iaianeran, 575 65,3 1,430

Minimum low 88801 .uvucivmennsana. l 6,880 294 { 1, 020 115.9 2, 550

Maximum with S0LZ6 cecvrnuacren-. J ' ’ 5740 §- 6520 14, 350

Low senson, ATy YOATS. c.c.vcaeiansus. 1,166 132,56 2, 000
|

The {reshets in the river ave felt guite severely at this point, and it is said that at one time the river rose 25
feet above low water. Iee-jams, however, rarely occur. The facilities for transportation are excellent, building-
materials are abundant, and there seems to be no reason why a large and fine power could not be utilized here. The
site is probably the most favorable one on the river. ‘

The next site is about a mile below Shepherdstown, and about 10 or 12 miles above Harper’s Ferry, = At this
place there is a wooden dam about 600 feet long and 8 feet high, which supplies power to a cement-mill on the right
bank, the fall used being 8 feet and the power 30 to 50 horse-power. The race is 500 feet long and 60 feet wide,
and the dam is said to pond the water for several miles. This mill is the only one supplied directly from the
Potomac river. The available power is estimated in the table on the following page.

The next site is at dam No. 4, about 25 miles above Harper’s Ferry. The dam is of masonry, 800 feet long and
154 feet high above low water (204 feet from rock foundation). Along the canal, on the Maryland side, the tow-path
is too narrow and too low to allow of any mills being located there, but on the Virginia side there are sites for
building. The estimates of available power are given with sufficient detail on page 45. The pool of this dam is
used for navigation for a distance of 33 miles. ) ’

We next come to dam No. 5, about 7 miles above Williamsport. It is 720 feet long and 16} feet high above
low water (203 to 24 feet from rock foundation), and is built of masonry. Before the war a large flour-mill—the
Honeywood mill—used water on the Virginia side, and there is no favorable site for others on that side; but on
the Maryland shore the eanal-bank could be nsed for some distance, though in many places the tow-path is builbup
from the river, leaving no sites for buildings. The pool of the dam is used for navigation for half a mile. The
power is estimated below, . '

Dum No. 6, 10 miles above Haneock, is a crib-work dam filled with stone, and is 470 feet long and 153 feet high
above low water (204 feet above rock foundation). Its crest is about 428 feet ahove tide.! There are some sites on
the Virginia side, and on the Maryland side the whole length of the canal conld be used.

Dam No. 7 was never built. The stream has considerable fall in this part of its course, and power could
prubably be developed at many places, but it might be difficult to find convenient locations, as the railroad on fme

side and the eanal on the otber often oceupy all the ground which would be available for building. The only sites
on the river which seem to be of great importance are those at the Great falls, at Weverton, at Harper’s Terry, and
at the other canal dams, For reasons already stated, estimates are not given of the amount of power which could
be obtained from the eanal, although there are many places where power could conveniently be used in that Way,
as, for instance, below dam No, 6, '

Dam No. 8, being on the North branch, at Cumberland, will be considered when that stream is deseribed.
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@ Seo pages R to 11,
TRIBUTARIES OF THE POTOMAC RIVEL.

The first tributary whose water-power is worth mentioning is Occoquan ereck, which is formed by the union of
Broad run and Cedar run, in Prince William county, Virginia, whence it pursues an easterly course for a distance
of about 13 miles in a straight line, and after forming for some distance the boundary line hetween Prince William
and Fairfax counties empties into the Potomac river about 25 miles below Washington. Broad and Cedar runs
have their sources in Fauquier and Prince William counties, the former draining 87 square miles, and the latter
rather less. The Occoquan receives as its principal tributary below these two, Bull run, which rises at the extreme
northern corner of Prince William county, and forms for its entire length the boundary between that county and
Tairfax, draining about 212 square miles. All of these streams flow throngh 2 hilly or rolling country, and have
'gradual deeclivities, with beds of gravel and sand, and they offer little power. The Occoquan, however, crosses
the fall-line just before it reaches the town of Occoquan, which is the head of tide-water, and up to which there
is a navigable depth of 5 feet at low tide and 7 feet at high tide. The fall begins about 3 miles above the head
of tide-water, and continues down to tide, the stream falling about 80 feet in that distance “through bold and
extensive masses of gneiss rock”.(a) The banks are quite abrupt and very rocky for a mile above the head of tide-
water, but above that they are in places more favorable for canals and buildings. Some power at the lower part
of the shoal is used by a flour- and saw-mill at Oceoquan, supplied by a race half a mile long, 10 to 15 feet wide,
and 2 feet deep, one bank of which is a solid stone wall for a considerable distance, built up-in some places to a
height of 20 or 30 feet. At its head is a rough dam, very leaky, and boilt partly of brush and partly of stone in
cement—the latter being tight. The mill lias an available fall of 32 feet, but uses only 23, the remaining 9 feet having
been at one time used by a cotton factory, discharging its tail-water to the present mill, The power used is perhaps.
50 horse-power, but on account of the leakage of the dam, and interruption during about a wonth in winter on
account of ice, this ¢an be obtained during only ten months. By building a tight dam the entire flow of the stream
could be used at Occoquan, with a fall of 32 feet,and by raising the dam a still greater fall eould be rendered
available. It would e possible to develop poiver above the dam, but it would be expensive compared with the
power to be obtained. About 1§ mile above the dam a second ome could be built, there being apparenutly
& good site, where a lhigh dam could be built without damaging land by backwater. In this way a fall of 14 or
15 feet conld be used, and, by carrying a race farther down stream, a much greater full, but it is not probable
that much storage-room could be obtained. The total drainage area above tide-water being about 573 square miles,
T have endeavored to estimate the available power in the following table:

y

Bstimate of flow and power of the Occoquan river at Occoquan.

[Norr.—Rainfall, sbout 42 inches—12 in spring, 13 in summer, 9 in autumn, 8in winter.]

t

. |
State of flow (see pages 8to 11). Drainage
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a Report of Board of Public Works of Virginia.




46 WATER-POWER OF THE UNITED STATES.

As regards transportation by sea, this place—at least the lower part of the falls-—is very conveniently located
.as boats can load directly from the mill. The town is 2 miles from the Alexandria and Fredericksburg railroad, ,

Tor the next 20 miles of its course the Occoquan has an average fall of 3.39 feet per mile, according to an old

"survey, and there are no powers worth naming. Bull run and Broad run furnish a few small powers, hut none of
much importance. On the latter” stream there is quite a fall at Thoroughfare gap, where a mill uses « fall of 2N
feet, but the power is only 20 or 30 hovse-power, It is stated that in a distance of a mile ab this place there i8 g
fall of 150 feet. Tour miles below there is & woolen-mill, not now in operation.

Some of the other small tributaries of the Potomac in this neighborhood cross the fall-line, giving rise to quite
large falls Lut affording only very small powers; and in the neighborhood of Alexandria there are several such
streams running small grist-mills; but there are really no other tributaries from the south side worth mentioning,
-east of the Shenandoah. Goose créek, Broad run, and Kittocton ereek all supply small grist-mills with from 1 to 4
pairs of stones, and falls averaging 10 feet or thereabout. But these streams, as well as those from the north in
this vieinity, are not of much value for water-power, on account of their rnnning so very low in summer, They
-are; moreover, as a rule, sluggish, afford small facilities for storage without overflowing valuable lands, and are
subject to heavy freshets.

The only stream from the north worth mentioning, east of the Blue ridge, is the Monocacy river, which hag
its sources in Adams county, Pennsylvania, and flows nearly south, entering the Potomac at the southeast corner
-of Frederick eounty, Maryland, and draining an area of about 1,010 square miles. It flows through a hilly and
rolling country, is as a rule sluggish, and offers little power. The bed is gravel and sand, and there are no falls
of note. Its flow, although not so variable as that of the tribntaries farther west, is still liable to considerable
fluctuations, and the freshets are sometimes of violence, the water rising 10 or 15 feet in places. The stream is
used at several places to run flour-mills, but there are only two mills where the poweris large enough to be mentioned
specially. The tirst is about 12 miles below Frederick, at Greenfield Mills, where a fall of 7 feet is used and about
108 horse-power. The daw is of wood, 450 feet long and 5% feet high, backing the water about 1% mile, and was
-originally built in 1850, at a cost of $4,200. The head-race is 100 yards long. TFull capacity can always be
obtained, and there is always a waste of water. The drainage area above this place is about 1,000 square miles,
The next power is about 6 miles above, near Buckeystown, where a fall of 7 or 8 feet is used, with about 75
horse-power, the dam being 0 or 7 feet high. The drainage area above is about 935 square miles, Above this
there are small mills with falls of from 5 to 8 feet, and there are said to be no good sites not used. It seems
to be evident that the power of the stream is of not much importance.

Some of the tributaries of the Monocacy seem to have a greater fall and to be more favorable for power than
the main stream. Benuneit’s creek, though not a rapid stream, runs several small grist- and saw-mills, Bush
«creek is similar in character, but both of these streams run very low in summer, and some of the mills use steam
part of the time. Linganore creek, draining 77 square miles, has more fall than those thus far mentioned, and has
-one mill with a fall of 15 feet and running six pairs of stones. TFull capacity can be secured during only six months,
the average during the rest of the time being about one-half. The drainage area of the Monocacy above the mouth
-of the Linganore measures about 800 square miles. Double Pipe creek, the largest tributary of the Monocacy,
drains 264 square miles, and is formed by the union of Big Pipe creek and Little Pipe creek, which drain respectively
170 and 91 square miles. Although a very shert stream, Double Pipe creel has one good mill with a fall of 9 feet
-and about 4 pairs of stones, the dam being 83 feet high; and on the head-waters of the stream are many small grist-
-and saw-mills.  Although mills might be located at some points by damming, the general testimony is that there
are no sites worth mentioning on the Monocacy or any of its tributaries.

The next tributary of the Potomac, and the most important one of all, is the Shenandoah river, which joins it
Just as it passes through the Blune ridge, at Harper’s Ferry, West Virginia. The Shenandoah has its head-waters
in Augusta and Rockingbam counties, Virginia, and pursues a general northeasterly course, draining the northern
part of the great Virginia valley included between the Blue ridge on the east and the main chain of the Alleghanies
-on the west, The main stream is formed by the union of the North and South forks, which unite pear the town of

i Frout Royal, in Warren county, Virginia, whenee the stream flows through Olarke county, Virginia, and J efferson
-county, West Virginta, the length of its course, which is very tortuous, being about 54 miles (383 in a straight line),
and the total area drained 2,850 square miles. Of the two forks, the South fork is formed by the junction (at Po.rt
Republic, Rockingham county) of the South and Middle vivers—which above their junction arve mere mountain
streams—whence it pursues a very tortuous course through Page and Warren counties, between the Blue ridge
-and the Massanutten mountain, the length of its conrse being nearly 96 miles (524 in a straight line), and its drainage
area 1,535 square wiles; while the North fork has its head-waters in the northern part of Rockingham county, m%d
flows through Shenandoah and Warren counties, between the Massanutten mountain on the east and North mountain
-on the west, its course being also very tortuous, and its drainage area 925 square miles. ,

The river is to a certain extent navigable, and works have at varions times been executed for imprO\'illg.lt-
Barly in this century some locks and canals were built on the lower part of the stream—below Little’s falls, which

are 6 or 7 miles above Harper’s Ferry—while above that point the more important rapids and ledges were passed

by weans of slnices. Surveys of the river have been made at varions times in the interest of navigation, all of
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which are collected in the report of Colonel William P. Craighill, in the Annual Report of the Chief of Engineers for
1880, page 661, to which T am indebted for a great part of the followmrr information regarding the stream,

The following extract from the report of Mr. N, H. Hluttou, ¢ivil engineer, will serve to give an idea of the
¢haracter of the main stream and the South fork. That of the North fork may be presumed to he similar:

The whole water-way from Port Republic to Harper's Perry, exeepting the lower 63 wiles, flows between alluvial banks, from 10 to-
u5 feet above low water, and has on either side, except for short distanees and 2t wide intervals, areas of bottom-laud from a few hundred
feet in width to several thousands of feet; the spurs from the adjacent mountaius rarely impinge dircetly on the water-w ay, and o)y
for short distances. The lower gection, huwcvu extending from the head of Litile's fulls (64 miles) to the mouth, i is extirely unlike the-
upper partions, as liere the mountains shut closcly in on cither bank, the bottom-land disappears, and the river descends over a suceession
of 8late ledges with more than double the average fall per mile of its whole length.

As iy usual with mountain streams, the river flows alternately throngl pools of comparatively slack water, and over ledges and
ghouls forming rapids aud falls.  As is also usually found in such eases, the pools are shorter und the ledges more numerous on the upper
reaches than on the lower; on the upper 40 miles of the stremn the pools rarely if ever exceed a mile in length, with from £ to 4 feet
depth of water, while on the remainder of the stream (to the head of Little’s fulls) they frequently attain a length of 3 or 4 miles with
depths of from 4 to 7 feet of water. The depths over the ledges and shoals vary from 4 or & inches t0 8 or 8 in their lowest pluces, a8
they generally, for considerable portions of their length, are above the plane of low water.

. The South bravch commences with a width of about 170 feet, and, with many irregular contractions and expansions between 150 and
250 feet, gradually increases to a width of about 350 feet at its junction with the other branch; the main stream thence gradually widens
t0 500 or 600 feet at its junction with the Potomac. :

The whole fall, from Port Republic to Harper’s Ferry, as given by Mr. Herron, is 793 feet, or about 5.4 feet per mile. This slope,
however, is not equally distributed throughout the whoele distance.

TFrom Port Republic to Ammon's dam (7 miles) the river descends 50 feet, or over 7 feet per mile; thence to the forks at Frout Royal
(if wo excopt a fall of 17 feet in 5,000 feet at Kemper’s) the stream has for 86 miles an average full of 6 feet per mile, From the forks to the
head of Little’s falls the slope averages, for 454 miles, only 2§ feet per mile, while from the latter point to the mouth it fulls nearly 124
feet per mile, It will thus be seen that the third section counting from above, or that extending from Frout Royal to the head of Little’s
fally, is the only one on which open-river up-stream navigation would be practicable if the slope were made uniform throughont,

Both the South braneh and the main stream below are traversed by numerous ledges of slate and limestone, the latter predominating
on the upper 40 miles of South hranch and the slate below that point; the stream is also, more especially in the upper 25 miles, ohstructed
by shoals formed by loose rock or howlders brought down by the {reshets.

