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LETTER OF TRANSMITTAL.

_ Bosron, MAss., April 30, 1883,
Professor W. P. TROWBRIDGE, v . ‘
Chief Special Agent, Lenth Census, Columbia College, New York, N, Y.

Sir: I have the Lonor to submit hervewith a veport upon the water-power of eastern New England, giving
the results of investigations earried on under your direction during the summer of 1882, This completes the series
“of reports intrusted to my care, and, as in those previously completed, the aim has been to give a reliable account
of the great powers in the region considered, as well as a general diseussion of its water-power in general. The
suspension of fleld operations i the snwmer of 1881, and the limited time at my disposal after their renewal in
1882, rendered impossible o personal examination of the state of Maine, and o hurried visit to a few of its great
powers was all that could De attempted in thet state. Fortunately, however, the water-power of Maine has been
ably and exhaustively treated in a report by Mr, Walter Wells, made in 1869, by the use of which, us well ag
by extensive correspondeonce, the data given have, it is hoped, been made reasonably accurate,

My thanks ave due to many geutlemen who have assisted me in my work, and who are referred to in the boady
of the report.

Vory respectfully, your obedient servmx't, % '
' GERORGE . SWAIN,

4%yl
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WATER-POWER OF EASTERN NEW ENGLAND.

I.—INTRODUCTION.

The territory to Le covered by the present report comprises that part of New Englaud draining into the
Atlantic ocean east of the Thames river, Connecticut. Before proceeding to discuss the various streams draining
thig district, its general characteristics should first be given; and the following brief rdsumé of the principles or
circumstances upon which the value of powers depend will aid in forming a just estimate of the water-power of
New England. '

GENERAL CONSIDERATIONS,

A water-power is produced when a certain quantity of water falls throngh a certain distance. The greater the
fall, and the greater the quantity of water, the greater the power; but if the quantity of water varies from day to
day, that which flows in the period of minimum flow is all that is permanently available, while at other times there
will be large amounts in excess. A good power, then, supposes a good fall, a considerable quantity of water, and
a small variation in that quantity. Let us take up these three points in suceession. What eonditions, then, are
favorable to the existence of large falls on rivers? In general, the streams mwust have a considerable deelivity.
If a stream has an average fall which is large, we may, in general, conclude that it possesses considerable power.
Theoretically the power which it possesses depends upon the average quantity of water which it discharges from
source to month, and the total fall between those two points. Butb there may be great differences in regard to the
availability of this power. If the stream possesses natural falls of considerable magnitude in short distances, then
by diverting the waters, and carrying them in canals past the fally, powers may be rendered availablo; but if there
are no concentrated fulls, and only a wniform deelivity, then, in order to produce a power, a dam must be erceted
which shall raise the level of the water for some distance and produce a sudden fall. The erection of a dawm,
however, is often accompanied by the overflowing of considerable aréas of valuable land above, depending ou the
character of the banks of the stream; and there is often danger of the breaking away of the dam in times of
freshet, if it is not Younded on solid material., In addition to a great declivity, then, it is necessary that a stream
should possess concentrated falls and rapids, and it is, moreover, desirable that its banks shall be high and fivn,
affording good foundations for building, and not eomprising mueh low land which wonld be linble to overflow were
the water-level raised a fow feet. The formation of a large pond by the ercction of a dam, however, if not attended
with toe much expense, is an extremely favorable eivecumstance, as, if large enough, it allows of the storage of the
water during the night, and the utilization during twelve hours, or less, of the entive flow in twenty-fonr, Fallsand
rapids generally ocenr when a stream crogses ledges of rock, It is tercfore important that a streom shall have cat
down its bed to the underlying rock, and that its drainago basin shall be nnderlaid with rocks at & moderate depth,
“If a fall or rapid is to be permanent, the rocks which cause it must be hard and impervions, otherwise they will he
gradually worn away and the fall obliterated, If a stream flows nt vight angles nervoss the upturned edges of o
series of rock strata, the falls are apt to be greater and more nuwmerons than if the stream funs parallel to the rock
strata; it is hence a favorable cireumstance if the strike of the rock strata is at right angles to the general conrse
of the streams. A swampy country is, of course, not favorable to the existence of falls, neither is a country deeply
overlaid with drift. In such cases, and generally in cases where the declivity is gradual, the bed is apt to be of
movable material and the construction of & dam attended with some nneertainty. | '

Tpon what cirenmstances, again, does a Jarge average flow depend? - By average flow we mean the average
quantity of water discharged during a year; and, inasmuch as all the water flowing in a streaw is derived from the
rainfall, it is at once evident that a fivst requisite is a large annual rainfall. Further, the rainfall must be so
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2 WATER-POWER OF THE UNITED STATES.

distributed throngh the year that there shall be the least loss by evaporation; hence in winter, when the evaporation
is least, the rainfall must be largest. Again, the smaller the evaporation the less the loss from that source; hence
a low annual temperature, and especially & low swnmer temperature, is a favorable circumstance. A pervious soil,
which shall absorb the water rapidly, removing it from the action of the sun’s rays, is also favorable. )

But the most important requisite in regard to flow is that it be uriform, for it is only the lowest flow that is
permanently available, A large number of circumstances affect the distribution of the fAow through the year,
First, there is the question of storage. If the surpins waters which flow in wet seasons and in freshets can be
stored up and Leld until dry seasons, then a tolerably uniform flow may be secured; but the amount of storage
capacity available must be greater, as the natural variability of the flow is greater. The presence of lakes and of
facilities for artificial storage is therefore a most favorable eirecumstance, especially if they are deep, for then they
:xpose less surfuce to the influence of evaporation. But it is evident that for uniform fow the rainfall should ba
greatest in snmmer, when the loss by evaporation is greatest; and this distribution is unfavorable to a large average
flow. If large storage capacity is available, a small summer rainfall is not detrimental; but in a region withouf
lakes it is, no doubt, a great factor contributing to a variable flow. A deep and pervious soil is a favorable factor,
as it serves as a sort of reservoir, absorbing the rain which falls, and giving it out gradually by springs. This
element, however, is less important in a country where there are numerous lakes, and where the rainfall is favorably
distributed for nuiform flow; in ofher cases it is very important. A low summer temperature is favorable here, ag

“well as in regard to average flow, diminishing the evaporation when it is greatest. Iixtensive forests have a very
great effeet in regulating flow, by diminishing the amount of water flowing directly from the surface and increasing
the amount percolating, to be given out elsewhere by springs. Agregards topography, the most favorable condition
is one which neither allows of a rapid discharge of the water falling on the surface, occasioning sudden freshets,
nor of a very slow discharge and long exposure to the influence of evaporation. A mountainous country generally
favors rapid discharge of storm waters, especially if the slopes are steep, rocky, and not wooded ; hence streams in
monntain regions are seldom of any value for manufacturing. A very flat country, on the other hand, allows of a very
large evaporation, and consequently of o small average flow of the streams, and such a topography is not favorable
to the existence of abrupt falls, A country whicl is moderately hilly is in general he most favorable. The shape
of the drainage basing of the streams has also an effect,. We shall meet with nwmerous examples of the fact thab
where a stream cuts across a series of parallel ranges, so thatits tributaries have long and narrow basins, draining the
parallel valleys between the ridges, a variable flow is to be expected, especially if the slopes are steep and the ridges
bigh, for the rain is very apt to fall in such cases on one or a few slopes, or over saveral adjacent dralnage basing,.
suddenly swelling enormously a few tributaries and theé main stream. If mountains are arranged in well-defined
ridges one slope is apt to have a greater rainfall thau another, while if they are irregularly arranged in clusters n
wore uniform distribution of the rainfall is the result, and hence a more uniform flow of the streams. Again, the
greater the area of the drainage basins tho more uniform will be the flow, because the effect of sudden rains is
comparatively smaller, The state of cultivation has also an effect on the average flow as well as on its distribution,
for from cultivated gronnd the rain will not be shed so rapidiy as from nncultivated ground ; hence the flow will be
mopre uniforn in the former case, but the average How less. .

Finally, it is important to notice that one other important element of a good water-power is aceessibility either
by sea or by land ; and, consequently, that a topography which is favorable to the location of railways along the
rivers, and not along the divides, is favorable as regards watee-power.  In this respect high banks, with few extensive
bottom-lands subject to overflow, are essential, . ,

Wao proceed now to describe the general characteristics of eastern New Eugland in the light of what has
preceded, and to study the general effects of these circumstances on its water-power.

.

1.—AREA AND FORM.

The region to be considered embraces a land area of about 41,000 square miles, distributed as follows among
the different states: ‘

. ‘ ., Square miles.
Maine ....-.. U e eemmeaen R R et mmemmac e aaanan 20, 895 :
Now Hampshire. .o oo vive voiiaensnan e e Cmenneanns sannn . s N eem e amue s semaar mnaa e e amaa 6,276
Massachusetts ..... e eenne—ann . eaman et emaremeaensseearan. et et ameannaa A 3,750
RI0AE TBIANM ¢ oo cce vrvas oot e e ee e e eeeemaeme amean e e mae ameccduemnacseaeraae aanns 1,085 .
CONDEEEIOTID « « v aevt et e ettt e e e e e et anaa eam e ———an e e metm e aman e 164
Total Ianid 0O «. o it ittt et it vaeas e m e cmmaes eaame o mann caennenn mamananeneeane 41,180

This area forms a strip extending along the Atlantic between the parallels of aboub 414° and 474° north
latitude. It is narrowest at the south, measuring 75 or 80 miles in width, and widest at the north, where it is aboub
200 miles wide. Its greatestlength is about 480 miles. The coast-line runs in a sonthwesterly direction at the nortl,
then south, and finally west in the southerly part of the réegion. '
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2.—GEOGRAPHICAL AND CONTINENTAL POSITION,

The district considered, being sitnated at the northeasterly corner of the United States, bounded on the east
and south by the ocean, has an exposure which is maritime to an unusual degree. Not only are the winds maritime
from the south, southwest, east, and northeast, but also those from the north and northwest are far from bearing
the character of land winds, having passed over considerable areas of water in the more northerly part of the
continent. We may say, therefore, that only the winds from southwest to northwest are distinetly land winds,
arid, and unfavorable to the amount and constancy of water-power. The winds from aboutb two-thirds of the compass
are more or less maritime. The ocean exposure of the district on the south, and the greater proportion of oceanic
winds, are especially favorable, contrasted with the conditions found in the middle states. The prevalent winds
through both regions are from the west or southwest, but it is the winds from the south and southwest which bring
the wmoisture. In New England these winds come direetly from the ocean, and are charged with vapor; in the
middle states they have been in great part robbed of their moisture in their passage over the southern states, so
that this region obtains most of its rain from the easterly and southeasterly winds, which are neither so frequent
nor s0 warm, and bence not such good’ carriers of moisture ag those from the south and southwdst. The rainfall
over New England is therefore larger in amount and more uniform in its distribution through the year than that
in the middle states, and by far more uniform than that in the scuthern states. The continental and geographical
position of the district to be considered is therefore more favorable to the existence of fine water-powers than that
of any other region on the Atlantic slope, and probably more than that of any other region in America.

3.—TLoroGRAPHY.

Topographically, the region lies entirely on the eastern slope of the Appalachian mountain system, and in a
part of that system where the development of parallel ranges is but slightly pronounced. TUnlike the streams of
the middle states, which take their rise on the western side of the mountains, on an elevated plateau, and flow
acrosy the mountains, their tributaries draining a series of parallel and narrow valleys, the streams we are to
congidor, like those of the southern Atlantic states, rise on tho eastern flank of the mountain system and are
confined euntively to the Atlantie plain, flowing in o general southeasterly direction, excepting the streams in the
north of Maine, which flow first in a northeasterly divection, bending afterward and flowing southeast,  The western
water-shed, or divide, of the district, sturting from Long Island sound, at the ocean-level, pursnes o northerly
course through Connecticut, Massachusetts, and Now Iampshire for ubout 200 miles, when it bends slightly toward
the cast and continues Lor aboat 280 miles, corresponding for a short distunce with the boundary between Maine
and Canada, and finally passing into the province of Quebee, In its course througl Conneceticut its elevation
above the sea is small, but it gradually rises in Massachusetts and New Hampshire, till in the latter state it reaches
its greatest elevation on the White mountains, beyond which it gradually {falls. Trom this main divide o secondary
one brauches off toward the east, extending almost entively across the state of Maine, from the sources of the
Penobscot, and dividing the surface of that state into two slopes, o sonthern and a northern. - In all the region
except the novthern slope of Maine the general course of the streams is south or southeast, this region forming the
true Atlantic slope.  In the northern slope of Maine, which comprises an arca of about 7,400 square miles, their
course is east-northeast. ‘
~ OF the three parts into which we may divide the Atlantic plain in the case of the middle and sonthern states, viz,
the castern, the middle, and the western or mountainous, the castexrn well-nigh disoppears in New England, being
searcely fomud exeept in eastern Magsachusotts and in Rhodo Island. The full-line, which boands that region on the
west, and which marks the division between: the area of metamorphic rocks and that of the flat and low Tertiary
and post-Lertiny deposits, rung in New Ingland close to the coast. Granite is found within sight and sound of
the sea, aud thoe tidal and navigable portions of the rivers are of short length, The head of tide is always the
head of navigation, and at this point there is: generally a fall, often a large and important cne. ¥The mountain
division, unlike that of the middle states, is likewise of small importance, partly because it is not of large extent,
and partly because the streams within it are generally small. It is conlined to the middle and northern parts of
Naw Humpwshire and o triangular portion of Maine, comprising the central portion of the state, with its greatest
breadth on the west, and forming the divide between the northern and the southern slopes. In this region there
are no parallel valleys, no considerable streams running for long distances without any large affluents, and
consequently less severe and sudden freshets than on the streams of the middle and southern states, though this
is (ue in great measure to other eanses, which will be referred to in the proper places. The arvangement of the
mountaing in clusters and irregular ranges, instead of in long and parallel ridges, is favorable to a uniform
digtribution of the rainfall and to its gradual discharge. The mountain region is here neither so high nor so
extensive as in the southern states, but is higher, thongh much less extensive, than in the middle states. Its effect
upon the water-power of the streams is not to injure it particularly, which is mom‘than can be said in regard to
many states farther south, ‘Lhe favorable effect of the small extent of the eastern or tidal division in bringing the
water-powers within easy reach of the sea-board, and thus facilitating transportation, need not be dwelt %E‘on.
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The greater part of the region is ocenpied by the true Atlantic plain, or middle division, comprising the southery
slope, and extending from the coast to the foot of the mountains, averaging about 50 miles in breadth. It comprises
nearly all of Rbiode Island, Conneeticut, smd Massachusetts, the southern part of New Hampshire, and the grester
part of Maine. Its elevation at the foot of the mountains varies from about 300 to 500 feet, being greatest men
the elevated mountain region of New Hampshire ; and its slope toward the sea is, on the whole, uniform, exteuding
across the whole breadth of the region, and quite to tide-water. It contains almost all the water-powers of
importance, which are equally abundant in all parts, existing even at the very mouths of the rivers, where they are
largest. When this peculiarity is contrasted with the condition of things in the southern Atlantic states, whew
the streams are navigable for over 100 miles from their mouths,the advantage possessed by the New England streaims
will be manifest, in regard to both the magnitude of the powers and their accessibility. This southern slope, whirls
possesses all the great water-powers of the region, is singularly well adapted for their utilization. The streams laive
a rapid fall, those having their sources near the elevated region in New Hampshire being the most favored iu this
respect. Their beds are generally of rock at the places where falls oecur, with drift deposits in the intermediage
distances, and their banks are uniformly high and firm. Unlike the southern streams, there are nmo swamps sy
meadow-lands of importance along their courses, so that even in high freshets very little land is overflowed. Drum

- gueceeding dam, almost the whole fall of many of these streams may be economically utilized. The country is
moderately hilly, a fact already referred to as favorable. The river valleys and the streams also are narrow at the
places where falls occur, so that often only short dams are necessary. The streams are not navigable on aceows
of their many rapids, and consequently are principally used for power.

The slope of northern Maine is gradual, and the streams in that region are sluggish ; and the general slope Of thi
entire region toward the east is so small that the current of the Saint John river, which drains it, is very moderate,
On this glope there are large areas permanently swampy, rapids and falls are not namerous, and no larga powers
are known. The divide separating it from the southern slope is not high and sharp, but in places is very flut nui
swampy. The waters of the southwest branch of the Saint John and those of the northwest branch of tiw
Penobscot come in part from the sawe swamps, a phenomenon which also oceurs in other places.

The most important point conneeted with the topography of the region we arve considering, as regards its
influence on water-power, is the large number of lakes and ponds which exist, and the enormous facilities for storage.
The beneficial effects of lakes are well known, and have already been briefly referred to. Not only do thoy serve
as reservoirs to receive the waters tributary to them and give them out gradually, thus lessening the violenee s
the snddenness of freshets, and increasing very greatly the flow in dry seasons of the stream below, but they alre.
when deep, serve to lessen the loss by evaporation by exposing a smaller sorface to the rays of the sumn, wni,
moreover, serve to keep the water warm beneath the covering of ice which forms early in.the winter, and in ths=
way contribute to lessen the tronble experienced below with ice-jams, floating ice, or anchor-ice. Not only is litile
ice carried down the rivers from the ponds, bat a much smaller quantity is formed below. This element is espurriniix
importans in & region like New IIngland, where the winters are severs and interruptions due to ice sometimes oveur.
It is therefore very important to observe that the number of lakes in this districtis very large indeed. Wells stutes
that there are connected with the rivers of Maine alone, not counting small ponds and a large number of podsin
the forest region of the state not represented on any map, over 1,620 lakes, covering together, probably, b luss
2,300 ggnare miles in area. Of thisnumber, 1,568 are in the state of Maine, covering a total surface of 2,200 stpinrw
miles, there being one lake to every 20 square miles of. territory, and one square mile of lake surface to every 14.3
square miles of territory. In New Hampshire and Massachusetts lakes are not so numerous, but still sufficient i
number to be of very great benefit. It is in New Hampshire, in fact, that the lakes are used to the best advantape, s
we ahall have oceasion toshow. In the part of this territory not including Maine we may count upon the map sevvral
hundred lakes and ponds, covering probably not less than 150 square miles. Inregard to these lakes it is importays
to notice that the larger ones are generally situated near the headwaters of the rivers, at a considerable elevatio
above the sea. Were there only a few lakes, and near the headwaters of the large rivers, those rivers near thesy
mouths would be subject to quite heavy freshets, for the lakes would only regulate the stream flowing directly i
them; but as almost every tributary of the large rivers, from source to mouth, is also provided with lakes, tho ¢flew:
of the large number and elevated position of the lakes is to render the flow of almost all the streams comparativeis
constant. Not only are there these natural reservoirs, but there are, through all the region considered, excellit
facilities for artificial storage. The lakes may, in most cases, easily be eonverted into storage reservoirs, as is, in
fact, generally done for log-driving purposes, and, in addition, artificial ponds may be formed in many places.
‘Wells gives the average depth which can be controlled in the lakes of Maine as not less than 8 feet. The following

table, taken principally from his report, will show the elevations above tide of some of the principal lakes in the
district treated in this report:
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Flevation of a few of the lavgest lakes,

Teet, | Toet,
Mo086head v eeeriiiair seccae e caann fememns et anmee 1,028 | Merryimeetiugeoor vocuarieraas cainan. rreatiue mmm e ity
Wool covreemeiinevnnn e reemen s eeeaeenentanae . et 1,004 | Riehardson ... oeiir o iiie i i viiie cae s vern e eenne .. 1, 4B0
ABORIL e eet civnin v vrmnerrmmeas maan e cmen mem ey euan 1,004 | Mooselnemaguntic.. .o oo vevs vrit i ciisiiemrn e mannceen can. 1,480
Tong POM 4 aumes et see e aicaa crcmremes e s aas 1, 084 ' 8 1 R 1,611
Sehoodie (WDOBEY Lo ferr vermee crmarcr e cter e e W00 b Matdagamon (abonb) .o i e s 850
Sehee (about) ooon ..., e maeeneaetmimee semaneicena s s | Chamborlain ... e e e e 826
Baslkahegan (aDOUL) cuer cevn camaermronerovssrcanens cnvannns 400 ! Tomgoewahem and Churebill oo oo iiiii crran e .o 914
Pamedumcook, the Twins, and Milinoket (about)........... 700 | Allnguash (abonb). ..o oo e i i U650
Ripogentis cocenevunnn N e e d emmmneeman b atea e aanaa H78 ‘\ Taglo cove e e et emmaassiaeme e aenn e {79
CHBSINCO0IT cuau it ot memn et see memnme mnen e s D00 || Square and Cro88. cve oo covevreerivers ceasicsasrsmununanannan ST
CanquonZomoe (aAhowh) cve s teen cin e nret e i e e 030 | T (03
Squawpan (ADOUEY v cow vaeear vinennas e rmn s s mmnenaean.- DO T Portage (About) ool e el eee.. 025
TS L 247 | Tshriver (about) coaen i ieera e eea, OG0
LT Py 1T 21171161162 TET) R hee e emmn meaeamamre e amaran e 382
WILDIPISCOZEO < eee v vvmmonanas mnmncnas cnmnme smmnnsasmans D01 | Chiputnoeticook Grand.. . oo oooiiiiiii i naonieececenee. 449
SUINIL e vt e ven e v coe mmmm e am e s e e e e e 510 {1 Grent Tagt PON..e. coor o ier it ce e e e 469
R L1 L GO« 1 0 A 01113110 [ LT AP PUR D PR PP 108

In order to give an idea of the value of this elevation, we way meation that lake Ttasea, at the beadwaters of the
Migsissippi, is only about 1,575 feet above thie sea, whiel is over o thousand miles distant; and thatlake Superior is
at w hieight of ouly 630 feet, though 1,800 miles from tho sea. No other distriet of equal size in the Union, it may o
safely asserted, containg so many lakes at sueh high elevations, the fall to the ocean taking place within its limits.
These lakes being large, as well as the streams flowing from them, their effect is to increase vexy greatly the
theoreticully available power of the latter,

If we were to sum up in a few words the effect of the topography of this district on the water-power, we should
suy that it is favorable in every respect, contribmting not only to constant flow, but affording numberless falls easily
utilized.

4 —GBOLEGY, SOILY, AND TORESDS,

‘.

Geologieally, this district belongs almost entirely in the region of metamorphie rocks, A large parb of it is
underlaid with granite and allied rocks, whiell ocenpy, according to Wellg, an aven of 13,600 square miles in Maine,
comprising the whole region west of tho Kennebee, 3,400 square miles being almost exclusively underlaid with
granite, In New IMampshire the entire valley of the Merrimack, as well as that of the Saco, is granitic, and large
areas in Massachusotts aro also underlaid with the same vock. A Dbelt of it extends along the const of Maine in
its whole extent, and large quantities are shipped to other parts of the country. That part of the region not
underlaid with granitic rock is underlaid with hard slates and sehists, with their strike nearly at right angles to the
general course of the rivers, so that the latter tumble over the upturned edges of these strata, and often form falls of
considerable magnitude. - The most important fact conneeted with tho rocks as regards water-power is their great
hardness and their disposition on the sonthern slopes, where the water-power ig for other reasons most favorablo.
As the streams cross their npturned edges, ledge after ledgo, numerous falls, rapids, and cascades are formed in all
parts of the region, from the mountains to the sea. These falls are permanent, which would not he the ease were
the rocks soft, disintegrable sandstono or Umestone, Turther, not only are good building materialy evorywhere
abundant, but the facitities for the location of mills on solid foundations are unsurpassed. ’

The soil throngh the whole of New England is comparatively shallow, and is generally clayey or sandy in
character,  The rock is much exposed over the whole region, and there ig little alluvial soil. Were tho rainfall
very unevenly distributed through the year, and were there no facilities for storage, this shullowness of the soil
would be very unfavorable, and the water would bo rapidly shed from the rock surfaces, rendering the streams
very variable in flow, But we shall see that the rainfall is very uniformly distributed through the year, though in
a way favorable to constancy of flow, and this renders the shallowness of the soil of less detriment. Considerablo
beds of dvift exist in places, but there arve few sand-hill stroams like those on the coast of New Jersoy or in the
southern states, there being few or none in Maine and New Hampshire, and ouly & fow small ones in Massaehusetts
and Rhrode Island,

The forests are very extensive in the rogion we are considering. It is estimated that in Maine there are 19,300
square miles of wilderness, and perhaps 21,200 square miles of woods in all. In New Hampshire tho mountaing
are densely wooded avound their bases, though the ridges, and especially the swmmits, are often bare. In
Massachusetts and Rhodo Island the woods are less extensive. These woods are loeated very favorably where they
are likely to Do long permaunent, and being principally evergreen, they shade the ground at all seasons, thus
checking evaporation, lessening the violence of winds, and so increasing the amount of water discharged by the
streams. Tor a statement of the effects of forests, reference may be made to the introduetion to the Repovt on the
Southern Atlantic Water-shed. Their favorable influnence is generally recognized, yet it must be remarked that -
their destruction would be mueh less detrimental here than in regions where there are no lakes, where the 1-&2111’&11 is
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very unevenly distributed, where the temperature is high, or where the country is more mountainons. Most dense
at the foot of the mountains, the woods of New England operate to check the torrents rushing from their rocky
sides, and hence to mitigate very essentially their unfavorable effects.

5~TIDAL WATER POWER.

The economical use of tidal water-power requires not only a sufficient rise and fall of the tides, but also a
topography along the coast favorable for the location of Luildings and for the construction of basing in which to
store the water at high tide. Iu all these respects the coast of New England is more favorable than any other part
of the Atlantic coast. The rise of the tide varies from 5.1 feet at Providence to 10 feet at Boston, 8.6 feer at
Portsmoutl, and 18.1 feet at Bastport, thus inereasing quite regnlarly from south to north, and averaging 11.6 feet
on the coast of Maine, South of Maine the average rise for the whole Atlantic coast is only 5.2 feet. DMoreover,
the coast of New England, especially in Maine, is rock-bound, so that there is no trouble with regard to proper
foundations; and finally, the coast-line being very irregular and indented with humberless bays and inlets, there
are no difficulties as regards storing the water in sofficient guantity.(a) Tidal power is used at a few places in
Massachusetts, but principally in Maine, and it is in that state that the conditions are most favorable. It can bib

used there for sixteen hours out of twenty-four, and is used principally for saw-, grist-, and plaster-mills, There is
no trouble with ice, and the facilities for transportation by sea or land are of the best.

’ 6. —CLIMATTE.

The principal climatic conditions of the region under discussion, in so far as they affect the water-power, will
be briefly given.

(@) COAST-LINE AND OCEAN-CURRENTS.—The coast-line, which measures nearly 430 miles, following its general
course, is 80 indented as to make its real length perhaps ten times as large. It is washed by the cold polar current
which flows between the coast and the warm waters.of the Gulf stream, so that the winds from the east and northeast,
though maritime, are cool, while those from the south and southwest are much warmer.

() WinDs.—The wmds are variable, rarely blowing from one direction for more than a few days. The prevailing
‘winds, however, are from the west, southwest, or northwest, in all parts of the region. In summer, winds from the
sonthwest are most frequent; in winter, those from the northwest, while winds from between south and cast are
least frequent of all, occurring prineipally in summer. The resultant wind for the year, which shows the general
direction of the mohon of the atmosphere, is always from a point between north and west. In summer the resultant
ig from south of west, and in winter from north of west. .

(¢) TEMPERATURE.~The mean summer, winter, and annual temperatures are quite different in different parts of
the region we are considering. The mean annual temperature varies from 40° in the north to 48° or 50° in the south;
the mean summer temperature from about 620 in the north to 68° in the south; and the mean winter temperature
from 12¢ or 14° in the north to 28% or 30° in the south. As compared with the middle and southern states, tlie
mean annual temperature is, speaking roughly, from 8° to 15° lower, while the mean summer temperature is {rom
5O to 109, and the mean winter temperature 12° to 20° lower. IFor more extended data we must refer to the Repeort
on the Southern Atlantic Water-shed and the pablications of the Smithsonian Institution. The most important
point to be noticed is the fact that although the mean annual temperature is considerably lower than that in the
middle and southern states, this is due not so much to a lower summer temperature as to a lower winter temperature,
The table of extreme observed temperatures whicl will be given in the Report on the Southern Atlantic Water-shed
shows that the highest observed temperatures in Maine and in Alabama are almost the same; and the table of
average temperatures of hottest and eoldest months, also given in the same Teport, shows very clearly that there
is mueh greater difference between the coldest months in New England and those in the southern states than theve
is between theé hottest months in those localities. On acconnt of the cold current flowing along the coast of New
England the temperature of that region is lower in summer than that of the regions farther inland, while its mean
winter temperature is higher, so that the yearly fluctuation is less, as would naturally be expected from its position

on the coast. The isothermals run generally parallel to the parallels of latitude, the mean annual temperature
decreasing from south to north. Compared with other parts of the country, the annual flnctuation of temperature
is greater in New England than in the southern sea-board states, but less than in the inland states. Regardings
the winter temperature, the principal point to be noticed is that it is below the freezing point. The severity of
the winter in New England is productive of some difficulty in keeping the wheels and canals clear of ice, but this
trouble is generally considered to be greater than it really is by those in states more favored in this respect. Indecd,
the trouble carries with it its own corrective. Before the lakes and ponds freeze over in the winter some trouble is
experienced from floating ice and from anchor-ice, but as soon as they freeze over permanently this trouble CONRCE,
the covering of ice keeping the water warm beneath it. Floating ice may be, kept out of the canals by sultnbl

a The coast-line of M:Lme, which is 226 miles long in a direct line, measur(,s, with all its indentations, from 2,000 to 3,060 mi]cs.
Wells: Water-power of Maine, p. 34, ’
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fenders, but at night it sometimes forms in them, and has to be run out in the morning if it is thick ¢nough to
diminish too greatly the capacity of the canals, Amnchor-ice, which forms at the Dottom of the canals in small
particles and rises to the top, filling the races, racks, and flumes with a mass of slush, is sometimes very troublesome,
but rarely after the ponds freeze over. On the whole, the interruption due to ice does not generally extend over
more than a few days iu the year, and in the case of some of the large powers, where pains are taken to prevent it,
no trouble at all is experienced in. runping the machinery all the time. The low ammal temperature is favorable
in increasing the rainfall and diminishing the evaporation, and so contributing to the flow of the streams, without
impairing the habitability of the region. This effect would be greater were the summer temperature lower,

(@) RAINFALL.—~—We have to do here with a part of the country falling under type I, according to the
classification followed in the Smithsonian tables of rainfall (Smithsonian Contributions to Knowledge, 353, second
edition, 1881). The char acteristies of {his type are the following: “Three nearly equal maxima, about the middle of
May, August, and December, and one prineipal minimum, about the beginning of February; the range between the
extreme monthly values is small ; the Augast maximum is generally the highest” The stations from which this
type is constructed are 18 in uumber, extending from Portland to Washington, and are mostly near the coast, The
monthly rainfall varies from 0.84 of the mean in February to 1.22 of the mean in August, the fluctnation being,
therefore, 38 per cent. of the mean monthly rainfall. In New England alone the fluctuation is rather smaller, or
about 34 per cent., the monthly rainfall varying from 0.85 to 1.19 of the mean. In the Hudson River valley it is 60

" per cent., in the upper Mississippi valley 105, on the southern Atlantic coast 140, and on the Pacific coast 232 per
cont. TFrom the fluetuation alone, however, no conclusions can be reached regarding the flow of the streams, for
this depends upon the season when the rainfall 1s greatest, as has already been indicated. It is important to
notice, however, that the fluctuation in New England is less than in any other part of the country, or that the
rainfall is more uniformly distributed through the year. The fluctuation seems to increase a little as we go north
in New Iingland, and also as we recede from the coast, being, in some places distant from the coast, nearly or quite
twice as great as given above ; still, it is nevertheless true that in no part of the country is the rmnﬁll 80 umiormlv
distributed through the year as in that with which we hiwe now to do.