The whole number of ledges noted above Little’s falls was about 700, and the total length of the bowlder and gravel shoals in the
same distance was estimated at about 17,000 feet. Between the head and Mallon’s iron-works (22 miles) the ledges average 0 per mile,
annd the bowlder and gravel bars aggregated 10,000 feet, or over 450 feet per mile; between the iron-works and Front Royal (junction of”
North branch) the lec ges averaged 5 per mile, and below that to head of Little’s falls they averaged a little over 3 per mile; the howlder
and gravel shoals on both sections averaging about 56 linear feet per mile. DBelow Little's fulls the river is almost one continuous
succession of ledges, over which navigation has never been attempted exceept by the aid of the locks, sluiees, and canal of the Shenandouh
Navigation Company. Aside {rom this lower reach, none of the ledges form fulls of any magninde, excep: at Kempers falls, where the
river runs close under the mountain cliffs, and falls 17 feet in 5,000 feet over a suceession of limestone ledges.

As might be expected from its narrow, steep, and rocky water-shed, the river is said to be subject to freqnent and rapidly-rising
freshets. No exact data were attainable as to their nsual and ordinary heights, but they do not seem to have gencrally exceeded 7 to 12
feet above low water except on such extraordinary occasions as that of the automn of 1870 and 1877, when it rose from 23 to 30 fect in &
fow Lours. Their effects can not generally, however, be very severe on the river bed and banks along the upper portiens, for the general
configuration of the river and the extent and shape of low points and islands were ueztrly the same during this reconuaissance as woere
indieated in tho topographical notes ot Mr, Herron’s survey in 1832,

The absence of lakes in the drainage basin increases the violence of the floods, and were the fall of the stream
not so large the water would rise to much greater heights. It is said, however, to have risen over 40 feet at the
junction of the North and South forks in the freshet of 1870, Ice-jams are said to occur sometimes, but they are
of course not so dangerous as on the streams farther north. The rainfall over the basin averages about 40 inches—
12 in spring, 12 in summer, 8 in autumn, and 8 in winter. The gauging in the table on page 9is given by Mx.
Herron.(a)

The elevations above tide of some points on the stream are given in the following table :

-Slope of the Shenandoal river.
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Until recently the main stream and the South branch have not been very accessible, except for a foy mil‘es
above Harper’s Ferry, being removed on the average about 10 or 12 wiles from the Baltimore and Ohip railroag
(Valley branch), which follows the North branch. By the con struetion of the Shenandoah Valley railroad, howeyey
almost every point of the stream is brought within easy reach. ' !

The large fall of the river is sufficient evidence that it affords a very large amount of power theoretically availahle,
Very little, however, is utilized, as the table on pages 52 to 54 will show. With a few exceptions, which wil be
indicated, the rapids and falls referred to in the extract from Mr. Hutton’s report, though numerous, have but smaly
fall; so that, although mills might be located at many of them, the falls available woudd be small (probably not ovep
5 to 8 feet, as a rule), and it would generally be necessary to build dams. At a number of these sites mills were
located 15 or 20 years ago; but the freshets of 1870 and 1877 proved so destructive, and carried away so many
-dams, that people have been deterred from utilizing power on the river in later years. The old dams, howerver, were
generally built of logs and brush, and were for the most part leaky and unsubstantial; and considering the good
foundation which can generally be obtained, there seems to be no reason why there should be difficulty in building
.dams strong enough to withstand any freshet to which they might be subjected.

The following are the prineipal powers met with as the river is ascended:

The principal fall on the stream occurs in the lower 8 miles of its course, according to the above table, Thig
fall was overcome by the navigation company by means of a series of locks, canals, and sluices, which are described
by Mr. Hutton as follows:

Tor a great many years anterior to the civil war, a system of down-streamn navigation, per flat-boats, was maintained thronghout the
main stresm and South branch, the warks above Little’s falls consisting of low wing-dams and sluices, and, below that, of a system of locks
‘and canal combined with sluices and open-river navigation. No attempt appears ever to have been made to establish an up-stream
navigation, unless possibly on the lower reach, where remains of a towing-path still exist; though, with a fall in the water-way, outside
the locks, of nearly 7 feet per mile, it may well have beon called an uphill business. ’

The navigation works between the head of Little's falls and the mouth of the river, commencing at the head of Little’s fallg,
.consisted of: 1. Alock of 6 feet 1ift; 2. A sluice 2,000 feet long, falling 5 feet; 3. Open river for 4,000 feet, falling 8 fest; 4, A sluice
and mill-race 1,800 feet long, falling 1 foot; 5. A lock of 10 feet lift; 6. Open river for 3} miles, falling 15 feet to the foot of Bull’s falls;
7. A canal behind Virginins island, 9,200 feet long and about 30 feet wide, with a single lock of § feet lift and a double lock of 15 feet lift,
“Teaving 18 feet of fall to be passed over outside of the locks. ‘

All traces of the works above this section have disappeared, and the works, as above named, are in a dilapidated condition, ne
.attempt having being made to use them since the freshet of 1877,

The loek at Little's falls is o comparatively recent one, built to replace an old one washed out, and is so badly built that it is not worth
srepairing. Tho other locks are the original ones put in by the old navigation company, and are fairly construcied. One of them needs a
new wall, and they all need new gates, cleaning ont of sand, @ébris, ete. They are all 90 by 12 feet in the chamber,

The training-wall at Little's falls, originally built of small slabs of slate laid ‘dry, has almost entirely disappeared.

The canal and mill-race at Snyder’s mill, as well as the main canal below, require cleaning out of the @bris, and possibly the removal
«of somse projecting points of ledges.

T have endeavored to estimate the available power at this plae’e in the following table:

Bstimate of flow and power of the Shenandoah river at Harper’s Ferry.

State of flow, (see pages 8 to 11), Drjriél[;‘_go Fall, I;l(;:ovgnp‘fr * Horse-power available, gross.
*

. . Sg.miles. | Feet. | Qubie feet, §1 foot full. |14 feet fall. | 20 feet fall. | 84 jeet fall,
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- 280 31,8 450 635 2, 670

Minimum 10w S68801 .+ cevereoascanen. [ 476 54,1 750 1, 080 4,540
s 2, 800 84

Maximum with storage.. ..c.u. . eone. 1 2, 520 286, 8 4, 000 5,725 24, 000

Low scason, Ary years ....c.ooconi.. 540 61.38 860 1,225 | . 5150

As regards the utilization of this power, bed and banks are favorable to the construction of dams, but space for
-canals and buildings is sometimes limited, Nevertheless a large amount of power conld be developed if necessary,
and without great trouble. It is said that at Little’s falls a fall of nearly 20 feet could be utilized ; and just below
the second lock, coming down, there is a mill, taking its water from the old canal, just above the lock, and using &
fall of about 14 feet. Just above the canal leading behind Virginius island there is a mill, not now in operation, with
a fall of 6 feet; and on Virginius island was formerly located the government rifle factory, taking water from the
«canal behind the island, above the double locks, with 15 feet lift, and discharging it across the island into the rive'r,
with a fall of 14 feet. By building a dam at the head of the island and turning the water into the old canal, this
fall could be used without difficulty, and with considerable building.room on the island; and a much greater fa}l
than 14 feet conld be used, if necessary, dependin g on the height of the dam. At BulPs falls, although the descent 18
-considerable, there are no facilities for races and buildings. Finally, below the point where the water was dischargeld
from the rifle factory there is a fall of about 16 feet to the Potomae, about 14 of which is easily available, and 18
used at present by a flour-mill, with a wooden dam 400 feet long and 4 feet high, and a race of two or three hmlfh‘ﬁd
.yards. The power used is perhaps 125 horse-power, and there is no trouble with want of water, althongh sometimes

the uggézhinery is stopped in freshets. It is said that the river has risen 25 feet at this place.
5 ,
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The power above despribed is worthy of notice, Tacilities for transportation are excellent, and building-
« materials can be obtained in the immediate neighhorheod.

Between Little’s falls and the forks of the river there are no sites of importance and no tributaries worth
mentioning. There were formerly a few small grist-mills on the main stream, with falls of 5 or 6 feet, It some of
the dams were carried away in 1870 and have not been rvebuilt.

Oun the South fork. there is a flour-mill just above the junction with the North fork, using o full of abont 7 feet
and 60 horse-power, with a wooden dam 400 feet long and 6 feet high. This is the best dam on the stream, the
others being generally of brush. T should estimate the flow of the stream at this place, in cubic fee
square mile, at about the same as for Harper's Ferry, for which see table above

A mile or two above this mill there is a site once occupied, with a fall of 5 or 6 feet, and there ure many similar
ones farther up. Txecept at Kemper's falls, however—where the descent is 17 feet in 3,000—the falls are all small,
and there are no 1nills on the stream with 1alls of over 9 feat. The quotations previously given render further
remarks here unnecessary. There is doubtless a Targe amount of available power on the river, the prineipal tronble
being due to the freshets, and this by no means serious.

Some of the tributaries of the South fork below the junction of the South and Middle rivers have rapid falls
and offer some power, but they are all small streams and subject to considerable variation in low. South river, which
drains 257 square miles, has for some distance the same general character ag the main stream, but is utilized more
extensively for power. Its fall between Waynesborough and its mouth (at Port Republic), a distance of somewhere
near 25 miles, is 220 feet, its elevation above tide at the former place being 1,25%feet. The upper part of the valley
of the Shenandoah, and especially that part drained by the head-waters of the South {ork, is, as already remarked,
a limestone region. The streams here are generally fed by many bold and eonstant springs, and their flow is much
more uniform than in the lower part of the basin; and this, together with the fact that the mills are small, will
serve to explain why they are so much more extensively utilized than the main stream. The mills in the vieinity
are uniformly grist-mills, with falls of from 5 to 10 feet, and, as a rule, 2 or 8 runs of stones, With few exceptions,
most of the good sites in this vicinity are said to be occupied, there being mills on the main streams at intervals of
a few miles. Middle river, which unites with South river, drains 770 square miles; but just above Port Republic it
receives as an important tributary North river, draining 344 square miles, leaving about 425 sqnare miles for the
drainage area of Middle river above the junction. Both of these streams are fed by numerous springs, and are
utilized to a considerable extent by grist-, flour-, and saw-mills, especially North river. The only freshets which are
spoken of as having done any damage in this region are those of 1870 and 1877. The ordinary rise of the rivers in
freshets in this neighborhood is from 2 to 6 -feet, but in 1870 they rose in places 20 feet. The mills on these streains
have, like those on South river, from 2 to 4 pairs of stones, which they can generally run all the time, with falls of
from 5 to 10 feet.(s) North river is especially well utilized, having no fewer than 17 mills of various kinds, including
the woolen-mill of the Bridgewater Manunfacturing Company, which uses a fall of 10 feet and 20 or 30 horse-power.

" Bome very small tributaries, like Cook’s creek and Mossy creek, heading in springs, ron small mills, The fall from
Port Republic to Mount Crawford, on North river, a distance of 16.35 miles, is 92.64 feet, or at the rate of 5.67 feet
per mile.(D)

Perhaps the most prominent unimproved power in this neighborhood is one situated on Middle river (¢) at
Port Republie, just above where it joins the South river, although the fall is small, It is said that a dam 6} feet
high could be eredted—the bed of the stream being solid limestone, and very favorable for its construction-—giving
an available fall of 8 feet, with banks favorable to the utilization of the power, and high enough to be perfectly safe
in times of freshet. The width of the stream is about 350 feet, the drainage area being about 770 square miles.
I should estimate the power about as follows:

t per secoud per

; | -
1
State of flow, (seo pages 8to11), | © T&’:ﬁge Fail I I’}ggx,ﬁﬁr Horau-pn;;g::w)lnb]e,[ Remarks.
| |
| | i ¥
‘ i 8g.miles. | Feet. 1 Cubiefeet. § 1 foot full. { 8 feet fall. ‘. !
f | i 2.6 !} o
Minimum ..o | I" 110 1 _‘ 100 L Flow more con.
Minimum low 868800 civiiuiieeaoiaan, 770 gl ! 131 14.9 | 120 ¢ atant thsan on
Mazximum with storage .. .. | i l 6880 .8 620 lj }gu}:fg;;g)({n:;iof
Low 8ea80n, ATy YEars ...covsnennnenes ; ; ; 150 17.0 ; s i

The powers given in the table could be increased to sowme extent during twelve hours by drawing down the
water in the pond., This site is owned by Mr. John W. Palmer, of Tort Republic. ‘

a My acknowledgments and thanks ave especially due to Edward 8. Kemper, esq., county surveyor of Rockingham county, and to
G. W, Berlin, esq., of Harrisonburg, for detailed and valuable information regarding this part of the state.

b Annual Report of the Chicf of Engineers, 1880, p. 675. )

¢ There seems to be a little nneertainty regarding the names of these streams, some considering North river a tributary of Middle
tiver, and others considering the former the main stream, 567

.
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There is another site at Port Republic, on South river, where, with a dam 44 feet high and a race of 250
a fall of 11 feet is said to be available. But, as the stream is only about one-third as large as Middle river, the
is small; Defore the war it was utilized. Both of these sites are very favorably located as regards t‘mnéDOrtatioH

Tinally, there is a third site, not nsed, about 2 miles above Port Republie, on North river, at Scott’s ford, A
fall of 6 feet was once used, with a dam 5 feet high, but in 1870 all of the buildings were carried away by the flood

The North fork of the Shenandoah is similar in general character to the Bonth fork, and its water-powep if;
used only to run small grist- and saw-mills. Its fall, from the turnpike near Strasburg to the junction with e
South fork, a distance of 13.32 miles, is 52.36 feet, or nearly 4 feet per mile. The following extract from the report
of James Herron, reprinted in the Annual Report of the COhicf of Hngincers for 1880, page 668, will give an ideq of
the stream: - : :

Frow the forks the survey took up the North fork, through good bottom-lands, with bt one short bluit before reaching Cedar orek,
Above thigthe river seema to have cut through a spur of the Three-top mountain, round the base of which it winds, forming o, good Lotto
in the bend. The valley-side, however, which was ocenpied by our survey, consists of high and steep slate rocks, forming a deop crescent
of a mile and a half in extent, against which the river impinges with great violence in times of freshets; beyond this, very good bottoms
continnd to some distance above Strasburg,

Trom near Strasburg to the mouth of Stony creck the North fork is extremely crooked, so much so indeed that no adequate ides
of it can Lo conveyed. The tongnes of land that form its numerous bends consist alternately of the high slate spurs from the Yort
mountain, interlocked with equally high limestone ridges of the valley. There are 20 of these tongues, each one of which forms one or
more small but highly-cultivated farms, in a distance of about 20 miles. The distanee to the mouth of Stony creek, by the survey, is 42
miles 43.03 chains, showing an inerease of distance amounting to 224 miles; the course of the stream is still longer, for the survey cut off
the bottoms in the bends. .