As regards absolute amonnt, the mean annual rainfall varies from bhetween 44 and 50 inches along the Loast and
over almost the whole of Connecticut, Rbode Island, and Massachusetts, to 38 inches in the north of Maine and
New Hampshire, diminishing as the coast is reeeded from. The rainfall averages, speaking roughly, about 11 inches
in spring, 11 in summer, 12 in antumn, and 10 in winter, except vear the coast, where it is more uniform.

The annual rainfall is subject to an extreme ﬂuctuation of about 50 per cent. of its mean value, this being about
as small asin any other part of the country. Very dry or very wetb years are therefore not to be often looked for. We
see, therefore, that Doth from year to year and from month to month the rainfall is abont as evenly distributed in this
district as in any other part of the United States. The small excess in summer and antumn is favorable to a
constant flow of the streamns, and would be very impormnt, in view of the shallow soil, were there no facilities for
storage.

Suow falls to a considerable depth over the Whol(a region in question, and in the mountains does not disappear
till late in the spring, remaining on the ground even all the year in some parts of New Hampshire. The mean
annual depth of snow at seven stations in Maine has heen found to e about 83 inches, but in the other states it is
less. The fact that in winter nearly all the precipitation is in the shape of snow hag an important effeet on the flow
of the streams. When the ground freezes it becomes nearly impervious to moisture, so that during the winter almost
all the water reaching the streams is that derived from springs, fed by rains of the earlier, months, and that due to
the melting of the snow, which runs directly from the ground. If the snow stays on the ground all winter, with
no warm periods sufficient to melt much of it, the streams are apt to 1un very low. If, on the other hand, the
gnows are liable to be carried off snddenly by short periods of warm weather, the streams will be subject to severe
freshets. In this district, and especially in the northern part of it, the snows remain on the ground all winter, and,
protected by the h)resta, they often are dissolved very graduullv before the approaching heat of summer, emd
disappear muceh less suddenly than in the middle states. Though the rivers in both regions are subject to spring
freshets when the snow goes off, those in this district are in general less sudden and severe than those on streams
farther sonth, and they are less liable to be accompanied by ice-jams, because the ice on the lakes does not go oub
until it has become melted to such an extent as to be rotten and of little danger, while the streams below them, as
has been remarked, ave not so liable to have large masses of floating ice. Though the streams are suliject to a
winter drought, that drought is, in general, not so severe as that which occurs in summer, and is therefore not
detrimental to the nse of power, The fact that the freshets and ice-jams are not so severe here as in the states
farther south is one of great importance. Rises of 60 feet, such ag oceur on some of the western and southern
streams, are unknown here, and even the greatest recorded rise of the Connecticut at Hartford (29F feet) has not
often been reached on any of the streams we are to consider.

Another favorable feature of the district is the prevalence of fogs, whmh are particnlarly frequent in Maine. |
The dense fogs formed off the banks of Newfoundland are brought in by the northeast winds,. and often involve,
for weelks at a time, a considerable portion of the state, especially during the latter part of summer. Fogs, in fact,
are generally assocla.ted with rain in Maine, the-latter falling genera llv quite gradually, and not so much in sudden

55
\



8 WATER-POWER OF THE UNITED STATES.

showers as in the states farther south. These facts are important, because where rain falls gradueally it & 10t shel
from the surface so rapidly, but has more chance to be retained in the gronnd and discharged gradually; pyid where
fogs prevail evaporation is diminished, beeause the air is cool and moist, and the rays of the sun are intereeytese.
This is especially important, as the fogs prevail in summer.

1—FLOW OF STREAMS. -

We have discussed already the general principles governing the flow of streams, and also the effect, et fesd <o
the flow by the various general circumstances connected with the distriet. It is, therefore, only necessary hrre
show how the estimates given in the following pages have been made.

In the Report on the Southern Atlantic Water-shed reference is made to the fact—which follows clegn -1 S S TR
from what has been said already in this report—that it is not correct to assume any fixed proportion of fire* stispus
rainfall as discharged by the streams. In the following report estimates are given of the following four cprannioes
regarding flow : ; .

1. The absgolute mninimum flow.

2. The minimum low-season flow.

« 3. The maximum flow with storage.

4. The'low-season flow in dry years, but not the driest.

The absolute minimum flow can only be estimated by comparison with results of gaugings on other st veane, =
number of which are given in the table on page 9. In estimating it, it is best to assume the number of ¢11lsiv feven
per second per square mile of water-shed, and all the circumstances detailed as affecting the distributioir of fhow
have to be talken into account. The minimum flow is of course all that can be depended upon permanexxt Ia, bai o
occurs at such rare intervals that it is generally advisable to utilize a larger amount, even if thers is ;. (1o fivier s

“at times. ' ,

The low-season flow in any year is the flow during the period, of from three to eight weeks, when the s<treas: »
lowest. This flow is different in different years, and its minimum value oceurs only at intervals of a  31t2tsslses .o
years. In ordinary years the flow will at all times be greater than the minimum low-season flow, exceprt, Frethagm
for a day or two; in very dry years it may be less than the minimum low-season flow for several weekss st w tis
The minimum low-season flow has been estimated in the following way: It has been found by the CX PICTiety o
cities in regard to their water-supply, and by continued gaugings of streams, that in very dry years, in this ehiswuie.
the total amount of rainfall discharged by streams falls as low as from 12 to 15 inches over the entire draixyz: pxes s
In ordinary years a larger quantity is discharged, but at intervals of from five to ten years a very dry y anr sy,
when the total flow does not exceed 12 or 15 inches over the water-shed, Ha\ing assumed an annual 1low of £ -
12 to 15 inches, then, by dividing it by 12, we obtain the average flow per month, in inches on the ~wwatfay nlci
Now, 1inch on a square mile, lowing off in a month, would give an average flow of 0.884 cubic feet P moy

i

80 that by multiplying by 0.884 the average fow in inches per month, we have the average flow, in & very «lyy s«
in cubice feet per second per square mile

It is now necessary to have some data regarding the way in which the flow varies from month to 1 183 31 § PRSI
in regard to this some figures are collected and shown in the table on page 10. By multiplying the a~ @xnee 7.
obtained above, by the ratio which the flow in any month bears to the mean—that ratio being reached Ly @ sty
the last-mentioned table, bearing in mind all the local circumstances—we obtain the flow in that month i the ws
in question. The minimam low-season flow, though not to be depended npon bermanently, may be rend gl s
a small amount of artificial storage. It is generally advisable to utilize a larger flow, even though there xmuy §« s
deficiency at intervals.

The minimum low-season fow oceurs in the driest year, but not necessarily the year of least rainfall o T g
it is not the amount of rainfall alone that affects the flow. Assuming, however, as close enough foxX yivuctasiug
purposes, that the amount of flow in a year will vary directly with the rainfoll, and that the year of the  rayitsine
low-season flow will be the year of minimum rainfall, we may estimate the low-season flow in other yymare 1.
proportioning it to the rainfall. The Smithsonian tables show that the winimum annual rainfall is abot .7 i 5.
mean, and the maximum about 1.3 of the mean ; and, further, that the rainfall in ordinarily dry years, Lyuve nut ..
driest, is about 0.8 of the mean. Having found, therefore, the minimum low-season flow, we may approx s =,
the low-season flow in ordinarily dry years by taking eight-sevenths of it, and to that in ordinary yearss Dy tak
ten-sevenths of it. Farther, these remarks, in connection with the table of monthly distribution of flow, Will et
any one to estimate the flow durin g any number of months in any year. The local circumstances, howeve r, pyums
carefully studied, and npon the jud gment shown in taking them into account will depend the accuracy of the C=tisiy

If sufficient storage is available the average amount of water discharged in any year may be ttilivedg, -

_quantity in excess of the average being stored up and delivered in times when the natural flow is 1685  f uyy -
average. The quantity which ean be depended upon permanently, however, is evidently that which flows © 1Y ol
the driest year, or the smallest quantity which flows off in a year; 4. e., 12 or 15 inches, according to whaitt Lyyx i,

said abf?ve. By building storage reservoirs of sufficient capacity, then, we may ufilize permanently a quanti{y
. | 4 \ >
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t0 12 or 15 inches in a year over the whole drainage area, flowing off uniformly. By dividing this by 12 and
multiplying by 0.884 we obtain the number of cubic feet per second per square mile of water-shed, The amount
of storage necessary to render this quantity available has been found by experience to be 3 or 4 inches in depth
over the entire water-shed. With small drainage areas the maximum with storage may be utilized, but with
drainage areas over a few hundred square miles in area the storage necessary is so large that unless specmlly favorable
circumstances are present, such as lakes which may easily be converted into artificial reservoirs, the storage -
necessary could not be economieally provided for. In the case of large streams, then, the maximum with storaga is
of small importance, Tn many cases the flow can be materially regulated, but not to such an extent as to render
the absolute maximum available.

[ will reeapitulate here briefly the meaning of the four quantities estimated :

1. ABSOLUTE MINIMUM FLOW: May be depended upon always, withont storage; oceurs only at rave periods;
gener"ully a large excess,

2. MINIMUM LOW-SEASON FLOW: Flowin the low seagon of driest year; may be depended upon, without storage,
at all times except for a few days in the dry season of each year, when there may be a defieiency ; with small storage,
may be depended upon all the time,

3. MAXIMUM FLOW WITH BTORAGE: Mean flow in driest years; storage already discussed; with larger storage,
more could be utilized for several years, but not permanently,

4. LOW-SEASON FLOW IN ORDINARY DRY YEARS, without storage: May be depended upon except in the dry
season of each year, when for a few days, perhaps weeks, there may be a deficiency ; may be rendered permnmenbly
available by storage. This last quantity is the most important of the four, yet in each particular case it is o special
problem to decide how much power may he economically utilized.

The following are the tables referred to:

Diztremes of flow for some American streams.

i Ak g |y
o MBAN RAINRALL, EXTREMES OF FLOW, By | BA
4 E JATRB. ) p:a | w'd
c T T s T e
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5 w5 | s 2 7%E
@ - 5 -
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- 5 81818y a & BE | s E g HE8
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3 ous in parts,
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Eatremes of flow for some American streams—CQContinued.
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@ (,hmles . Darrach, in Engineering News, April 3, 1880, p. 122,

9.—Riigumif.

Reviewing what has been written in the previous pages, the topography and the geology of the regitm.
affording a rapid declivity from the mountains to the sea, broken by sudden falls over ledges of hard rock; the
favorable character of the bed and banks as regards foundations and freedom from overflow; the favorulﬁv
arrangement and small extent of the mountain region; the low temperature, causing a large rmnfall and a smull
evaporation; the favorable distribution of the mmf&ll through the year; the immense facilities for storage; the

" oxtensive forests; the absence of very destructive freshets and ice -jams; the rock-bound coast, affording facilitive
for utilizing the large rise of the tide; the prevailing fogs; and the accessibility of the region, together constitute
an array of favorable eircumstances thoh may well entitle New England to the ﬁrsb rank as a water-power district,
as the det'uled account of the different streams will show.
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II.—THE COAST STREAMS SOUTH OF THE MERRIMACK.

The streams flowing into the Atlantic between the Merrimaek and the Connectienl possess no trae mountain
distriet, but are confined entirely to the middle division, or Atlantic plain, wlhich eovers Rhode Island and eastern
Massachusetts. Nevertheless, their fall is quite rapid, and lying, as they dao, elose to the mast populous cities of
the region and within easy reach of railroad communication, they have been atitized Tfor power for many years, and
privilege after privilege has been improved, until scarcely any arc left idle. By o system ol reservoirs their flow

“has been rendered in many cases much more uniform than ib otherwise would Do, xo that sowe of them afford o
large number of excellent powers., The rainfall over the whole region is about 45 incehes, very evenly distributed
through the year, nearly the same amount falling in each season. '

We will deseribe the streams in order, commencing at the south. Passing over the Mystie viver and several
other small streams not worthy of a description, the first stream whieh is to e noticed iy,

.

THE PAWCATUCK RIVIER.

This stream takes its rise in the southern part of Kent county, Rhodea Island, and pursues first & southerly
course, for a distance of about 12 miles, in & straight line, under the names of Queen’s and Usquebang rivers.
Turning to the west, it then pursues a tortuous conrsé in a general southwaosterly direction for about the swne
distance, when it reaches tide-water, at Westerly, Rhode Island, about § wmiles from Long Island sound. The
stream is small, draining only about 286 square miles, comprising o considerable oxtent of flat and swampy
country, while the rest is hilly and rolling. The only town of mueh importance throngh which it flows is
Westerly, the head of navigation. The drainage area is not well wooded, and there are few lakes.  Bome artifleial
reservoirs, however, together with the swamps, serve o restrain the violence of the floods, and sufllee, with the
mill-ponds, to regulate the flow to some extent, making the stream quitu & good one for manufecturing, Its
bed and banks are in places rocky, but. are generally of sand or gravel, the stream, in fucl, partaking to some
extent of the character of a sand-hill stream, 1ts fall is not large, but is completely utilized, It i8 not subject to
severe freshets, and little ground, outside of the swamps, is overflowed, n riso of 3§ feet being seldom exceoded.
The character of the drainage basin is not such as to favor the rapid disclinrge of storm waters, and the regulating
effeet of the swamps and mill-ponds is considerable, '

The first power on the stream is at Westerly, where the rise and fall o1’ the tide is about 4 feet, and up to which
place boats drawing nearly 7 feet ascend. A wooden dam 5§ feet high ponds the water half a mile, affording at
low tide a fall of B} feet. Poweris used on Dboth banks, on the left by the Stillman Manufacturing Company’s
woolen-mill, with 50 or 60 horse-power during about eight months, while at other times the power is almost nothing;
and on the right bank by the Carmichael Manufacturing Company (machine-shop and woolenanill), nsing about
100 borse-power daring abont six months. The mills have steam in rescrve.

Above Westerly there are a number of woolen- and cotton-mills on the siream, all the sites of importance
being ocenpied. Reliable data regarding the power of these mills are not at hand, Tho power used, hiowever, 18
much in excess of that afforded during the low season, so that generally stenan-power is in reserve, and water-
power alone is not depended upon. The mill-ponds suffice to store the watar at night in dry seasons, hut the swamps,
not being controlled, are not very efficient as regulators of flow during the year, sxeept in diminishing the violence
of freshets. Tull capacity is not generally secured for over nine or ten months,

Of the tributaries of the stream only one is worthy of remark. “Wood river, which has its sourees in Kent
county, flows nearly south through a distance of about 15 miles, joining 1he Pawentuel at Pluinville, Tt draing
about 83 square miles, and resemples the main river in all essential respoects,  Like it, it is utilized by vavions mills,
but in dry weather the power is very small, and the mills have to use steain or stop ranning, The strenm has a fow
unutilized privileges, but none of mueh value.

Of the lakes and ponds connected with the Pawcataek none are dammaed and used for storage exeept some on
Wood river. Wordin’s pond, which comes in above Holberton hill, is the Targest sheot of water, and is conneeted
with swamps of considerable size. In addition to this, Pasqueset, Watehang, and Sehool-houss pouds, and two neax
Kingston, are not used. Connected with Wood river are some small ponds used ay reservoirs, of which o few may
be mentioned: Yawcoog pond covers from 500 to 550 acres when full, and can he drawn down about 10 feet; contalning
sufficient water to run a mill below for some three months; and Wineheck pond, just below, but above the mill, is
said to cover some 400 acres, and can be drawn down 5} or 6 feet.  Both of these ponds are controlled by the mill
at Rockville. Blue pond, on another branch, covers some 200 acres, and L.ong pond is smaller; besides which there
- are other and still smaller ponds. In addition, there are some small ponds on & amall stream joining the Pawecatuek

at Loureldale. The only sites not used are a few small ones on some of the tributaries of the main stream.
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THE PAWTUXET RIVER.

This stream has two branches, the North and the South, the latter of which rises in the western part of Went
county, and pursues a generally easterly course for about 10 miles, to Riverpoint, where it meets the Novtl
branch, which has its sources in Providence ecounty, and pursues a southeasterly course, draining a basin about 16
miles long. From Riverpoint the main stream pursues a northeasterly course for about 8 miles, emptying into the
Providence river at the village of Pawtuxet, or about b miles below Providence. The area drained by the North
branch is about 108 equare miles; by the South branch, about 71 square miles; by the main stream at its monih,
about 220 square miles. The drainage basin is undulating or hilly, the fall of the stream considerable, the bed and
banks are gravel, rock, and sand, the banks not often subject to overflow, and the storage facilities good. The
entire fall is utilized, principally by cotton-mills, there being no unimproved sites of importance on either branch.
The flow of the stream is variable, yet not to o great estent. Indeed, the stream is called one of the most permuanen:
in Rhede Jsland, and there is no trouble whatever with freshets. Numbers of artificial reservoirs are comnceted
with the sheam, and are used for the beueﬁt of the mills, The following is the information I have been ablle &
colleet regarding them :

1. Almy reservoir, Simmons’ upper and lower reservoirs, connected with Pochasset river, a tnbutfu v of the
main river. Thegse are small ponds, and no further data are at hand wgardmg them.

9. Connected with the South branch :

" a. Tioga reservoir, in the sontheastern part of the town of Coventry, emptying into the Seuth branch botween
Washington and Anthony. This reservoir covers about 200 acres and can be drawn down 14 feet, but is not nsd
for power. It is opened every morning and shut every evening.

b. Qarr pond, in the town of West Greenwich, joining the South branch between Washington and Coventry
Center, covers about 100 acres, and can be drawn down 8 feet; allowed to flow continually.

o. Tat River reservoir, on the South branch, between Washmgton and Coventry Center, covers ] ,000 aeres,
and can be drawn down 12 feet; opened every morning (except Sunday).

- d. Coventry Center reservoir, above Coventry Center, covers about 300 acres; can be drawn down ¥ feet.
Average depth, about 6 feet. :

e. Quidnick reservoir, in the town of Coventry, at the head of the stream, covers some 980 acres, ( a) ainl eun
be drawn down 15 feet, Estimated capacity, 288,159,400 cubic feet; Dbuilt in 1872 and 1873,

3. Oonnected with the North branch:

¢ Westeonnaung reservoir, in the town of I‘oster, covers about 150 acres, can be drawn 13 feeb; comoes intue
Ponaganset river between Richmond and Ponaganset. '

b. Ponaganset reservoir, at head of Ponaganset river, in the town of Gloucester, covers 225 acres; cuir b
drawn down 25 feet (%).

6. Moswansicut pond, in the towns of Scituate and Johnston, on the Scituate river, covers about 550 weves;
can be drawn down 8 feet. ‘

These reservoirs have increased the low-water flow of the stream by a very large proportion. It is propuoxesd
to build a new one on the Ponaganset, in the town of Seitnate, where 1t is estimated that a dam 14 feet high condd
be erected. :

The first power on the Pawtuxet river is within half a mile of its mouth, or about 24 miles from the sea. Ciie
power, however, is very small. Above it there are two cotton-mills below the junction of the two branches, wsing
a total fall of 25 feet, The mill at Pontiac has a fall of ouly 5 or 6 feet, while that at \Tafmck hag a fall of 20 fesd
and 700 horse-power. Both mills, however, have engines in reserve.

On the South branch there are some e1ght cotton-mills, with a total fall of 142 feet, and, in all, nearly 2,
horse-power. The lowest mills are two of the Green Manufacturing Company, using, respectively, 8 feet fall i
100 horse-power, and 20 feet fall and 125 horse-power. These mills use no steam-power, and are therefore sometinmes
obliged to stop on account of low water, being only able to run at full capacity about ten months, with no waste ui

“night, The mills above generally hfwe steam-power-in reserve. The water is well husbhanded, there being jus
waste for months at a time in dry weather. No trouble is experienced with ice or freshets, 4 feet being a lavy:
rise. There are two small powers on this branch said to be not in use at present, though improved.

The North branch resembles the South branch, and, like it, is utilized almost completely, principally by cotts.
mills, of - which there are a large number on the stream and its various tributaries. The bed and banks are generally
rocky where there is any fall. On the upper part of the stream and on its tributaries there are several small
powers not used, but none of consequence. The flow of the stream is tolerably uniform, 4 feet being a very larisse
rise in a freshet, as on the South branch; still, the latter is said to be more regular. From the Ponagansetreservoiy
to tide the fall is said to be 240 feet. Some idea of the eapacity of the stream may be obtained from the following
data: At the Clyde print-works, the lowest power on the stream, a wooden dam 7 feet high, with a canal of H0t)
feet, affords a fall of 14 feet, and 240 horse-power are obtained during nine or ten (?) months, there being no wuste
at night. Steam-power ig in reserve, as is the case with almost all the mills on the stream.

o0 a According to another statement, this pond is **a mile long by five-eighths of a mile wide”.
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At the cotton-mill of the Lippitt Company, the next above, the fall is 144 feet, although the available fall
between its dam and that below is said to be 17 feet. A power of 150 or 200 horse-power is obtained during about
eight months, steam being in reserve. In dry weather there is no waste, and the power runs down to 50 or 76
horse-power.

The Pawtuxet river is one of the best utilized and improved streams in this distriet. From a comparatively
small stream, by judicious reservoiring, a large amonnt of power is obtained. .

THE WOONASQUATUCKRET RIVER.

The Woonasquatucket i8 a small stream, its most distant sources lying in Providence county, about 12 miles
northwest of the city of Providence, and its drainage area measuring only about 72 square miles. Its general
course is southeast, and it empties into the Providence river at the city of Providence, through which it flows. It
drains a hilly and rolling country, and its fall is very large. Notwithstanding its small size, it is of considerable
importance as a manufacturing stream, principally on account of the large reservoirs near the headwaters, which
are controlled in the interests of the mills below, and regarding which the following facts have been obtained :

1. The Waterman reservoir, covering 318 acres when full, has an average depth of about 9 feet, all of which
maybe drawn off. It was built nearly fifty years ago, and is controlled by the Woonasquatucket Reservoir Company,
consisting of the mill-owners below, ’ ‘

2. The Slack reservoir, emptying below the Waterman, covers 153 acres, with an average depth of about 10
feet. It was built about sixty years ago, and is controlled by the Bernon Manufacturing Company,

3. Tho Sprague reservoir, controlled by private parties, covers 95 acres, with an average depth of 9 or 10 feet,

4. The Hawking reservoir, on a tributary, and controlled by private parties, covers 30 acres, with an average
depth of 10 feet.

5. The Georgiaville reservoir, or pond of the Georgiavilie mills, covers some 130 acres, and is drawn down several

feet. It issaid that these reservoirs hold about three months’ supply for the mills below. By means of them this
comparatively insignificant stream has been transformed into an excellent source of power, and almost its entire
fall is now utilized, prineipally by cotton- and woolen-mills, there being no good sites not used. According to the
censos retorns there are, in all, 12 mills on the stream, using a total fall of 204 feet and a total power of 1,374
horge-power. The fall of the stream below the Waterman reservoir is probably not less than about 1D feet per
mile. The bed and banks of the stream are generally gravelly, but sometimes rocky, and the freshets very slight,
tha flow being comparatively constant for so small a stream. Nevertheless, most of the mills have steam-power
in reserve, for use in dry seasons. The stream is one of the best examples of what may be accomplished by a system
of reservoirs, although, being so small, its flow in very dry seasons is almost nothing.

THE BLACKSTONE RIVER.

This stream, the most important one south of the Merrimack, has always been renowned as a source of power,
and it probably turns more spindles than any other stream of equal size in New BEngland. Rising in Worcester
county, Massachusetts, near the city of Worecester, it pursues a course southward and eastward, passing into
Rhode Island, and emptying into the Providence river at Providence. In the lower few miles of its course, below
Pawtucket, it is known as the Seekonk river. It passes in its course the towns of Millbury, Uxbridge, Blackstone,
and others in Massachusetts, and Woonsocket, Longdale, Pawtucket, and others in Rhode Island, the latter being
at the head of tide and of navigation. The length of the stream from its source to Pawtucket, measured in a
straight line, is about 88 miles, and its drainage area above that point measures about 458 square miles, comprising
a bLilly and rolling country, not very well wooded, and with good facilities for storage. Though there are no large
lakes in the basin, there are numerous small ponds and reservoirs used for storage, so that the stream may be said
to e very well reservoired, and its flow is much more constant than it otherwise would be. The freshets are never
severe enough to do any damage, and the low-water flow is very large for a stream of its size. Thebed and banks
are in every way favorable for power, being often rocky, and there being few low grounds subject to inundation.
The valley is entirely free from limestone, the rocks being almost wholly granitic, particularly about the
headwaters. The fall of the stream is considerable, and there are a number of natural falls, but every available site
lias long been i1tilized; and although at first water-power was depended on, the mills have gradually increased the
amounnt of power used, until now they arve obliged to use considerable steam in the dry season, and in some cases
all the time. The large number of ponds and reservoirs and the great number of mill-ponds enable the entire
flow of the stream during the dry season to be utilized during working hours. The mills are principz.ml_ly 'Woolc?n-
and cotton-mills, and the stream is closely followed for its entire length by a railroad, so that': every p01.n.t is easily
accessible. At the mouth of Mill brook, at the city of Worcester, the river has an elevation above tide of 438
feet, and its course below that point measures about 42 or 43 miles, so that its fall is not less than 10 feet to the
mile, which is very considerable. ' _

Commencing at thé mouth, the various powers on the stream will now be considered. 6L
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The first is at Pawtncket, Rhode Island, where there are two dams. The lower one is 6 feet high, or less, and
affords a fall of about 18 feet. The power afforded is nused on both sides of the stream, half being owned on each
gide. On the east side is D. Goff & Son¢’ braid-mill, with $2 of the power, or from 200 to 250 hiorse- -power, and the
Bridge Mill Paper Company, with £4, or about 100 hoxse -power. On the west banlk there
but & namber of small ones, the power being rented. No pains ave taken to divide the water accurately, but full
capacity can generally be obtained. The second dam, only a fow hundred feet above the lower one, is 7 feet
high, and ponds the water for three-quarters of a mile. It is used on the east bank by the Dexter Yarn Company,
owning 4% of the entire power, and the * White mill”, let to various tenants, with 12 of the entire power. On the
west bank are the “ old Slater mill?, a yarn-mill, the npper floor being let to small establishments at about $100
per horse-power, and the total power being 3% of the entire power; a se(.oud mill, let to different tenants, owning
10 of the whole; and Littlefield Brothers’ thrmd and yarn-mill, with 4% of the whole power. The fall at all the
milly is 82 ‘inches, and the distribution of the water is effected by proportiouing the apertures to the quantity
owned. The mills run eleven hours daily, and can generally run all the year. In addition to the mills mentioned,
two other mills on the west bank obtain water from the upper dam, taking their water, of which they are entitled
"to 23 cubic feet per second, through a separate canal 500 feet long. The first mill ig let for various purposes, and
uses o fall of 8 feef, the second taking the same water and discharging it below the lower dawm. The power at
Pawtucket is o dmded up among a number of small establishments that no aceurate statement of the power used
- can be made.

The next power is ot Central Falls, where power is used on the west bank, with a fall of 10 feet, there being
the following privileges: Stafford Manufacturing Company, cotton mill, owning 344 of whole power, or about 240
horse-power; a prmlege belongmg to the Andrew Jenks estate, not occupied, owning &% ; Thurber, Horton &
Wood’s cottou-mill, with #&%; Central Falls woolen-mill, with ¥ and the Pawtucket Haircloth 00mp£my, with
#¥% of the whole. The total power used is stated at 450 horse-power, and the distribution of power is effected by
regulating the sizes of the apertures. I'ull capacity can only be obtained during ten months or 80, and some steam
is in reserve. (@)

The next power is that at Valley Falls, where there is a cotton-mnill on each side of the river. The dam iz of
stone, 9 feeb high; the fall used, 13 feet, and the power, about 600 horse-power, during nearly the whole year. Next
" gomes the large power at Lonsdale, where the fall is about 12 teet, and both steam- and water-power are used;- then
the mill at Ashton, 3 miles above, belonging to the same company, with about the same fall. Part of the w ater from
the Ashton pond is carried by a canal on the west bank of the river dowd to Lonsdale, and used there with a fall
of about 23 feet. The cotton-mill at Albion has a fall of abount 14 feet, with 560 horse-power used, and rather more:
available at almost all times. At Manville a large cotton-mill uses a fall of 18} feet, with 1,750 horse -power during .
nine months. The Hamlet mills, next above, use about 10 feet, A% Woonsocket is one of the most important
privileges on the river. There are two dams. The npper one, called :the Globe dam, is of s’oone, founded on ledge,

about 210 feet long, and supplies mills on both sides of the river, as follows:
On the right bank :

1. Globe cotton-mills; 18.5 feet fall; 200 horse-power (owning s of total available power).
On the left bank : -
2. George C. Ballou & Son's cotton-mill; 18,5 feet fall ; 150 horse-power (owning -&& of total).

288
3. Harris’ mill No, 1; not running; 17 feet fall; 40 horse-power (owning &5 of total.)

4, Mowry’s grist-mill ; 17 feet fall ; 30 or 40 hor se power (owmng 7y of total),
5. Lyman cotton-mill ; 17 feet iall 70 horse-power (owning & of total).
. Bartlott co(;l:on-mill 5 17 feat fal]; 70 horse-power (owning ,g*‘g of total).

. Lippitt woolen-mill; 15 feet full; 150 horse-power (owning -%8; of total),

e are no large concerns,

i
7
8. Harris' cotton-mill No, 5; 15 feet fall; 70 horse-power.
9

. Harri’ woolen-mills, Nos. 2, 3, and 4; 15 feet fall; 170 horse-power (Nos, S and 9 together owning 42 of
total). ' ‘
10. American Worsted Company; 16 feet fall; 150 or 200 horse-power (owning 8 of total).
Of these mills, Nos. 2, 3, 4, and 5 (hschalge theu water direct to the river. No. 6 discharges into a race
i le'ldlng to No. 11, viz:
11, Pond’s m111 84 feef fall ; 25 horse-power, discharging the water into the river below the lower dam.
Nos, 7,8, 9, and 10 diseharge their water into a raceor pond leading to Nos. 12 and 13, viz:
12. Groton cotton-mills; 144 feet full ; 200 horss-power:
13. Clinton cotton-mill ; 144 feet fall; 300 horse-power.
Nos. 12 and 13 both discharge the water into the river below the Tower dam. C
The capacity of the stream in dry seasous is insufficient to run the mills above mentioned, and almost all
have steam-power in reserve, in some cases enough to drive the entire machinery. During three months of the

v

@ The power given as owned by, thiese mills does not correspond with the fignres in the census returns., The proportions are correct,

and the discrepancy in the number of horse-power is due to some inaccuraey in the retnurns, or to the faet that some of the mills do not
uge all the power to which they are entitled. ®
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year steam is the chief depenélence, and during six there is often a lack of water. In dry seasons there is no
waste at any time of the day. The water is distributed to the different mills, according to the amounts owned,
in the following manner: In the flumes leading from the canal to the mills were placed weirs, whose lengths were
proportional to the amounts owned, the whole river being at first cousidered equivalent to a weir 96 feet long.
These weirs are not all on the same level, but are Jower at the lower end of the canal, to allow for the fall of the
water surface, the intention being to have the water flow over all weirs at the same depth, at average stages of
the water. In order to allow greater capacity at high water, all weirs were subsequently lengthened by one-half.
The proportions of the entire power of the stream owned by the different mills are inclosed in parentheses in the
list already given. Nos.12 and 13 have half the river, and of this No. 12 owns two-fifths, and No. 13 three-fifths.

The lower dam at Woonsocket, which receives lﬁi‘ of the entire flow of the stream, supplies the cotton-mill of
the Woonsocket Manufacturing (Jompa,ny the fall bemg 15 or 16 feet,

Above Woonsockets the Blackstone is literally lined with mills. At Waterford a woolen-mill uses a fall of
about 11 feet. At Blackstone the mills of the Blackstone Manufacturing Company use, in all—with a dam 15 feet
high, a canal hak a mile long, and g fall of 32 feet—a power of 1,000 horse-power during eight months. Above
this, the total fall used on the main river below Worcester is about 200 feet, which, added to that below and
including Blackstone, makes a total of nearty 400 feet; and as the elevation a.t Worcester is only 438 feet, it is
evident that about all the fall is wtilized. It would be hard, in fact, to find another stream in the country so
completely utilized. ‘A few unutilized falls are sometimes meutlonud bub they are all small, and probably of no
value. The reservoirs connected with the stream will be mentioned uuder the head of its tributaries.

THE TRIBUTARIES OF THE BLACKSTONE.

The first of these to be mentioned is Ten-Mile river, which empties into the Seekonk from the east, opposite the
city of Providence, after draining an area of about 51 miles; principally in Massachusetts. Within a few miles of its
mouth there are said to be three powers not used, the sites of the Cove mill, ITunt’s mill, and the Central mill, with,
inall, considerable fall. These mills were burned,and the powers have not since been used. The principal mills in
operation on the stream are at Hebronville, where the fall is 9 fect, and the power 150 horse-power during part of
the year, and scarcely any during three menths; Dodgeville, where the fall iy 12 feet, and Attleboro’, where, ab
the Mechanics’ mill, thé fall is 94 feet, with 80 horse-power during eight months. The stream is very small and
unreliable, and the mills depend on steam, for, notwithstanding one reservoir used for regulating, the flow is almost
nothing in summer, On the upper parts of the stream and its tributaries are some large falls hut small powers,

Almost all of the small tributaries of the Blackstone below Woonsocket afford some small powers, Mill river,
emptying just below the town, runs two large mills, but steam is depended upon. The most important tributary in
Rhode Island is the Branch river, which has its sources in Burrillville and Gloucester, in Providenee county, Rhode
Island, and partly in Massachusetts, and flows in an easterly direction, draining a total area of about 100 square
miles, and entering the Blackstone below the dam at Blackstone. Being fed by a number of ponds and reservoirs,
it is an excellent stream for power, and is utilized to a considerable extent. The firstmill as the stream isascended |
is near the mouth, and is owned by the Blackstone Manufacturing Company. Between it and the mouth of the
stream some fall which is not used is said to exist. At the cotton-mill of the Forestdale Manuvfucturing Company,
just above, the fall is 16 feet, and 250 horse-power are used during about nine months, with steam for dry seasous.
At Slatersville considerable power is used by John W. Slater’s cotton-mills, There are three dams; from the upper
one, 15 feet high, a race & mile long affords a fall of 18 feet at will No. 2, which uses 220 horse-power all the year,
and discharges the water to the lower level ; the second, which is 21 feet high from the bed of the stream, serves as
a reservoir dam, and only gets the waste over the upper one, the water being drawn from it into the pond b(-low and
then into the ]ower level, and conducted to mills Nos. 1 and 3, which use 20-feet fall and about 250 and 130 horse-
power respectively. It is said that full eapacity can gener ally be obtained nearly all the time, and that the upper
dam could be raised, and an additional power thus obtained. .ADlove this point there are four woolen-mills below the
junetion of the two headwaters of the river—Clear and Chepachet rivers, On the Chepachet river there are &
number of mills, principally woolen, and the stream is fed by the following reservoirs: Keech pond,at the head,
covering about 280 acres, with a range of about 8 feet, and Smith and Sayles’ reservoir, covering 150 acres, with a
range of G feet. These ponds are controlled by the mill-owners below. On Clear river and its branches there are
likewise a number of woolen-mills, running quite constantly, on aceount of the reservoirs which feed the streawm, of
which there are the following: Pascoag reservoir, arca about 550 acres, range about 16 feet, and Burlingame
reservoir, about 100 acres, range 8 feet, both on the Pascoag river; Wallum pond, 800 acres, range 13 feet, and
Wilson reservoir, 250 acres, range 11 feet, both on Clear river; and Herrmg pond, a natural pond covering 100 acres.

The Mumford river, which enters the Blackstone just below Uxbridge and drains an area of about 54 square
miles, is fed by a nwumber of reservoirs, and is well utilized. Its flow is very constant considering its size. At its
mouth its capacity seems to De 150 horse-power during working hours, with a fall of 15 fect almost all the year.
It is utilized within 4 miles of its mouth by six mills, with a total fall of 77 feet Then comes a reservoir of 200
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aores, averaging 4 feet deep, used only for regulating. Above this are numerous mills of various kinds, and several
other reservolirs of sufficient capacity to increase the low-water flow very greatly. In fact, it is said no water is
wasted during over six months of the year.

The upper tribusaries of the Blackstone are in general excellent streams for power, their fall belng rapid and
their flow often regulated by reservoirs. = Of these reservoirs the principal one is lake Quinsigamond, covering
about 544 acres, and capable of Deing drawn down 63 feet, its capacity being 154,000,000 cubic feet. It lies at
an elevation above the sea of 358 feet, and its outlet falls 63 feet before it reaches the Blackstone, the distance
being a little over 8 miles. The whole of this fall is utilized, there being at New England Village, near the outlet
of the lake, a descent of 54 feet in a short distance, used on four falls. Above this point there are, besides
Quinsigamond pond, two other reservoirs, the three aggregating an area of 956 acres. The power of the stream,
though small, is therefore romarkably constant.

The othel reservoirs on the tributary streams are too small to require special mention, covering, geuemll), loss
than 150 acres. As showing the large fall on some of the small tributaries, however, it may be mentioned that
on Kettle brook, a stream not over 10 miles long, the total fall is about 360 feet, of which 306 are used. Other
streams near the headwaters of the Blackstone are similar in character.

-

THE TAUi\TTON RIVER AND TRIBUTARIES.

The Taunton river, the most considerable stream of southeastern Massachusetts, is formed in Plymouth county,
in the town of Bridgewater, by the junction of the Satucket and Matfield rivers, whence the stream pursues a
general conrse toward the south and west, for a distance of about 24 miles in a straight line flowing by the city of
Taunton and empbying into Mount Hope bay, near the Rhode Island line. It isnavigable to the head of tide-water,
at Bast Taunton, about 15 miles from the bay.in a straight line, and above this point the area drained by the stream
measures about 277 square miles, comprising a hilly and rolling country not well wooded. The stream has a small
fall and a gradnal declivity, with bed and banks of sand and gravel, and considerable areas of lowland along its
course subject to overflow, Tis flow is variable, yet much more constant than that of other streams of egqual size
along the coast, such as the Charles, Neponset, Ipswich, Exeter, etc. This is probably due to the lakes and ponds by
which the flow is regunlated, of which there are a number, though none of large capacity. There are only two powers
on the stream, one at Mast Taunton, with o fall of 9 feet at low tide, and one near Bridgewater, with afall of 8 feet,
The former is vtilized by the Old Colony Iron Company, and is at the head of navigation. The pond extends gquite
up to the upper power, there being no other fall on the stream. The power used was stated at 326 horse-power in
1880, and full capacity could be secured during from six to nine months, the power being very small during the
rest of the time. The power near Bridgewater is nzed by a paper-mill, with about 100 horse-power during seven
months, while during the rest of the yearsteam is depended upon. The drainage area above this place measures about
139 square wmiles. It is evident that the power of the Tauntén river is not of much value, as to either amount or
reliability. The tributaries are, in general, better sources of power, their fall being greater and their flow in some
cases much more constant, The Satucket and Matfield rivers are utilized by small mills of various kinds, and the
former has several artificlal reservoirs. Town river, which joing the main stream at Bridgewater, runs the
Bridgewater iron-works, but steam is depended upon. The Namasket river is the most constant stream in the
drainage basin, being fed by & number of ponds, among which may be mentioned Assawompset (1,195 acres), Long
(1,804 acres), Great Quittacus (1,110 acres), Little Quittacus (392 acres), and variows others, aggregating nearly
7,000 acres'in area, The stream flows from Assawompset pond in a northerly direction, and is only b or 6 miles
long, emptying into the Taunton near the town of Middlebore’, and draining a total area of about 68 square miles,
Assawompset pond is not dammed, nor.will the lowness of the country permit it to be; but its flow and level are
controlled to some extent by flash-boards on the next dam below, so that its level varies to the extent of about
24 feet. The other ponds are tributary to the Assawompset, and are not dammed. The stream is utilized by a box
faetory, with a fall of 10 feet, and a woolen-mill, with the same fall, and below the latter are two sites not in use,
the upper kvown as the Muttock privilege, Wlth a fall of 10 feet, formelly used by a grist-mill, the dam being still
there, and the lower with a fall of about 6 feet. The woolen-mill uses 100 horse-power during about eight months,
and at times not over 30 or 40, -

Mill river, a small tributary running through Taunton, affords water-power to a number of mills during a few

months of the year, but is reduced to almost nothing in summer, so that steam is relied upon.

The same may be
said of Three-Mile river, a tributary below Taunton.

THE POWER AT FALL RIVER, MASSACHUSETTS,

The power at Fall River, to which, perhaps, are principally due the growth and importance of the eity as o
manufncturing place, is remarkable in some respects. The water is derived from Watuppa pond, sitnated about

2 miles east of the city, with 1ts high-water mark at an elevation above mean high tide of 129.01 feet, and covering
64
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an area of about 5.39 squarc miles at 111011 water mfnk, and of 4.08 square miles at 5 feet; below The pcmd consists
of the North and South ponds, connected by the “narrows”, to which two other but smaller ponds, SBandy and
Stafford’s, are tributary. The total length of the lake is 7.67 miles, and its greatest width about 1.5 mile. Its
drainage basin, including its own area, measures about 31.25 square miles, and comprises a hilly and roiling country,
with a sandy, gravelly, and loamy soil, underlaid with granite rock. Trom this lake the Quequechan river, its
outlet, flows westward through the city, falling rapidly over the ledges of solid rock on which the eity is buils,
.and reaehmg tide-water at Mount Hope ba\ after a course .of 2 miles. The total fall of 129 feet is used by the
following mills, in order: ‘

j Taltin feet :
o o e Number
Name of corpoution. tuppn Lo of hmse
arvolr puwol
° Compnny. ‘
Troy Cotton and Woolen ]\&.[nnui‘nctuﬂng Company .. 16,48 150, 8
Pocasset Manufacturing Company (vobton) ......... g :j; 3; } 443, 8 |
Watwppa Manufacturing Company (eotton) ........ 15,88 | 160. 0
Fall River Prind-Works ccoovnvvinniiininaniannen 10, 00 104. 0
Fu]l River Manufactory (sottom).....ooooooiaiont, 14,46 150, 4 ¢
Annawan Manufactory (eotfon) «...ooociaiianans)s 14,78 104, 2
Metncomet Mills (QOBLON) ..ot vurnns covimnineeeeenes 16, 00 148, 2
. T R g N 128, 72&} 1,810.2

The fall at the Metacomet mills varies with the tide, and is probably about 16 or 17 feet at high tide. The fall
at the Troy mills varies with the level of the water in the river, from 153 feet to less than 10 feet, averaging, it
is said, about 134 feet. It will be seen that the entire fall of the stream is utilized. The flow of water from the
lake is controlled by a corporation known as the Watuppa Reservoir bompanv, representing all the mills below,
and it is commonly stated that the amount of water used during working hours is122.1 cubie feet per second,
corresponding to 10.4 net horse-power per foot fall. On this basis, the power used by the various mills is as given
in the third column of the above table. All of the mills, however, except the Annawan, have considerable steam-
power in use all the time, the Annawan depending principally upon water-power, with steam only for dry seasons.
The full capacity of 122 cubic feet per second cannot be obtained all the time, there being a deficieney during several
months of the year, while at other times water runs to waste. When the lake is higher than 86 inches below high-
water mark it is assumed that the flow is nearly constant, and as above stated, though in reality it varies; when
the lake is below that point the flow is less, and when at the lowest peint has been stated to vary in different years
between 22 and 86 per cent. of the full discharge referred to, falling, therefore, as low as 26 or 27 cubic feet per
gecond at times. In some years the full eapacity is obtained all the time, but it would seem that not over 40 per
cent. of that amount can be safely calculated upon as permanently available,

The drainage area of the lake being about 31 square miles, and'the rainfall about 48 inches, then if 50 per cent.
of the rainfall is collected, over, say, 30 square miles, the mean annual yield of the lake will be at the rate of about
53 cubic feet per second uniformly, or during the ten working hours about 127 cubic feet per second—a calculation
showing that the yield to be expected would be somewhere near 122 cubic feet per second, as stated above. The
level of the lake has been known to fall to 64 inches below high water; taking the range as 5 feet, and the mean
area as 5 square miles, the storage capacity is found to be, in round numbers, about 700,00‘0,0()0 cubic feet, or
between five angd six months’ supply. The stream flows for the most part under the mills, being scarcely visible
except in the mill-yards, and the dams are small affairs with no ponds of consequence.

1t is to e mentioned that the water-supply of the city of Fall River, amounting to 150,000,000 gallons daily, is
obtained from Watuppa pond, and that thereby the water-power of the outlet has been 1'educh by 8 small amount;
to just what extent has been for some time under discussion.

Stafford’s pond, covering an area of one-third of a square mile, lies at an elevation of 73,87 feet above high
water of Watuppa lake, to which it is tributary, and drains an arvea of about 1.56 square miles, excluding its own
surface. - "

THE MASSACHUSETTS STREAMS SOUTH OF THE CHARLES.

The streams coming under this head are of very little impormnce. Trom frall River around to Plymouth
county none are worth naming. In the Iatter county some possess the characteristics of sand-hill streams, and are
fed by ponds sufficient to regulate their flow, but they are all small, Their beds are gravel and sand; they offer no
abrupt falls, and are utilized principally by box factories. They often flow through meadow-lands and swamps, and
their flow is comparatively constant. In Norfolk county there ave a few larger streams, such as the Monataquot and
the Neponset, but even they are of small importance, their flow being so variable, notwithstanding several artificial

reservoirs by whieh they are fed, that the mills are obliged to depend upon steam for constant po wer.
‘ 1012 w P—voL 14——-0>5 ‘ _ 65
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THE CHARLES RIVER.

The Charles river takes its rise in the southern part of Massachusetts, near the corner of N orfolk, Worcester,
and Middlesex counties. T'rom this point its conrse, though very circuitous, isin general northeast, and the distamse
from source to mouth is about 25 miles in a straight line, though considerably farther by the river. ' Flowing partis
in Norfolk and Middlesex counties, and partly between the two, the stream ewmpties inté the Atlantic at Bostor,
after passing the towns of Medway, Dedham, Newton, Waltham, Watertown, and others. The stream is tiila!
and navigable as far as the town of Watertown, about 6 miles from its mouth, About that point it Qrainsay
area ol about 275 square miles, comprising an undulating ecountry, with considerable low and flat gromnd and smue
swamps. No lakes of importance and no artificial reservoirs are connected with the river, so that its flow vuries
greatly, being reduced to almost nothing at some stages. Its fall is moderate as a whole, but in some places quite
rapid, so that a number of powers are produced. The bed is generally gravel and mud, and the banks arve oftey
low. At one or two places, however, such as Newton Upper and Lower Falls, the bed is ledge, the banks are higl,
and the fall is precipitous. The freshets on the stream are not very severe, bec‘mbe the banks and meadow-langs
are overflowed on the upper parts of the river, thereby restraining the floods. The stream is utilized for power 4
a considerable extent, there being no sites not cceupied. The frst power is at Watertown, where there are several
mills, the fall being about 6 feet at low tide. The power is small when at its minimuw, as the lowest flow affords onlw
about 8-horse-power (gross) per foot continuously. Above Watertown we come to the Etna woolen-mills, with 4
small fall, then to mills at Waltham, and then to those at Newton Lower Falls. At this place there arve three dums
within half a mile or less, with, in all, 23 feet fall, and running a number of mills of various kinds. At Newton Uppir
Tralls there are two dams, with & total fall of 23 feet, from which a paper-mill and a cotton-mill are run. Above this
point the stream is very flat for a long distance, and alimost conneets with Mother brook, a tributary of the Naponsei.
A number of years ago one of the mill-owners on Mother brook dug a channel connecting the two streams, so {hut
part of the water of the Charles has for years flowed into the Neponset. The case has come before the courts, nmud
it has been decided that one-third of the water of the Charles is to go into the Neponset; and to regulate this
amount, sills are made and placed at the same level across the Charles and across the ehannel to Mother hrouk,
their lengths being as 2 to 1, so that the proper division of water is supposed to be eftected. Above this point s
several small powers, but none of conseguence. )

The water-power of the Charles will be seen to be of little value. On account of the variable flow of the streuan:,
all the mills are obliged to depend upon steam -power in the summer, being generally provided with sufficient to v
then entire machinery. '

THE STREBAMS BETWBEN THE CHARLES AND THE MERRIMACK.

- The streams included under this head are of little im por t&nee as sources of power, being very vaviable in flow,
and all small. The first north of the Charles is the Mystic, which, with its tributaiies, is utilized to a consulomh!n
extent by small mills of various kinds. The next is the Sangus, & similar stream, draining an area of about
‘square miles, and also utilized, It is fod by .several ponds, and is probably as good a stream as any in this see liun
its fall ‘being considerable. Yo give an idea of its capacity, it may be mentioned that at Scott’s woolen-mill, neay
the mouth, where the fall is 13 feet, five sets of machinery are run, by a breast- wheel, during about eight months
of the year; but during the rest of the time the power is almost nothing, and steam-power is used, There is mne
unntilized privilege on the stream, with a fall of 8 feet.

The largest stream to be here mentioned is the Ipswich river, which drains an area of about 136 sguare miles
above the head of tide-water, at Ipswich. The stream rises in Middlesex county, near the town of Wilmington, anid
flows in a general northeasterly direction, for a distance of 22 or 23 miles in a straight line, to tide-water, dvaining a
rolling country, with no reservoirs, and only a few small ponds tributary to it. Its fall is small and its curnan
generally sluggish. Its flow is very variable, being almost nothing in the sumwmer, so that the stream is a poor one
for power, resembling the Exeter and others in New Hampshire. At its mouth the Ipswich cotton-mills, with u fall
of about 10 feet, use abont 30 horse-power during seven months, but depend upon steam. There are some small
mills above, but none of the powers are of consequence,

66
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Table of drainage areas of the streams between the Mystie and the Merrimack,

Drain- Drain~
Name of stream. Above what point. age . Nnme of strenm. . Above what point. | e
: arem, ared.
Sq. . Nq. m.
Myatio Piver.eeeeeeeaai i eaes Myatic oot e 204: 76
Pavweatuck river.caveeeeeeanirannas Weaterly .oeviiininnnn emeaanaes 286 . 51
3 7 Mouth of Wood tiver...cvannvannn. 111 Dodgeville. ccvicuremiiamrnnananans 23
WOOLTIVer connennnennaaens [, MOUEH 4eeer viii it i rcaaar evnaas 83 Quequechan river Outlet of lake Wntuppn.-..ovaen.nn, y @ 2T
Pawtuxot Tiver «oovereanvemrerciccifonee s fl0 e iiiiieeieii it iiaiean e 229 U0 PIVEE coveesennnncernnas Lowor Taunton......cvweeeeinronees CaaT
. North branoh of the Pawtuxet river| Junction with South branch........ 108 Dol East Taunton......... Cormanranaeane 277
South branch of the Pawtuxet viver| Junction with Nerth branch ...: ... 1 DO erir venmensamsiaranaena. Papormillcence s ciianiiiiie e 129
North branch of the Pawtuxot river| HOPE veovverenans evesueenmnnsrnabes 08 MUTEIVO . v vvemer e rinnaenny 3 £V | P 44
“Woonasquatucket river ........... (005110 11 R 48 Assnwompset Xver. oo T (133
5 MOt v et iieaiebn i rana s 72 Winetuxel river c.ooveiaeiial CPPN ( (A il
Blaokstone river. .ooeoeeenniaoao, Pawbneket ... crvevrenncrnenecion- 458 Batucket Hivor..... oo eeiiin., PR i (s IS | i)
8 Lonsdalo coreeeurcnnnaanaieineaan, 438 Authald viver... oo ..., ] B0
DOuetinannaeanas PR Manvilloo s oo 413 Nippenieket viver........0.... PRI [ I PR Il 50
Do.cinvinniiinii e ‘Woonsocket . 350 Neponseh viver .ccovees conieens Milton Lower Milla,.......ocovvues ; 101
5T Blackstone . -vomeocerraneneennasnnns 248 Charles PIVOT covevevreenvnnnrnn. BrooKUNGe e neveasennssscnsern anosl 281
Branoh river....ceoiiieansnianeian. L P T TN 100 B . T P Newton Lower FPallsceeeiasesiaenent 218
8 7 T, Slateraville cvvviininne cvmnemenans, 95 Saugus Hver. . ceviccciusaeny mns B Fid
© Munford iver ...eeeiiiiiannian. . Mouth ... reremman ey b4 TpsWich PIvet.cvanerceirarscaeans Tpawieh avaans cvnnvvrnieaen meirernns 186
Quinsigamond rivor ... covinmenes]vmnnas do..... [N 35 1
@ By measurements of thoe writer,
Table of power utilized on the coast stréams south of the Mervimack,
2 i 3
Namo of stream, ‘Tributary to what, Stato. County. Kind of mill or manufacture. ‘g = E:_
L] =
513 | g
’:! o 1)
& B 3
Teol,
Tributavies of .......0 feenne vherannenannseumaans Leng Island sound........ Connectient ....| Now London . .| Tlonr and grist ceevee cavene ] (i1} 70
| ven.do 151 AP R S O, %
P} B ET:] <25 R T R PO - 15
..o POper e e cevsanirsannes [N 2 &0 180+
o Sash, door, and blind, ...... 1 4 0
l....do Mechinery nnd woolet......f 1 "5 100
| Pawoatuck river . g B T U P N 2 87 65
veoodo Crrriago and wagon ........[ 1 12 18
Long Islund sound e BT 5+ DTN 12 00-+f  H00 -}
Y P .} 6111770 S 18 828 11470
: o Agrieultursl implements ... 1 10 G
.o, y Curringo and wagon «....... Lo ecevanss i
Sdo .. .o ... PR DR [ NP b 1 T 2 16 v
Ao .. weendo . R Y ([ S Machinery. covvndonceanaas 9 .3 Nt
oL ,do...oo.o...t Bash, door, and bind . ... 1 o9 4
R | I e cea Sl e SHOAAY e v viaareronnnnnns 2 24 4r
Y T SRR U RN [ SRR Y | Wheelwrighting..ceienaan.. |2 PPN 7
[ VP OUIPRNPUI RPN | {) S, P (S Flouwr and grist couves wenns B 7 193 24
Aol RO | 1 I BT 1 eiiiieaiare sanunesarann 18 166 180
I |1 YT KOb eveener o il eee B0 ievvncann vanesonunas] 7 113 o517
.. [ 1 TR ceello il Flour and grist ... 1 11 R
Prawvbuxet river...cvvvineesinin vanens eemeeaainan caen ....00 ..o Cobton. c..... . 2 ue | 1,100
South branch of the Pawtuxet river ........... PSRN 1 N s o .. ceee o 8 149 | 9,480
T . S PR (T I Y (o L Woolena.ean. ..o 1 16 60
T v oeecmcaciinrnan e Jdevaudlo o Jowodo o . do . | Tlour and griat .. 2 o [ 78
Yorth branch of the Pawtuxet river . ..o .. ..do Cotton.. 4 ] 07 | 1,000
0 s .do J Providenes c...li.. Q0 ceneneenea-es . 2 .2 o0
..o PN [ S Drugs and chemionls -...... 1 o 30
..do BOW Lo iiiiniiierereaniaaa 1 8 4
o ‘ Flour and grist ...eeennnn... [:3 a7 128
0 cvermerneni]oaanllo coeeec s Machinery . eee et 1 7 406
s BRI vee A0 cionnueenn. Blacksmithing . ousvveeven.n. 1 16 1%
[ IO ....do...........!Woolcn.......,............. 4, us 168
T do‘. COLBON. cvvmaenallunnnees e 188 826
i (R, Providenco. .o feea @0 cnuiianannsn ervenreaeas 7 1884 770
PR ;7 TP R 1 SN Wheelwrighting...ous carnis 1 8 8
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- Tadle of power utilized on the coast streams south of the Merrimack—Continued.

Neome of stream.

Tributary to what.

State,

County.

Kind of mill or manufacture.

Woonasquatuekel river.....oivoaee e
B 51

Cributaries of the
Do.....

U8

Jdeeoddo .

Narragansett bay...

R R

Y 11 R,
“ Atlantic ocean

.do ...

Rhods Island ...

N1 I

ceallO Ll liaaan

RPN 1 R

Massachusetts ..

[N 11+ S, -

.. do
.o ..
.o ..
.do .
..do..
..do

Newport .......

Bristol..........

.. Woolen .........
.| Cotton..

.| Foundery
Jddowelry <ocieenan
.| Wood-turning ...

..] Worsted...

| Printing........ .

Providonos .....| Sheelaces .....o.... -

do L. e L BOW e e
sdo..ooieeon| Flourand grist . ..oveeee-nn-
cdo el Woolen . cvueivinnnrnemmnnas

cea il e

Flour and griat .

..o 4 PAPer i e
] Worgted cvuovrieniianauas e
Mngsachusetts..| Worcoestor ...... Woolen..ooovicineecvnnan
JRURY (T TP PR [+ SPRDRUPRRPRPRY (1 7 ) | b3 1Y SR
AP 1 RO O | 1« (610777} (R
I Y PRI IR Blacksmithing. ... .-..-- S
R RN cenndlo L Tlour and grist .......u.en .
vello ceeeiineaif e @0 oeeioan .. ..] Sagh, door, and blind .. .ne..
FSP 1 4 OO T SR s FOlt  vuiieeennncammanenannas
Rhede Island. ..| Providenco Woolell .overeiains vienvnnns
RN U TN SN (. I S Warated il e
vollo aveeenian] . do .| Cotton.._.....
RO s RO PR i 1<) .| Wood-turning
o0 v caeaneaan e do ion] WVEKQ-WOTKS vevene ammevnnaan
..fo . do Agrienltural implements ...}
..flo. [ Y 1 SN Blacksmithing. .cooovninvans
IO I IO ... do «ev.+| Bread and craclkors .... ....
R 1 RO DR { [ I, CAYPEntOTINg « v mvemenneconn
R 1 TN eeedO Flour and grist . veveenivonan
RN { I doooceeeaael BAW i iy .
[P . TN (RN | [ S, Maalingry ..o cvemeavens vans
RPN s TP (RN 1) S, ShoAdY «oveie e iriaraspan
Mpasachusetts..| Worcestor...... Hosiory . oueenvinnn [
R . B PP 1 P Worsted ....8 . eeeoionls,
o ... A0 e Cotton
PR £ O SRR} 1 2 44 T4 ] (& S RN
Jeeeido ..
eedo ..

Machinery
Saw ..., peeres ey as
Leather
Waoden handles cooooeoooa..
Flour and grisb.......
BOXCR . taiiiinaicmmcanrcanaan
Cutlery . ovvemeiiecine e v anaas
Blueing wevviomrvnnceaneraan
Flour and grist «oeeveeennaa,

Cotton ..
‘Waoolen....
Jowelry vevvenveran.
Woolew . .coveennn

Flour and grist .. ........
211
Locksmithing

TFlour end grist.............
Rollng. ocuvcnenne e

g Xumber of mills.