The level of the river at the mouth of Stony creek was ascertained to be 516.53 feet. above the Potomae, 757,96 feet above tide, and
consequently 256 feet above its surface near Strasburg, which is at the rate of 6 feet to the mile; and did it run in & straight line it would
be 12.8 feet. The latter is the general fall of the country, and has been found, to hold with regard to the ridges and streams crossed by
the line I have selected for a railroad, though remote from the river, the latter being left at Stony creek.

The mills on the stream are small, ag will be seen by referring to the table of ntilized power below. "The dams
are generally of wood or brush, and the mills have 2 or 3 pairs of stones, but, on aceount of leakage, are not able to
run them all the year. The flow of the stream is quite variable, although some of its tributaries, especially in the
upper part of the valley, are constant. The discharge at the mouth may be estimated at abount 130 cubic feet per
second when at its minimum, and about 180 cubic feet during the low season of dry years. The drainage area above
Woodstock is about 618 square miles; and above Mount Jackson, 425. The rainfall is about the same as already
given for the South fork. :

The next tributary of the Potomae worthy of mention is the Antietam river, which has its sources in Franklin
county, Pennsylvania, and flows nearly south through a distancee of about 30 miles in a straight line, emptying into
the Potomae in Washington county, Maryland, after.draining an area of about 340 square miles. It drains a rolling
and fertile country, but its deelivity is uniform and upinterrupted Ly falls and rapids. It is utilized toa considerable
extent, together with its tributaries, to run principally grist-, flour-, and paper-mills, and there are said to be no
gites of importance unimproved, thongh some of the improved powers are at present idle. The flow of the stream
is very variable, the freshets sudden and quite violent, and the powers small, as a rule. The drainage area above
Funkstown is abont 200, and above Hagerstown about 190 square miles. '

Gonococheague creek, which rises in Adams and Franklin counties, Pennsylvania, and pursues a gencral course
parallel to that of the Antietamn, joining the Potomac near Williamsport, in Washington county, Maryland, and
draining an area of about 500 square miles, is the next tributary of importance. It resembles the Antietam in all

- essential respects, and, like it, is utilized for grist- and paper-mills, none of which are very large. Turther particulars
regarding the water-power of the stream could not be obtained with the time at disposal.

The remaining tributaries of the Potomac below the junction of the two forks are similar in their general
cliuructeristies, and drain the narrow longitudinal valleys between the ridges through which the Potomac hreaks
in this part of its course. Their fall does not seem to be great, and their power is unimportant. Their tributaries—
secondary tributaries of the Potomac—often have, it is true, large falls, descending as they do from the ridges t
the narrow valleys, but they are so small that they run nearly dry in summer. These streams have in some Cases
rocky beds, and rock is always found ata small depth; but their declivities, at least those of the primary tributaries
of the Potomae, are on the whole uniform. The table of utilized power on pages 52 to 54 will show that they are used
to some extent for power; but they are quite variable in flow, some of them heing subject to guite heavy freshets,
and their water-power may be said to be of little importance.” The table on page 40 gives the drainage areas of
some of these streams,

The following approximate elevations above tide are given by Chauncey Ives, esq., assistant engineer of the
Cumberland Valley railroad : :

yardg,
Dower

Feet.
Fast braneh of Conococheague creek at Scotland, Peunsylvania, erossing of Cumberland Valley railroad .... 56
Falling Spring ereek at Chambersburg, Pennsylvania, erossing of Cumberiand Valloy railroad ..oev. -ccove-- 603
East brauch of Conococheagne creek at lower crossing of Cumberland Valley railroad . . .cowe cveums comeeonemns 473
Buck Creck erossing of Cumberland Valley railroa®.. .o .ooo oiiir ol it it iiaans ceanemcce smmmamssmen 456
West Branch of Conococheague Creek crossing of Cumberland Valley railroad. ..o cevens ravneeanmmcsencnns 500
Potomac River crossing of Cumberland Valley railtoad. ... . ceeennoeonn vonemeeevenoes saensnsnnsssenssisanss 10

668
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These elevations are referred to high tide in the Schuylkill river ut Philadelphia.

It only remains to say a few words regarding the North and South forks of the Putomae.

The North fork takes its rise in Grant county, West Virginia, nearly on the line between West Virginia and
Maryland, and for nearly its whole length forms the dividing line between those two states, pursning a general
course about 60 miles in length, and draining a mountainous avea of about 1,300 square miles. The table on pge
9 shows that its maximum discharge at Cumberland is over 760 times its minimum, a ratio which is excecdiugiy
Jarge for a stream draining such o large avea (684 square miles without Wills ereek) and which finds its explzumﬁmn
in the ubsence of lakes, the steepuess of the mountain slopes, and the narrowness of the valleys, all characteristies
which seem especially pronounced in this case. These great luctuations in flow, however, are fatal to the extensive
use of water-power on the stream. Reference to the table on page 9 shows that the winimum fow of the stream at
Cumberland is about 25 cubie feet per second, or not enongh to supply the canal, which terminates at this point;
so that although there is a canal dam (here (dam No. 8) 400 feet long und § feet high above low water, built of
masonry, and with favorable sites for utilization of power, at some seasons no power could be obtained. The fulk
of the stream both above and below Cumberland is large, and the facilities for dams excellent, but its water-power
is practically valueless.

Some of the tributaries of the North fork partake of its general characteristies, while others are said to be
quite constant in flow, and to be fed by perennial springs; but all of them are comparatively small, and although
their fall is often rapid, their power is still, on the whole, of no importance. The principal of these streams are
Patterson’s creek, which rises in Grant county, West Virginia, und flows northeast into Mineral county, draiving
an area of about 225 square miles, and Wills creek, which enters at Cumberland from the north, draining about
235 square miles, in Pennsylvania and Maryland; but no details could be obtained regarding them.

The South fork of the Potomae has its sources in Highland county, Virginia, and Pendleton county, West
Virginia, near the head-waters of the James. Below the junction of the vumerous forks which go to form the
stream, and whieh pursue alinost parallel courses through narrow valleys, it flows in a northeasterly direction
throngh a narrow and fertile valley, draining a total area of 1,680 square miles. The drainage basin is thinly
settled, and very inaccessible, not being traversed by a single rajlroud. The bed of the stream is mostly coarse
gravel, and the banks are of loose sediment, and, on accouns of the sudden and local swells to which the river is
gubject, the channel is in a continnal state of change. The facilities for dams are not very good, for they are liable
to be undermined, and require extensive aprons. The fall of the stream is gradual, aud varies from 7 to 8
feet per mile on the upper part (above Moorefield, about 54 miles from its mouth, measured along its course) to 4
feet per mile near the mouth. At no places are there concentrated falls of any magnitude, though in one place;
about 20 wiles below Mooretield, a rift is mentioned having a full of 6 feet and over in 275 yards. The following
table gives the elevations of four points on the stream :(a)

Slope of the South fork of the Potomac river.

Distance Elevaﬁon? Distance! Tall fﬂllile
Locality. from above | botween | between tereen
mouth. | mouth, { points. | points, points

Miles. Feet. Miles, Foet, Feet
Mouth cveeersvrnaennnes 0.0 0

} 206 127 .3
Opposite Romney ...... 20.6 127 i

} 2“0 ;18 8.3
Moorefield ..cneuveennss 53.6 278 !

} 12,0 %7 81|
............ teveeenenens] G5O 875

|

Very little definite information could be obtained regarding the water-power of the stream’; but as regards that
which is utilized the table on pages 52 to 54 shows thatitis very small inamount. There are probably numerous sites
where power could be developed by damming, but no particular ones can be mentioned. No information regarding
the flow of the stream could be obtained, but the freshets are said to rise from 9 to 15 feet, and the flow is no doubt
very variable, like that of the North branch.

The following table gives the drainage areas of the South branch and some of its tributaries:

Square miles.
Bouth branch at mouth - ...oceaoooiinnnn- reemememambeananne . . tevmncananeransane e e anenns wewewe 1,580
South branch at RomDey «...eee ceveecannanaease M imeaeecaca seemememes smmmas aens eemaemaasesnnnr mnmane vaas 1,484
South branch below junction of FOXKS - .o...eeeeeesscamon coeeossuusasanase coresaresaane e e ana enes 1,264
South forlkt of South branch At IOUED .« e en s veoeaecacs cmranscassamsmasnsnens samnnrasessassassonesone mnnuas 361
North fork of South branel ot Mol - c.cen occmn s ouisimr s eeaa e tecmas cace tetwrer smnsaene oo mrms smross 903
Middls fork of South branch at mouth ......... t eamamenseeman e e anen nanas eme e niennanass 300
North fork of South branch above mouth of Middle fOIk .o.oneemercrnineens s miias s snnnaeeae e e 340

a Eighth, Report of the Board of Public Works of Virginia, 1823. 569
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Table of utiliced power on the Potomac river and tributaries.

] H
B o | B
’ i . Kind of mill or mann. ‘E g aﬁ
Btream. Tributary to what. State. - County, fachure s : 85
gl 3
: 51 8 |3°
& = ) g
Feet,
Potomao Hver..ccavvammananness oue.| Chesapenke bay .| Districtof Columbia(a) P‘n,per D) e, 1 I "
Sreacieas lener : Corn (B) «omecnnnn. 1 813 o
....... Lloosdp . Yertilizers (b)........ 1 343 o
....... doaan Flour (B veeevvinennnn.n.., 5 172 [
Flour and fertilizers (b) ... 1 ¢ 0
Flour (¥} ccvevnecrnannn... 1 17 %
SAW D)« vrreaceiaainaa, 9 10 e,
Sumac{b)....coonerana.... 1 o5
Carpentering(b) .......... 1 91
Grist (B) -oe v 1 2%
Cement (D) vo..eveviie... 1 a4
do oo 1 8
Tlour and grist 5 )
3115 SN 3 30
TFlour and grist 3 m
B . T R R 4 49
P < T S 9 35
................. B [ RN 8 167
..................... PIASEEY cvnvrinnrrinnnne.. b 94
........... Tlour and gristi........... [ 2
--------------------- ‘2 38
2 47
26
i} 112
32 490
4 58
2 liinns
3 40
7 100
2 27
1] 2 8
7( 15 9
Prince George ....oc...... JR £ S 8§ 112 149
..-| Montgomery.....cccv..... JRO ;1 S VR A2 8% S
- Saw ... [ 2 b1 H
PR ¥ SN 17 233 1m
Blagt-furnace 1 60 60
Loather. ..-eevveeees 1 12
Machinery.......... . 1 [ g
WO0len o cevneranaancrcmnnn 3 47 2
Tlour and grist . .oeveeeen-| B4 ] 1,207 | 170
P (R T 29 400 400
BAW .cvnrrcnniinmancrannan 20 founeeres 208
A gricultural imploments . 1 10 8
Wo0len carveeeranancinmnas N1 OO 15
Blacksmithing.....coceu-- b 1 IO l
Cheose and butter........ o1 9 ]
Portilizers...coueeevanunns 1 10 40
Iron foundery .. caene ) U PP fi
Washington . .| Tlour and grist . ] osl e | 1m
cenellO o | BAW e 12 109 1
| Pertilizers oevee-revnssens 1 8 o
. Agriculbural implements . 2 19 1 @
4 Blast-furnnces ...lee s a2 56 g?)
70
82
92
18
ki
309
5
97

horse.power used, net. TFlourand grist: 6 mills, 80 to 40 feet fall at each ; 688 horse-power used, net.

570 b Supplied with power from the canal. + Ope notin operation.
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Table of utilized power on the Potomac river and tributaries—Continued.

P
BTk
Stream. Tributary to what. State, County, Kind of mill or manu. w . F | TE:":'
factare, [ R -1
& Z @ 2z
E 27
- A H o H
] Feet. ‘
Shenandoah river and tributaries. ... Potomae river........ ‘West Virginia ........ Jefferson........ cermemenn] BAW i 4 | @ 66
..... - weees.| Iron foundery .ooeoovannd 1| 4 6
deeedo ...l A Lenther veveereveeaneannn. 14 7
Virginia .. . 3 " 88 | 22
Flour and grist..oc.n..n.. 0, 25 i 148
Cheese and batter ........ 1 2 1
Flour and grist....oneews.] 4 1 | 89
.| Baw ... 1 10 fid
Wookin ceanenas 6 |.om... JUTPT
Qo [ 20 S i 2
Sumae ... 1 14 ‘ g
Flour and grist .. 15 202 318
PR - S, 35 516 613
Blast-furnaces , .. ald 7 63
SaW vnens .28 piveid 304
.| Forges..... Soa? ... 41
Furniture . 1 ( 23 10
Leather. ... S | 10
Mackinery... 1 ; 12 12
. Woolext.aa.. . 1 10 15
.1 Flour and grist [ - P 204
CUBEW e eieeas 2 12 o4
| Leather. . 1 16 e
. 'Woolen .. 1 1t 24
.| Flour and grist .. K 4% 610
OBAW L e 14 180 223
D 7L T SRR o g 18
I S 1 8 19
.| Agricultural implements.{ 2 1L 38
AN 315131211 U 1 28 12
.| Fertilizers cove-neoreannan. 1 6 12
. Blast-furnace ..., .oeeenas- b1 6 25
..| Marble and stone works.. 1 10 13
A Forge ocoreie e bl 18 30
Woolen coeeeiaiiiieannn, 4 33 54
Augusti . ..cooveeeiionnn. JRY U R R RN i N PO O
1S PO < U Flour and grist ..eeeevvnn.] B 737 1, 069
JER ;R N SAW .orinieeeiiearananns 12 300 70
deerel0 ceeener it iaeersnean . | Agricultural implements.. 1 9 15
JRUPRY'. 1, TV Y : [ IO eerereres «»..! Blacksmithing........... b1 14 2
peel0 s e 0 e TOUDARTY e i 1 12 ‘\ [
deeeell® e b 0 v eneiisene e Machinery oo Leciieniey X 12 6
I T UEPN | Sash factory cocenecennnnns It 7 30
dedo..... farenenneananae ! Wheelwrighting . o.eeen-s 1 8 6
Clarke .coveiiiiineneanen { Flour and grist ... Pl 14 25
vivecseersea.] Froderick.ceeeieioiin.. JU U 118 319 74
DR 1 R, R e G0 e [T Farnitare ......... veenans o1 18 ]
Y R PO UUR SRR (1 SRR WOOIEN ceveceemammmanaans [ T PO } 77
West Virginia Blast-furnace . coeeaevenaas 1 15 | 15
FUPIN [ TUOURPOIE PR : [« JRSPP PR Woolen . cuernvaenaaannas 3 78 52
PR 1 U Jefforaon ..cocvenuennnnn.. BAW . iociiirnearrearanns 5 87 05
S . e B (P Flour and grist ........... ] 161 203
RN 1 S, O, PR { Leather. covereveansennenn 1 1 1
R 1 T JRUY: [ e, [, Taper..eencoconanse 1 10 10
ceerllO ceriinimerisanan]eea @0 cieiias oo WooleD caeeeaneens 1 20 20
S OO 1 .. 22y 568 363
FRUX ; [, TR FURY s | IS RSO 10 138 115
Y TR U DN B 51 Bl
R e 4 43 ]
1 Y (P U, 1 13 12
Do...... [T vesrsenesn.| North branch Potomac . ...d0 vvermveenanennnns 6 88 104
DO FRUURN IR 1 SOV PUUORIPREN PO [ SOOI 2 o 43
FUUN [ J R | 8 88 B2
R FUY . DU JRR T DR, Flour and grigb..coeenee-] - B 84 145
B R SRS SUUY, . S U FOUY " SN cdeendo ..l e et renaen TVOOIEN cvrnrrvevnseransndd 8 804 a5
@ One not in operation. b Notin operation. 571
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Table of wtilized potwer on the Potomac river and tributaries—Continued.

RS S
g ¥

RN

Stream. Tributary to what, State. County. Kind of mill ormana- | % | B | 4

‘ 3 g g

I 2
Feet.’

Potomao river ........| West Virginia........ Hampshire ... Flour and grist 3 18 "
. L SBBW e 2 22} o
Flour and grist.. 1 4 %
Ae-- do 2 |* 15 %
Woolen ) 3N PR 8
Flour and grist 8 73 @
b RN 1 54 1
Woolen........ 1 6 %
ae] SAW cieeniiinaan 1 14 8
..................... . Flonr and grist 3 4 0
................. Vi, U T~ 1 2] 2 3
.| Flour and grist .. 1 7 18
R U SO, 3 50 a
IO (S T SRR RUROION OO . -] Woolen.......... J01 2 3
Potomac Tiver........ et IS5 N seanns [N PPN %
Flour and grist -...c....., 12) 180 1w
[ s RN .- 9 148 100
Woolen .. 1 10 [
Jaendo .. . L7 bl
. [ 127 172 130
................. ceenlo ciciiiiiiciieeees | Flour and grist...eooooo0 180 208 o8
................. ceedo il o] Woolen ovennnieninnvinans 51 S N
.......................... ...| ¥lour and grist ...........| 74| 016 1,419
. 80w s . 21 271 208
Leather .- 2 28 2
Agriculturalimplements.. R PR 0
Turnitare 1 4 %
Machinery ) NN ]
Papor....cceenn.. 3 o6 170
‘Blast furnace 1 10 10
Woolen «ooovevnnnns 4 40 (]
Flour and grist 18 260 957
BEW veverrriamremrieaaaas 3 32 i3
. i Woolen .... 2 42 80
T RN 7, I .| Fertilizers . e 2 10 1
Bedford .1 Flour and grist - . 1 16 1
SOmOraet . ceverrivaniaean.] BAW corminriniicnaraaaa 2 feeiinn 1

o Perhaps fributary to South branch.

V.——-THE SMALLER TRIBUTARIES OF CHESAPEAKE BAY.

Before proceeding to deseribe the Susquehanua river, there remain to be noticed a few small tributaries of
Chesapeake bay, some of which, however, are notable on account of their utilized power, serving to ran in past
some of the largest mannfacturing establishments in this part of the country, ‘ o

Those streams entering the bay from the east may Le dismissed with a few words. The region they dr:m} is
flat and often low, with a soil of clay and sand, and they belong to the class of sand-hill streams, their flow being
quite constant, and the declivities, as a rule, uniform. They are utilized to a large extent to drive grist- and saw-
mills, but their powers are all very small. The total power utilized is tabilated at pages 58 and 59, i”f’”“"_

The streams from the west and north possess considerable power in proportion to their size, their principal )?arf»
being, of course, ghove the fall-line, up to which they are often tidal. This fall-line, as remarked in the introduct_mn,
crosses the Potomac several miles above Washington, passes nearly through Baltimore, and follows the bay 1 &
northeasterly direction, leaving Maryland not far from its northeastern corner, and probably passing through the
northern part of the state of Delaware. Below the fall-line there are some small powers on streams belonging {0
the sand-hill class, and similar in character to those on the other side of the bay. ) . 3

The raintfall over the entire region referred to may be taken at about 47 inches, of which 12 fall in spIDg, 1
in summer, 12 in antumn, and 10 in winter. ' fon

The first stream above or north of the Potomac which is worthy of special mention is the Patuxent rm..x;z
which has its sources in Howard and Montgomery connties, Maryland, and pursues a southeasterly and then

. . . ; anf . on it8
southerly course, forming the boundary line between the couuties of Howard, Anng Arundel, and Calvert, 01
572
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left, und Montgomery, Prince George’s, Charles, and Saint Mary’s, on its right, emptying into the bay 18 or 20 miles
above the mouth of the Potomae. It drains an area of about 960 square miles, and its length, measured in a
gtraight line, is about 80 miles. It is navigable for 40 or 50 miles from its mouth, and crosses the fall-line, passing
from the middle to the eastern or alluvial district, near Laurel, in the vicinity of which place there are several
powers. Above this point the drainage area of the stream measures a little over 200 square miles, and includes a
hilly and rolling country, with no lakes, a soil of sand and clay, and some limestone in parts. The flow of the
stream is very variable, with heavy freshets and sudden rises, and a very small flow in the dry season. In 1868 a
freshet occurred which carried away, it is said, every dam on the stream. The bed is often rock, sometimes
overlaid with a thin layer of gravel, and the fall is quite rapid. The mills are not much troubled wiik ive, hut
the complaint is made that the flow is becoming more variable, the summer flow less, and the freshets more violent.

The tollowing are the most important powers on the stream:

Near Laurel is the Avondale flour-mill, with a fall of 8 or 9 feet,’and some G0 or 70 horse-power used, Just
above it is the Laurel cotton factory, with a stone dam 300 feet long, 28 or 29 feet high, a race about 1,080 feet long,
and a utilized fall of about 30 feet. A power of 200 horse-power is used, which can generally e obtained during only
nine months or less, so that an engine of 150 horse-power is used in the dry season.(a) Jodging from analogy, one
would not expect the stream to afford over 5 gross horse-power per foot fall in the minimum low season, or irom 7
to 8 in the low season of ordinary years. There is no artifieial storage (except in the mill-ponds) in the basin of the
Patuxent. .

About a mile and a quarter above Laurel there is an unimproved power, consisting of a rapid fall amounting,
it is said, to 20 feet or over in a short distance. I am unable to speak authoritatively of the value of this site.

The Guilford cotton factory, farther up, has a stone dam 200 feet long and 8 feet high, a race 2,500 feet long,
and a utilized fall of 14 feet. The power used is 50 horse-power, which can be obtained during eleven months
generally, while during the remaining month sometimes only one-half can be obtained. Steam-power is used during
the dry season to the extent of 75 horse-power.(d)

There are other powers on the stream above this, including a woolen-mill, grist- and saw-mills, but they are all
small. The statistics regarding them will be found tabulated at pages 58, 59,

The Patuxent receives as a tributary below Laurel the Little Patuxent, a stream draining some 60 or 70 square
miles, and with one power worth naming, the Savage cotton factory, near Savage station on the Baltimore and
Obio railroad. The dam is 185 feet long and 18 feet high, the race is half a mile long, and the fall used is 55 feet,
capable of being increased, it is said, to 60 feet. A power of 250 horse-power is used, and can generally, it is said,
be obtained all the year, but probably by drawing down the water in the pond duoring the day-time.(¢) There are
said to be two unimproved sites on the Little Patuxent near this factory, with falls of 15 feet and over.

The next stream of importance is the Patapsco river, which is formed by the union of its North and South forks,
and flows rather south of east, between the counties of Howard and Anne Arundel on the sonth, and Baltimore on
the north, emptying into Chesapeake bay just below the city of Baltimore. Of its two branches, the North fork riscs
in Carroll county and flows south, draining about 129 square miles, and the South fork rises in Carroll and Howard
counties and flows east between them, draining about 100 square miles. The total arca drained by the Putapsco
measures about 350 square miles, and lies almost entirely above the fall-line, so that the area valuable for water-
power is greater than in the case of the Patuxent. The character of the basin is similar to that of the latter stream.
It has no lakes or artificial reservoirs, and the flow of the stream is quite variable; but the freshets do not oceasion
very large rises of the water, on account of the fall of the stream, which is rapid for the greatex part of its course,
and is utilized for power to a considerable extent. The width of the stream averages 100 to 150 feet, and the rise in
8 heavy freshet is said seldom to exceed 6 or 7 feet in the lower part of its course. The bed is generally rock, the
banks are abrupt or shelving, very little land is subject to overflow, and the facilities for power, so far as the location
goes, are in every respect favorable, The Baltimore and Ohio railroad follows the stream closely from Relay Station
almost to the source of the South fork, thus rendering every point easy of access.

The following are the powers on the stream:

At Relay Station, about 5 miles from Baltimore and 15 miles from the bay, is the Hockley flour-mill, the firsé
power on the stream, and at the lower extremity of the fall caused by its crossing of the fall-line. The dam is of
wood, 250 feet long and 8 feet high, almost entirely rebuilt in 1874, and the fall at the mill, 200 yards below, is 8
feet. A power of 100 horse-power is utilized, running 8 sets of stones. Full capacity can be secured during only
nine months, the mill being run night and day, and in dry seasons only 5 or ¢ sets can be run. The drajinage
area above this place being about 310 square miles, analogy would lead us to expect that the stream here would
afford a power of about 8 horse power (gross) per foot fall in the minimum low season, and about 12 in the low
season of ordinary years; but these figures may really be increased to some extent, during the day-time at least,,
by the storage effected by the numerous mill-ponds above.

@ Steam-power stated at 200 horse-power in statisties of cotton-mills, .

b In Statistics of Cotton Mills the mill is stated to e on the North branch of the Patuxent river, the fall iz given as 13 fect, the
water-power used as 75 horse-power, and 1he steam-power as 50 horse-power. 1 arm not able to say whether the information given me or
these statements just given are in error.

¢ In Statisties of Cotton Mills this mill is given as on the Patuxent river. Fall stated at 55 feet; power at 200 hnrm«pm\'m{m
# e
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The next utilized power is about a mile and a half above, at the Orange Grove mill, but between the two the
is considerable fall in the river, amounting, it is said, to between 20 and 25 feet. Of this, a fall of about 15 feeﬁ w:;e
formerly used to run iron-works, but the dam was wasbed out in the freshet of 1868, and at present the site is id]és
The remainder of the fall referred to has never been utilized. ]

The Orange Grove flour-mill (0. A. Gambrill & Co.) has a dam of wood and stone, 180 feet long and 15 foe

s ~ e t high
Dbuilt in 1857, and ponding the water over 5 or 6 acres, it is said. A fall of A12 feet is used by 5 turbine Whegls,
affording 250 horse-power. The mill has 23 sets ot stones, of which 13 are run by water and 10 by steam exclusi'vely’

The full capacity of the water-wheels can be utilized during only about six months, the capacity becoming at times
less than one-half. According to what has been said regarding the capacity of the stream, a power of 144 horse.
power gross would be all that could be expeeted here in the low season of ordinary years; and as the mill pyy
night and day there is no storage except; what is due to the mills above., During the day-lime it is said thap water
always wastes, a large amount being let down by the mills above.

Above this mill there are said to be two unimproved powers, the first with a fall of some 25 or 30 feet, which
has never been utilized; the second with a fall of some 11 feet, formerly used, but now entively unimproved, The
latter site is at Ilchester. TFrom the above remarks regarding capacity, an idea can be formed of the available
power at these places. N

The next pewer is the Thistle cotton factory, but no details could be obtained regarding it. The fall is said to
be about 12 feet.(a) _ ' .