3

L3 e LD ek O3 e e Y £ R b

—
[T

™

X

- ¥ b -
e - N e i R I IR T C 3 I Al R

o

i Total full used.

i
t

Ll

a5
-
ragp=y

40
it
a0
151

besiaame

18
10

-pOWer
., Det.

nsed.

| Total borse

e
49
3

A

i, 061

0
ha]
W

0,415
1
204
(i3
150

2,40

125
et
160
L1k
1A
1,600

18
L1

170

ki1

o
200
116

13

44
kpa]
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Table of power utilized on the coast streams south of the Merrimael—Continued.

b
e

Wame of stronm.

Trivutary to What,
[

eeedo
ve..do
o

veedlo

ceusflo

..do

een o,
wendo.,

o,

codo .,

Narragansett bay........:

Stato.

Soflolk..

County,

oo

| Plymouth ......

o

o ...
o ..
o ..
o,
sdlo ..
.o,
..do...
Lo ..

Y ([ T

o,
..o,
s
o
o

.o
do Rolling ..
«e.ilo -] Boots and shoes caoviaaan. .
.o BOXERA caveeanierannne
P [ O Tlour pud grisbee.cconeiia.
XL PP Nufl cvveinvninnnnaen
Y T TOPPUR BIW e vanren
[ I Maohintry .o ivernrennenaa,
YL S TAPOT. s e avirnenasas rerian

.| Glug.....
.| Hosiory

.| Ghocoleto. .. T
| Bmory ...

- Flowr and grist

Wl s
N {1 R,

[ T+ RPN
11 S
RPN ([ S
.| Sporting poods . .oevrneiin.n

.| Cottou. ...

| Ghocolate..ieeeennans

Kind of mill or manufacture,

*rumber of mills.

 Total fall nsed.

{6774 11
Agricultural imploments. ...

BOXCBeeere i anerraenen rnanen

Boots nud shoes «oeeevanaan,
Brags and coppor rolling.....
CoflinR. cevnavrisrannaronnae.
*Comb....
Cotton-waste ..cooenninanis

fl‘uillu .......................
Cutlory, covieaiinscnannenan,
Plated ware co.veeees e
TIPULR verennvamaacanenarian
Flour and gedab . ceevenvnaens
B 11T N

B £ S P
Jowolry ...

Brags and copper rolliag. ...

Machinory
BT 13 1
Leathor-boned ..o.. .. vanans
TRIMOEY e rarcn v enisiaranss
BAW ceiiieieiiieinnniaeaa
Paper oiovernrnneaiiininn.,
SOTOWE «vrvevsrornnrinasess
D8 (TS (1) 3 Ceeas

Wadolen...

Norfoll. o TToBlory ceverenvenans e
[ s R B Y1) G
[ (1 T WooleNaeeeensvsnns
PR | T+ R S BOXOB cannieivanrcnarennsnas
Y [ R CODPOTAKD verarvaians
aneelll e Twine.ooaan, veense A asas
AL S, Flonrand grist,se.veenonnos .
...do - || Maelinory...oveierieiians
R T TR o Shw ... Padeas taaeresrnnes
eerllO e PAINLE «venmnraamennneneanees '
R I I 201 £ 153 R,
deanddlo ciiinnaas Bhoddy cocvvviiiiieriininnns
..| Worcester...... Tlowv and grist oooenennnn,
“Middlesox ...... Wheelwrighting weeviennenen
Uovaello cueevencneal WooloM aneeenane .

P

-3

. .
- b bt s Dn B T F 2 B R B 03 £0 e b e e 20 H R e HT9OST MBS M 2D 83 b b e M A B8O B R e O e S S D g e

[y

Feet,
ol
86
13
13
41
12
14

18
n

13

o

168

12
2]
03

21

Toial hrse-nower | {

431
GY

used. net.

RO0
176

10
800
]
20
2

120

107

ar
214
01
[E1]

66
100
20
80
ptti}
L1
6
B

140

107
65
2
70

610

10
10
401
Wb
%0
175
45
100
220
10
12
00
10
10
176
40
318
276
56
10
126
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Table of powefk utilized on the coast streams south of the Merrimaclk—Continued.

o .
21 %
[ . s 4t B
Name of stream, Tributary to what. State. County. Kind of mill or manufacture. 2 =
) fg E
sl &
) Feet,
Charles river and tributerios «.....veneee PN Massnchuseits. .| Middlesex ...... Hardware .oeeoovicucsveenns 1 22
Shoddy .. 1 Q
Cotton ... 2 26
TFurniture . . 1 27
.| Stenm-fitting apparatus..... 1 6
.| Carpentering .......e.uveann 1 feeeennns
Flour and grist..oc.-vianaen ] a1
NodlE vvvnneevnncunnrennnaas] 1 Jooois e
3110 R PO B | 12
(S0 Y D I PR
| MOchinery .eemeaasearaanans 1 18
Watoh and olock materials .| 1 f........
Lonther-board euauevnnnnnad] 1 8
1) oT) PN 4 48
Sarh, door, and blind .. 1 5
Sewing-machines .... 1 14
BAW. e 1 ki
Flour and grist .... 8 20
SAW.encnrianaans ¢ 70
Paper.cieeriinnonn. 1 10
"Woolen ceenaiinennn. 1 8
Hoslery...... Semsenanen Jq o1 7
MALCIOS - eauesanenasvumnenns 1 12
TFlour and grist ........ PO B 8
TR AP T 1 Cotton coveaniininiiaen veens] T 100
JR R D PP BOXO8.iinernnnas Ceinaivenas 1 12
Tlour nnd grist ..-.......... 10 118
ST O 14 143
Whoeelwrighting ............ 1 7
Cutlery . ovvvncnnvineaianend| 1 8
| Torndery «oveeennsneanuennns 2 36
Shofddy cvevvrriiimiiniaias 1 10
Tar and turponting ......... 1 8
Wheelwrighting 001 7
Tlonr and geist eoveevvnannn 2 19
ceedlO paiaiv i WoolOn oees i e, 1 11
I’Iymoflth, o ROMDE weerrinviniinaniinnn) 8 50
do... [S1:1:1115% | NP RY 53
oo ... JBoxes.aaeiiiiiieniaan 5 Ab
........... Carriageand wagonmaterials| 1 10
‘Lwine ..... weermrranmaiaesas 1 18
L1087 T3 . 2 38
TFlour and grist cev.vesaeenns 11 05
Bolts, nuts, efe.....oovunane, 2 28
Trorgings. ceaveeieenineiinnn, 2 [oian
JFoUnACrY cenvaevnnannerennen 2 14
Naflg oeeeriivninniionaena) 8 108
W ey .. 04 641
Musionlinstraments ........ 1 8
Rubber goo@8.ueasceaeusai.] 1 12
.| Wheelwrighting .ooco.oiian. 1 8
/501 R 2 2
.| Flour and grist. .cceaa.on.l. 2 16
| Woolen .......... 2 1w
.. Roling coeauieens 1 G
| BOXES.eaeiiieiieaas - 2 16+
.| Boot and shoo findings...... 1 12
.| Flour and grist ........ 1 u
Naila 1 10
Isinglass. .. 1 18
Lasts 1 11
. |51 P 2 26
- BapPeT . cinr e s 1 18
...... Fur-dressing.-...avvaeeaoll L 14
........... TOWBIT veeanivncne rareennd] 1 foiiiinn,
PR U DY SUDY ; I, ISP RN | SN 1 12

PADNOLY «vesnarnnncsannsoran

; Totalharse-power!
: used, net :

40
820
10

25

30
108
46

* 20
16

100
814

10
115
141
100

40

2
1,78
16
284
472

226
60

k(]

12
143
1,023

kb

204
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Table of power utilized on the coast streams south of the Merrimack—Continued.

] 3
2l 9 | &
-~ Bl E | 3%
Name of stream. Tributary to what. State. County. Kind of mill or manufacture, E =] E ,:
@ & EL
fE T
I 3 B
Feet.
Massachuaette..| Middlesex ...... 5711 R 4 284 145
PR : 1. SR RN AR (: IO, Machinery.oooeseeeeecnannn. 1 6 [
R U, I RPN [, R Musical instruments. .. .. ... i P - 65
B 'S R I ST Printing and publishing ... 2 |....... 9
PR 1 PRUY () R, Catlery and edge-tools...... ) N 16
eerllo e R [ IR ‘Wheelwrighting. ........... | N 2
R s IR O [ R ‘Watch and clock materiala..| 1 9 2
R . SO I 1:1:1-> SN [ '3 1. | S 2 30 95
PR 1, SN vearllO.oo... ... Carviagematerials.......... 1 27 55
TR I\ SO «eeed0 seenee..o..| Flourand grist ............. 12 11 7524
RO 1, PSP I, TSP s 1 -1+ 1111 ST 1 7 10
i (S [ {1 IO 17 S 3 40 44
A0 cavinenenn. do el F37:% .\ 1 5 40
RN [« Tobaceo .cveennrvmeeceninoa 4 a8 110
[: 1, S [T Upholstering materials .._.. 1 18 25
o cevrrnennnn [ T 5T N 1 2 25
[ U hensBO caennn.o...| Blocksmithing ....ocouan. .. 1 2 2

IiI-.——'].‘HE MERRIMACK RIVER AND TRIBUTARIES.

THE MERRIMACK RIVER. »

The Merrimack river, the most noted water-power stream of the world, and on which, with its tributaries, there
is probably more power utilized than in any other drainage basin of equal size in Amemca, merits a particular
description and a careful study. The sources of the stream lie in Grafton, Carroll, and Belknap counties, New
Hampshire, but the main stream is formed at the town of Franklin, on the line of Belknap and Merrimack counties,
by the junction of the Pemigewasset and the Winnipiseogee rivers, the former of which takes its rise in the heart
of the White mountains, while the latter has its source in the lake of the same name, the largest single sheet of
water in the state. These two headwaters will be discussed in detail further on. From their junction the main
stream pursues a course a few degrees-east of south, passing through Merrimack and Hillsborough eounties, and
then into Middlesex county, Massachusetts, where it bends abruptly toward the east, and flows in a direction north
of east through Essex county to the sea. The total length of the stream, from its origin, at Franklin, to its mouth,
at Newburyport, is in the neighborhood of 110 miles, and the total area drained is about 4,916 square miles, of
which about 3,780 square miles lie in New Hampshire and about 1,136 square miles in Massachusetts. The table
on page 56 gives the drainage areas of the principal tributaries, and of the main stream, above various points. The
drainage basin is well populated, and the course of the stream lies by the important und populous cities of Concord
and Manchester, New Hampshire, and Lowell, Lawrence, Haverhill, and Newburyport, Massachusetts. The head
of tide, and of navigation for coasting vessels, is a few miles above Haverhill, but small river boats can aseend as
far as Lawrence. Above that point there is no navigation on the river, althongh there are long stretches of still
water behind the various dams supplying water-power; and although the idea of rendering the stream navigable
even to Manchester has been broached, the cost of the undertaking has prevented any steps being taken to carry
it out.

The physical character of the area drained by the stream varies greatly. In the upper part it is mountainous, .
rugged, and rocky, the streams flowing down from the steep slopes, and winding along through the intervale or
alluvial Jands to the lower or hill country, where the slopes are more gradual and the country only gently rolling.
Toward. the lower part of the stream the country becomes quite flat, and some of the tributaries, hke the Conecord
river, drain considerable areas of low swampy country.

The comparatively small extent of the lower or eastern division, and the presence of the first fall at the head
of tide- water, are facts which have received notice in the introduetion. The drainage basin has been deprived of
its forests to a considerable extent, and, except in the uppermost portions, scarcely any part of the basin can be
called thickly wooded. The flow of the stream has in consequence no doubt diminished in constaney. As regards
natural reservoirs, however, the Merrimack is favored to an unusual degree, there being, on the upper waters, about

100 square miles of reservoir area now under control, and managed by manufacturing and water-power cor p?mtlous
. i
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fower down on the stream, On page 29 will be found a tull list of these reservoirs, and sl%bseque'm pages give other
infoemation regarding them,  Their iwportance in adding to the low-water flow of the river can hardly he
overestingited, and although there ave other streams possessing equal or grgater adv;mt@gc*s asregamds storage,
there are probably noue in which those advantages have been so extensively and systematically improved.

The bed and banks of the Merrimack are in every way favorable for the development of power. The stream
flows generally over ledges of rock at the places where power is available or utilized, while the juzmk’s are, as a rula,
at those places high and firm. In places there are quite extensive tracts of bottom-land subJe_ct to overflow, but
they generally oceur in localitics where no power is available. Between the ledges and mplds' the bed of the
streamn is composed of gravel, sand, and bowlders, and the fall is sometimes very small. The declivity of the stream
is shown approximately by the following table:

®
Declivity of the Merrimack river.

Distance i Elavation | Distance Fall ﬂ‘}ﬁ o
Flace: ot memite.| B | pomes | meem
|
‘ Miley. Fest, Miles. Feet. Fest,
B P 0 ] } a5 0 o
Mitchell's tjnlls ........... %5 } . 0 } 5 ' 1 5
Foot, of Jocks at LAWEeNCe. nvreeias cvarensennns 26.5 } 10 ‘
Top of Lawrenos dam, ....eeeeacvervanranesaas 2.5 3 30 } 1 ‘ 32 32
Top of fAash-boards...ccoevorune deerpmaonasanns 21.8 42 } 0 o 004
Foot of Hunt's falls 86.5 , 42 } s “ ”
Head of Hunt'sfalls. ccceeevnnnnenn. PR 87.5 53
Top of Pawtucket dam, Lowell......- P 20.5 87 2 . 88 18
Top of flash-BoBrd8.c.coarianinmirrienanennens 3.5 89 .
Bbate He . coensivmeeiiie e i e an e aa 48.7 20 "y s 0.2
Month of Nashua river 53.0 93
' Toot of Cromwell's falls oereneeenanenas [ 57.2 93 } 6.8 " L1
TFoot of Goff's falls ....ouvernnnns e 84.0 2 0.8 5 a3
Head of Goff'sfalls.. ....co ceesunes [P . 64.6 17 g
Manchester, helow falls ......osreenreen, el 880 ] 126 a4 ’ »1
Top of Manchester dam. 68. 0 178 } 1 54 54
! Top of flash-boards.....cocoevn. oo vrmasnnnenn 60,0 180
Fooksett, BEoW TaT8. o cev e oo eres e ennnes 7 | 181 ; &1 ! o1t
! Hookeett, top of 3810 «eeemnnereans purnesennans 77.8 197 o1 1 160
* Poot of Garvin's falls 82.5 199 § o 2 o.48
Head of Garvin'a falls 82.7 207 } 0.28 ® 128
| Footof Sewell'sfalls............ USSR 0% i 200 § 1.8 2 0.2 '
| B of Sowel's fallB. o.veveverrsoesenenseens ! % & P LI R o5
§ Mouth of Contoocook 2.2 |. 240 } 12 1 0.8
| Franklin, hesd of river... § s 2 T
| renklin, of river........ fnervamavsaenanes 110.1 208

The average fall of the stream is 2.45 feet per mile. Though this is not & large fall, the greater part of it occurs
in short distances, at six places, giving rise to the noted and remarkable powers for which the river is renowned.
.The map prefixed to this report shows the general shape of the basin and the-course of the river
{Fig, 4) shows graphically the declivity of the stream.

The flow of the stream, naturally not very variable, is rendered comparatively constant by the control exercised
over the large reservoirs in New Hampshire. Daily gaugings of the stream ave being made at Lawrence,

- Massachusetts, and when sufficient data shall have been accumulated the records which have been kept by the
wuter-power company there during the past thirty-five years will enable one to form an aceurate estimate of the
flow at any time during that period. Nothing has yet been given to the publie, however, and the tables on pages
% and 10 give all the data regarding flow that can now be presented. The freshets on th; stream are not‘by émy
means violent, as compared with those on western and southern rivers, At the lower locks in Lawrencs, where
continnous records of the height of the water have been kept for over thirty-five yéars, the extreme rang"s is 26%
feet. The ordinary yearly range is from 10 to 15 feet, and there are generally several freshets every year in which
the water rises to 10 or 12 feet above low water. The stream is generally lowest in the summer, though sometimes

nearly as low during the winter. The freshets are irregular in their occurrence, but geunerally take place in the
spring with the greatest violence, : .
T

, and. the profile



By

HIAAIY MOVNIHYIAW FHL 40 JT140dd

i
§‘,,1£m717tldﬂ;-. -

Koy

Tooksolt.

Py

g 2 P

ug0’

Vertical Seals.
L AP 240.

3

72

sappnes OF

Kol 3

227!

2t

by
IN
2

&
&

cor
8

&’-9?;‘22
s

£z
]




. -

<
ut il

:

o
il
O

o
ad ~
xR R
(33 &
™
~ ol w
3 H
NS
3 K
\ DG
\ N
> > |
S N _
= .»m
3

B B

e

Fig. 5. SECTION OF DAM AT LAWRENCE, MASS,



. ‘SSVW ONIUMYT 1y TYNVD HLYON 40 SNOILD3S 9 Biy

‘BOODr 12 g0af T Jo 718) B 03 popu.l wnyjoq

‘PosT aupnbs ror ‘umgaag fo waup-
FO0L 3V

L RCERENNN
[ —————

VE==

P9 aunaby rrp woppray fo vy

PO Iy




N

aoud
Iy

15.80

Secale of Feet,

Fig. 7.
MAP OF LAWRENCE, MASS,,
showing location of the Mills and Canals.



L)

WATER-POWER OF EASTERN NEW ENGLAND. 25

The mean annual rainfall over the basin of the Merrimack is, according to the Smithsonian charts, about 43
inches, of which I0 fall in spring, 11 in summer, 13in antumn, and 9 in winter. This distribution is evidently very
favorable for a constant flow.

As regards accessibility, it is sufficient to refer to the map, which shows that the stream is followed closely by
a railroad for its entire length. No river can be more favorably sitnatéd in this respect.

We proeeed to deseribe the water-powers in their order as-the stream is ascended :

From the mouth of the river to Haverhill bridge, a distance of 17§ miles, there is a navigable depth of 12 feet:
at ordinary high water. Thence to the head of Mitchell’s falls, a distance of 4 miles, there is a depth of 43 feet in
ordinary stages of the river, with the mill-water at Lawrence running. Above these falls the effect of the tide is
notnoticeable. Mitchell’s falls are of no value for water-power, the fall varying with the tide, and only amounting
to 6 or 8 feet even at low water. 4 L

The first water-power on the river, and one of the mostimportant and carefully managed in the United States,
is that at Lawrence, Massachusetts, : :

THE WATER-POWER AT LAWRENCE, MASSACHUSEITS.

~ The development of the water-power at this place dates from the year 1845, when the owners of the land and
the water-power were incorporated as the Hssex Company, with a capital of $1,000,000. Steps were at once taken
toward the utilization of the power, and on July 5, 1845, the contract was concluded for the building of the substaitial
dam which still holds back the waters of the river and diverts them into the channels of industry. The structure
ig built in a curve, the chord being 900 feet, and the center ordinate 14.97 feet. Its maximum height is 40 feet,
and its average height about 32 feet, the breadth at the base being about 35 feet. The front face has a batter of
1in 12, the top or capping is level for.3 feet from the face, then slopes back or up-stream 1 foot in 3 feet, for 12 feet
heyond which the back is stepped off at a slope of 45 degrees. Its section is shown in Fig. 5. ITtis composed
entirely of solid stone masonry, resting on a rock foundation, which is stepped off to receive it, the front of the dam
being secured by blasting out a trench in the rock, along the entire length, in which the first course of granite
masonry is laid, all the stones being headers, and the next course above being all stretchers, doweled to the
foundation course. The face of the dam is all of dressed stone, the headers and stretchers of each course being
dovetailed together, and the capping stones being doweled to each other and to the next facing eourse below. The
remainder of the dam is of rough stone, laid in cement, with & back-filling of earth, sloping 6 to 1. The level of the
water may be raised 3 feet above the crest of the dam, by means of flash-boards, in lengths of 16 feet, resting
against 1}-inch iron bolts inserted at intervals of 20 ineches in holes drilled in the eapping stones. The top of the
dam is at 34.12 feet on the company’s scale. At the south end of the dam is a substantial wooden fishway. The
excavation for the dam was begun August 1, 1845, the 'first stone laid September 19 of the same year, and fhe
structure completed in 18438, its constrnction haying oceupied almost exactly three years. The rock excavation in
preparing’ the foundation amounted to 1,700 cubic yards; the quantity of masonry laid in cement was 28,000 cubie
yards, and the surface of hammered granite was 148,000 square feet. 'The cost of the dam, including coffer-dam and
all incidentals, was $250,000. . The agentand engineer of the Essex Oompany wag Charles 8. Storrow, who designed
the dam and canals and the general development of the water-power, and he was efficiently assisted in carrying out
the work after April, 1846, till its completion, by Captain Charles H. Bigelow, as engineerin charge of construction.

The dam crosses the stream in an oblique direction, and on each side there are extensive wing-walls, that on
the south side being 324 feet long, and that on the north side 405 feet, making, with the overfall, a total length of
1,629 feet. Theveis a canal on each side of the river. That on the north side, which is the principal one, is 5,330
feet long, 100 feet wide at the upper end, and 60 at the lower end. Its section is shown in Fig. 6. Its depth is 12
feet in the middle and 4 feet at the side walls, and the bottom is graded to a fall of 1 foot in 10,000, or 0.53 foot in
the length of the canal. The head-gates are 24 in number, arranged in six sets of 4 each, or closing six sluice-ways
between piers, 12 feet deep and 9 feet wide, so that each gate is 8 feet high and 9 feet long. They are operated by
kand. At the head of the canal there is also alock; and at the foot there are three loeks, descending into the
l'ivér,\together with a waste-way by which the canal may be emptied into the Spicket river, which join#the Merrimack
just at the foot of the canal. Between the canal and the river are situated the principal mills, as the map (Fig, 7)
shows; and at a distance of about 80 feet {from the canal a line of sheet-piling extends parallel to it for nearly half
its length, to prevent percolation, the bank being . to a considerable extent artificial. The cost of this canal, with
the structures connected with it, was about $250,000, and the excavation amounted to 266,000 cubic yards.

The south eanal was built in 1866, and carried for a distance of 2,000 feet, with a rectangular section 60 feet
wide and 10 feet deep. It is expected to continue it some 1,500 feet farther, beyond which an iron penstock will be
laid. The hea‘d-gates are 16 in number, in four sets, and are operated by hand. This canal has cost aboub $150,000.

The Essex Company’s dam crosses the river near the foot of what were known as Bodwell’s falls, over which
it backs the water, deadening the current for a distance of 9 miles, to the foot of Hunt’s falls, with an average
width of perhaps 600 feet, giving a pond area of about; 29,000,000 square feet, or not far from asquare mile. This
area, in connection with the large ponds on the stream, above, is sufficient to prevent any waste of water in a dry
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season ; and it sometimes occurs that there is scarcely any waste of water over the dam for Week's at a time, though
at such times, even, the mills areusing cousiderable surplus water (see page 27). The v.rater hasbeen drawn nearly
2 feet below the top of the flash-hoards in very dry seasons, owing to the large quantity of Vya,ter used at night,
when none is allowed to puss the Lowell dam. . ) .

The fall at the mill-wheels iu Lawrence is, during ten months of the year, from 26 to 30 iegt, During the 8pring
and antumn freshets it is often reduced to 20 feet for a few days, and on one oceasion, in Apml,‘ 1852,' it was reduced
to 7 feet for a few hours. This was the greatest freshet kuown in one hundred years. There is a difference in fall
of only 0.3 or 0.4 feet between the head and the foot of the canal. The table on page 29 gives'the mills using power.

The Bssex Company sells power at Lawrence by the « mill-power”, which is defined as follows :

Eaeh mill-power i8 declaved to be the vight to deaw from the nearest eanal or water-course of the grantors, and through the land ]
to be granted, so much water as sball give a power of 30 cubic feet of water per seeond, when the head and fall is 25 feot; and no more
i to be drawn in any one seeond, nor is the same to be drawn more than 16 hours in each day of twenty-four hours~—and in order fo prevent
disputes asto the power of each mill-privilege in the varistions of the height of water from changes in ﬁhe season or other causes, it ig
understood. and declared that the quantity of water shall be varied in proportion to the variation of the height, 1 foot being allowed
and deducted from the height of the actual head and fall, and also from thut with which it is _compared before computing the proportion
between them: thus on a head and fall of 30 feet the quantity of water to be used would be 243 cubie feetper second ; and the respective
parties, where either has any lawful interest therein,may at all reasonable times,in a peaceable manner, and after due notice to the
principal steward or agent then on duby at any mill, enter the raceway thereof to measure and compare the guantity of water nsed with
the ynautity granted, and in the measurement all wastage shall be included. o

To express in other words the method of determining the quantity of water, instead of dividing 750 (the
product of 25 and 30) by the fall, 720 is divided by the fall minus one foot. Tables are used in the office, giving
quantity of water per mill-power corresponding to fall. The Essex Company is to maintain the same and prineipal
canals; the raceways and flumes of the mills are property of the grantees. I quote further from the “proposals”,
as follows: '

In order to continue in the grantors an interest in common with the grantees for the preservationand support of the mill-powers which
may be granted, and to secure a fund to indemnify the grantees for expenses which may be incurred by them for making repairs, if the
grantors should improperly neglect to wake them, it is proposed that part of the consideration of every sale, and all that is to be allowed
the grantors for the repairs, ete., by them assumed, should be paid or secured to them in the form of a reservation of rent. It'is therefore
declared that each mill-power with the land to which it is annexed shall forever be subject to a perpetual annual rent of at least two
hundred and sixtyounces, troy weight, of silver of the present standard fineness of the silver ecin of the United States, (@) or an equivalent
in gold, at the option of the grantee at the time of payment.

The following additional quotations from the “broposals ” need no elucidation:

If any grantee shall sustain any injury {from deficiency of water happening from any cause whatever, other than his own neglect or
miscondnet, his rent may cease during the time such deficiency may continue, but no longer. Provided, that where more than one mill-
power shall be granted, the grantee shall pay rent for so many mill-powers as ghall remain * * *; and if such deficiency should
happen through the wiscoaduet or willful negleet of the grantors, the grantees shall have a right to recover damages in an action at law
againgt the grantors, in addition to the rent te be withheld as aforesaid. . . °

If any grantee shall suffer damage from want of water from canses not arising from his own neglect or misconduct, and whieh
may be removed or remedied, and the grantors shall, after due notice for that purpose, nnreasonably fail to remove the obstruetions or
remedy themischief, the grantees injured * * * may * * * romove orremedy the causesof injury; andto pay and indemnify them_
for the expense and charge thereby incurred, such grantees shall, affer the expiration of thirty days from the time the amount of such
expense shall have been adjusted * * * have o lien wpon all the rents which may have been reserved to the grantors upon thoe sale of
any mill-power, and which may become payable after the expifation of said thirty days, and may * * * demand, sue for, and receive
the same until they shall be fully reimbursed as aforesaid. N

The grantees are nof to use moye water than is granted, nor waste it, nor permit it to be wasted, for want of repairs or through
the deficieney of their works er otherwise; and if so wasted, or more he used than is granted, the grantors may stop tbe water from
entering their fiumep by closing the gates across them, or by auy other method, until such waste or excesaive use be guarded against; and
may also at the same time have their action at law for damages; and other grantees who shall suffer thereby may also have their action

at law for damages.

Uunder these proposals the Essex Company has sold 128 mill-powers, or (a8 a mill-power is equivalent to a
gross power ot 85.23 horse-power) 10,909 horse-power. A mill-power was originally valned at about $15,000, and
all the original grantees, including all the large corporations on the north side, paid about $10,000 down, and
continue to pay an annual interest on the remainder of about 6 per cent., or $300 per annum per mill-power, defined
jn weight of silver. Of late years, however, the company has leased power for annual payment in curreney,
without an original cash payment, and all the newer mills, including those on the sonth side, pay an annual rent of
$1,200 per mill-power. This rate is equivalent to $14 08 per gross horse-power per annum.

The following table gives a list of the mills now operated, the power owned by each, and other items of interest,
with references to Fig. 7:

& Two hundred and sixty ounces of silver, as above defined, are equivalent in value to about $300.
74 '
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" Table giving detatls regarding the mills and power at Lawrence, Massachusetts.

o -
(-]
, g Water FOWER OWNED. . uantity
ame of corporation or firm, £ 5| Goods manufa}ﬁgﬁred, or kind of IJF;’I‘SSX' ﬁg;m(‘,f t?‘hﬂﬁ' Hug:(lld pgi‘f?;nm 09::‘1?;? in
b En H dles.(a) 'looms.(e){ which | fall. § Mill. ﬁg;gs 1)02“’3;53'(“) feet, per
g canal. DOWEIB (). . second, (b)
Main Pacific { @ 31 Cotton, woolen, worsted, ote 160, 500 4,500 | North f;e: 25 %18 666. 67
Pacific Mills ) entral Pacifie } """""" w$ ' ' e ' ' OF e B § 1 938 } 2400 g 203, 33
Atlantic Cotton Mills D | Cotbon.eermennniiinanniniiaeee. 87, 888 1,805 |....do ... 28 § 923 1,875 500 588, 66
Washington Mills ... .| ¢ | Woolen and cotton...... 2........ 15,000 | 1,404 |-...do...| 28] 17 1,449 1,000 453,33
Pemberton Mills....eeee- SUURUON B 20 P i 28, 000 doss] 12 1,065 300 333,33
Lawrence Duck COmMpany ..o------... ¢ | Duok, felt, and twines . 8, 000 -] 28 5 B AR 133,33
Eyorett MAlls eeqoineanrnenercenmeasnens k| Cotton and duck....... 32, 006 48] 10 852 200 266, 67
Lawrence Woolen Company .. J | Woolen.euereuenaennnn. 3, 280 28+ 13 128 40
George T, Davis & Som .ceaenns .- 4 Toundery and gristmill ....... .|, ..., 28+ 3 s571... 17.77
Wright Mannfacturing Company. . - LR £ ) Tt AU PUU I 9B Y 43]... 13,82
Tawrence Spindle and Flier Works...... % | Spindles, fliers, and machine-shop.|.....-.... 28+ 1 7 99,99
Dawson & DUSHD . cceovimnrnsarannnnas j | Leather-board and machine-shop..|.......... 284 3 43 13.33
Russell Paper Company - ’ 4 28+ 6% 540 |... 168, 87
William MeAllister...... m 283 3 1% |-.. 4,44
Jerome A, BACON < oeneeiiniiiianat, n 28 2 170 53.33
Total from north canal ............f-e.ounls e atessassennsecenrans ey 834,764 | 0,508 j.c....... leea... 115 9, 802 4,200 3,066, 67
Davis & Taylor . ooveeeaareirenenas oot 4 Flour and grain v.oceoveeiaeennenliiciiaaaedaaace.oos South...| 281 2 190 ) e ceenaenes 58,33
Munroe Felt and Paper Company........ p [N U vew do...| 284 3 256 80
Merrimack Paper Company g ceae P codlenado...) 282 8 256 ... 80
Butler & Robinson .. . r | Worsted yarn..cceveeiaiinnnnn..n vifeoo.do ...} 284 2 170 |.-. 53.33
Clegg & Fishor ...... .- ..| & | Leather-board sefee-.@0...] 284 2 170 }. 53.33
Unien Mill ....... e 2 T P RORT: (VIR I - P (RO IR AN NS
N.W.Farwell & Son......eeievvanennnnn. u | Bleachery .......... g .-..do...| 284 1 85 hevennnnnnns 28. 87
Total from south eanal. .o vuameemmens]ommiinoeiaiiaciaiaaas R B [N R 13 1,108 fooeiainnaon 348. 66
Total on both 81des of the TIVer....feeeeeefeerearemraacarerr cemrecmneaaaienas 334,764 9,508 |.ceanenan e 128 10, 010 4,200 3,418, 83

@ These data are taken from t.ixe *‘Annual” for 1882, published by the Tawrence American.
b Tho quantity of water s caloulated for a fall of 28 feet, at the rate of 26 cubic feet per second per mill-power.