Next above is Gray’s cotton factory, at Ellicott City, where a fall of about 9 feet is used, and a power of 75 to
80 horse-power is obtuined.(b) A 50 horse-power steam-engine is used in the low season. The dam is of wood,
about 172 feet Jong and 8 feet high, ponding the water over abount 6 acres.

Just above is the Patapsco mill of C. A, Gambrill & Co., with a fall of 12 feet and 250 horse-power. The mill
has 12 pairs of stones run by water and 10 by steam, a 200 horse-power engine being run all the time. TFull capacity
can be obtained for less than six months, as wonld be expected. 'I'he dam is of wood and stoue, 180 feet long and 3
feet high, built in 1879 at a cost of $2,000. ‘

Next comes an unimproved site of the Union Manufacturing Company, with an available fall said to amount
to 15 feet in three.quarters of a mile. The site was once used, but the works were washed away. ,

Next above is the cotton factory of the Union Manunfacturing Company of Maryland. The dam is of wood, 185
feet long and 10 feet high, and was built in 1867 at a cost of about $15,000. It ponds the water over about 17 acres,
and from it a race 2 miles in length leads to the mill, where the fall is 30 feet. A power of 310 horse-power is utilized,
and can be obtained all the year, so that no steam-power is nsed.(¢) The mill is run ten hours a day, and water
generally wastes over the dam except at very low stages. The drainage area above this site, as well as above
the three preceding and the three following, may be taken as 275 square miles, so that we may estimate the flow
at about 10 per cent. less than at Relay Station—that is, we should expect the stream to afford about 7 horse-power
(gross) per foot fall in the lowest seasou in a series of years, and 11 in the low season of ordinary years, an
estimate which agrees remarkably well with the power stated for the Union factory, when we consider theloss
from imperfect motors, and the fact that the supply during the day-time is greater than at night, on account of the .
mills above. ‘

Below Elysville is the Alberton cotton factory, with a fall of 19 or 20 feet, and using 430 Lorse-power, which,
however, can be obtained only during eight months.(d) During the remaining time, steam-power is used to the
extent of 175 horse-power on the average, and sometimes as much as 300 horse-power. The dam, which is 2,000
feet above the mill, is of wood, 160 feet long and 19 feet high, and was built in 1867 at ‘a cost of $30,000. In the
sumwer the water is drawn down in the pond during working-hours.

Next comes a site formerly used by a flour-mill, but now entirely animproved, known as *Ellicott’s old upper
mill”, with w fall of 8 or 9 feet. '

At Elysville is a second unimproved power, once used by a woolen-mill, and afterward by a grist-mill, the fall
being about 10 feet. ‘ .

Above this there are several small powers, some improved and others not, but.none of them remarkable, 50 far
as could be learned. The fall issaid to be rapid all along the stream, but the deelivity is gradual. )

On the two branches of the Patapsco there are a number of small mills, generally grist- and saw-mills, with
some paper- and woolen-mills, but none of them are large. On the North fork, for instance, J. A. Dushane & QO-
have a paper-mill with a fall of 9 or 10 feet and are using abont 100 horse-power, but this can be obtained dum.ng
only from five to eight months. There ave, of course, some sites not used, offering small powers. Near Sykesville
there is said to be one, formerly used, with a fall variously stated as from 12 to 19 feet. .

The Patapsco river iy the most important mannfacturing stream of Maryland, and its water-power is excellent,

as we have seen. No other stream in the state, with the exception of the Potomac, offers so many advantages or
50 many favorable sites for power. '

a Full given as 12 feet and power as 221 horse-power, in returns of enumerators.
b Puwer given as 120 horse-power in returns of enumerators.
¢ Fall given as 26 feet and power as 369 horse-power, in returns of enumerators. ‘

574 @ Fall given as 174 feet and power as 480 horse-power, in returns of enumerators, Steam-power, 350 horse-power.
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Mention should be made here of two small streams which enter the lower part of the Patapsco, and ure utilized
to a considerable extent, viz, Gwynw’s falls and Joues falls.  They are very small streams, very variable in flow, and
really of almost no value for power. They have, however, considerable fall, and are urilize«l‘hv 4 unmber of mills
which run about half the year at full capacity by water-power, and daring the rest of the ti;xm cither use steam-
power extensively or use very little power of any kind. On Gwynn's fulls there is a flour-mill with a fall ot 15 feet, and
75 horse-power during about seven months; aboveit is an unimproved privilege with a tall of ubout 16 feets and above
that are two flour-mills fed from one dam, one with a fall of 22 feet, and 100 Lorse-power during eight or nine months,
and the other with a fall of 18 feet, and 60 or 75 horse-power during six months., This last site is only lialf & mile
above Baltimore. Above it, and below Wetherdsville, is an unimproved privilege formerly used by a flour-mill,
with a fall of 20 to 25 feet. Farther up are the Ashland woolen-mills, at one of which the fall is 22 feet, and the
power S0 horse-power during about nine months, and at the other the fall is 28 feet, and the power 70 horse-power
during nine months.  Above, we come to the Powhatan cotton factory, where a fall of 22 feet is used, with 75 horse-
power during, in some years, less than six months. TFinally, there are a few grist-mills near the heud-waters.
Although used to such an extént, the water-power of the stream is of little value, because the flow is se varinble
that no dependence can be placed on the power, and steam must be relied on principally,  Joues' fulls is u still
smaller stream, and is used by the city of Baltimore for supplying the city with water, so that, although there were
formerly several mills on the stream run by water-power, they are now almost entirely run by steam, and the
water-power of the stream is valueless.

The only other tributary entering from the west which is worth mentioning is Gunpowder river, i very short
stream, being formed only a few miles from its mounth by the union of Big and Little Gunpowder creeks, or “talls”,
as many creeks in this neighborhood are called. Big Gunpowder falls draius an area of about 275 square miles,
lying in Baltimore and Carroll counties, and comprising a rolling and hilly country. The power at its mouth may be
estimated at about the same as that of the Patapsco at Elysville, that is, at about 7 horse-power gross in the lowest
season, and about 11 in the low season of ordinary yeurs; but the lower part of the stream is not available for
power, as one of the reservoirs to supply the city of Baltimore has been located on the stream and all the water-
rights below the proposed site have been purchased by the city, including power formerly used by several metal-
working establishments, one of which, the Gunpowder Copper Works, is still ruuning with what water can be
obtained. Above the reservoir site the stream has a uniform declivity, and a bed of gravel and sand, with rock
sometimes at the surface. Considerable power is utilized, there being a number of small grist-, saw-, paper-, woolen.,
and other mills on the stream and its various tributaries. The most important pow ers are the following: At Phenix
there is a cotton-mill, but for some reason it has not been running for six or seven years, although everything is
said to be in good order. The fall is 12 or 15 feet, but the power I am unable to estimate. The Wurren factory,
another cotton factory, has u stone dam 300 feet by 12, and uses a fall of 14 feet, with 175 horse-power during most
of the time, it is said, while steam-power is used in snmmer to the extent of 100 horse-power. A grist- and a saw-mill
are run from the same dam. Above this there are a number of paper-mills, arranged to utilize all the power
available during the winter, and sometimes getting full eapacity during only three months. Thus, the Marble
Vale mill, near Phenix, has a fall of 9 feet and 120 horse-power; the Ilock Dale mill, 20 feet und 150 Liorse-power;
and there are other similar powers. At many of them steam is used during the summer, and often during a much
longer period. There are a number of unimproved privileges on the stream; one at Monkton, where there was
formerly a mill; one below the Rock Dale mill, said -to have a large fall, and others farther up.  The volume of
water, however, is very small in the summer time.

‘Western run and Little Gnnpowder creek, the latter draining about 73 square miles, are the principal remuining
tributaries. They are utilized to a considerable extent, ut the powers are so small as to call for no further
comment, '

Crossing the Susquehanna, a few of the small streams entering the bay from the north ure utilized to »
considerable extent for power, but their flow is very variable, and only a small amount of power is availuble in the
low season. Prineipio creek runs an iron-furnace with a fall of 32 feet, and several grist- and saw-mills; North Bast
creek and its tributaries run several woolen-mills, grist- and saw-mills, and the works of the McCullough Iron
Company at North East. None of the powers are large. One site not used, on North East ereek, known as Gilpin’s
falls, has the large fall of not less than 120 feet in a guarter of a mile, the stream pouring over masses of rock
down a narrow valley, and forming a very picturesque spot. Although quite a resort for excursionists, the place
iy of little value as a site for power, because the stream is so small that in summer it will afiord only about I horse-
power per foot fall. The total area drained by North East ereek is about G5 square miles, but probably not over
half of this lies above Gilpin’s falls. :

Big Bk creek, which drains 76 square miles, having its sources in Chester county, Pennsylvania, is similar in.
eharacter to those already described, and is utilized for cotton-, waolen-, grist-, saw-, and paper-mills, and iron-
works. At the works of the MecCullough Iron Company, near Elkton, a fall of 20 feet is used, with a dam 16 feet
high, and about 65 horse-power is obtained during ten months or thereabout, probably by drawing down the water
in the pond, which is large. There are three unimproved sites on the stream where power could be obtained by
damming, but no abrupt falls. At these places powers of from 20 to 40 horse-power could probably be developed
during the greater part of the year., : 575
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Little Elk creek, which joins the Big Bik to form Elk rviver, drains only about 34 square miles, T¢ i8 quite
extensively used for flour-, paper-, and saw mills, and its fall is estimated at nearly 200 feet in its course through
Cecil county, Maryland. There are several unimproved sites having quite large falls, viz, one near tidemmer
said to have a fall of 24 feet; one just above Harluw’s paper-mill, said to have over 30 feet fall in less thay & mi]e‘-
and smaller ones above. !

The following table gives statistics regarding the utilized power on the streams we have been considering:

Table of utilized power on small tributaries of Chesapeake bay.

{
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Table of utilized power on small tributaries of Chesapeake bay—Continued.
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VL—THE SUSQUEHANNA RIVER AND TRIBUTARIES

THE SUSQUEHANNA RIVER.

The Susquehanna, the largest stream on the Atlantic slope of the United States, though by no means the most
important as regards water-power,has its sources entirely beyond the region of eorrugations composing the eastern
part of the Appalachian wountain system, on the elevated platean which bounds that system toward the west and
north, forming the water-shed between the waters flowing north and west into the Suint Lawrence, the Mississippi,
and the great lakes, and those flowing into the Atlantic streams of this country. The river rises in Otsego lake,
in Otsego county, New York, at an elevation®above the sea of about 1,193 feet.(a) Its course lies first in a
southwesterly and westerly direction, through Otsego, Chenango, Broome, and Tioga counties, New York,and with
a portion of its course in Susquehanna county, Pennsylvania, and its volyne is rapidly swelled by large tributaries.
until, when it finally leaves New York in Tioga county, bending to the south to pursue a southerly conrse throngh
Pennsylvania, its drainage area, just below the mouth of the Chemung, measures 7,463 square miles, In its
course throngh Pennsylvania the stream passes through Bradford, Wyoming, Luzerne, Columbia, Montour, and
Northumberland cpunties, to its junction with its West branch, whence it flows neaxh south hetween Northumberland
Dauaphin, and Lancaster counties on the east, and Snyder, Juniata, Perry, Cumberland, and York counties on the
wekt, passing then into Maryland, flowing between Cecil county on the east and Harford county on the west, and
emptying into Chesapeake bay at its northern extremity. The total drainage area of the stream, which measures
not less than 26,233 square miles, is divided as follows between the three states through which it flows: New York,
6,267; Pennsylvania, 19,711; Maryland, 265 square miles.(b) 'The principal large tributaries of the stream drain
the following areas:

Bguare miles.
Chenango river ...ove vacaes coveanaccas 1,540
Chewmung river .......... o et e e ar e auane e annn 2,518
West branch of the Susquehunnu b ¢ 47 SR et meemases crenaran ame brmaan mannaa ynes 6, 46t
JUDIAER FIVEE en et cnn s s ceeneeam aeas amemss eeem ot s fsaasn e mas mammmn vmmeam b b aaes he st anemn 3,2

a Geological Sum'ey of New York, Part III, p. 238 (1842)
b These are from my own measuroments. 1t is to be mentioned, however, that Mr. Gannett, the gecgrapher of the consus, gives

the drainage area of the Susquehanna as 27,655 sqnare miles. 577
1012 w p—vor 16—37
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The river flows by a number of important cities and towns, among which may be mentioned the following ,
Binghamton, New York, at the mouth of the Chenango; Owego, New York, at the mouth of Owego creek; Athengs‘
Pennsylvania, near the mouth of the Chemung, really on the latter stream; Towanda, Tunkhannock, Pittston,
Wilkesbarre, Berwick, Bloomsburg, Danville, Northumberland (at the mouth of the West branch), Sllllblu‘y,
Dauphin, Harrisburg, Marietta, Middletown, and Columbia, Pennsylvania; _Port Deposit and Havre qq Grace’
Maryland. It is not navigable above its crossing with the fall-line, very near its mouth, but a canal extends along,
the stream as far up as Wilkesbarre, the river being navigated to some extent in the pools of the cangl damg

- When we add that the stream is closely followed for almost its eutire length by railroads, it will e evident thm‘;
the facilities for transportation leave nothing to be desired.