The Union mill, on the south canal, belongs to the Hssex Company, which owns the wheel and rents room with
. power to the Lawrence Line Company, Messrs. Stedman & Smith, machinists, and the Lawrence Electric-Light
Company. About two mill-powers are used in this mill, ’

JIn addition to the power owned and utilized as above described, a considerable amount of surplus power is
utilized by a number of the mills, in accordance with regulations from which the following extracts are made:

I. The use of such surplus Watei:—power shall be permitted to o party desiring to use the same, only on the express comdition that it
shall fornigh the engineer of the Basex Company with all reasonable facilities for ascertaining the quantities used by it, and that it shall
comply with such reasonable requirements as he may from time to time make in relation thereto,and with such limitations as to the
amount of surplus water-power which it may use, as he, having in view the supply of water in the river, and the respective wants of the
differont parties nsing, may deem it expedient from time to time to prescribe; but the limitation so to be prescribed by him shall not

restrict a parby withont its assent to a less quantity of water than would be allowed to it under the general limitation provided for in
Article III, .

* ‘ * * # # # * * *

III. The Essex Cowmpany, whenever in their opinion the supply of water renders it expedient as a matter of necessity or precaution,
may limit the use of surplus water-power to a certain percentage of the aggregate amount then granted by indentare as aforesaid, but
such limitation shall be uniform in its application to all those grantees who shall then have agreed for the use of surplus water-power
under these regulations, and shall be in proportion to the number of mill-powers owned by them respectively.

The prices paid for surplus power are as follows, for each day upon which such power is used, viz: For each
surplus mill-power or part thereof not exceeding 20 per cent. of the amount owned by the party, at the rate of $4
per mill-power; for each surplus mill-power or part thereof in excess of such 20 per cent., but less than 50 per cent.
of the amount owned, at the rate of $8 per mill-power; for each surplus mill-power or part thereof in excess of such
50 per cent., at the rate of $4 per mill-power.

The amount of surplus power used varies with the season. In a dry time its use is sometimes restricted and
divided according to Article ITI, given above. Since the Essex Company has leased power the use of surplus has
been limited upon forty days, thirty-four of which were in the fall of 1880 and six in January, 1883, Upon two
days only the limitation was as low as 25 per cent., all lessees being then allowed to draw 125 per cent. of the
amount of power held by them. TUpon the other days the limitation was snch as to allow the lessees to draw 140,
150, or 175 per cent. of the amount of power leased. Some of the lessees draw no surplus power, while others
draw an amount equal to over 100 per cent. of their regular power. The smallest number of surplus mill-powers

used, on the average, during the driest wéek of the extreme drought of 1880 was 27 (making the total pmger used
. . " D
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135 will-powers) 5 and the smallest number used, on the average, during any m_ox}th has been 35 (making the total
power used 163 mill-powers), duriug wc;rking Tours. Hence we may take the minimum power of 1;119 stream dnring
working hoarsas 155 mill-powers, or 13,160 gross horse-power. (¢) Thecompany can still lease a considerable amount
of power, but the total low-witer power of the stream I8 now utilized, though to some extent as surp_lus vower,
Some mills use steam-power all the time, while others use it only at high water, on aceonnt of 1'nsufﬁment wheel-
capacity when the fall is diminished. The paper-mills run continnously except Sunday, but in low water are

_ sometimes required to stop during the night; the other mills van sixty hours a week, or aboqt e}even Iwours on
every day exeept Saturday, in summer, and 10} in winter, The mills experience little trouble Wﬁ;l} ice. The canal .
often freezes over at night, but is cleaved out in the morning before the mills start. The large' mills never have to
stop for this canse, but some of the small mills at the lower end of the north canal are sometimes obliged to stop
for an hour or so. :

In the methods adopted in Lawrence for measuring the quantity of water drawn by the different mills, the
privciple followed is to gauge the guantity every day, some time during ordinary working hours. Accordingly,
each mill is visited every day by an inspector, who observes and records the following data: (1) The height of water
in the canal at or near the head of the penstock; (2) the height of water in the river; (3) the height of water in the
penstock, a short distance above the wheel, read by means of & tube screwed at right angles into the outside of the
penstock, and connecting above with a glass tube placed against a scale-board ; (4) height of water in the wheel-pit;
and (5) height of the speed-gate, all the wheels used being turbines, In order to be sure of the correctness of these
readings, the canal and penstock gauges, as well as the pit and river gauges, ave periodieally compared when the
mills are not ranning, and if the two readings do not agree the exror is noted. It may be remarked here that all
ganges are intended to be set at the same datum, so that their readings may be strictly comparable without any
reduction. In order to be sure that the penstock-gauge tube is freely open, it is periodically tested when the water
is drawn ount of the eanal by pouring water into it.

The difference between 1 and 2 gives the total fall; and for this fall the quantity of water to whieh the mill is
entitled is found in the table giving ¢ quantity of water per mill-power corresponding to fall”. If g corporation
does not utilize nearly the wholeof this fall it is its own fault. The difference between 3 and. 4 gives.the fall acting
on the wheel, and this, together with the height of the speed-gate, affords a means of determining the quantity of
water actually nsed, by comparison with diagrams prepared for the purpose, in a way described below, and which
give, for any fall and gafe-opening, the guantity passing, there being a diagram for each wheel. The quantity
used each day being compared with that to which the mill is entitled, the excess is found and the price for the
surplas water determined according to roles already given. The guantities “are worked np systematically and
with great care. '

The diagrams referred to are prepared by making measvrements of the guantity of water drawn by each wheel
under different heads and at different heights of gate, when the wheels are known to be in good condition, horizontal
distances representing quantities of water, and vertical distances heights of gate. In constructing the curves for
different heights of fall, dne account is taken of the variation of the quantity with the fall and with the relative
velocity of the wheel and the issuing water, as well as of the way in which the wheel is set. ' These measurements
are repeated at short intervals of time, to determine if any change has occurred in the amount discharged by the
wheels. Such change may be praduced by leaves and sticks piling upon the guides, as of the Boyden tarbine, or
by blocks or bits of coal obstructing the ontlets, or by increased leakage between the wheel and its gate or case, or
by breakage and loss of a bucket, or by the gate-hoisting apparatus being out of order, or by the wheel-step wearing
down, These frequent measurements are also necessary to determine the amount wasted by wheels not in use, and
auy leakage from the flumes, and the water used for washing and other purposes which does not pass through the
wheels. The differences between the results of these measurements and those given by the diagrams is noticed
and allowed for in sabsequent use of the latter.

Five different methods of making these measurements are or have been in nse in Lawrence, which will be
considered in order. They all consist in gauging the quantity of water used, the speed-gates being observed at
the same time, as well as the height of the waber in the penstock and the pit.

1. Weir measurements,~—In the case of certain mills, weirs are placed on the tail-races, and by observing the
height of water on the crest, the diseharge is obtained, with due reference to the eirumstances of the pase, according
to methods which need not be further discussed here. .

2. Flume measurements—These, like the weir measurements, ave made in the tail-races, and are uséd for some
of the large m}lls. The velocity at numerous points is obtained by means of loaded poles, the results of the
mensurements in the flumes being plotted and reduced by methods welt known to engineers. (3)

a Binee the shove was written (February, 1883) the Merrimack river has experienced an unprecedented drought, that of Septewaber,
1883, at which time ndditional limitations were enforeed at Lawrence. The flow of the stream averaged at the lowest period about 1,390,
cubie feet per second for twenty-four hours of the six working days, being but litile in exeess of the quantity leased if drawn regularly
ten hours o day.  The minimum power of the stream during working hours sbould therefore be now placed 8t but little over 128 mill-
powers, ar about 10,807 gross horse-power. T )

b See Fraveis: Lowell Hydraulic Experiments.
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3. Measurements with the differential tube.—This instroment is in prineiple what has heen known as Darey’s
tube, although some modifications have been introduced in Lawrence. It consists of two small brass tubes, oi;en
at the bottom, which are inserted in the current, the lower end of one bein g turned np stream and that of the other
down stream. The tubes connect above with glass tubes fixed on a scale-bourd, there being diaphragms and stop-
cocks between the glass and brass tubes, the former to hinder oscillations of the column, the latter to shut off the
columns in the glass tubes and prevent oscillations entirely. The water will stand at different heights in the two
tubes, and from the difference of the two the velocity may be determined, if the instrument has been tested beforeband,
o0 that the relation between the velocity and the difference in height’is known. The two glass tubes are connected
at the top, and an air-pnmp is used to exhaust the air, so that the water will rise to a convenient height for
measurement, The instrument is used by raising or lowering it' so as to get the velocity at different depths in a
vertical line, the depth of the water being also observed, and then shifting it horizontally so as to get the velocities
in different verticals across the current. The mean velocity and the discharge are deduced in a manner similar to
that used in flume measurements. - When time is not available for a complete series of measurements, the velocity
is taken at one point, generally in the center of the section, the ratio of the velocity at that point to the mean
velocity in the section being known from previous experiments. .

4, Instruments have been devised by Mr. Mills, the engineer of the company, by which he is enabled to .
observe the velocity simultaneously at twenty-five or thirty points in a cross-section of an open or closed condnit,
and they are used in many of the large penstocks for determining the quantity of water flowing; but Mr. Mills
wishes still further to p_erfect these instruments before presenting them to the public. .

5. When little water was drawn from the south canal, it was measured by shutting the head-gates of the canal:
and observing contiuuously at two points the heights of the surface every half minute for fifteen or twenty minutes,
as the wheels drew the water from the canal, thus using the canal as a measuring hasin.

From the above deseription of the methods of conducting the measurements in Lawrence it is evident that the
power is one of the most carefully managed in this country. The chief engineer of the company is Hiram . Mills,
to whose unvarying kindness, as well as to that of his assistants, the above information is due. :

Thedrainagearen of the Merrimack above Lawrence isabout 4,599 square miles, aceording tq my measurements. ()

The Merrimacl river is supplied with storage reservoirs in New Hampshire, of considerable size, so that in dry
weather the natural flow of the stream may be increased- to a considerable extent by drawing on these reservoirs.
At the time of the extreme drought of September, 1883, however, no water was being drawn on orders from these
sources, although a certain very considerable quantity is always allowed to flow from them, as will hereafter be seen.
As these reservoirs are partially controlled in Lawrence, they may be described here.

The Essex Company and the Proprietors of Locks and Canals on the Merrimaek river (at Lowell) form together
the Lake Winnipiseogee Cotton and Woolen Manufacturing Company, a corporation chartered in 1831, and
-controlling to a certain extent the storage on a number of lakes in the state of New Hampshire, as shown by the
following table: '

Storage reservoirs of the Lake Company.

- | Batimated
Name. .o | Area. deg&l;tﬁ::t Remarks.
: ' drawn. .
. ) S8q. mdles. Feet.
Lake Winnipiseogee and Long bay-..... 71.78 2.5
Smith's pond and Crecked pond........ 4.85 4.0 Tributary to Iske Winnipiseogee.
Greatbay.....coominienmenns e iaemecnas 7.83 2.0 Below lake Winnipiseogee.
" Greatand Little Squam lakes 1L.75 8.5
New Found lake. .2 veemveneeiiiannnen 7.80 ©80
Total . ccveeeneo i iiicaiacnaenn 103,48 ...........

. { N

These reservoirs, being drawn upon during the dry season, contribute greatly to the improvement of all the
water-powers below them. They are not drawn upon regnlarly, and generally water is not drawn upon order
during as much as three months of the year, though, at times, several hundred cubic feet per second are drawn.
At the time of minimuwm flow, as remarked above, no water was being drawn. '

The lakes named in the above table are shown on the maps of the Winnipiseogee and Pemigewasset rivers,
There are dams as follows: At the outlets of New Found and Squam lakes and Smith’s pond, at Lake Village (below
Long bay), and at Union bridge (below Great bay). At all of these places, excepting at Smith’s pond, the company
is obliged to allow a certain minimum quantity of water to flow at all times past the dam, so that it is unable to
utilize the storage to quite so good advantage as it otherwise might. Some further data regarding the reservoirs
will be given hereafter. The following figures, however, have a value in this connection. The reservoirs are drawn
from at all times of the year, and during the five years from 1873 to 1878 the total number of days on which water

3

o Mr. Mills stn.:nes the drainage area as 4,553 square miles, & Tesult agreeing with mine within the reasonable limits of en;(;r.
. . . . {
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was drawn from lake Winnipiseogee on orders from Lowell or Lawrence was 226, or an average of éfc’) da,y§ per yvear,
The total depth of water thus drawn was 2.30 feet, or an average yearly depth of 9.46 feet, the maximum in any ong
year being 0.71 feet, part of whick was drawn in Jannary and February, and part in September. and chiober. This
ghows that the quantity drawn on orders is small, and that if the lake is drawn down 4 feet, as is somet1me§ Stated,
it is not all on orders, but part is evaporated, and part goes to supply the mills on the streams below, whlch‘ must
he supplied (iontinuously. '

In connection with the flow of the river, reference has already been made to the fact that measurements ave
being carried on at Lawrence, which will in time afford data for a most valuable history of the flow of .the stream,
* The amount of water flowing over the dam every day is letermined by frequent readings of the gauges in'the pond,
and the profile of the top of the flash-boards, in"case such are used, is found by leveling. . The greatest depth of
water yet observed on the dam is about 10 feet. ‘ :

Trom the top of the Lawrence dam to the top of the Pawtucket dam at Lowell, a distance of about 12 miles; the
fall of the river is about 48 feet. Of this fall about 11 feet occurs at Hunt's falls, 9 miles above the Lawrence dam,
in a distance of 5,700 feet. This fall is owned by the corporations in Lowell, and will probably never be improved,
inasmuch as the construetion of  dam there would reduce the fall at the mills above in medinm and high stages
of the water. The fall i8 thus of no value as a source of power, .

We come, therefore, to the secoud great power on the Merrimack river, that at Lowell.

TIE WATER-POWER AT LOWELL, MASSACHUSBTTS.

This power was one of the first of the large powers in this country which was systematically brought into use,
and it has been developed and controlled in so a@nirable a manner that it has long served as a model for other
warks in various parts of the land. The first step toward the construction of any hydranlic works on the river
was taken June 27, 1792, on which date a corporation known as the “Proprietors of the Locks and Canals on
Merrimack River ” was chartered for the purpose of im proving the navigation of the river, and rendering it navigable
by boats from tide-water to the New Hampshire line. No dam was built; in fact, the original charter prohibited
the building of dams; but the canal known as the Pawtucket canal was built before the year 1800, having been
opened in 1796. In 1801 a petition to erect a dam not over 2 feet high was sent to the legislature, but was probably
not granted. It would seem, however, that at that time a similar dam was in existence, though ‘only an incomplete
structure extending partly across the river, In 1822 the Merrimack Manufacturing Company was incorporated,
having purchased a number of farms near the falls. This company, in the same year, enlarged the Pawtucket
canal ; and althongh the records are not very clear as to when or by whom it was construeted, it appears that in
1521 there was a wing-dam at the head of the falls, together with a saw- and grist-mill. This dam extended to-
what is known as Great Rock, and its top was several feet below the top of the present dam. In 1825 there was a
temporary dam across the river, and in 1826 the Merrimack Manufacturing Company appears to have made a
begiuning on a new dam; but in the same year this company transferred all its real estate to the Proprietors of
Locks and Canals, who completed the dam in 1830 to 2 feet below its present height (or to 30 feet on the Locks and
Canals seale). It was raised 2 feet in 1833 by putting on two courses of grabite stone, and its expense up to
February, 1833, was about 810,000, -As originally constructed, it was built of wooden eribs filled with stone, and
with some stone Inid as paving below the dam, to prevent its being undermined where it was not built on rock.
All of the original stone work, however, was laid without cement, and the gravel filling washed out with every
freshet, so that in 1839 the dam had to be tightened by laying a course of masonry in cement at the back of the
capping. I'lash-hoards were used, and in 1840 it was found that the leakage of the dam and flash-boards was 93
cubie feet per second. TIn 1847 that part of the dam between Great Rock and the gate-house was rebuilt in its
present position to conform to the entrance to the northern canal, which was built during that and the previous
year (1846).  Its top was level, and at a height of 32 feet on the Locks and Canals scale ; and its section is similar
to that in Fig. 8, The lowest course in the face is doweled to the foundation, which is solid rock,; and the
capping-stones are doweled together and to the course below. The capping-stones and the slope-stones behind
them are clamped together. The ashler work and granite backing were laid without cement—=the mortar-stone
backing and leveling in cement; the joints in the capping were filled with sulphnr. In 1869 the directors
considered the propriety of rebuilding the remainder of the dam, from Great Rock to the north side of the river,
but it was net decided to commence the work till February, 1875. The new dam was built on nearly the same site:
a8 the old one, and its section is shown in. Fig. 8. The rock foundation is stepped off to receive the ashler work, and
the stones were laid at first withont cement in beds or Joints, and then grouted, conrse by eourse, with pure Portland
cement. The backing is laid in a mortar cousisting of equal parts by measave of the N ewark Lime and Cement
Company’s cement, and clean, sharp sand. This was done to provide for possihle disintegration and loss of cewment,
- at and near the face of the dam, from the action of water and frost.  As it is, the Learings will not be affected by

the failure of the cement. In the portion of the dam built in 1847 the ashler-wus laid without cement in any form.
withi the sume object; but some of the stretehers have worked out, to prevent which occurrence the new dam was

grouted. The bed and joints of the eapping, up to the level A B, were grouted with Portland cetnent in the same
78 . e



Fig. 8 SECTION OF DAM AT LOWELL, MASS, °
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manner; above A B the Jomts and the 141~mch iron dowels of the cappmg, were ﬁIled with melted sulphur. The
crest of the dam (18 inches wide) is fine-hammered, and designed to be at the exact mean height of the dam of
1847 ; above this, as in the old dam, there are flash-boards 2 feet high, In what is called “the deep place ", .at the
lowest point of which the bed is 38, 3 feet below the top of the dam, the foundation was prepared for the ashler
work, for a distance of 100 feet, by leveling up with rubble masonry in cement to a height of 20,66 teet elow the
top of the dawm, Great Rock was cut down and capped with granite in 1875, and Tirst and Second rocks in 1876
The total length of the dam is 1,093.5 feet, its height varying trom 2 feet or 80, on the north side of the river, to
16 feet, exeluding “the deep place ?. Tts crest is at 32 feet, and the top of the flash-boards at 34 feet, on the
compqny’s scale. It extends in b ver y broken line np stream, often quite in the direction of the current, its south
end being 700 or 300 feet below its north end. The total cost of rebuilding the dam in 1875 and 1876 was
$104,056 75; that of building the ‘dam of 1847 was about $10,000, making the total cost of the dam about

$114,000. - The works were carried out under the supervision of Mr. J. B. Francis, the present agent and engineer
of the company, whose connection with the company commenced November 22, 1834, and bas since been

uninterrupted. (a)

The dam deadens the currvent, in the ordinarvy state of the river, for about 18 miles, forming, in low water, a
reservoir of about 1,120 acres, whmh is sufficient to store the low- water flow of the river during the night-time,
allowing the entire daily flow of the stream, during the dry season, to be utilized during ordinary working hours,
as at Lawrence. The dam is situated at the head of what areknown as Pawtucket falls, and for a distance, of half
a mile below the gate-honse the bed of the stream is solid rock, the fall rapid, and the banks high and rocky. Two
canals lead the water from above the dam,the original Pawtucket canal, enlarged in 1822 and 182 23, and the northern
canal (see map), both on the south side of the river, Various other canals intersect these two, all of which are
shown on the accompanying map of Lowell (Fig. 10), and regurding which data are also given in the following table:

Canals at Lowell, Massachusetts. («)

Desig: —
Kame. 'na(l:ll]on Section. (r%;f}?rg(;galll- (ﬂ?ﬁ?gl\lx (n;‘gg)t\hi Oxfzwgiat
map. . mate). mate). mate). evel
Pawtucket: Fect. Feet. 1 Fert.
Upperlevel....ciiviiaicineeneena) 121 | Teregular oo ceeeiinineiis £, 500° 10 Trregulor. | Tpper.
Lowerlevel..... ........e0e 2-2 | Reotangular ........o.o.o... 2,200 7 ' 100 Lower.
HAmIOD. « e evveas coamenannnns 33 |....do 1,800 10 50 Tpper-
Eastern.... 44 |....do.. 2, 000 8 4210 66 | Lower.
Northern... 5-5 .do. 4,100 16to 21 100 Upper.
Western.. . 6-6 ..do 8, 500 10 156 to 115 Do.
Do. ...... 6-0' |....do 1, 000 8 301080 | Lower.
Merrimack .. 7-7 | Rectangular and irregular. . 3, 400 10 50 | Upper.
Lowellecenn e i e 88 | Rectangulal c.ovvreeinnnennn 500 10 30 . Do.
Moody-street feeder. .......... 0-9 | Rectangalarandarched over. 1,380 b10 30 ‘ Do.

River behind 1nills, 8t low water, at
Bottom of upper level, at about 22 feet on scale,

o Totallength of canals, about 5miles. Bottom of lower level, at about 9 feet on seale
about 2 feet on seale.. Water surface, lower level, at about 17 feet on scale.
‘Water surface, upper level, at about 32 feet on scale.

b In middle of arches.

These canals are in many vespects extremely interesting from an engineering point of view. With the
exception of the Moody-street feeder, they are all opep, and generally rectangular in section, only the upper level
of the Pawtucket canal and the Merrimack canal being irregular in places. The Moody-street feeder, which wag
built through Moody street to eonnect the western and the Merrimack canals, is “an underground conduit, divided
into three parts by two longitudinal walls, forming the piers for three arches, which close the conduit on top. It
is 1,390 feet long, and each of the three sections is 10 feet wide in the clear, and 7 feet high from the floor to the
springing of the arches. The latter arve of brick, 1 foot thick, and segmental, the radius being 5 feet 8 inches
aud the rise 3 feet. The side walls are 24 feet thick, and the piers 153 inches at top, spreading to 23 inches at the
bottom, The feeder cost $86,131 81, or about $62 per rupning foot. The northern canal was built at great cost,
being separated from the river, for a distance of about a quarter of a mile, between ¢ and d on-the mayp (TFig. 10),
by a great river-wall of masonry, in places 36 feet high, and a section of which is shown in Fig. 9. This wall is
founded on ledge, and is provided with four large and two small sluice-openings, for emptying the canal, together
with an overflow. Between d and ¢ on the map the canal is excavated, but a wall is carried down to the ledge,
ou the river side. The total cost of the northern canal was $551,684 70. The head-gates of the northern and
the Pawtucket canals are all worked by hydraulic power. Those of the former are ten in number, each 8 feet
wide, and filling an entire opening between piers. The lift is 15 feet, making the area of gate-opening 1,200 square
feet, and they are raised by means of a small turbine wheel which drives a line of shafting, from which, by means

a It is a pleasure to acknowledge here my greatindebtedness to Mr. Franecis and his assistants for the mformatwn contained in these
pages, and for revision of the manuscript.
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of belts! the hoisting apparatus s driven. At the P: wwiucket canal the é,&t:a-s are five in number, 9 feet ‘long
and with a lift of 10 feet, making the area of gate-opening 450 square feet. They are raised by being attacheg
direetly to a piston, which is raised by hydraulic pressure obtained from the water-pipes from the’ company'y
private reservoir.  The details of these gates ave worthy of careful stady.

The fall at Lowell, at ordinary low water, is about 35 féet, of which about 2 {Le‘o is 1051: in consequence of the
descent in the canals, leaving-a net fall of about 33 feet. In severs freshets, however, the water below the mills
rvisen 10 or 12 feet, and it has been (in 1852) 13 feet 7 inches deep on the dam; the fall, therefore, varies between
about 33 and 20 feet,  About ene-sixth of the water is used on the entire fall, dnd the remainder iy used twice over,
on falls of about 14 and 19 feet, respectively.  The lower fall, however, was reduced to 3 feet in 1852, the water
rising in the river to 14 feet on the seale; and in 1878 the water rose to 10 feet, the fall being only 7 feet. Such
eases, however, are, of course, extremely rave.

The water-power of the \krrundcl at Lowell is owned, as hasalready been stated, by the Proprietors of Locks
and Canals on Merrimack River, what is ealled the ¢ permanent power?” being held by the manufacturing companies
nnder perpetnal leases.  The capital stock of thv Proprietors of Locks and Canals is beld entirely by the ten large
munufacturing corporations using the power, in proportlon to the permanent power held by them, respectively, The
power, therefore, unlike that at wany other places, is controlled by the very parties who use 1t and by no ethers,
and is not leased or sold by other and different partu,s, though managed by a guite distinet corpomtwn. It may
be expected, therefore, that the price of water-power in Lowell should be very low, and this will be seen to be the
case. The water-power has been granted by the Proprletms of Locks and Canals i in definite quantltles, called mill-
powers, as in Lawrence, but in this ease a mill-power is defined to he

The right to draw frem the neurest canal of the said Proprictors so much water as, during fifteen hours in every day of twenty-four
TLours, shall give a power equal to 25 eubic feet per second at the great fall when the head and fall there is 30 feet, to 45.5 enbic feet per
second at the lower fall when the head and fall there is 17 feet, and to 60.5 cubie feet per second at the midale fall when the head and
fall there is 13 feet. And in order to prevent disputes as to the power of each mill-privilege in the variations of the height of water
from changes of the seasun or other eauses, it is understood and declared that the quantity of water shall be increased in proportion o
the reduction of the height, * * * one foot being allowed and dedueted from the height of the actual head and fall, and also from that
with which it is compared b&fore computing the proportion between them,

This method of determining the quantity of water is similar to that used in Lawrence; thus, when the head
and fall (from canal to river) is 29 feet at the great fall, the quantity of water is 4§ of 25 cubic feet per second, the .
quantity of water being increased on aceount of the smaller fall, not in the proport;lon of 30 to 29, but in thwt of
29 to 28, We may also find the gquantity by dividing 725 by the fall minus 1 foot. It is important to notice,
however, that it the falls are more than those stated in the quotation above (i. ., 30 feet on the total fall—13 fees
ou the upper level, and 17 feet on the lower level), no change is made in the quantity of water allowed, so that the
mills obtain gratis the benefit of any additional fall. Now, although at the time the leases were made the fall from
the upper level to the lower, and that from the lower level to the river, were respectively 13 and 17 feet, the canal
walls have been raised since that time, so that the actual falls now are 14 and 19 feet. " In the table on page 33, the
smaller falls, which may be called the nominal falls, are given, while the actual falls are added in parentheses. Tables
are prepared, as in Lawrence, giving the quantity of water per mill-power corresponding to fall. The Proprietors
are to maintain the dam and canals, while the flumes and raceways are to be kept in order by the corporations.
The Proprietors are not bound to furnish power between the hours of 8 p. m. and 5 a. m. The lease contains
various other stipalations, regarding injury from lack of water, rights of the Proprietors to measure the quantity of
water used, liability of either party to damages under certain circumstances, ete., which, however, are so nearly
like those which have been already quoted as being in use in Lawrence, that it is not necessary to give them in
defail. The permanent power, as already stated, is hell uu@er permanent legses, but with a reserved rent, as at
Lawrence, the object of which is to provide for the management of the same and the maintenance of the works,
This reserved rent for the permanent power is fixed at $300 per mill-power per :Lnnum, or (as a mill-power is equal
to about 85 gross horse-power) at $3 55 per gross horse-power per ¢ annum, which is only sufficient to cover the
necessary expeoses of maintaining the power, Cash payments were made when leases were gwen averaging about
$10,000 per mill-power, ’

The following list gives the names of the corpomtlons now owning power, ag well as the amount owned by
each, together thh various other details:

=1}
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Table giving details regarding the mills and power at Lowell, Massachusetts.

I L Cl.
2 T JPOwWER OwNED.F & Ag 2%
& k- I o1 =3
g & e 3 2., Ea
g Nab E EON B
. Goods man- { Number of | Y uiber ) Water discharged = : = By e 223
Name of corporation. £ | Tfactured. spindles. (@), 9F Water taken from— into— & & £ R £5 | =% ‘Tq
= looms, (@) = 4 3 133 e 123,
= S 3 o= ke -
B < 0B | g™ EE; Ei%
g “ Z ] % g <T0
A = 2 |38 |2 &7 L
VRN 0 NS U S N S ML DA N A
Merrimack Manufacturing | A.| Cotton...... 153, 552 4,267 | Merrimack capal ..... Merrimack river. .., %?33 5. } 2430 | 2,087 f 0,000 | 616,667 740
Company. .
Hamilton Manafsctaring | B.{....do.eoeoe. 59, 816 1,507 | Hamilton canal....... Lowerlevelof Paw. | 13 (14) 16 1,360 200 | 0GR, (00 480
Company. . tueket canal.
Appleton Company....... C.Jc.ido.ennn. 45, 000 1,228 [.o.dO oioiiiiiias L R 13 (14) 833 725 750 | 516,967 250
j’ 22,'750l 317
5 (worated | (power
Lowell Manufacturing }| p | § Cottonand |} jng ooty . | ; Merrimack canal. . ... R L ;
COMPADT e } { woolen. ... \{ 5 030) cm’pci'sy)‘IS j errimack can: o eeeaa 13(14) 81% 714§ 1,040 [ 508, 200 252
(cottou), (lasting).
Lowell Machine Shop (6)...f Bofeceemeniniiiiomineniiiialiaan., . Merrimack ecanal and j..-.do . .ccavnooo. 13(14) 3 280 875 | 109,650 jilt
Machine-shop basin.
Middlesex Company. ...... F.| Woolen..... 18,040 250 | Lower level of Paw- | Concordriver....... 17(17) 638 490 125 | 262,383 { 173
(broad). tuecket canal.
Boott Cotton Milla......... G-.| Cotton...... 127, 600 3, 600 Merrimack river....| 17(19) 1733 { 1,519 § 1,000 | 812.933 536
Massachusotts Cotton Mills! H.|....do....... 119, 528 3,658 |.... Merz"ilch]: and Con-| 17 (10) 24%8 | 2,085 850 | 1116. 267 730
cord rivers.
Tremont and Suffolk Mills.| I..|... do....... 94, 000 2,700 | Novthern canal....... Lawrence basin..... 13(14) 13 1,105 ] 1,500 | 786.500 300
Lawrence Manufacturing { J .{....do....... 100, 000 2,360 | Lawrenee basin. .._... Merrimack river....| 17 (21) 178 | 1,4708 1,000 | 787,150 H19
Company,
TOtAl woerranneannans R P e, T42,280 | 20,052 }eeereriiiiriiiein e e e rn e aaenecaed e, 13813 | 13,845 § 13,040 |.....o.... 4,181

a These data are from  Annuel Statistios of Manufactures in Lowell and Neighboring Towns, January, 1882, Published by the Lowell Vox Populi.
b Figuves in parentlieses are actunl fulls (see pagoe 82). )
¢ This establishment congumes per year 1,100 tons wrought.iron, §,500 tons cast-iron, and 200 tons steel—in all 9,800 tons of metal.

It appears, therefore, that there are sold at Lowell, in all, 1394} mill-powers, or 11,845 gross horse-power on the
original leases. As giving a further idea of the magnitnde of the mills, it may be mentioned that the total eapital
invested in the ten corporations named in the table is $13,950,000, and the total number of operatives employed,
16,665. The quantity of water taken from the river, when no surplus is used, is 3,595.284 cubic feet per second,
during working hours, under the normal falls, Of this, 616.667 cubic feet are discharged directly into the river, 786.5
into the Lawrence basin, and the remainder, or 2,192.117 cubic feet, into the lower level of the Pawtucket canal,
The quantity taken from this last canal and discharged into the river is 2,191,583 cubic feet per second, while from
the Lawrence basin 78L.150 cubic feet are taken. It is clear that the water is utilized almost absolutely withont
waste, '

As in Lawrence, a large amount of surplas power is used in Lowe]l in accordance with regulations, from which
the following extracts are made:

1. Any company who shall use any of such surplus power, but to an extent not exceeding 40 per cent. of the whole number of
permanent powers that such company is now entitled to wse, shall pay therefor, as a contribution toward the annual expenditures of said
Proprietors, $5 per mill-power per day for the time that each power or part thereof shall be used.

2. In order to restrain the use of such surplus power, any company that shall be found to have used more of it than 40 per ccnt of
fhe powers 80 held and owned by such company, shall pay for all excess over 40 per cent. thereof, and not exceeding 50 per cent. thercof,
at the rate of $10 per will-power per day; and for all excess over 50 per cent. thercof, and not exceeding 60 per cent. thercof, at the rate

of §20 per mill-power per day; and when more th:m 60 per cent excess is used, such company shall pay for the whole amount of surplus
power used by it, at the rate of $20 per mill-power per day.

As in Lawrence, the engineer of the Proprietors can make measurements of the quantity used by each mill as
often as he sees fit, and can limit the amount of surplus power to be used, having in view the supply of water in
the river, ¢ such limitations to be uniform in their application to all said companies, and to be in proportion to the
mill-powers owned by them respectively.” If, during the time when such limitations are in force, any company
shall use a quantity of water in excess of that' to which it is limited, said company shall pay for the same at the
rate of 875 per mill-power per day for the greatest excess used on each day. Quarterly reports are made and accounts
sent in to the ditferent companies.

6. During backwater a uniform rate of $1 per mill-power per day shall be paid, and it shall he considered ¢ backwater” when the

“height of the water in the river at the gaugse back of the mills of the Merrimack Manufacturing Company ie at or aboeve 1 foot below

zoro, excepting when the water is raised to that point, or above, by ice,

In dry weather little or no surplus is used, while during * backwater” large amounts are used, some companies
using up to 75 per cent. of what they own. In the fall and winter of 1880 and 1881 all the mills were limited in ifs use, ,
and for twenty-eight days during that period its use was prohibited. The greatest amount of surplus used when
there is no backwater is about 30 or 40 per cent. of the power owned. The minimum power available during

working hours is consequently entirely utilized, although during & great part of the ysar some water goes to waste.
1012 W p—VOL 16——6 H
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As a rule, even in low water, water flows over the dam early in the morning, l?ut sometimes there )b no waste
whatever. We may, therefore, take the minimum power of the stream, during workm‘ g hours, as 13945 mill-powers,
for the companies have never failed to obtain, with the nid of the lakes in New Hampshire, the full power they own. ()
A large amount of steam-power is used, as the table shows; some all the time, some only W‘/hen surplus water is too
expensive. The mills ran from 6.45 a. m. till noon, and from 1 till 6 p. m., stopping at 4.30 on Saturfiays, making
sixty hours per week, the legal limit for the employment of women and children in fﬂctomes.. As in Lawrence,
arrangements are made for disposing of ice, and theve is little interraption of work caused by it.

It remains to describe the system of measuring water used at Lowell for the purpose of determining the
quantity used by each mill. The method adopted is in most essential particulars the same as that used at Lawrence,
though differing in many matters of detail, The idea is to get a direct measnrement of the quantity of water nged
by each mill during a certain period—say a week—when the rate of running remains about the same. If anything
occurs to alter the quantity of water consumed a new measurement is made. But it is recognized that the quantity
of water used varies continually during the period chosen, aceording to the hoor of the day and the day of the week,
being greatest on Monday morning and least on Saturday afternoon, Accordingly, during the period taken, not
one measurement, but four, are usually taken; one on a Monday worning, one on an ordinary morning, one on an
ordinary afternoon, and one on a Saturday afternoon. The excess or surplus used above the power owned at each
of these times is calculated, the fall from canal to river having been simultaneonsly observed. That on Monday
morning added to that on Saturday afternoon, and to five times that on ordinary mornings and afternoons, if
divided by 12, gives the average surplus used, and this is taken as the surplus nsed during the whole period
considered.

In addition to these measurements, which are made, perhaps, rather more frequently than in Lawrence, daily
records are made in Lowell of the heights of water at each mill in canal, penstock, wheel-pit, and river, together
with height of speed-gate; but these observations are not used in working up the daily guantity of water discharged,
as they are in Lawrence, except in unusual cases. For instance, if something occurs in one of the mills which
necessitates stopping one wheel for a few days and substituting another, or if in any way the regular rate of work
is interrnpted for a short time, during which a flume measurement cannot be made, theun the daily observations are
nsed to determine the quantity used during said time of interruption; said quantity being obtained, not from
diagrams, but from tables giving similar results. These tables are computed as follows: For each wheel the area.
of bucket-opening and the area of guide-opening are found by measurement. The smallest of these being called

A, the quantity of water discharged under a given head, } (from penstock to wheel-pit, as in Lawrence), is calculated
by the following formula:

Q=mAQ, VIl

in which m is a coefficient known by experience, g the acceleration due to gravity (32.2 feet per second), and @, the
ratio of the discharge at any given opening of gate to that at full gate. This ratio is found for different gate-
openings by actual test of the wheel, or by comparison with results of tests on similar wheels. The table gives,
therefore, the discharge for different gate-openings nnder a given head, h, from penstock fo wheel-pit. Tor any
other head the quantity is assumed to vary as the square root of that head. '

These tables are used in the following cases:

1. When, as above noticed, the regular running is interrupted for a short time, during which a standard
measurement cannot be made. ' '

2. Whenever it is backwater, in which case the fall is varying continually, water is very cheap (see page 33), and
great aceuracy is not so essential. :

3. In times of low water, when the use of power is limited, and izvhen, in addition fo the ordinary standard
measurements, it is necessary to caleulate the quantity at frequent intervals. In such cases observations are made
geveral times a day and the tables used, _

~Just as the diagrams in Lawrence must be tested at periods by comparison with the results of measurements,
so these tables must Lo checked at every opportunity, Before explaining how this is done, we must describe the
measurements in use in Lowell. These are only of three kinds—weir, orifice, and flume. One weir and one orifice
measurelnent only is made, in connection with the Lawrence Manufacturin g Company, which uses the water from
the Tremont and Suffolk mills, together with an additional quantity which is admitted to the Lawrence basin

a Sinee the above was written (February, 1883) the extreme dronght which ocourred in September of that year, and which has een
already referred to in describing the power at hawrence, has rendered it necessary to modify the above statements. Durin g that drought,
for a period of about a month, the flow of the river reached a lower point than ever lnown before, falling to about 1,275 or 1,300 cubic
fect per second (during twenty-four hours) on the worst day, as has already been noted in the table on page 9. During this entire period
nu water was drawn from lake Winnipiseogee, on account of its low stage, except what is lawfully required to be alnlowed to run, and

the use of surplus water was prohibited in Lowell for a longer period than at any previous time sinee the establishment of the power,
82



2

WATER-POWER OF EASTERN NEW ENGLAND. 3D

through gates which have been experimented upon, and for which the coefiicients are accurately known. The
quantity used by the Tremont and Suffolk mills is measured, also that which goes through the gates and that
which flows over the waste-weir of the Lawrence basin. In this way the quantity used by the Lawrence Company
is obtained. All the other measurements are flume measurements, made nearly as in Lawrence. An important
poing of difference, however, is that in Lowell there is no space behind the mills allowing the measurements to be made
in the tail-races; in fact, the mills are built almost over the water, so that the measurements have to be made in the
main canals. They are made at regular times, and the velocity taken every foot and a half across the flumes.
Simunitaneously with these measurements (except on Monday mornings and Saturday afternoons, when the
fluctnations of power are great) the speed-gate gauges, and the heights of water in penstock and pit, and canal and
river, are observed. We have seen that in Lawrence a diagram is .obtained generally for each wheel, though this
has sometimes to be done indirectly, and this diagram is tested by the periodic measurements. In Lowell, however,
as the measurements are m ade in the canals, and not in the tail-races, the total quantity of water used by each mill
is what is obtained. Tach flume measurement, therefore, applies only to some particular combination of wheels
which happen to be running at the time of the measurement. I'or every flume measurement, then, except those on
Monday morning and Saturday afternoon, a, cogfﬁcieut or correction is found, to be applied to the wheel tables,
and o large number of coefficients has been thus obtained, applicable to various combinations of wheels running;
go that in any case when the wheel tables have to be used, the proper coefficient is sought out from among the
most recent ones, as nearly as may be. .

One other point remains to be noticed. Some of the mills use wheels which have been carefully tested under
various heads, gates, and speeds. In such cases the daily observations of head and gate are probably as accurate
as flume measurements would be; and the quantity of water passing such wheels is determined by observing, as in
flume measurements, during the period when the power used is about constant, the quantity passing some Monday
forenoon, some Saturday afternoon, and on some-ordinary forenoon and afternoon.

We may sum up briefly, as féllows, the principal differences between the methods of measurement in Lowell and
Lawrence : ‘ :

1. In Lawrence, the measurements are made in the tail-races ; in Lowell, generally in the canals.

2. In Lawrence, reliance is placed on the wheel diagrams, which are checked at intervals by standard
measurements, and the daily quantity is calenlated; in Lowell, the wheel tables are only resorted to in exceptional
cases, and reliance is placed on the mills running at a uniform rate during certain periods, during which the
average quantity is calenlated directly from measurements.

. 3. In Lawrence, flume, weir, and piezometric measurements are made; in Lowell, mainly flume and weir
measurements. ’

The drainage basin of the Merrimack above Lowell comprises an area of about 4,085 square miles, according
to my measurements, the principal tributary between Lowell and Lawrence being the Concord.

The Lowell mill-pond extends to the foot of Cromwell’s falls, 4 miles above Nashuna and 17§ miles above the
Pawtucket dam. TFrom this point np to Manchester, New Hampshire, a distance of about 13 miles, the river rises
about 33 feet, In this distance there are several descents honored by the name of falls, but none of them are of
much value for water-power, and will scarcely be improved. The following table gives details regarding them: (a)

From— To— Rise. }Dismucu.
Feet. Feet.
Foot of Cromwoll's falls ...| Foot of Moore's falls ....... 5.75 | 28,532
‘I Foot of Moors's falls. ......| Foot of Little Cohass falls..; 8.58 | 12,500
, Toot of Little Cohass falls.| Foot of Goff’s fells.......... 4.50 5000 |¢
. Toot of Gofl’'s falls......... Foot of Short falls «......... 5.60 1 4,400
Foot of Short falls ......... Toot of Griffin’s falls ....... 4,03 5,800
Toot of Grifiin's falls ...... Toot of Merrill’s falls.......[ 2.08| 10,800
* Foot of Merrill's falls...... Head of Merrill's falls ...... 2,56 1,250
Foot of Gromwell's falls ...} Head of Merrill's falls ...... 83,16 | 68,082

THE WATER-POWER AT MANCHESTER, NEW HAMPSHIRE,

We now come to the third of the great powers on the Merrimack, and one which will hold its own with the two
already deseribed. A log dam across the river at Amoskeag falls existed prior to 1809, thé power created heing
used for a grain- or a saw-mill. A cotton-spinning mill was built on the west side, and was also ran by water from
this dam. In 1825 a second mill was added to this, and a third was built on an island in the river. All these
mills were run thenceforward in the manufacture of tickings until they were burned, in 1840 and 1847.

The Amoskeag Manufacturing Company was formed in 1831, and purchased these mills, the water-power, and
several thousand acres of land, on which the city of Manchester has since been built. In 1337 this company

a Senate Ex. Doc. No, 45, Forty-seventh Congress, first session, p. 12.
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through gates which have been experimented upon, and for which the coefiicients are accurately known. The
quantity used by the Tremont and Suffolk mills is measured, also that which goes through the gates and that
which flows over the waste-weir of the Lawrence basin. In this way the quantity used by the Lawrence Company
is obtained. All the other measurements are flume measurements, made nearly as in Lawrence. An important
poing of difference, however, is that in Lowell there is no space behind the mills allowing the measurements to be made
in the tail-races; in fact, the mills are built almost over the water, so that the measurements have to be made in the
main canals. They are made at regular times, and the velocity taken every foot and a half across the flumes.
Simunitaneously with these measurements (except on Monday mornings and Saturday afternoons, when the
fluctnations of power are great) the speed-gate gauges, and the heights of water in penstock and pit, and canal and
river, are observed. We have seen that in Lawrence a diagram is .obtained generally for each wheel, though this
has sometimes to be done indirectly, and this diagram is tested by the periodic measurements. In Lowell, however,
as the measurements are m ade in the canals, and not in the tail-races, the total quantity of water used by each mill
is what is obtained. Tach flume measurement, therefore, applies only to some particular combination of wheels
which happen to be running at the time of the measurement. I'or every flume measurement, then, except those on
Monday morning and Saturday afternoon, a, cogfﬁcieut or correction is found, to be applied to the wheel tables,
and o large number of coefficients has been thus obtained, applicable to various combinations of wheels running;
go that in any case when the wheel tables have to be used, the proper coefficient is sought out from among the
most recent ones, as nearly as may be. .

One other point remains to be noticed. Some of the mills use wheels which have been carefully tested under
various heads, gates, and speeds. In such cases the daily observations of head and gate are probably as accurate
as flume measurements would be; and the quantity of water passing such wheels is determined by observing, as in
flume measurements, during the period when the power used is about constant, the quantity passing some Monday
forenoon, some Saturday afternoon, and on some-ordinary forenoon and afternoon.

We may sum up briefly, as féllows, the principal differences between the methods of measurement in Lowell and
Lawrence : ‘ :

1. In Lawrence, the measurements are made in the tail-races ; in Lowell, generally in the canals.

2. In Lawrence, reliance is placed on the wheel diagrams, which are checked at intervals by standard
measurements, and the daily quantity is calenlated; in Lowell, the wheel tables are only resorted to in exceptional
cases, and reliance is placed on the mills running at a uniform rate during certain periods, during which the
average quantity is calenlated directly from measurements.

. 3. In Lawrence, flume, weir, and piezometric measurements are made; in Lowell, mainly flume and weir
measurements. ’

The drainage basin of the Merrimack above Lowell comprises an area of about 4,085 square miles, according
to my measurements, the principal tributary between Lowell and Lawrence being the Concord.

The Lowell mill-pond extends to the foot of Cromwell’s falls, 4 miles above Nashuna and 17§ miles above the
Pawtucket dam. TFrom this point np to Manchester, New Hampshire, a distance of about 13 miles, the river rises
about 33 feet, In this distance there are several descents honored by the name of falls, but none of them are of
much value for water-power, and will scarcely be improved. The following table gives details regarding them: (a)

From— To— Rise. }Dismucu.
Feet. Feet.
Foot of Cromwoll's falls ...| Foot of Moore's falls ....... 5.75 | 28,532
‘I Foot of Moors's falls. ......| Foot of Little Cohass falls..; 8.58 | 12,500
, Toot of Little Cohass falls.| Foot of Goff’s fells.......... 4.50 5000 |¢
. Toot of Gofl’'s falls......... Foot of Short falls «......... 5.60 1 4,400
Foot of Short falls ......... Toot of Griffin’s falls ....... 4,03 5,800
Toot of Grifiin's falls ...... Toot of Merrill’s falls.......[ 2.08| 10,800
* Foot of Merrill's falls...... Head of Merrill's falls ...... 2,56 1,250
Foot of Gromwell's falls ...} Head of Merrill's falls ...... 83,16 | 68,082

THE WATER-POWER AT MANCHESTER, NEW HAMPSHIRE,

We now come to the third of the great powers on the Merrimack, and one which will hold its own with the two
already deseribed. A log dam across the river at Amoskeag falls existed prior to 1809, thé power created heing
used for a grain- or a saw-mill. A cotton-spinning mill was built on the west side, and was also ran by water from
this dam. In 1825 a second mill was added to this, and a third was built on an island in the river. All these
mills were run thenceforward in the manufacture of tickings until they were burned, in 1840 and 1847.

The Amoskeag Manufacturing Company was formed in 1831, and purchased these mills, the water-power, and
several thousand acres of land, on which the city of Manchester has since been built. In 1337 this company

a Senate Ex. Doc. No, 45, Forty-seventh Congress, first session, p. 12.
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replaced the log dam with a stone dam,.and Luilt ahout 4,000 feet of its upper canal, on which, in 1838, a cotton-
mill was Duilt, Between that time and 1845, this canal was built as it now is, and the lower canal was added,
The ercetion of mills on these canals has continued to the present time. . )

The present dawm, constructed in 1871, a little farther down the river than the old one, consists of two parts—
the wing and the main dam. The former commences at the gates at the head of the canal, and c'extends up-
stream nearly parallel to the east bank, ending at a large rock or ledge a little to the east oi: tl}& middle of the
piver, It is perfectly straight. Its length is 260 feet and its average height 10.92 it'eet. It is founded entirely
on ledge of eoarse mica-schist and granite. The main dam extends from the upper s1de_ of the rock at the end of
the wing, up and across the river to the gates of the small canal on the west bank, It is curved up-stream in an
irregular eurve, its length being 420 feet and its average height 11.85 feet. It also is founded entirely on ledge,
The wing-dam was rebuilt in 1870 and the main dam in 1871, and the cost of both was $60,000. They are the same
in construction, and are built of hammered grapite laid in cement. Their section is shown in Fig. 11, The cresy
is perfectly level for a foot in width, and its height is 70 feet on the Manchester scale (for its height above tide, see
page 24}, It is drilled every £ feet 8 inches for wrought-iron pins 1F inch in diameter, for holding on flash-boards
to a height of 2 feet, The face batters 2 inches to the foot, and the back 1 inch to the foot. The ledge on which
the dam stauds is leveled off in steps to receive it. ’

Canals lead from the dam on both sides of the river. That on the west side is only about 100 feet long, 20 feet
wide, and 8 or 19 {eet deep, supplying only the paper-mills of the P. O. Cheney Company. On the east side there
are two levels. The upper canal is about & mile long, rectangunlar in section, varying in width from 50 to 70 feet,
and in depth from 10 to 12 feet. The lower level is about 7,250 feet long, rectangulur in section, its width varying
froin 40 feet at the head to 60 feet at the lower end, and the depth from 8 to 10 feet. The map shows these canals
and the locks at the head, The head-gates are twenty-four in number, arranged, as in Lawrence, in six sets of fonr
each, The gate-openings are each 10 feet high and 8 feet 104 inclies wide, making the total area of gate-opening
6324 square feet.  The gates are raised by a turbine wheel, running a shaft {from which the gates are operated by
meuns of bevel-wheels, The Manchester dam backs the water albout 8 miles up to Hooksett, the average width of
thae pond being about 450 feet, and its area measuring about 443 acres. This pond is sufficient in dry weather to
allow of the water being stored during the night-time and the entire low utilized during working hours, so that in
very dry weather it sometimes oceurs that no water flows over the dam for daysat a time. Generally, however,
there is some waste toward morning, and sometimes during the day-time, even during the summer. The flash-
boards are kkept on almost all the time, but are sometimes carried off by the ice and high water. The dam is builg
at the head of the Amosgkeag falls, and the principal full occurs below it.  The fall from the upper to the lower canal
is about 21 feet and is nearly constant; that from the lower level to the river is from 29 to 31 feet at low water near
the lower ¢nd of the canal, and about 34 feet at its very foot, At ordinary high water this fall is reduced to about
25 feet. The power is controlled by the Amoskeag Manufacturing Company, which has disposed of ‘a portion of
the power in accordance with proposals from which the following extracts are made, the power being leased by
the mill-power:

1. Each mill-power at the respeetive falls is doclared to be the right to draw from the nearest cannl or water-course of the grantors,
* % % 3Bcubicfeet of water per second at the upper fall, when the head and fall there is 20 feet—or a quantity inversely proportionate
to the height ab the other falls—and in order to prevent disputes as to the power of each mill-privilege in the variations of the height of
water from changes of the season or other causes, it is understood and declared that the quantity of water shall be increased in proportion
to the reduction of the height, 1 foot heing allowed and deducted from the height of the aetual Lead and fall, and also from that with
which it is eompared befors computing the proportion hetween them,

This rule is the same as dividing 722 by the fall minus 1 foot, in order to find the quantity. A mill-power is
therefore equivalent to 86.36 gross horse-power. The Amoskeag Company is to maintain the dam and main canal,
while the flumes and raceways are property of the parties leasing power,

V. Every purchaser is to hold his purchase subject to the right of every p}lor grantee in caso of a deficiency of water, ‘but the grantory
warrant a sufficient water-power existing at the time of the sale to each granteo, respectively.

As at Lowell amd Lawrence, the power granted is held by perpetual leases, with a reserved perpetual annual
rent per mill-power, defined in this case as at least sixteen and one-eighth ounces troy weight of gold of the present
standard fineness and weight of the gold coin of the United States, or an equivalent in gold, at the option of the
grantee at the time of payment. This is equivalent to abont $300 per annuwm. Other terms of the proposals
resemble 8o closely those which are in use in Lawrence and Lowell, and which bave heen quoted, that it is not
necessary torepeat them. It is only to be added that, excepting 35 mill-powers, granted at first by lessees, power
is only to be used during sixteen hours each day, viz, from 4 o’clock a. m. until 8 o’clock p. m. It will be seen that
the annual rent is nearly the same ag in Lowell, and for the large mills in Lawrence, being here $3 47 per annum
per gross liorse-power, ‘

Under these proposals the Amoskeag Company has disposed of its power as shown in the following table,
sitilar to those which have been given for Lowell and Lawrence : ‘
8t
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Table giving details regarding the mills and power at Manchester, New Hampshire,
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Mochanics’ ROW .oovenviae Miscellaneous .. ........ R crene| 2B 3 172,72 125 60,16
Olzendam’s Mill c.cooeeoieeeirnn e Hoslery ....... PP RO FUOR: U DR TRSIORONS - TN !
Amoskeng Electrie-Light bnilding.. ... B RS JUSURRR FUUUUI ST P .. ags| @ 86 575 17g. 28
Stark PIeker Touss ve.nnreeeeeoennn. -4l IR vt m ] 5] amml m2s 196 22
Amoskeap Manufacturing Company | L | Cotton, eto ... O N | 30 5 4, 836, 16 1 2, 50 1,508, 84
Manchester Mills and Print-Works....| M | Cotton & woolen - 40 3,454. 40 1 2, 500 095, 60
Namaske MIL(A) ceeeenvernenrrnnnnnnnn N | Bagging ........ a3 2 172,72 ] 145 45,13
) R S | N -
Total eemnniiiiiriiareranrnnans F O P 385, 352 12,148 ’..............:............. Loeweer ) 184 | 15, 800,24 | 11,500
{ i i ‘ i

@ The horae-powers in this column are net horas-powers, assuming s mill-power to equal 62} net horse: power, corrosponding to an efficiency of the tulbme (34
about 78 per cent,

b Tluns night and day.
¢ Total operated by the company.
4 Owned and operated by the Amoskeag Manufacturing Company.

At the Amoskeag pump-house water is pumped from the lower level to a reservoir in the upper part of the
city, to supply hydrant-water to the yards. Mechanics’ Row consists of a number of small establishments for
wood-working, carpentering, ete., together with a grist-mill taking water from the river by means of a small wing-
dam, and using about 30 horse-power, with a fall of 12 feet. On the west side of the river are the paper-mills of
the P. C. Cheney Company, using 260 horse-power on two wheels, with a fall of 40 feet, and 20 horse-power on
another, with a fall of 15 feet, besides two other wheels under 40 feet head in the pulp-mills, giving 440 Lorse-
power. This mill has the right to use water-power only when there is a surplus; at other times steam is used
entirely. , )

It appears from the table that the amount of permanent power held by the various estublishments at Manchester
is 184 mill-powers, or 15,890 gross horse-power, or about 11,500 net horse-power, being thus considerahly greater than
that at Lowell or at Lawrence. The normal quantity of water used from the upper canal is 2,599 cubic feet per second,
and from the lower canal 2,842 cubic feet per second, so that according to this there Hlllht be a waste Letween the
two canals. The mills named in the table can obtain full capacity nearly all the time, but in very dry seasens some
steam-power is used by the Amoskeag Company, thus allowing the other mills more water. The total amonnt of
steam-power used, however, either during part of the year or continunously, is very small compared with that
used at Lowell, or even at Lawrence. During part of the year there is an excess of power, and regulations have
existed since January 1; 1883, similar to those at Lawrence and Lowell, regarding the use of surplus power, which
can be used by paying for it at the rate of $5 per mill-power per day. The mills run from 6.30 to 12 a. m., and
from 1 to 6.45 p. m., closing at 4 p. m. on Saturdays, Considerable trouble is experienced with ice before the pond
freezes over, and sometimes the mills are obliged to stop on account of the filling up of the canals with anchor ice,

The amount of water ased by the different mills has hitherto not been determined, as at Lowell and Lawrence,
by actual and periodical gaugings. Measurements were made in August, 1879, by Mr, H. F. Mills, chief engineer
of the Essex Company, of Lawrence, who, by means of flume measurements in the canals, determined how much
water the mills were using, at the same time observing the full from penstock to wheel-pit, and the height of speed-
gate. At the time of my visit to Manchester it was stated that daily observations of the quantity used, by
observation of the height of speed-gate and of water in penstock and pit, and comparison with Mr, Mills’
measurements, were made only in dry weather, when there was danger of failure of supply. At that time, too, no
regulations were in force regarding surplus water, which could be used whenever there was enough of it.  Since that
time, however, the regulations regarding surplus power have been established, and it may be that systemsitic
observations are or will be enforced.