The drainage basin of the stream is very varied in character, embracing as it does such a large area, Tn the state
of New York the stream, with its tributaries, flows through a rolling and sometimes rather broken country, formip g
the platean bounding the mountain region on the north. Its declivity in this part of its course is very uniform, its
bed gravel or sand, with seldom a rock ledge, and its banks moderately high, shelving, and not very extensi%ely
subject to overflow. It flows over beds of drift and offers little power. Passing into Pennsylvania, it enters the
mouutain region, and its course is in places very tortuons as it winds among the parallel ranges of hills, Tts fal] i3
gradual, ag before, and its bed geuerally drift materials—gravel, sand, and bowlders. The banks are generally
high, and there are few bottoms subject to extended overflow, although the river is subject to rises of 30 feet o
thereabout. DBelow the mouth of the West branch the fall of the stream becomes rather more irregular, and af
several places there are rapids where the stream flows over a rock bottom. In the lower part of its course, from
Marietta to Havre de Grace, the stream ‘“occupies a deep broad valley, varying in width from a few hundred feet
to more than a mile, and on either shore it is for the most part bounded by rocky bluffs supporting table-lands at
an elevation of from 100 to 500 feet above its waters”.(a) The fall in this part of its course is quite rapid, the
stream is often very wide, and the channel is dotted with islands and rocks. I'or a more detailed deseription of
the river I can not do better than quote that given by Professor H. D. Rogers, in his Geology of Penusylvania :

That portion of the Susquehanna river which flows near the northern houndary of the state passes from its sharp elbow, called the
“Great Bend ", to the mouth of its affluent, the Chemnmyg river, throngh a charming broad valley, bonnded hy soft slopes terminating
in wide table-shaped hills, It is a fertile and very heautiful district; and with its westward extension, the plain of the Chemung river
is rapidly becoming one of the most attractive agricultnral districts of New York. From the mouth of the Chemung river to Pittston,
where the river suddenly turns at a right angle on enfering the Wyoming coal-field, it flows, with many bendings, along a deep and

, bicturesque valley, almost identical in its features with that of the corresponding stretch of the Delaware, the main difference heiug that
the bed of the valley is wider and the hill-sides coufining it Iess mountainons. From the mouth of the Lackawanua at Pittston, where it
enters, to Nanticolko, where it leaves the beautifnl Wyowming valley, the sconery along the river is wholly difforent. It-flows throngh a
broad and almost perfeetly level, smooth plain—the Wyoming and Kingston flats~—composed of a deep bed of diluvium or deift. On
either side of this plain rise the rolling hills of the coal-basin, and behind thess the long gentle slopes of the high mountuin barriers
which frame in the whole scone. At Nanticoks the river turns abruptly northward out of the coal-basin, througlh its stecp harrier, by
a highly picturesque pass, and then sweeps again as suddenly westward, to run for several miles in a élosely-confined trench between the
outer and the inuer ridges of the basin. It does not, however, run round the western end of this, but at the ravine of the Shickshinny
turns suddenly southward, and cuts across its point, leaving a high insnlated hill of the coal strata on its western or right-hand side.
Disengaging itself by a fine pass from the southern barrier of the eoal-basin, it passes out into an open valley aud makes another
reclangular hend, to run once more toward the west, parallel with the Nescopeck mountain, whicl it follows to the uveighborhoeod of
Catawisss. Beyond this peint it maintains its general course westward, somewhat south, parallel with tho southern base of Montow's
ridge, all the way to Northumberland, where it js joined by its great tributary, the West branch, In some portions of this long reach
-of the river the scenery adjoining it is uncommonly rich and pleasing, A remarkably fine view up the river is presented from the hills
on its west bank, a little below the mouth of Fishing creek, : ) )

Between Northumberland and the Kittatinny valley the river leads ns Yhrongh many striking scenes. 15 is studded with many
little islands, most of which are covered with trees or bushes to the water’s edge, and it is here a wide and majestic river, flowing
alternately, for long reaches, across highly-cultivated belts of country, and past the ends of steep and rugged mountains. Passing out
from the mountains, it traverses a Leautiful conntry in the Kittatinny valley, dividing Dauphin from Cumberland county. Quitting the
limestone valley, the river next fraverses the red-shale belt, hetwees the villages of Highspire and Bainbridge, crossing o rather
monotonous country, except at the Conewago falls, or rapids, where numerous hard trap-dikes impede its course, and cause it to rush in
wild tumult, by deep and dangerous sluices, for a long distance between black and jutting reefs. At Chicques ridge, one mile above
Colambin, the river Teaves the smoother country, and passes between a range of high and picturesque crags.,. With two or three
intermissions, caused by the softer limestone valleys which it pext crosses, it runs the whole way thence to the vicinity of Port Deposit,
or nearly to the head of Chesapeake bay, between steep naked and half-uaked hill-sides, rising from 200 to 400 feet above its channel
In some parts of this long reach, as at the wouth of the Conestoga, the river is greatly dilated, and is filled with rocky islands and
projecting reefs. In other localities its rngged banks approach, and the river rushes with tremendous force, especially during _ﬁ"’s}mm’
through these deepergorges. The traveler, who finds only a rough and very toileome path along its eastern shore from Turkey ‘Hl“ to
Port Deposit, a distance of more than 30 miles, will choose to descend it by its right bank along the tow-path of the canal. He will pass
an almost unbroken snecession of interesting rocky scenes, affording much geological instruetion; and he will witness many beautiful
bits of river perspective, but he will find himeself pent in all the way between the bold river hills,

578 a Rogers’ Geology of Pennsylvania, p. 184,
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The declivity of the river is shown in the following table:

I
. Distance . Plevativn  Digfanee| Fall Fall
Locality. " from | above | between | between | POT niile
wmouth, | mean tide. ‘ points. | points. I'j"givl‘f:;n

‘ ! Miles. Feet., Feet.

43.0 204 0
Columbia dam, crest.......... !

Miles. Feet. ’
Mouth.....-... T 6.0 [ P
Stato lie . ..oemeereecaraacaenaenas ee 12,0 o } . w o7
Crossing of Peachbottom railroad () .ocoevvervnmcaniann. 17.5 86
Month of Fishilg eroek - .. eomeezeeeensacemeacesenrns . 20,0 00 |
o8 155 5.9
Mouth of Muddy creek....... 250 19 |
Columbia dam, water below .. ]
42,0 w1 |

Below Conewago fall8...voieiiiceassriiinocronnaronenen 57. 8 54

Athens, on Chemung river (d) 298.0 44

TLako Otsego, 80Uree 0f TIVOT.ccorcivraniaarsnsnucncennnn. 4120 1,193 i 449 81

§
Above Conewago falla ... ocenemmenrreiinunerivncsnnnnaas 59,0 273 } . 1 &5
HATTIBUULE (D) «evvennrrrenseeranns e eer et aaana 0.0 208 | fow @ =8
Rockvilie, crossing of I’ennsylvux&n railroad(c) ......... 75.0 305 ‘} 15 38 25
Clark’s Ferry dam, water below o..ocooenvinnnracrnennns 84.0 336 |
Clark's Ferry dam, crest. . 84.0 343 )
LAvOIPOOLesusnenn iirriiac e e . 90.0 78 N
Seelin's GIove . ..covevererenns . 116.0 :21 } ® .79 21
Sanbury dan, Witer DEJOW .ovvemciveii e, 122.0 22
Sunbury dam, erest.....ocoerceccneaiinnrsiseiianranans. 122.0 420
Nanticoke dam, water below.. 1740 569 } 82 8 L6
Nanticoke dam, crest .- 174.0 515 1
Wilkesharre veeeeivermnevasanas 182. 0 51
Mouth of Lackawnnng river (d).ceeeesrecresiaraairecnaa. 180.0 506 1
Mouth of Tunkhannock ereck (d)...... [, 211.0 581
Mouth of Mehoopany creek (d) ... . 223.0 604 }' 104 210 2.2
Mouth of Wyalusing ereek (d) ..... 244. 0 G46 |
Mouth of Wys0x creck (- enemnnee 27,5 687 } '
Towanda (d) . ccvvvvreramiirniarrcnanansans- . 262.0 700 i}

!

3

a This clevation is given by Mr. 8. M. Mansfield, superiutendent.

b This clovation is A mean between those furnished by Chauncey Ives, esq., assistant engineer of the Cumberland Valley raflroad, and Alfred Walter, esq.,
assistant engineer of tho Northern Central railroad. N

¢ Yor this clevation I am indebted to Mr. William H. Brown, chief engineer. .

d For these elevations I have to thank Robert IL. Sayre, es., superintendent and engineer of the Lehigh Valley railroad. The remainder of the clevations
are to bo found in the volume Lide Levels, published by the Pennsylvinia geological survey.,

There is some discrepancy in regard to the datum planes used in different cases, hence the above heights are

subject to some error; but as the length of the stream between the points mentioned was determined only by

measurement from a map, this error is unimportant.

The flow of the stream is regulated to some extent by a number of lakes in its basin, but they are so small that
their effect is hardly perceptible, so that the river is subject to considerable variations in volume. The freshets rise
in places to a height of 30 feet, and the minimum fow would probably be quite low were it not for the very lago
area drained by the stream. No gaugings of the flow could be obtained, so that I am obliged to depend eutirely
upon estimates. The facilities for storage may be called good, and there are numerous sites where storage LeServoirs
might be constructed ; but althongh by their means the flow of the small tributaries of the stream might easily be
regulated so that the maximum flow available might be utilized, it would be a stupendous undertaking to endeavor
to do this for large areas like those drained by either fork of the stream. The power estimated as the ® maximum
with storage” must therefore be Jooked upon as practi rally altogetlier unavailable.

A large portion of the drainage basin of the river, namely, that part in the central and western parts of
Pennsylvania, is very well wooded, and lumbering is carried on very extensively; other parts of the basin ure
almost cleared of forests over considerable areas.

The mean annual rainfall over the basin is about 39 or 40 inches, of which 10 fall in spring, 12 in suminer, 9 or
10 in autumn, and 8 in winter—a distribution quite favorable for constancy of flow.

As the river is descended from its source in lake Otsego, no important water-powers are met for many miles.
I did not personally examine the stream above the town of Susquehanna, having been told by every one whom I
questioned that there were no powers of note above thab place. In cases where a stream flows with o uniform
declivity, and with no large utilized powers, it was of course impossible for me to obtain much information; for the
rule is that in such cases, if-the fall is great enough, power can be obtained by damming wherever the banks are
.zood and where there would be no difficulty on account of flowage. The returns of the enumerators show that the
stream is well utilized in the part of its course referred to, but the powers and the falls also are generally small, I
heard of no special sites not used, and therefore did not visit this part of the river. The dams, I was told, are
generally primitive brush or crib dams, and many of the mills have falls of only 3 or 4 feet. _ -
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At Susqnehanna theve are two powers, the npper one, a grist- and planing-mill, using a fall of 3 feot, and the
lower one, a grist-mill, with & fall of 4 feet.

The first important power on the river is at Binghamton, New York. A dam, built of erib-work, 450 feet lon
and 5% feet high above low water, extends entirely across the stream, ponding the water for about 2 wileg, Withmgl
average width of perhaps 500 feet. A race 500 feet long supplies power to the following mills:

1. Saw- and planing-mill, cabinet- and box-shop; 2. Doolittle’s grist-mill;
machinery, wool cards; 4. Tannery; 5. Tactory of children’s sleds, carriages, ete.

The power is owned jointly by the owners of these different establishments, and the method of distributing the
water is not very clear. Iull capacity can be obtained during about ten months, and it sinks during the low season
as’low as one-half.  All the mills use a fall of about 53 feet, and a total power of something like 250 or 500 horse.
power. In the low season no water runs over the dam in the day-time, but the pond is not large enough 1o store
all the flow during the night. The race is about 80 feet wide, and 6 feet deep at its head.

The drainage area of the stream above Binghamton measures no less than 2,279 square miles. The volume of
water must therefore be considerable—perhaps, when at its minimum, about 340 cubic feet per second, affording a
gross power, with a fall of 53 feet, of about 215 horse-power. ‘o

Below Binghamton there is no power of importance on the river for a very long distance. Above the
Pennsylvania line there are some ripples or rapids, and several small mills, with falls of a few feet. Such milly

are, of course, ‘‘drowned oul;” in times of high water. The stream in this part of its course is from 500 to 1,000 feet
wide. . '

The stream bas been surveyed from the state line to Nanticoke dam, below Wilkesbarre, by the United States
Buogineers, under the direction of Colonel J. N, Macomb, whose report is to he found in the Annual Report of the

Cliief of Engineers for 1880, Appendix F, page 594. Between the mouth of the Chemung, just below Athens, and
Towanda there have been three mills, no longer in existence, but the falls were small and the power unimportant,
In fact, we may say that there is no power on the river from the New York line to Nanticoke, and as the table of
declivity shows, the fall of the river in this part of its course is scarcely over 2 feet to the mile, The ripples
separating the long and navigable ponds are very short, and have falls gencrally of but a few inches, “not often
reaching 2 feet, and seldom exceeding it”?. There are places where, by building a dam which would pond the water
for several miles, falls of 5 and even 10 feet could be obtained, and there are a few mills on the river now. Tor
instance, beginning about a mile below Ulster there is a fall of 6 feet or so in a little over 2 miles; & few miles below
Mehoopany, at Horse Race falls and below, there is a fall of 8 feet or so in about a mile; and there are a few small
mills on the river in the distance referred to, with falls of not over 7 feet. Although power counld no doubt be
developed by building dams, and although the volume of water is large, yet it is clear that on account of the
considerable width of the river and the small falls obtainable, the facilities for water-power are decidedly poor,
especially when we consider the heavy freshets, and particularly the ice-jams, to which the'river is subjeet. Itis
found much more economical to utilize the small tributavies instead of the river itself.

It should be mentioned here that there was at one {ime a canal along the Chemung and the Susquehanna, above
‘Wilkesbarre, and that there were several eana) dams on both streams, now destroyed. Itissaid that they averaged
8 or 10 feet in height, but I was not able to determine this point definitely.