The drainage area above Manchester is about 2,839 square miles. Systematic and continued gangings of the
flow have not been made, and no data in this respcct further than the figures already adduced, can be given. ((L)

a1 am mdvhtud to (»lmw] T. L, Livermore, agent, and to Mr. ¥, A. Hobbs, engineer, of the Amorkeng Compunv uu mimnmlmn
regarding the powar at Manchester.

o
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The phwer at Mancﬁester compares favorably, both as regards amount :m‘d ia.wlhtms for utllxz;}tm.n, with any

in ‘\*exi" England, Tew rivers can hoast three such powers as those on the Merrimack at Lawrence, Lowell, g
bl A bl 3 2 L 14 IS i
Manchester.
IHE POWER AT HOOKSETT, NEW HAMPSIIRL.

ster is at the head of the pond, ab Tooksett, about 8 miles by the river above
ars ago constructed aronnd the Hooksett fills, for purposes of
Railroads of the United States, published in 1840, we

The next power above Manche
the Manchester dam. A canal was over fifty ye
navigation, for, in - Tanner’s Description of the Canals and ' et ot P ishe
find it mentioned, with the statement that it was 825 feet long, with three locks, a-ml a I.u.ll: ()i (1() lc?f;t‘. .l']m 1)2\\'@1‘ was,
until 18(55, controlled by the Amoskeag Company, but is now own.ed by the Hoolme!;t l\Itllﬂln-lu()Tl”ll“ll‘lg 'L,ompzmy,
The present dam is huilt of stone, and extends nearly, but not entlrgly, uc}‘(')ss the river ab 1~Jx¢\ bead 0%‘ tl'xe, falls,
ponding the water for a distance of about 4 miles, with an average width of .300‘ or 400 feet. Tt was built in 1841,
and is several hundred %eet Iong and perhaps 3 or 4 feet high. It is founded entirely on l(sg}:tstr, and wmay bhe raised
about a foot by means of flagh-boards, which are put on during the summer Jxlt)lntlxs. I rom the dam a canal,
about 300 feet long and 20 or 25 feet wide, leads to the cotton-mill of the Hookqsgtt Gonqm;ny, sitnated on the east
bank, the fall used being about 14 feet, and the power about 350 horse-power, which ean of (:0111'.5.‘15 be obtained all
the time, there being about the same quantity of water here as at Manchester.. No steam-power is used, and thera
is at all times a great waste of water over and around the dam. It is said that there have been mills ap this place
for over fifty vears, and the dam has been several times rebuilt. The topog rapliy is very favorable for the utilization
of the power, and a very large amount is still available. The drainage area above the place is about 2,701 square -
miles, but the power may be estimated from the figures given for Manchestef, as there are no important tributaries
between the two places. 1t is probable that for a fall of 14 feet the minimum power is nob less than 1,800 gross
horse-power continuously, and perhaps more. The pond, however, is probably not large cnough to allow of this being
concentrated entirely into working hours, thongh this might be done to some extent. The power is an excellent
one and worthy of a place among the great powers of the Merrimack., There is no reason why the full power, of
which such a very small fraction is now in nse, conld not profitably be utilized. '

THE POWER AT GARVIN'S FALLS.

About 4 miles above Hooksett and 3 miles below Concord we come to Garvin’s falls, the next power,
sitnated just above the mouth of the Soucook river. Many years ago, long before the introduction of railroads
into the state, a eanal, known as the Bow canal, was built around these falls for purposes of navigation, the remains
of which still exist ; and the Amoskeag Company, which owns the power, has for some years maintained a dam at
the head of the falls, as required by its charter, though no power has been used, Ouviginally a stone dam existed
there, but that was carried away some twenty years ago, and the present dam is of wood. It was built in 1879,
cost $6,000, is about 550 feet Jong, and averages 8 feet in height. It backs the water several miles, with a width of
some 400 feet, forming a considerable pond. - Below the dam, which is founded on led ge, the full is rapid for some
distance, amounting, according to Frank Merrill; civil engineer, of Concord, to 28,4 feet in 1,200 feet. The bed is
roqky, and the banks are very favorable for the utilization of the power. The canal extends alon g the right bank,
and is about 2,000 feet long, with several locks at the foot;. and although no power has yet been utilizml, a pulp-mill
is now being evected there, power having been leased from the Amoskeag Company. The old canal is to be used
as a race, and the mill Jocated at the foot. The drainage area above these falls measures nbout 2,412 gquarve miles,
The power available is very large, the quantity of water being less than that at Manchester only by that contributed

Dy the Suncook and Soucook rivers and a few brooks. The minimum flow continuously is probably not less than

900 gubic feet per second, which would correspond, on a fall of 28 feet, to a power of neaxly 3,000 gross horse-power.

The pond would allovx.r of this being increased considerably during working hours, but to what extent I am unable
to state. The power is a most excellent one in every respect. ‘

THE POWER AT SEWELL’S FAi.LS.

; a1 oy & s .
Mo g‘he ,]f,e}ft pg\\gl a}l)?ve Garvin's falls :(excgpt one little rapid not worth considering), and the last on the
and 1?121}(; ;,\:i’:bi uewc Us fzhllls,( about 4 miles above Concord.. Around these falls, as around those at Mooksett
of o ;n;ile and Jt V;:ass ’cin?;?;eg?i iggl';nel?cg c‘ltn']any' S{?{ll"s g0 for purposes of navigation. Its length was a quarter
 and : 3 dub 1t is said that difficulty was experienced i —r * o, dam,
the bed of the stream hei . e : perienced in the construction of o dam,
ne{vgfu‘getﬁﬁﬂ I:(é:? gfin;ﬁ(f Om%() sed of sand and gr ave],.\wmh no ledge, so that navigation around the falls was
FI"'IUI{AAMen:iil ciirjlhela X S) ed- ; Gle total fall, at lowest water, is 19.1 feet in a distance of 1.75 mile, aceording to
The power is owned)% r,“&i; 00 On(fgr(}; Lhe greater part of this fall, however, ocgurs in a distance of a mile
development. The fall i)s s’ituat 0{1‘13)011 ond and Water Power Company, and steps are being taken toward its
about 2.350 :;qu are miles Es‘tlifncatez O:t’_ ttlllle mouth of the Contoocook, river, and the drainage area above measures
<4000 & . a € power avajl: i e
86 power available are omitted, at the request of the engineer of the
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company, on account of the fact that the conditions which will be established regarding flowage, and the
arrangements which will be made with the Lake Company regarding quantity of water, are not yet definitely
decided upon. Of eourse, the conditions which may e established here will modify to some extent those existing
at the sites lower oun the river, so that the figures which have been given in previous pages as to the amount, of
power available are only to be Lons1du'u1 as approximate.

Txcellent building materials are found in the vicinity of Coucord, the granite hf\,\mg a national reputation.
Should this power be developed, one more will be added to the great powers on the Merrimack,

Above Bewell’s falls the river bas considerable fall, but no good sites for power. The fall between the head
of the falls and the junction of the Winnipiseogee and Pemigewasset rivers is, according to the table on page 24,21
feet. Two miles below Franklin, at Webster Place, a fall commences, which extends for some distance up both
rivers, and is extensively utilized on the Winnipiseogee, TFrom Webster Place up to the tail-race of the
Winnipiseogee Paper Company, the lowest power on that stream, there is a fall of 14 feet, unutilized, but it is
probably not of very much value. From Webster Place to the junction of the two rivers the fall is 10.84 feet at
low water. ' ‘

The following table gives the statistics of power utilized. on the Merrimack river. Al the powers above
Lowell and Lawrence partake equally with those places of the advantage derived from the storage reservoirs on
the upper tributaries, thongh none except Manchester arve sufficiently developed to appreciate the benefit. The
profile of the river (Fig. 4) shows graphically the abrapt descents which render the river so excellent a source of
power: ‘

Table of power utilized on the Merrimack river.

4 s :
' E Total Horse-
Stream, . Place. | State. v County. Kind “illlni‘llll!{‘“ mani- :‘?_’ i 111"11;:( d' :ﬁ?ﬁf%‘;
i o . B! (gwﬂa] owned
. ' = ‘ (gmhs)
‘ i g
‘ =
- e - r
i Feet. |
Merrimack Fiver ..ooveeeerviveereanas LAWIente.covueeennan. - Massachusetts........ . B OTTETES IUPRNIEY 6171471 | SN 3 &4 | 8,153
| WOoulen. oameeraennans] 2 50 J 208
..; Cotton and weolen...... 3 84 5,583
. Flour and grist ... 2 56 ’ 199
; Foundery...ooeveinvanns 1 28 l 28
| Leather-board .......... 2 56 161
A Braid coeeooeeeee. 4o 28 l 43
/ Shoddy 28 ] 1
e . . . - Machinery, ele. (@) Jdo2 ] l a3
................... [ 201115 PR " | u2 | 1,222
................... e . - Bleachery ceeuonneeeeeaa] 1 o | 85
) . .| Eleetrie light ....... 1 28 ; ..........
LABES «emcaaeeeenene 1] 2 ..
.. CCOMOD e eviaan, | 13 10,361
................... teees Woalen ’ 7 190
................... .- [P N [ (I Cotton nnd waeolen... ! 14 714
R O RS .| Machinery...... - - l itY ; 280
............. Ne y DAPET ... eaennnncnnn ! | 6 | 1,085
IS S I SRS U 1 R FO Flour and grist . .......} | 12 | b 80
..do.. ..o .. 4 Cotton ceein e ! 1411 1, a0
..do i A Bagping ... . i W 173
. Cotton and Wmvll n ! I 0 \ 3,454
Puomp-honse ..., cueil \‘ 20 | 86
MisceHaneous . ....coaae }“ .......... ; 178
R B | St
Slee i 1 26
| CottOn. e v ceee annannan 1 (l 14 1350
i

Total horse-power (gross) utilized in dry seasons, albout 30 591,
a Besides these, four machine-shops rent power. ) b Net

87
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THE TRIBUTARIES OF THE MERRIMACK.

In their order, ag the Merrimack is ascended, the principal tribntaries are the following :

THE POWOW RIVER.

This stream empties from the north, taking its rise in Rockingham (}ounty, New Hampshire, in the town of
Kingston, and flowing in & southeasterly direction, joining the Metrimack Jyst above Newburypo?t. Its length ig
about 10 miles in a straight line, and it drains an area of about 50 square miles. At the head of tlde:wafter are the
towns of Amesbury and Saulsbury, where are located the prineipal powers on the strleam. Its drainage basin is
low and rather sandy, and the flow of the stream would be exceedingly variable if it wére not for the reservoirs, of
which there are several, controlled by the Hamilion Woolen Company. The onl'y‘powers on th.e gt.remn. worth
mentioning are those of the above named company, at Amesbury, which has tive different dams w1t.hm.a distance
of from an eighth to a quarter of a mile, the total fall being nearly 70 feet. T}.Je ﬁx.'st or upper one is of wood,
96 feet bigh, the fall utilized being 26 feet, and the power 1,300 horse-power during from three tq five months of
the year, and sometimes almost nothing, The second dam is 18 feet high, of wood, and only receives what water
runs over the one above. It supplies about 25 horse-power when there is a waste over the dam above. The third
is 103 feet high, the fall the same, and the power 75 horse-pewer during seven or eight months. The fourth is 16 fees
high, and the power 150 horse-power, with the same fall. The fifth is 14 feet high, and the fall 14 feet at low water,
affording 215 borse-power. All the mills have steam-power, generally enough to run them at full eapacity, and
some steam is used all the time. About three-eighths of a mile above the upper dam is lake Gardner, with a dam
18 feet high, used only as a storage reservoir and not for power. The gates are shut every night, and the flow of
the river thus concentrated, almost at all seasons, into the ten working hours. - Only during freshets is there great
wuste of water. . .

Several small streams join the Merrimack between Newburyport and Lawrence, but scarcely any are worthy
of special mention. One which comes in at Groveland is fed by two ponds, covering, it is said, several hundred
acres, 5o that the stream is excellent for its size, being very constant in flow, Another of the same class enters
from the sonth just below Lawrenee, rising in “ Great pond ” in North Andover, which covers 650 acres at high water,
and lies at an elevation of about 75 or 80 feet above the mouth of the stream, which is only 2 miles distant.
Almost every foot of this fall is utilized, there being five mills on the stream, with a total fall of 80 feet at low water
in the Merrimack, and using together between 150 and 200 horse-power. No water is wasted, and the power of the
© stream is literally exhausted. Great pond is dammed, and its level can be varied by 11 feet or thereabout, so that it
offers considerable storage. Few streams of such small size are better utilized or are more favorable for power than
this one.

THE SHAWSHEBEN RIVER. -

This stream enters the Merrimack from the south, just opposite the city of Lawrence, and draing an area of
about 72 square miles. Taking its rise near the town of Lexington, in Middlesex couuty, it flows in a general
northeasterly direction, its length in a straight line being some 18 miles, The prineipal town on its course ig
Andover. 1ts drainage basin comprises principally a hilly and rolling country, like all of eastern Massuchusetts,
but along the wmiddle part of the course of the stream there are cousiderable aveas of swamp-land, and the sttean
is very sluggish, In the upper and lower parts its fall is Gonéiderable,‘ and its bed and banks are favorable
for power, but in the upper part if is too small to be valuable, so that the principal power used is below the
town of Ballardvale, or within 5 miles of its mouth. Below this point the fall is rapid, and is all utilized. The
flow of the stream is very variable, but no continued gaugiogs are on record. There is only one artificial reservoir,
known as Foster's pond, which is dammed, and the expense of maintaining which is borne by the mills below
Ballardvale in proportion fo their fall. The exact storage capacity of this pond could not be ascertained, bat is
very small,  Its area is about 40 acres. (a) The river has been sometimes proposed as a source of water-supply for
the cities of Boston and Cambridge, but has not yet been so used. The following are the principal powers on the
stream :

1. Woolen-mill at Ballardvale, fall 11 feet,

2. Twine-mill of Smith & Dove (upper mill) at Andover, fall 13 feet; 150 horse-power uged, but during less
than two mouths of the year; steam sufficient to run all thelmachihery. '

3. Marland woolen-mill, at Andover, fall 12 feet; 150 horse-power during a few months; 90 horse-power steam.

4, Twine-mill of Smith & Dove (lower mill), fall 6 feet.

The stream is sometimes so low that the mills ave obliged either to stop or to run entirely by steam.

a Report of Massachusetis Slate Board of Health, 1873, . 126,
88 '
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THE SPICKET RIVER.

. This stream empties into the Merrimack at Lawreunce, rising in Rockingham county, New Hampshire, and
flowing south and southeast into Massachusetts, its length in a straight line being about 15 miles and its drainage
area 79 square miles, of which 10 are in Massachusetts. It is not a very good stream for power, its flow being very
variable. Several small ponds near the headwaters are dammed and used to regulate the flow, viz: Policy pond,
in New Hampshire, coveritig about 450 acres, and with a range of 8 feet; Island pond, covering abont 480 ucres;
and other smaller ones. In Lawrence there are three mills on the stream, the lowest with o fall of 15 feet, the
next with 12 feet, and the third, the Arlington worsted-mill, with 12 feet, The power at the last is stated at 140
horse-power during part of the year, A short distance above, a fall of 39 feet is used, at the Methuen Company’s

cotton-mill, with 300 horse-power during eight months. In very dry seasons the flow of the stream is very small,
and the mills depend upon steam. ’

BEAVER BROOK.

This stream, which is in all respects similar to the Spicket, rises in Rockingbham county, New Hampshire, and
flows soutl, entering the Merrimack opposite Lowell, after draining about 92 square miles, The mill nearest the
moutl, that of the Merrimack Manufacturing Company (woolen), uses 175 horse-power during about eight months,
with a fall of 18 feet. At times, however, the power is almost nothing, and steam has to be used. There are a
few ponds connected with the stream, and used as reservoirs, but their capacity is small. A short distance above
the woolen-mill referred to there is a fall, not utilized, said to amount to 12 feet. Above this there are several
small mills, as shown by the table on a subsequent page.

THE CONCORD RIVER.

The Concord river is formed in the town of the same name, in Middlesex county, Massachusetts, by the union
of its two headwaters, the Sudbury and the Assabet, whence it flows in & nearly northerly direction for a distance
of about 12 miles in a straight line, emptying into the Merrimack at Lowell, draining a total area of about 380
square miles, aceording to my measurements, Its drainage basin is hilly and rolling near the month of the stream,
and its fallis large, the bed being rocky and the banks high; but from North Billerica to the junction of the two
headwaters the stream flows mostly threugh swamp- and meadow-land, and is exceedingly sluggish, its fall being
not over 2 inches per mile, its course very circuitous, and the bed sand and mud. The Assabet, however, drains a
more hilly and broken country, and has a vapid fall and high banks, while the Sudbury is for some distance flat, like
the Concord. The drainage basin is uot well wooded, and the reservoirs used for regulating the flow are not of
large capacity, so that the flow of the stream is quite variable, notwithstanding the large areas of meadow-land
subject to inundation, and in some cases permanently wet.

The most important power on the Concord is within 2 miles of its moutl, in which distance the fall is not less
than 40 feet, over a rocky bed, the fall corresponding to that in the Merrimack, just opposite.  The lowest dam is
7 or 8 feet high, and affords a fall of 11 or 12 feet, used on both sides of the river. On the north, the Middlesex
woolen-mills use a power of nearly 200 horse-power, taking 167 or 168 cubic feet per second from the river, TFull
capacity cannot be seeured all the year, and steam is in reserve. No water is wasted during nearly ten months of
the year, it is said. The mills on the opposite side of the river ean only use water when it would otherwise run
over the dam. They include the Belvidere Woolen Manufacturing Company’s mill, with 75 horse-power during
seven months, together with several smaller mills, The power used on this side amounts to about 175 horse power,
and can be obtained during six or seven months.

The second dam is o quarter of a mile above, at Massic falls; the fall is 7 or 8 feet, and the power is used by a
paper-mill and a woolen-mill, o

The third dam is that of the Wamesit Power Company, and is a primitive wooden dam, tarning the water into
a canal about 2,300 feet long, near the lower end of which are the mills, some discharging the water into Meadow
brook, and others into the Concord directly, the fall being 23 or 24 feet. The power is owned by a number of
parties, and the estimated flow when the water stands at the top of the dam is 258 cubie feet per second, which is
owned as follows:

' Cubie fret per second,

1. L. W. Faulkner & Son (woolen-mill). ..o iaecenenannn i 2%
2, Chase woolen-mill (DUFDERA). oot m o uir e e i e c et et e pot oo as it e et caa it i men e an e 43
3. Stirling woolen-mill oo v mais e i e e N

4, American Bolt Company .ceeeeovneoann .

Belvidere Woolen COmPIADY eacene vermmevamr vauen
Wamesit Power COMPANY «.oair v cre e aean i raoma it sttt temnn o vmar vmases nans
Woold's grist-Iill.cer voen vans carnveiemens cemmmr s cea e e e
B £ 120 T 1T e T LR T L LT PP
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‘When the flow is less than 288 cubic feet per second, each owner ig entitled to a guantity pf'oportional to the
amounts given above; thus, the Wamesit Power Company owns & of .the water flowing ajc all tune.s. Theve isng
way, however, of dividing the water in these proportions. ‘Full capacity can ox_le be obtained Eiurmg a'bout eight
mounths, there being sometimes “hut little more than enough water for the p01lers ", all the mills having stegn.
power in reserve. The Wamesit Power Company has its own wheels and engines, and leases power to a llllmber of
small establishments, : .

The next power on the stream is at North Billerica, where a stone dam 9 feet high affords a fall of 11 feet,
Power is used on the west, bank by C. I. Talbot & Co.’s mills, the woolen-mill using 400 h.orse-power during about
eight months, and the dye-wood mills 200 horse-power almost all the time. The woolen-mill ig tun partly by steam
(200 horge-power) during about four months, Ou the east bank, J. R. F.aulknexj & CoJs woolen-mill uses 75 horse.
power during about six months, using only the surplus water, and running entirely Ly steam about hali the time,
On aceount of the swamps and meadows above here, the freshets are not at all severe, the water seldom rising
over 4 feet on the dam, which is 150 feet long.

Above this point the Concord is very circuitous, and is one of the most slnggish of rivers. - Between North
Billerica and Saxonville, on the Sudbury, a distance along the stream of 294 miles, there is no power utilized; the
course of the stream lies through a very level country, and is bordered by meadow-lands varying in width from s

* few rods to a mile, covering some 4,000 acres in all, large areas of which are permanently wet. At Saxonville,
there are large mills, but they are run mostly by steam since the water of. the upper Sudbury has been taken for
the supply of Boston. There is no power on the stream between Saxonville and the Boston dam, although a small
amount of water is allowed to pass continnally, Above the Boston dam-the drainage area is about 72 square
miles, and there are a few small mills. At the head of one of the branches, in Hopkinton, is a reservoir covering
about 576 acres, originally built by the city of Boston as a compensating reservoir, but now owned by private
parties and used for power. ‘ , ‘

The Assabet is essentially different from the Concord and the Sudbury. 'With higher banks and greater fall, and
with no meadows along its course, it is more affected by sudden rains, and rises and falls more quickly. On account
of its greater fall it is much more extensively used for power, and a few artificial reservoirs have been built to regulate
the flow. The table beyond shows the total fall and power used, and little is to be added. The drainage aréa
is about 175 square miles, and at the American powder-works, not far from the mouth, a power of 200 horse-power
is used, with a fall of 11 feet, during about six mouths, while during the rest of the time the power is small. * Most
of the mills have steam-power in reserve. Of the reservoirs on the stream we may mention the following: Boon
pond, covering 100 acres ; Fort Meadow reservoir, built originally by the city of Boston as a compensating reservoir,
covering 250 acres, and capable of being drawn down 24 or 25 feet; Gates’ pond; Magog pond, on the Nashoba
brook, covering 220 acres or more; and other smaller ponds. The privileges are nearly all oceupied, no large ones
being still unutilized., DBoth the Budbury and the Assabet have their sources in Woreester county, whence they -
flow into Middlesex. ' ' : .

STONY BROOK.

This stream takes its rise’in Worgester county, Massachusetts, in Harvard township, and flows northedst
into the Merrimack at Nortlt Chelmsford, its length in a straight line being about 12 miles, and its drainage area
about 35 square miles. It has considerable fall, and is not bordered by meadow-lands, like the Concord, and,
considering its size, is quite a good stream for power. It is reservoired to some extent, and regarding the ponds
the following approximate data are given: (¢) Millfield pond, near the mouth, covers about 80 acres; Nabnasset
poud covers 98 acres, and can be drawn down 8 feet ; Torge pond covers 143 acres, and can also be drawn down 8
feet ; Spectacle pond, ranning into Forge pond, covers 71 acres, with a range of 4 feet. These ponds are controlled
by a company representing the mill-owners below. Other ponds covering, in all, several hundred acres, are connected
with the stream, but axe not dammed. The stream is utilized to a considerable extent, as the table shows. At its
mouth is an unutilized privilege with a fall of 6 or 8 feet, subject, however, to backwater. Just above are the mills
at North Chelmstord, using a fall of 24 feet, and comprising the Chelmsford foundery, Silver & Gay’s nmchine-sliop,
and a worsted-mill, the total power nsed being about 175 horse-power, though at times no power at all is to be had.
The mills, as well as those on the upper part of the stream, arve generally provided with steam-power.

THE NASHUA RIVER.

The Nashua river is formed by the union of its two branches, the North and the South, the former of which
has its sources in the northern part of Worcester county, and flows southeast for a distance of about 18 miles
in a straight line, while the latter rises in the central part of the same county and pursues a circuitous course
toward the south, east, and porth, The former branch drains about 127, the latter about 129 sqnare miles, all
comprising a country quite hilly and steep about the upper parts of the streams, while lowe,r down there are
eonsiderable areas of low-lying land, and the slopes are very gradual. The topography’ is favorable to stofage, butno

0 a Report of Massachusetts State Board of Health, 1873,
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large reservoirs are in use, the only ones being a few small lukes and ponds near the headwaters of the streains

which, while sufficient to regulate, to a large extent, the flow of the small streams forming their outlets (:x«:rcist:
searcely any appreciable influence on the main stream.  From the junetion of the two branches the N, nslnm’ 1)111’.\',:1(‘5;
a northerly and easterly course, passing into Middlesex county, awd then into New Hampslire, joining t‘hé
Merrimack a6 Nashua, The length of its course, from the junction to the moutly, is abiout 24 mi]us,i;x a sn:zighi;
line, and the total area drained by the stream is about 516 square miles. No important. town lies ou its course,
except Nashua, The drainage basin, below the junction of the two branches, ix largely low aud level in ¢haracter

especially that lying along the main stream. The areas drained by the brauches which empty from the west are ]lillyz
and rolling, resembling the basins of the two headwaters. Tor a distance of 3 or 4 miles from its wouth the
fall of the stream is rapid, the bed rocky, and the banks are high; above that point its full is less for 4 distance of
from 8 to 10 miles, but the banks are still high enough to confine the river, except in high freshets; but for the
remainder of its length, from Groton to the junction of the branches, the stream is very sll,lggish, its bed and bunks
are sandy and gravelly, and the latter often subject to overflow, considerable areas of meadow-land which horder
the streain being inundated at times. The flow is naturally very variable, but is regulated somewhut, though only
to a small extent, by the large nnmber of mills on the tributaries of the stream. The raiufall over the busin is
about 45 inches, of which 12 fall in spring, 11 in summer, 12 in autumn, and 10 in winter. The stream and ity
prineipal branches are easily accessible by rail at all points.

Commencing at the mounth, the first power is at Nashua, close to the Merrimack, A dam about 16 feet high and
134 feet long, with a canal of 1,000 feet, affords a fall of 20 feet at the cotton-mill of the Jackson Company (Indian
Head mills). The power used is 1,100 horse-power, which can be obtained during about ten months, steam to the
extent of 300 horse-power being in reserve.

About a mile above is the cotton-mill of the Nashua Manufacturing Company, where, with a dam 16 feet high
and a canal 3 miles long, a fall of 36 feet is obtained, with 1,200 horse-power in use. Full capacity can generally
be obtained for ten or eleven months, but a large amount of steam-power is in nse.

The drainage area bheing 516 square miles, I should estimate the flow of the stream at this point about as
follows: ‘

Tstimate of flow of Nushua river at Nashua,

i i
| steor fow eopagensin. | TULEET | Horsoonaiai erom o
v,
t
Cubie feet. | 1 foot fall. |20 feet fall, 36 feet full. |
MINIMUT cenensvernnemacine crannaenes 83 9.6 o 1ez 1 M6}
Minimum low 862801 ..ee.. . 18 18.1 4 %2 | 4
Maxinrum, with storage .... 400 45,4 : 908 1, 634 |
Low season, dry years......... . 135 15.3 j 308 551 !
{ i

Five miles above Nashua, at Runnell’s bridge, is an unimproved privilege, said to have a fall of § feet, Four
miles above, at Pepperell, are the mills of the Fairchild Paper Company. A fall of 13 feet is used aud 500
horse-power obtained during nine mouths at the upper mill, and 6% feet with about 300 horse-power at the lower
mill. A paper-mill at Groton completes the list of mills on the Nashua, Above this point the stream is sluggish,
and flows through meadow-lands, up to the junction of the two branches.

Of the tributaries of the Nashua, the only ones worth mentioning below the junction of the branches are
Nissittissit and Squannacook rivers, both of which enter from the west and ave similar in character, rising in
New Hampshire, at a considerable elevation, and draining a hilly country, with eonsiderable full. They secem to be
very good streaws for power, except that their flow is quite variable; and they are utilized by a number of mills
of various kinds. At Shirley a small stream enters, which is the outlet of several ponds, covering, in all, several
hundred acres, and running several cotton-mills, as well as mills of other kinds, but steam is used during part of
the year. . ' :

- The North branch of the Nashna has a rapid fall, is an exeellent stream for power, and is well utilized,
Several reservoirs on the headwaters serve to regulate the flow to some extent, and the large number of mill-ponds
have a similar effect; but as no large reservoirs exist, the flow is still quite variable. Wachusett poud, on one of
the branches, covers several hundred acres, and may be drawn down 16 feet ; Meeting-house pond, tributary to it,
covers about 172 acres, with a range of 10 feet; a third reservoir, in Gardner, can be drawn down 13 fect, but its
area could not De aseertained ; a fourth, in Ashburnbam, covers several hundred acres, and can be drawn down
about 17 feet. There are a large number of mills on the stream, as the table of utilized power shows, hut steam-
power is generally in reserve. Four unutilized privileges ave raid to exist on the stream. -The first is near the
mouth, and is improved, the mill being formerly occupied for the manufacture of shoe-shanks; the second is a little
above, and the fall is said to be about 9 feet; the third is a short distanee below Fitchburg, and the fall is szid to
Dbe 22 feet; immediately above is a seythe-shop, not now running, with o full of 14 feet. Above this point the fall
of the stream and of its tributaries is very rapid, and is utilized by mauy mills, The tributaries, too, are vapid
streams, generally almost completely utilized, though there are sowe unutilized sites, One little stream running

throngh Leominster runs no fewer than ten mills, with over 130 feet full. "
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The South brancl of the Nashua resembles the north, and, like it, is well utilized. At Clinton the_Lancaster
gingham-mills use a fall of 27 feet and 700 horse-power, but only dur'ing two or ﬂn:ee m_onth's. Sufficient stegp,
power is at hand to ran the entire machinery, The Stillwater and 'Q,muep.oxet rwerbv,hwhlch form the Stream, arg
very rapid, and in all respects favorable for power, except th?%-t their flow is very variable. Some-small Teservoirg
serve, however, to regalate their flow to some extent, two which empty near the mopth of the Stillwater covering
abont 370 acres. Near Clinton several ponds, covering 235 acres and capable of being drawn down some 17 feet,
serve to ran several large mitls, 4 .

PENNICHUCK BROOK.

This small stream empties into the Merrimack about 2 miles above the Nashuna. It has considerable fall,
and is utilized by a few saw-mills and by the water-works supplying Nashna. The water-works have two dams,
with falls of 17 and 15 feet, respectively, and water-power is used to pump the water frgm the brook to a hejght of
132 feet, the average quantity pumped per day being 1,000,000 gallons.

THE SOUHEGAN RIVER.

The Soubiegan has its sources in Worcester county, Massachusetts, and flows first in a northeasterly direction
for 12 or 15 miles into Hiilsborough county, New Hampshire, then turning and flowing east for about an equal
distance, emptying iuto the Merrimack at Merrimack station, about 8 miles above Nashua. The principal towng
on the course of the stream are Greenville, Wilton, and Milford. The area drained is about 224 square miles,
comprising a very hilly country. The fall of the stream is very large, though no data regarding it are at hand,
but its total descent from the Massacbusetts line is not less than 700 feet. The bed and banks are rocky, with few
low grounds subject to overflow, aud the stream is quick to rise and fall. Its flow is said, in fact, to be extremely
variable, and, as there are no lakes and no artificial reservoirs to reguolate it, the statement is probably correct,
The wmills on the stream are quite numerouns, but a large amount of fall is still unutilized,.some sites being not very
accessible, thongh a railroad touches the river at the mouth and at Greenville, and follows it from Miiford 1o
Wilton. The following data are very incomplete, but are all that counld be obtained with the time at disposal:

At the mouth of the stream there is a fall of 25 or 30 feet over a ledge of rock, with a wooden dam about 10
feet high. The power is used by three woolen-mills and a cabinet-shop, with perhaps 100 or 125 horse-power fn
all; but, although the power is an excellent one, it is very badly utilized, and could be made much more valuable
than it is at present, - Probably the minimum power would not be less than about 3% horse-power per foot during
tweuty-four hours, while, during the low season of dry years there would perhaps be 44 or 5 horse-power continuously,
The pond is said to be large enough to store the low-water low during the night. The local conditions are favorahle
for the utilization of the power, and, properly developed, this would be one of the best of the small powers in the
vicinity. 1t is within a quarter of a mile of the Concord railroad.