The Nanticoke dam, which backs the water half way up to Wilkesbarre, or a distance of about 4 miles, is the
first dam Lelow Bingbamton extending quite across the river. Itis a crib-dam, 900 feet long, and 6 feet high above
low water, and its pool is used for navigation for several miles. A ecertain amount of power is available at the dam,
but the fall is so small that there would probably be frequent interruptions on account of high water. The quantity
of water diverted for the purpose of feeding the canal could not be accurately ascertained, but it is no doubt very

\ small compared with even the low-water flow of the river. I should estimate the volume of ‘water in {he stream
during the low season of dry years at about 3,300 cubic feet per second, which would correspond to about 318
gross horse-power per foot fall. The drainage area above this point is about 9,850 square miles, and the rainfall 39
incbes—10 in spring, 11 in summer, 10 in autumn, and § in winter. As this site, however, is sitnated in the coal
region, where fuel is cheap, and as the location otherwise is said to be unfavorable, it is not an important available
power., ‘ . '

From Nanticoke to the mouth of the West branch there is no power of importance on the stream. There are
a few small ripples where, by building dams, falls of from 5 to 10 feet could perhaps be obtained, but none of them
are of any value, not even Berwick falls, the most important, where the fall is about 3 feet in 200 yards, over some
rock ledges. ) _

It; may be as well to mention here the fact that at various points along the Pennsylvania canal, which extends
not only along the main Susquehanna from Columbia to ‘Wilkesbarre, but also along the West branch allld the
Juniata river, power is atilized from the canal to a small extent, the water being either discharged into the river or
around the locks toJower levels. The amount of power thus utilized is at present very small, and thereisa qu}te large
traffic on the canal, so that the question of water-power is of minor importance. It is said, however, that considerable
power %%ﬂd be utilized at the locks, where water is continually wasting to the levels below, The company Lias

3. Machine-shop, Wood-working
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pitherto been disinclined to lease water for power, and the few leases that they luve granted are were sufferances,
The company guarantees nothing, and simply allows the mills to use the surplus water, sulject to interraption at

any time, according to the pleasure of the company, The mills pay an aunual rent, varying aceording to the fall, -

the size of the mill, the ultimate disposition of the water, and other circumstances, und averaging. perkaps, $100;
and as they use generally powers of from 20 to 60 horse-power or thereabout, the price may be considered as from
$2 to 85 per horse-power. These figures, however, are very rough, no measurements of the water ever havin g been
made. - An additional charge is made if the water is allowed to remaiwn in the ¢inal during the winter, as it is
usually drawn off at that season of the year. '

On the North branch there are three of these wills using water {rom the canal, viz, o grist-nill at Beach uven,
using the fall of a lock (9.75 fect), a keg factory at Rupert, with a fall of 10 fect, and the pumping machivery at
Berwick, which supplies the town with water, with a fall of 7 feet. The water is generally drawn off during the
winter. Some data regarding the power available from the caual will be found on page G

Just below the junetion of the North and West branches of the river is the second canal dam, at Sunbury. It
i 2,600 feet Jong and 7.5 feet high above low water, und its pond is used for nuvigation for 24 miles. It supplies
no power, though a considerable awount could be used, subject, however, to frequent wterraptions,  The site is not
a very favorable one, on that account, although the volume of water is very large—Dbeing, according to my extimates,
not less than 4,350 cabic feeb per second when at its minimum, aud 6,100 during the low season of dry years, The
former quantity would correspond to nearly 500 gross horse-power per foot, uud thé latter to nearly 700, The
drainage area above this place is over 17,000 square miles,

There is no power on the river between this dam and the next canal dam, at Clark’s Terry, just above the mouth
of the Juniata. This dam is 1,955 feet long and 7 feet high, and backs the water 2 miles. In its pond hoats cross
the river. The fall could no doubt be used for power, aud theoreticaily a very large amount would be available,
the drainage area being about 18,829 square miles. I should judge that the flow during the low season of dry
years would be not less than 6,600 cnbie feet per second, affording 750 gross lorse-power per foot. There wonld of
course be trouble with baclkwater, and it would probably not be economical to use mueh power.

Two saw -mills use power from the canal between Sunbury and Clark’s Ferry, one at Trevorton locks, using a
fall of 8 feet, and one at Liverpool lock with a fall of 7 fect. '

‘The next power as the stream is descended is at Conewango (or Conewago) falls, just below the mouth of
Conewago creck, and about 5 miles below Middletown, ~These fulls are the most important on the river above
Columbia. According to measnrements with a pocket-level, the fall amounts to 7 or 8 feet in less than a mile, and
I think it probable that by means of a dam a {all of 10 or 12 feet could be utilized at this place. The width of the
stream is nearly a quarter of a mile at the head of the falls, and from 800 to 1,000 fect at the foot. The bed is
rocky and the banks covered with rocks zmél bowlders. The facilities for building are not very good on the cast
side, on account of the canal and the railroad, which follow the bank quite closely, leaving little or no room in times
of high water; still the power might be utilized on this side, and, in fact, there was once a canal cut there, serving
to let ratts pass the falls, and at the sawe time supplying power, it is said, to a small suw-mill.  No water runs in
this canal now, and it is entirely filled with débris und the alluvinm deposited by the viver. The water was turned
into it by a short dam at its head, extending across to an island, and not over 300 feet long, By means of several
islands in the stream, a large amount of water could easily be turned to either bank without a dam entirely aeross
the river. - On the west side there is also a canal, formerly nsed to sapply power to two mills at the lower end and
‘to carry boats by the falls, The fall used was about 8 feet. There was one guard and one outlet lock, and a wing,
dam at the head of the canal, now in bad condition, though not entirely carried away. This canal could be cleaned
out without much diffienlty, and the fall utilized at the lower end; and on the whole the building facilities ave better
on this side than on the other. The river seldom rises over § feet Lere, it is said, and never ruus over into the
canal just described. The Northern Ceuntral railroad runs close by the baunk of the river, so that the facilities for
transportation by rail are equally good ou either side of the river.

The next power is at Columbia, where we come to the lowest canal dam on the river. The stiueture is 6,500
feet long and 74 feet ngh. Power is available only on the eastern shove, where a small amount is already used for
a saw-mill.  The power theoretically available is estimated on page G4,

Between Clark’s Ferry and Columbia there are a few small mills using power from the canal; one, a savw-mill,
just below Clark’s Ferry, takes water from the river and uses a fall of from 6 to 8 feer; u grist-will at Harrisburg
uses a fall of 15 feet, feeding to the river; and the canal company has some shops at Harrisburg, with a fall of 11
feet, feeding to the canal. '

TFrom Columbia to the mouth of the river there is, according to what has been said on pages 60 and 61, alarge
amount of power, the fall being large. There are numerous rapids, and numerous places where small mills might be
loeated, but it would seem that the banks are not very favorable {for the development of large powers, while the
width and swiftness of the river would no doubt render dams very expensive. Desides, the canal on the west
and the railroad on the east, both following the river pretty closely, might interfere with the develepment of some
sltes. Perbaps the best opportunity for the utilization of power within this distance is afforded at the ]9wur part

o
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near the mouth of the river, where there is a canal 9 miles long, extending from Peach Bqttom to a point a mile abov

Port Deposit, and originally constructed, many years ago, for purposes of navigation, as well as with t)e objuct 0‘;
supplying a certain amount of power. A wing-dam was built at its head, but it is no longer in existene and the
canal is much filled up. The total fall is stated at 80 feet, and there were locks as follows: At the head, a guapg.
lock with a lift of a fow feet; at Conewingo, 3 miles below the head, locks with a total lift of 20 feety at OE:amm
29 feet ; at the “ burnt mill”, 24 feet; and an outlet-lock, 12 feet. It was intended to use considerable power at; eacli
lock, exeepting the guard- and outlet-locks, and several small mills were built, but they have not been in operation
for many years. The old locks are all gone; but if it were desired to develop power in this vieinity T thipk that o
large amount could easily be rendered available here. 1t is no doubt the best site in the vicinity fora large power,
and in fact the best site on the river. The canal could be made to intercept the waters of a number of me‘am;
which now flow into the river, viz, Octarara, Conewingo, and Fishing crecks.

The preceding pages show that the Snsquehanna river offers a very small amount. of power in comparison with
its size, and that there ave only four or five sites at all worthy of attention. Passing as it doeg through the coal.
fields, it is not probable that much power will be used on the river for some time to come, especially 5o long as good
small powers can be found on the tributary creeks. The expense of building the long dams which any extengive
utilization of power would render neeessary, and of maintaining them against the ieavy freshets and icejams of
the river, and the small fall available in all except a few places, render the stream of smail value for power in
comparison with its size. Tt is, no doubt, more swited for improvement as a channel of communication than aga
source of power. .

The following table gives a summary of the power available on the stream at the sites specially referred to in
the preceding pages. The maximum power available with storage has not been estimated, because of its being
practically unavailable. And it must be specially remarked that on account of the great size of the streamn even
the other powers estimated in the table are not fully available.” Although power could be used at cach «‘la‘m, it
would maunifestly be impracticable to turn even the minimum flow of the stréeam to either side, except at Binghamton
so that from a practical point of view all that can be said is that at each of the sites named above a certain small
amount of power can be economically used.

Summary of power on the Susquehanna river.

. " HORBE-POWER AVAILABLE,
Dia  RATKFALL ON RASIN. TOTAL FALL, RO (1) '
. tance |Drainage
Locality. from | avea. ) Sume | A up . Mini- Mini- Low Remarks,
mouth. . Spring. mer, | tomo. Winter| Year, Lex:;th. Height. mum, n;‘u:lquggw ds;;a:{g.s.
|

Miles, | 8q. miles.} Inches.: Inches, | Inches. | Inches, [ Inches, Mz’lcs. Feet.
BIOEHAMLON vneeermrmrnscenrnsiannnn 318 2,279 9 11 10 8N 98 f...... 5.5 215 300 350 | Dam 5.5 feet, high.
Nontieoke dam . coeccmvaseamnee.at 174 9, 850 10 11 10 8 I 3 6.0 1, 540 1,875 2,250 | Dam 6 feet high.
Sunbury dam........ 192 - | 17,495 10 12 10 gl 40 7.5 3,700 4,450 5,200 | Dam 7.5 feet high
Clurk'’s Ferry dam. . 8t 18,820 10 12 10 8 ] 40 A 3,760 4, 500 5,250 | Dam 7 feet high.
Conewago falls ..... . 57 23, 860 10 |- 12 10 8 [ 40 2] 10.0:k § B, 1004 9,400 10,800 | See deseription,
Columbia dam .oeeeeunenrneneninnnns 43 24,835 10 12 10 8 | ap .5 G, 350 7,400 | 8450 | Dam 7.5 foct high
Port Deposit canal ................. b 26, (00 10 12 10 8 ! 40 9 | 80.0 71, 000 82, 860 HEN GQO

¢ Soo pages 8 to 11, The utilized powoer on the stream and its tributarics is tabulated on pages 80 to 89.

In regard to the amount of power available from the Pennsylvania canal, it depends upon whether the water
is discharged into the river or into a lower level. As regards the power available at the locks, the ehief engineer
of the canal, Mr. Thomas T. Wierman, has been to the trouble of having measurements made of the flame-water,
or the water flowing aronud the locksin the flumes, for supplying the lower levels, and he states that on the eastern
division of the canal, from Clark’s Ferry dam to Qolumbia, there are 15 lift-locks, with an average lift of 8.6 feet
each, and an average flow nround the locks of 125 cubic feet per second. This wonld afford a theoretical or'grpss
power of 14.2 horse-power per foot, or a total of over 1,800 gross horse power. It is said that a large proportion of
this could be easily utilized. )

It may be as well to give Leve Mr. Wiermaw’s figures for all the remaining divisions of the canal. On f!le
lower West Branch division, from Northumberland to Clarks Ferry dam, there are 9 lift-locks, with an average I.Iﬂ?
of 7.1 fect, and an average flow around them of 87 cubic feet per second, affording a total gross power of nea).r])' G50
horse-power. On the Wyoming division, from Nanticoke dam to Northumberland, there are 7 lift-Jocks, with an
average lift of 9 feet, and an average flow of 150 cubic feet per second: affording in all 1,071 gross hoyse-power. Olﬂ
the upper West Branch division, from Lock Haven to Northumberland, there arve 16 locks; averaging G feef.; each,
with 66 cubic feet per second, or a total power of 720 gross horse-power.  On the Juniata division, from H“n““gto,n
dam to the Susquehanna, there are 34 lift-locks, with an average lift of 7 feet, and 54 cubic feet per second, or, 1B
all, 1,461 gross horse-power.

582
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The use of these powers does not interfere with ﬂ.le navigation on the canal. Although at each lock the power
available is small, there scems to be no reason why it could not in very many cases be easily and advantageously
utilized.

TRIBUTARIES OF THE NORTH BRANCH OF THE SUSQUEHANNA RIVER. )

A list of the more important tributaries above the Chemung, with their drainage arveas, will be found in the
table on page 78, and in the table of utilized power will e found a statement of the totul power utilized on them.
As a rule, they seem to be well improved, and are, doubtless, better suited for power than the main stream. They
flow in heds of sand and gravel, with no natoral falls; but their declivities, though generally gradual, are steeper
than that qt’ the main river, and the falls utilized at the mills are sometimes quite lurge, the mills being generally
saw- and grist-mills, using only small amounts of power. There are lakes on rome of these streamns, sometimes
covering sufficient avea to regulate their flow to a considerable extent, Lake Otsego, at the Lead of the river, is
about 74 miles long, and 13 wile wide, and Oak creek, the first tributary of any note, rises in Schuyler’s luke, a sheet
of water nearly 4 miles long and about a mile wide. These are the only large sheets of water, but there are
numerous small ones, covering from a few aeres to nearly a square mile. Estimates of the flow of these tributaries
are searcely necessary, The Chenango river, the most important of them, drains an area of 1,640 square miles,
taking its rise in Madison county, and flowing south through Madison, Clienango, and Broome, and by the towns of
Sherburne, Norwich, and Oxford, emptying into the Susquehanna at Binghamton, At this place there is a power
which will give an idea of the water-power n the vicinity, A dam at the Liead of Noyes’ island, 1.200 feet long and
3 feet high, uilt of brush and stove, tarus the water to one side, and at the foot of the island, which is 1,300 feet
long, a second dam 40 feet long and 5 feet high connects it with the shore, and here the mills are loeated, comprising
a grist-will, a comb factory, and a brush factory. The privilege is owned by E. M. & J. . Noyes, who operate the
comb factory and rent the other two mills, the fall used being 5 feet at low water.  Full capacity can be obtained for
about nine months of the year, the power utilized being stated as abont 125 (?) horse-power. There is also oceasional
trouble on account of backwater, the water rising, it is said, to a height of 22 feet in extreme freshets, though not
ordinarily above 12 or 14 feet. It is stated thatin dry seasons the mills use all the water in the river. Three
miles above Binghamton, at Port Dickinson, there is a second power, the fall béing about 5 feet, with a dam 550
faet long and 4 or 5 feet high. The power is utilized by a paper-mill, a grist-will, and a flour-mill, using together
some 150 horse-power.(a) TFull capacity can be obtained during only about ten months. There are numerous small
saw- and grist-mills on the main stream and its tribofaries, above this point, but none are of importance. The

" gtream is bordered in many places by bottoms subject to overflow.

Owego creek, which joins the Susquebanna just below Owego, draining about 301 square miles, has & number
of small mills. Tts power is said to be quite well utilized, and with the exception of a mill at the mouth, which has
a fall'of 16 feet, with a race three-quarters of a mile long, the falls are generally 6 or 8 feet,

Shepard’s creek, or Cayuta creck, heading in Cayuta lake, in Schuyler county, though a small stream, draining
only abont 148 square miles, is utilized to a considerable extent by grist- and saw-mills, a tannery, and a paper-mill.
Near the mounth there was a woolen-mill, burned several years ago, but the dam is still there, aud the available fall
is 12 or 13 feet, with a race half a mile long. Near the mouth is also a flour-mill, with a full of 1.5 feet at low
water, and using, in connection with a plaster-mill, some 80 or 100 horse-power, (?) and with no waste in summer.
It is said that there ave several unimproved sites on the stream besides that of the old woolen-mill.

, The Chemung river, the most important offluent of the North branch, has its sources in Pennsylvania
and New York, bat the main stream is formed in Steuben county, New York, at the town of Painted Post, by
the anion of the Tioga and Conhocton rivers, whence it pursmes a general southeasterly course, passing into
Chemung county, and finally joining the Susquehanna in Bradford county, Pennsylvania, just south of the
state line, after having drained a total area of some 2,500 square miles, Measured in a straight line, the length
of the stream is about 35 miles, and the only towns of importance by which it flows are Corning, Blmia, and
Athens. There was once a’ canal along the stream, and it is said that there were three canul dams on the river,
one at Athens, one at Corning, and one at an intermediate point, but no traces of them are now to be seen. The
character of the drainage basin of the stream, wbich flows with a uniform declivity over a bed of sand and
gravel, with no falls and few rapids, resembles that of the Chenango. That part of it lying in Pennsylvania
is perhaps rather more broken, and the elevation of the water-shed which forms its boundary is also greater
than in New York, attaining to 1,650 or 1,700 feet at the bead-wuters of the Tiozn and Genesee,(d) while the
elevation of the summit between the Chemung river and Sceneea lake is only 890 feet.(ey There are a few small
lakes in the Dbasin, but they are not large enough to regnlate the flow to o great extent, so that the stream is
suliject to quite heavy freshets, and is considered more variable in flow than the Susquehanna. In Mareh, 1'865,
the water ruse 24 feet at Elmira, and probably higher at other places. Such freshets, together with the iee-jams

a The power used can not be stated exactly, and this figure may be considerably in error.
b Rogers’ Geology of Pennsylvania, p. 4.
¢ icology of New York. 63
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which oceur, would be destructive to high dams, but the existing ones, being low brush or erib-work stroctureg

are not often iujured. Sheet-piling is sometimes used in their construction, where the bed of the stream is v r

) . e ) . , . . er
pervious. The power used on the river is altogeller insignificant, there being no rapids with fally of mem.b;
few fect, the slope of the stream being not greater than about 4 feet per mile, and there are few availa)le sites

not used. A mile below Athens there is a grist-mill witlr a brash and,timber dam 600 feet long and 2 feet Liigh
with a fall of 4 or 5 feet, and atilizing from 25 to 50 horse-power. At Athens there was onee a eanal dam, g{li(i
o have been 9 feet high, and backing the water a considerable distance. There is little natural fall in {he Hver
and such sites might be found at a number of places, fall being obtained by backing up the water and overﬁowiné
more or less land. . At Tozer’s bridge, a mile and a half above Athens, there is a small fall available, and several
mills were once located there. Several similar sites exist below Elmira, at which place there is a grist-mill, with 5
fall of 5 feet, and using about; 60 horse-power ; while above that point there are also a few small rapids,none of any
consequeunce, although power conld no doubt be obtained by damming.

The Conhocton river, which rises in Livingston county and flows southeast into Steuben to join the Canistes
at Painted Post, drains an area of about 600 square miles, ard is said to be the best stream for power in the
neighborhood. The table on page 83 will show that it is used guite extensively for small mills, the falls being
generally 8 or 9 feet. Its flow is said to be more steady than thdt of any other large stream in -the vicinity, on
account of unwmerous springs and several small lakes, and the powers are thersfore better. The declivity of the
stream is uniform, and no sites not nsed were brought to my notice, although it is probable that some power could
De developed by damming in many places. Many of the mills have to stop running during the dry season, or are
obliged to run at greatly reduced capacity. . S .

The Tioga river, and its tributary the Canisteo, are sinilar in general character to the Conhocton, and are utilized
by small saw- and grist-mills. They offer no falls or rapids of importance. Their flow is said to be much more
variable than formerly, on acconnt of the clearing of the land. The fall of these streams is probably greater than that
of the Conhoeton, but their declivities are uniform. The banks are higher and the country is more broken, and the
mill-ponds are therefore small, and there are no other artificial reservoirs of any kind. The freshets are said to be
very violent, and the dams so subject to undermining that they are frequently built on piling. The falls vary {rom
b to 10 feet, and the mills generally have from 2 to 4 pairs of stones. ‘

It is evident from the above that the drainage basin of the upper Susquebanna is not favorable for the
development: of large powers, although a large number of smaller powers may be obtained artificially,

After receiving the Chemung, the Susquehanna passes from the platean of New York into the real mountain
distriet, and its tributaries have more fall than farther north, or at least they offer better sites for power, having
more numerous rapids, and sometimes cataracts, with beds of solid rock. They are utilized to a considerable extent,
‘generally by saw- and grist-mills, but none of them being large streams, they may be dismissed very briefly.

Sugar creek, from the west, is utilized by a number of saw- and grist-mills, the latter with from 2 to 4 pairs of
stones. [t has no thlls, so far as I could learn. ‘ : '

Towanda creek, from the west, is similar, and a few small lakes ave tributary toit. Some of the small tributaries
of these streams have large falls. : ' ‘

Wysox creek, from the east, runs a few small mills; and Wyalusing creek, from the same side, has been quite
well improved, but some sites formerly occupied by saw-mills have been abandoned as the country became cleared.
Alimost all of the mills in this vicinity are short of water during the summer. The falls average 8 or 9 feet, and the
doms ave generally of brush or cerib-work. '

Mehoopany creek, from the west, is & rapid stream, but has no falls, so far as I could learn. Itis utilized by
afew mills. ‘ ‘ ‘ ‘

Bowman’s creek, also from the west, is said to have a fall of 15 feet about 8 miles from its mouth, utilized by
a saw-mill with a total fall of 27 feet, the dam being 12 feet high. There is said to be an unimproved site 20 miles
from the mouth, but the stream must be very small there. One of its tributaries, Leonar®s creek, is said to have
a number of natural falls, some unimproved. . '

Meshoppen creek, from the east, is said to have two falls within 300 feet of each other, a mile and a quarter fl‘pm
the mouth, each of 20 feet, and nnimproved. The elevation of the stream at its month, according to information
furnished by Mr. Robert H. Sayre, chief engineer of the Lehigh Valley railroad, is 610 feet, while at the crossing
of the Montrose railroad, 12 miles above, measured on themap, it is 925 feet, according to the engineer, Mr. Ansart;
50 that the full is very large within that distance. It is probable that all the streams in this neighborhood have steep
declivities. v ‘ \

Tunkhannock creek, from the east, is the largest tributary of the North branch below the Chemung, draiuing
over 400 square miles. Regarding its power, however, I have no particnlars except what is contained in the table
of utilized power. I heard of no falls on the stream, although it was stated that there were numerous rapids where
power coulil he developed. The stream is utilized only by small mills, with 3 or 4 pairs of stones, There are
several small lakes in the drainage basin, the largest being Marey lake, covering, it is said, 200 acres, and

Just ber]&w the lake, on the outlet leading to the Tunkhannock, a natural fall of 30.feet is reported, 0ot in user
O .

v .
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while on the same stream a fall of some 20 or 25 feet is used by a toy factory, the power being very econstant. The
elevation of the lake is given as 957 feet by Mr. Ausart, engiveer of the Moutrose milvoad.  Fall creck, the
outlet of lake Wynola(?), has also some large falls, and it is said that there is a dam ot the outlet of the luke.
There seem to be a number of small undeveloped powers in this vieiuity, und, on wecount of the lukes, some of them
may be valuable. , _

The Lackawanna river, from the east, enters the Susquebunua at Pittston aud drains an aren of nearly 825
gquare wiles.  Rising in Susquebanna and Wayne counties, it pursues a routherly and soutbwesterly conrse, passing
into Lackawanua and Luzerne counties and draining a long awd narrow basin. 1t has tributary to it a number of
swall lakes. Like the other tributaries which have been mentioued, it has some fulls amd rapids, with @ rock bed
in places, aud is utilized for small mills of various kinds. During the past few years the land bas been rapidly
cleared in the basin, and great complaing is made that the flow of the stream is mnel more variable than formerly
and that the water-power is of small value. The fact that tuel costs very little fu this vieinity has ulso the effeet of
diminishing the value of the water-power. The stream is moreover suid to be so polluted by the water pumped from
the mines that no animal can live in it; and it is said to rapidly corrode cast irou, so that wheels and gates have to
be replaced at short intervals.  Asregards shoals and mills, there is said to be o suecession of riapids near the month
of the stream, with a total {all of some 20 or 30 feet iu half a mile, utilized to come extent, but not completely, At
Providence, about 12 miles from the mouth, there is an ax factory, with a tull of 10 feet.  Above are a nuniher of
gaw- and grist-mills and a few powder-mills, and the power of the stream or its tributaries is also used to some
extent for pumping out mines. Roaring brook and Spring broak, small trilintaries of the Lacka anug, are utilized
for saw- and grist-mills, but the powers are all small, and, although on the former there are some falls near Scrauton,
they arve of not mueh valoe for power.

Iarvey’s ereck, which enters the Susqnelanna from the west, just above the Nanticoke dam, is the outlet of
Harvey’s luke, which is said to eover about a square mile, aud is dammed at it= outlet by a stone dam 6 feet igh,
The flow of the stream is thus regulated to a considerable extent, and its power is said to be the best in the vicinity,
the fall being quite large and the bed often rock. It is utilized hy some 10 or 12 mills, most]y saw-mills.

Hunlock’s creek, emptying 4 miles below Naunticoke, from the west, has its sonree in a pond, partly artificial,
and is similar in character te Harvey’s creek, except that its flow is not 8o regular. Near its mouth there is said
to be u natural fall of 30 or 40 feet, not utilized, and all the tributaries to the Surquebanna in this imuediate
neighborhood, where it leaves the Wyoming valley and cuts through the mountains, have very steep declivities, and
oftenr rapids and cataracts, over beds of solid rock. The great trouble witlh most of them is their variable flow.
Although quite well utilized, numerous sites may be found on almost all of them,

Shickshinny creek, the next tributary from the west, is like the others, but perhups even more variable in flow
than Huulock’s ereek, '

Big and Little Wapwallopen creeks, from the east, enter the river below Nanticoke, and resemble the streams
justdescribed. The former is very small, and the latter is also a small stream, but has considerable utilized power.
Alout a mile above its mouth it bas a large fall, amounting to 200 feet or over in about 2 miles, which ix ntilized
to a considerable extent by Dupont & Co.’s powder-mills, As the stream is ascended we first come to a grist-mill,
with a full of 22 feet, a race a mile long, and a dum 6 feet high; then a powder-mill, with a fall of 36 {feet, a flume
30u feet Jong, and a dam 4 feet high; then another powder-nill, with a fall of 18 feet, a race of 500 feet, and a dam
12 feet high; then another, with a fall of 8 feet, a dam of the same height, and yo race; thew still others, along a
ruce 3,200 fees long, the fall being 119 feet at its lower end, and the dam 4 feet high; then a {all of 50 feet unimproved,
and not very favorable, and, finally, 2 number of grist- and saw-wills on the upper part of the stream.  The power
used at the powder-mills uggregates about 275 horse power, but full capacity can be obtained during only six
months, There are said to be few good sites not utilized.

Nescopec creek, which enters the river opposite Berwick, resembles the ereck just deseribed, but has not so
much fall, though a much larger stream. I heard of no unimproved sites, and none of the mills are farge.

Tishing ereck, which enters from the west just below Bloomsburg, has its sources in Sullivan county, and flows
south into Columbia, draining an area of at least 350 square miles. 1t is well utilized by grist- and saw-mills, paper-
mills, and furnaces, and thers are said to be some sites yet unimproved.  The falls used are sometimes quite large,
the greater part being obtained by -damming. The stream is a good one for power, lut its flow i8 quite variable,
there being only two or three very small lakes tributary to it. ;

Catawissa creel, from the east, is the last tributary of the North branch which calls for remark, rising in
Sehuylkill comfty and emptyinginto the river at Catawissa, It has vo lakes, and its full is said to be uniform; yet
its flow is said to be tolerably constant. Like the other streams in the viciuity, it is utilized by small mills of
various kinda.

As regards the rainfall over the basins of these tributaries, in New York state it is about 36 or 37 inches,
of which 9 fall in spring, 10 in summer avd in antumn, aud 8 in winter In some parts it is smaller, even as IOW a8
32 or 33 inches. In 1’ennsy1vzmia it is about 39 or 40 inches—10 in spring, 11 in summer, 11 in antumn, and 8 in

winter, L85
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