A short distance above is a fall known as Parker's, not improved, though said to be a fine site. The failds
said to be 23 feet, Then comes Athertow’s falls, not improved, the fall being stated at 28 feet;; then Nichols falls,
10 feet; Wilkiw’s falls, 8 feet; Ifaller’s falls, 12 feet; and Field’s falls, all in the town of Merrimack. («)

About 3 miles above this is a small will, beyond which there is nothing below Milford, 8 or 10 miles from the
mouth. This town is quite 2 manufacturing center, and o number of dams cross the stream; but no details regarding
the power are at hand, except the statistics given beyond. Above Milford there are several mills, and a numbey
of sites that might be utilized. Several mills, however, have recently been built, and all the good sites will probably
be soon occupied. .

The Soubegan may probably be said to possess o greater proportion of unutilized water-power than any stream -
in the vicinity, aud its resourees deserve attention. Its fall is very large, and, although its flow is very variable,

- systematie utilization of the power would do much to remedy {his objection.

COHASS BROOK.

This is a small stream, entering the Merrimack from the east just below Manchester. It takes its rise in
Massabesw}ake, \thch hﬁes {-LbOll‘tLL miles east ‘of .tvhe city, and covers about 2,400 acres, its drainage area being
about 44 square miles. _1<rom this lake, which is sitnated at an clevation above tide of about 256 feet, Cohass brook
pursues a course measuring about 5 miles in a straight line, in which distance it descends not less than 140 feet,
draining a total area of about 68 square miles. Tts basin is hilly, comprising little flat or meadow land, except in
a few cases, below {he luke, where the stream is bordered by such lands. Lake M
water-supply for the city of Manchester, the stream being dammed a short distance below its outlet, and the water

ino 0 > LDOWER m i I . . . 3
ngxxg pumped up b{) w_ate{ poswer. l.he d‘un‘ i ot? stone, 100 feet long and 24 feet high, and was built in 1873. A
capal and peustock 2,070 feet long ufford a fall of 43 feet, and a power of 120 horse-power is nsed during twelve
hours ‘every day, there being seldom a lack of water. Twelve hundred thousand gallons per day are p.imped to 3

height of 113 feet. On account of the large size of the pond no water is wasted in dry seasons, and the range of
water in the poud is but 5 feet. : ?

assabesic is nsed as a source of

a Report of the Commissioners on 1he Dreliminary Examination of the Water

o -power of New Hampshire (1870), p. 47.
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Below this dam a meadow borders the stream for some distance, below which is an unuatilized fall of perhiaps
B or 6 feet, once used. Then comes a saw-mill, which is at present not in operation, with a fall of 12 {eet or so,
and then a second fall of 8 or 10 feet, not used. At the mouth of the stream are the Derry waolen-mills, there -
being three dams, with falls of 14, 12, and 12 feet, respectively.  Alout 90 horse-power are used on each fall, and
full capacity is secured nearly all the time, no steam being in nse.  The flow of the stream is quite regular, even
more 80 than before the water-works were built, and freshets are unknown. ‘

Although the above are all the falls that could be learned of, there must be more full on the stream still
unutilized, in order to make up the total fall of about 140 feet, above mentioned.

THE PISCATAQUOG RIVER.

This stream has two branches, which unite in the town of Goffstown, near Parker’s station, whence the stream
flows in an easterly and southerly direction for a distance of about 8 miles, emptying into the Merrimack just
opposite Manchester, and draining a total area of about 214 square miles. The North branch takes its rise in the
town of Deering, and pursues a cirenitous course eastward, draining about 77 square miles, while the Sonth branch
rises in Francestown, and drains about 100 square miles. The drainage area is hilly, and the full of the stream is
great, though not so large as that of the western tributuries of the Merrimaeck between this point and the state line.
The bed and banks are generally rocky where the fulls occur, but are often light and sandy in the intervals, The
flow is quite variable, there being no lakes or artificial reservoirs of importance, Mount William pond, in Weare;
Gregg’s pond, in Deering; and Haunted poud, in Francestown, cover respectively about 125, 250, and 190 acres,
and are the largest in the basin. TFacilities for storage, however, are said to exist, and have been tulked of in
-connection with the water-supply of Manchester.

Near the mouth of the stream is a shattle factory, with a fall of 10} feet, and abont 60 horse-power during nine
months. Two miles above is an unutilized fall known as Kelly’s falls, where the fall is small, but where it is said that
a dam 18 feet high could be built. At Goffstown Centre a pulp-mill uses a fall of 13 feet and 167 horse-power during
about nine months, no steam being used. Between this mill and Goffstown West Village there is considerable
unutilized full. At the latter place o sash-and-blind mill uses 13 feet, and above that point there are various small
mills on both branches, and several small unutilized privileges. That the fall of the stream is large is shown by
the fact that its elevation at Parker’s statiou is about 299 feet, while at its mouth it is about 121 feet, so that the
slope between these points is at the rate of not less than 12 or 15 feet per mile, while above Parker’s station the
slope is even more rapid than below., The total fall atilized within the distance referred to being about 50 feet,
there is an unutilized fall on this stream, below the junetion of the two branches, of about 128 feet. No gangings
of the flow are on record, but it bas been estimated at about 45 cubie feet per seeond, on the average, during the
summer months. Its minimum flow is probably not over half this quantity., On the upper brauches of the stream
there is no doubt a large amount of power entirely unused.

THI SUNCOOK RIVER.

This stream, the next important tributary of the Merrimack, takes its rise at the foot of Gunstock mountain,
in Belknap county, whence it pursues a course toward the south and west, entering the Merrimack in Merrimack
county, about 6 miles below Concord and 2 miles above Hooksett. Its length measured in a straight line is
about 27 miles, and its drainage arvea measures about 264 square miles, its largest tributary being the Little
Suncook, which drains 44 sgnare miles. The principal towns on the stream are Suncook, at the mouth, and
Pittsficld. The drainage basin is hilly and broken, more 50 than that of the streams south; the bed and banks of
the stream ave often rock, and there are no swamps or meadow-lands of importance subject to inundation. The
fall of the stream i large. Lougec pond, near its head, lies at an elevation above the sca of 622 feet, while the
height of its mounth is about 198 feet, so that the total fall of the stream between these points, or ubout 22 miles in
a straight line, is about 424 feet.  Allowing for the windings of the stream, its deelivity is probably not less than 12
feet to the mile.

The following table gives some additional elevations:

Declivity of the Sunconk river.

H 1 ! i . 1
. Distance ' Elevation | Distance |  Fall g‘fmjl o
Place, . from above | between ‘ between “'t'“’_’h
month. . tide. | points. | Dpoints, ploin(z:in
P — I e L
: i
Miles. Foet. | Miles. | Feel. { Feet. |
Month........ PP ' 6 98, | i !
; , 4 14 | 138 12, 62t
Mouth of Little Suneook . ... coooonn] JHLES 336 i: !
§ 85 | 135 16,0
Pittafiald, above dam............ ... : B | 710,
‘, 1 f 12 1B | 1264
Longeapond....ovviiinmiiiiniines 2 ! 62271 |
| | |
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Of the total fall mentioned, only about 350 feet are utilized, 80 that some fall is still available. The 80w of tg,
stream is regulated to some extent by a number of ponds near the headwatex:s of the strgam , but near the mouth,
. their effect issimall.  Of these ponds we may mention the following, with fheir areas as given by the agent, of fhe
Pittsfield mills, Mr. G. E. Kent: Lougee pond, 627 acres, from w"nich 5_;3 feet can be drawn; Upp,er Suncook pond,
380 acres, and Lower Suncook pond, 294 acres, from both of which 8 feet may be draiwn; P ].a-ce‘s pond, 300 acreg,
from which 11 feet may be drawn; Half Moon pond, 361 acres, an.d Brindle pond, 250 acres, not d.mnmed; Hilyg
pond, 100 acres, a range of 2 feet being controlled; together with elght‘ other ponmds nc:t' g}mnmed, Wl[?ll a total arey
of 711 aeres—making in all, above Pittsfield, fifteen ponds, with & combined area of 3,0.23 acres. Besides these, the
manunfacturing companies at Suneook control two ponds, both on the Little Suncook, viz: Suncook pond, 500 aeres,
from which 4 feet may be drawn, and Pleasant pond, 500 acres, from which 6 feet' may be flr&xvn. }\Totwithswnding
these regnlators, the flow of the stream is quite variable, though no trouble is expe.menceq with freshets, 4
railroad follows the stream as far as Pittsfield, thus rendering every important point easily -accessible. The
jmportant powers on the stream ave the following: :

CWithin a mile of the mouth the fall is about 80 feet, nsed by three cotton-mills. At the lowest, that of the Ching
Manufactnring Compan ¥y, the fall is 35 feet, and about 1,000(%) horse-power are used during abont nine months. The
dam is about 25 feet high, and the eanal 1,000 feet Jong. Steam is in reserve to the extent of 1,000 horse-power,
At the next mill, the Pembroke, a stone dam 17 feet high affords a fall of 17 feet, with 350 (%) horse-power used
almost all the time, steam being only used to the extent of 75 horse-power. * At the third mill, that of the Webster
Manufacturing Company, a wooden dam 7 feet high, with a canal of 1,200 feet, affords a fall of 27 feet and 500 (3)
lLorse-power, considerable steam being used all the time. At these mills there is no waste of water in a dry tine,

The next mill above is a saw- and grist-mill, using but a small amount of power. The pond is used priveipally
to regulate the flow, the dam being provided with gates which are shut every night and opened every morning,”
The flow at this point, which is the same as that at the mills below, might be estimated about as follows, the
drainage area being about 264 square miles: Minimum, 50 cubic feet per second, or about 5.7 horse-power per
foot continuously ; minimuom low season, 62 cubic feet per second, or about 7.1 horse-power per foot; low season,
dry years, 71 cubie feet per second, or 8.1 horse-power per foot; and maximum with storage, 180 cubic feet per
second, or abont 20 horse-power per foot. . ,

At Backstreet there are two dams, with a total fall of about 22 feet. At Short falls, and at various points
above, there are small mills, using only small amounts of power. At Pittsfield the Pittsfield cotton-mills use a
fall of 18 feet, and obtain 200 horse-power all the time, by saving the water at night during six months of the year,
Between the mouth of the Little Suncook and this place there are numerous unimproved sites. Above Pittsfield
there is a dam used for regulating, being shut every night, and still farther up are the ponds which have been
named.

On the Little Suncook there are various small mills, supplied with very constant power. Both streams may
be called excellent streams for power, and considerable additional power will no doubt some time be utilized on
them. Suncook pond, at the head of the Little Suncook, has an elevation of 512 feet, while the mouth of the

stream is at an elevation of 336 feet. The total fall of the Little Suncook is, therefore, 176 feet, or about 35 feet
per mile. g ’

THE SOUCOOK RIVER.

This stream, which rises in the southern part of Belknap county, pursues a southerly course almost parallel to
that of the Suncook, emptying into the Merrimack abont 2 miles above the mouth of the latter. Its length,in a
straight line, is about 20 miles, and it drains an area of about 90 square miles, Its power seems of little importance,
for not only is very little used, but the stream is said to be sluggish and unfit for power in its lower parts, whils
above it is too small, its flow being also very variable. It may, therefore, be dismissed without further description.

THE CONTOOCOOK RIVER.

The Contoocook, the largest tributary of the Merrimack, takes its rise in the southeastern corner of Cheshire
county, very near the Massachusetts line, its sources being a number of pdnds in the towns of Jaffrey and Rindge.
For about 25 miles in a direct distance the course of the stream is a few degrees east of north, the river passing
into Hillsborough and Merrimack counties; for the remainder of its length, or about 20 miles in a straight line,
its course is northeast; till it joins the Merrimack at Fisherville, about 6 miles north of the eity of Concord.
Its length, measured aloug its course, is over 50 miles, and its total drainage area measures a,bo.ut 766 square
miles. The principal towns on the stream are Peterborough, Bennington, Antrim, Hillsborough, Henniker, and
Hopkinton. The fall of the stream is large, as the following table shows. Risin g a;; an elevation c,»f between 1,100
and 1,200 feet above the sea, it falls, in its course of about 55 wiles, to an elevation of 249 feet, or an average of about,
15.7 feet per mile.  Its declivity is not gradual, however, but is broken hy a number of abl‘upt’: falls, rendering alarge |

amount9 i)f power available. The topography of the drainage area is rather peculiar. 'Separated on the south by #



Fig. 13. MAP OF THE DRAINAGE BASIN OF THE CONTOOCOOK RIVER.
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rapge of hills from the sources of the tributaries of the Connecticut, it is bounded on the east by # range of high
and irregular hills which separate it from the main valley of the Merrimack, and which inerease in huight toward
the south. From these hills the valley spreads out toward the west, first falling suddenly, then risiug gradually
to the water-shed between the Contoocook and the Conuecticut. Itisin the extreme castern part of the basin
that the course of the stream lies, flowing at the very Dase of the hills separating it from the Merrimack. From -
the-east, therefore, the stream receives no tributaries of importance, while from the west and northwest it receives
important affluents. Tlowing, then, in a direction almost contrary to that of the stream it seeks to joiu, the
vGontoqcook finally cuts through, near Henniker, the Lills separating the two,and then flows more directly toward it.

Declivity of the Contoocook river.

i | T T B
i Distance | .t Dista i Fall per !
® Place. 1 Di’?gllrlxlw i Iﬂm?t;?& 5 ﬁlf&ﬁ;e baflx‘vl']gen mils be- |
mouth, | HPOVEBME | Troinge points. gm;&;‘ \
. : ! -
Miles. | Feet. | Miles | Feet. | Feer. |
b1 R _; o] 2495 U | - o |
Y I .
One and one-half miles above month.l L6 355 l : | l‘
: | i § 9.4 | 10 1.0
Just above Contoocookville ......... I 1L0 ! 365 ! !
. ) | 1L 24 95 |
Tust below Hemniker ................  20.6 | 380 {, |
1 | L4 44 3L
Foot of Long fall...:eevvvnnsoene.n.. Coomo| am ; o ¢
j 2.0 | 13 56.5
Hond of Long fall .oveeeeoeeeennn, Lo | . 56 | ] | ’
| | { § 28 | 18 6.4
Foot of falls nt Hillshorough bridge .. 6.8 564 i 7 : f
: 4 0.2 | ar 135.0
Head of falls at Hillsborough bridge . 2.0 ¢ so1 |3 : ! "
; 85 15 L8
Foot of fally at Beunington .......... 35.5 606 ] § ? ° i
| 10 70 70,0
Head of fulls at Bennington.......... 86,5 | 76 l ! ' ‘
| 75 EC 5.1
TFoot of falls at North TPeterborough. 4.0 | T14 | " =
- ! - 0 b LA .
Head of fulls at North Poterborough. 44.0 1 724 ) 3 ! i
| 3 20 3| 1.5
Toot of falls at Peterborongh ........ 46.0 77| % i i “
! [ T esmercnnnns
Head of falls at Peterborongh .. 46.0 | 784 ‘ i
l | 8.5 M1 400
Hillsborough connty-line ..eeeeeen... 49.5 8754 !
5.5 | 239 / 43.4
Three Ponds, in Rindge..ooom.ooneo.. 55.0 1,114 i “ !
et et et L SVU0 DU S —

The bed and Lanks of the Contoocook are in every way favorable for power. The former is generally of rock or
:gravel, and no difficulty is found in building dams at the places where power is available.  The banks are generally
high enough to confine the stream, there being few low grounds subject to overflow except along the lower part of the
stream, below West Hopkinton. The flow of the stream is quite variable, there being no large reservoirs by which
it is regulated. A few small ponds and reservoirs near the headwaters and on the tributaries are utilized by the
-mill-owners for purposes of storage, but they exercise little effect on the main stream. The freshets, however,
though quite heavy, canse little or no trouble, on account of the large fall of the stream. The basin is tolerably
well wooded. No gaugings of the flow are on record, but some estimates are presented below. The raintall over
the basin averages about 44 inches, of which 11 fall in spring and in summer, 13 in antumn, and 9 in winter; a
.distribution favorable for constant flow. A railroad follows the river for almost its entire length, rendering every
point easily accessible. ‘

The first power on the river, as it is ascended, is at Fisherville, where the fall amonnts to over 100 feet in a
distance of 1§ mile. Within this distance there ure a number of dams and mills of various kinds, but the power is

~not economically utilized, and a considerable amount is wasted. The upper dam is 1§ mile above the mouth of the
stream, and is of wood, 10 feet high, ponding the water for about G miles. It turns the water into a partly natural
.channel between the shore and an island,’and a fall of 73 feet is used by a suw-mill, by means of & dam acress this
-channel, the water being discharged into the channel below the dam. Just below, a fall of 20 feet is available, using
this same water, but no power is yet used here.

The next dam below is the Penacook dam, 1 mile below, the total fall between it and. the dam above being
about 30 feet. This dam is about 200 feet Jong and 12 or 13 feet high, making a pond covering at Ieast 520,000
square feet. A canal about 1,100 feet long affords a fall of from 12 ta 15 feet, nsed on the right bank by the following
mills: Penacook cotton-mill, 15 feet fall abd about 350 horse-power; C. II, Amsden’s furniture factory, with 12 feet
fall and about 115 horse-power; and a table factory, with about 12 fuet full and 25 horse-power.  The power is owned
by the Contoocook Manufacturing Company, and power, etc., leased by those using it.  Fuoll capacity can generally
be obtained by all these mills, but in dry weather there is no waste at night.  The water from the last two mills
passes into the pond below, the nextor third dam being of wood, about 225 feet long and 8 or 9 feet high, supplying
the cotton-mill of the Contoocook Manufacturing Company, on the left bank, with a fall of 15 feet and about 130
horse-power, which can always he obtained. Partof the water from the Penacook mill passes into the pong% of this

-~
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dam; the rest supplies the Concord Axle Company, which uses & fall of about 71}; feet. and} a.bo_ult 60 h'o?se-power‘
Between this point and the next or lowest dam some fall is not utilized. The last dam is & primitive affuiv, making
no pond and turning the water into races on both sides of the river. Qn the south or right bank a canal abouy 44
feet long supplies C. M. & A. W, Rolfe’s sasl, door, and blind factory with a fall qf 9 feet a‘nd about 30 horse,pOWeP‘
followed by Blanchard’s Excelsior mill, with a fall of 17 feet, now, however, not In opferatlon. On t}m north or laft
bank are Harris' woolen-mill, with a fall of 16 feet and about 35 horse-power, and Stratton, Merr'llll & Cols saw.
mill and flour-mill, with about 90 horse-power at the latter, the fall being about 20 feet. The latter ﬁ‘rm also leageg
some power to an ax-handle factory, & granite-polishing shop, and saw-works. A‘lm‘ge amount of fall is wasteq
bere in the races. Between the lowest mills and the river there is some fall, amounting, at low water, to 4 &» 5 feet,
but in high water this disappears. : \ .

It will e evident that the power at Fisherville, naturally a very fine one, is wastefully utilized and in part
yet unimproved. Taking the drainage area above the uppermost dam as 760 square miles, we may estimate the

available power about as follows:

Tstimate of power of the Contoocook river at Fisherville.

Tlow
Flow per | Horse-power available | during
second. | {gross) continuously. 'i,welve
hours.

Horse-power nvailable
{Zross) dhuriu gtwalve

Stato of flow (see pagea 8-10). uring
S

Oubie fect. lfootfal}. thOfeetfall. Cu. ft. | 1 joot sall, (100 feet fall,

Minimum. . covurciaviniriiiceicinanans 1560 17.¢ 1,700 300 34.0 4,400
Minimum low 862800 ..covevivninannns 180 2.6 2,160 880 43.2 40
Maxiwum, with storage.......ceau.e. 5 5L1 6,110 605 75. 6 7,560
Low peason, dry years ..coeeevvveenan. 220 25.0 2, 500 435 50,0 5, 000

According to a report by John R. Freeman, hydraulic engincer, of Lawrence, Massachusetts, the storage on
the upper pond is probably sufficient to store a quantity of water which would give a flow of 215 cubic feet per
second during twelve hours, thereby doubling the low-season flow during working hours. Mr. Freeman made a
ganging when the river was said to beinits ordinary summer condition, and found the flow without storage to he 269
cubic feet per second. The large power at this place is thus far from completely utilized, and there is opportunity
for great development. Between Fisherville and West Hopkinton the river is bordered by lowlands, while above -
the latter place the banks are generally high.

The next power above Fisherville is 12 miles above the upper dam, by the river, at Contoocookville, At
Blackwater falls, 6 miles above the upper dam, there is a small fall, but it is destroyed by the flash-boards below,
and is of no value. At (Contoocookville a fall of 7 or 8 feet is used for a saw- and grist-mill and a machinesbop,
with a small amount of power and a very leaky dam, though considerable power is available, At West Hopkinton,
about 33 miles above, a fall of Tor 8 feet is used. Between this and the next power, at Henniker, there is some fall
not used. At Henniker there are two dams. The lower one affords o fall of 12 feet ab o small wil}, and the upper
one o fall of 8 feet. At West Henniker a fall of 12 feet is used at a paper-mill, using 100 horse-power, which can be
obtained during about eleven months. Above the pond of this mill, which is about a quarter of a mile long, the
fall is very rapid for 2 miles, amounting to 113 feet in that distance, the river winding through @ narrow valley,
with a rocky bed and high banks. A large portion of this fall could probably be rendered available, but none is
yet utilized. The quantity of water is the same as at Hillsborongh, and from the table below the power available
can be seen. At Hillsborough there are two dams, The lower one is about 12 feet high, and supplies a canal on
each side of the river, power being used on the south side for two knitting-mills, with about 75 horse-power, &
needle-shop, zu%d a grist-mill, with perhaps 40 horse-power; and on the north side for a saw-mill with 75 horse-
power, and @ silk factory with 8 horse-power, The fall is from 12 {0 16 feet. In dry weather no water is wasted ab
night, except what leaks throngh the dam. The upper dam is about 11 feet high and pouds the water about 5 wiles.
The fall is 14 feet, used by the Hillsborongh woolen-mill, with 80 or 90 horse power. Half the river is owned on the

other side, but is not used, except that gates are opened there to let water pass into the lower pond when it does
not flow over the dam.

The drainage area above Hillsborough is about 3

59 square miles, and the power may be estimated about a8
follows: )

Lstimate of pmwer at Hillshorough Bridge.

: i

I

[ a £ 110 ) : ! Wlow per .
? Btate of low {sen pagea B-10), { secog)d. Horse-poweravailable (gross) continnously,

o7

: ] i - ¥
] : Oubie feel. | 1 foot fall. |12 fest fai
| Moo j 0ot uf i . 82jau. f 1 fe;ts Jall. 113 feet sall.
I Minimumlow season .o.oo........... 72 8.2 | 08 11‘5 ) s
Mazimpmwith MotRge. ceeeer o vy ., 250 U84 | 41 ! 898 3 gf);
i Low season, dry yents .............. ] : s ’
l ¥ ¥ Loow 6.3 [ ue I 130 1,051
6 ’
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As already stated, the dry-weather fiow may all be ¢oncentrated into twelve hours, and the power thus doubled.

The next power above Hillsborough bridge is at Bennington, about 9 miles distant, At this place the fall is
70 feet in about 2 miles, and is utilized at five dams. The uppermost dam, which is 7 or 8 feet high, is a mile above
the station, and was formerly utilized by a powder-mill, but is now used only as a regolator. Below it is a dam
about 12 feet high, affording a fall of 12 feet at a knife factory. Next below are a grist- and saw.mill and a second
knife factory, the former with a fall of 12 feet, the latter with one of 7 feet, from different dams. The fifth dam
supplies a paper-mill, with a fall of 18 feet, and about 120 horse-power, during part of the year,

The power at Bennington is badly utilized, and mwight be made much more valuable than it now is. The
amount of power may be estimated as follows, the drainage area heing about 194 square miles:

Estimate of power at Benninglon.

. Flow per | Horsapower available |
State of flow (sce pages 8-10;. second., {gross) continuously.

Cubic feet. 1 1 foot fall, } 70 feet fall.

Minimum ceeeeeerermmessserneinsenes 30 3.4 238
Minimum low season ....cceeiucennn 36 4.1 287
Maximum, with BtOTage.cevrsennnsn. 150 17.0 1,190
Low season, Ary yeara.....eeeecnee... 42 4.8 ' 336 [

|

The ponds are all small, excepting the upper two, but these are large enough to allow of the power being greatly
inereased, and probably doubled, during working hours. ‘

The next power above Bennington is 2 miles below Peterborough, where a fall of 10 feet is untilized. At
Peterborough a grist-mill uses 7 feet, and above this place are varions small mills and several unutilized privileges.
Half a mile above the town is a fall of 6 or 7 feet, once utilized ; then just above is the ¢ Kimball” privilege, also
unutilized, said to have a fall of 10 feet; and 23 miles above the town is a third unntilized site, the fall being considerable
for a distance of a mile or so. The upper parts of the stream are well utilized, and, on account of the pondson the

‘headwaters, the power is more constant than lower down. Few details could be learned regarding these ponds,
éxcept that some are dammed and used for regulating. Their effect is only felt appreciably on the upper parts of
the river.

Of the tributaries of the Contoocook, the first to be mentioned is the Blackwater river, which takes its rise in
Pleasant pond, in the northern part of Merrimack county, and pursues a southerly and easterly course, draining
about 132 square miles, and joining the Contoocook about 63 miles above its mouth, The privileges on the stream
were named to me as follows, by those acquainted with it, in their order as one ascends: 1. An old privilege, not
used, with 10 feet; 2. Jackman’s mills, where the total fall is some 30 feet, 10 feet being used at present by a saw-mill;
3. Dodge’s mills, a saw-mill, with 12 feet; 4. Swett’s mills, a grist-mill, with 15 or 20 feet used and considerably
more available ; 5. Burbank’s saw-mill, 10 feet. Above this are numerous small mills not worth naming. Pleasant
pond is dammed to a height of about 6 feet, and used by a mill below. The stream is quite a good one for power,
but its flow is very variable, and the mills sometimes have to stop.

The next tributary is Warner river, a stream very similar to the Blackwater. It rises in the western part of
the county, and pursues a course a little south of east, joining the Contoocook just below Contoocookville. The
powers are as follows:

1. At Davisville there is a fall of 42 feet in a quarter of a mile, with a dam of § or 10 feet, of which about 12
feet are used for a paper-mill, with a power of 60 horse-power continuously during about nine months, and 12 feet
for a machine-shop, with about 30 horse-power. Below this, a fall of 18 feet is not nsed. This site is the best on
the river. .

2. At Warner village, a grist-mill uses 6 or 7 feet.

3. At Waterloo a fall of 15 or 20 feet is used.

4. At Roby’s corner a fall of 8 feet is not used.

Above this are various small mills, and other sites not used. Several ponds feed the stream, viz: Long pond,
in Webster, about 500 acres, dammed about 4 feet, and used for regulating; Bradford pond, covering 500 acres,
not dammed ; Long pond, in Sutton, covering 200 acres, and dammed. The stream offers considerable facilities
for the development of small powers, but its flow, like that of the Blackwater, is very variable.

The North branch of the Contoocook, which joins the main stream just above Hillsborough bridge, runs a few
small mills, but no details are at hand., Several ponds flow into this stream, the principal ones being Long pond,
which covers about 450 acres, and can be drawn down about feet ; Island pond, covering about 380 acres, but said to
be not regulated ; Loon pond and Contention pond, each covering about 200 acres, and not regulated. The stream
has a large fall, descending over 432 feet from source to mouth,

Great brook, which enters the river in Antrim, from the west, is the outlet of Gregg’s pond, and falls 464 fect
from vhe pond to the river, in a distance of only abont 3 miles, running a number of mills, The power is small,
hut quite constant.

97
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The only remaining tributary worth naming is Nubanusit creek, which entgfls fro&ithi h\;(ﬁb nzhl"et:rboroug!g,
draining about 56 square miles. It hasavery rapid fall and runs a number of ﬂill s.t bom‘ he ou : is pe P_hemx
factory, with afall of 25 feet, and 136 horse-power daring part'; of the_ year, and 7]]111'5 e; Oovfe:, : S & émt p-mill with 94
feet, and about 200 horse-power. Within a mile of its mouth its fall is not less t &111 l 't_?e 'y 'i-lint i et,xtends S0ing
distance farther up the stream with almost the same slope. A fall of 14 feet, unutilized , is said to exist below thg
lower mill of the Unien Manufacturing Company, and anothgr, of 52 feet, above ﬂ}%h upger mill. AboYe this
point there are extensive meadows, which, it is said, could easily b(? ﬂgoded, and a 1eservou‘ formed sufficient ¢,
increase very greatly the power below ; and other similar meadoys exist farther up. The 111)11)161 %)m:ts‘ of the streap
are well utilized, but some uputilized sites still exist—oné, with 14-feet fall, just a.bovg t 16 lower ineado:v, and
others still above. The stream is fed by some ponds, viz, Thorndike pond, coYe.rmg, it is Sri})ld’ 450 acres, ang
capable of being drawn down 6 feet, entering the main stream just ab_ove the unutilized fa}} of. 52 fee.t 5 Spoonwaod
pond, the head of the stream, covering 160 acres, and capable of bemg drawn down_ 10 tcel?, 'Lon g pqnd, 800 (%
acres, with a range of 12 feet; Twichell pond, 120 acres, with 2 range of 4 feet; Phem;c reser VOI{', covering severl
hundred acres, with a range of 6 or 7 feet, and lying at an elevation of 1,218 feet. The power of this little stream,
which falls over 500 feet from Harrisville to its mouth, is excellent, though small. Thq ml}l-pondt% on the lower
part are small, but those above suffice to store the water ab night, in dry seasons, ren'dermg it possible to contrel
the flow. The stream could no doubt be further improved in this direction, and there is a large amount of fall upon
it still nnutilized.

THE WINNIPISEOGEE RIVER.

This river, which has already been referred to as one of the headwaters of the Merrimfmk, is & most remarkable
stream. Lake Winnipiseogee, of which it is the outlet, lies in Belknap and Ozu'l"oll c.ountle.s, and covers, wlhen full, -
an area of 713 square miles, including Long bay, receiving, in addition, through its trlbutar.les,. tl'le waters' of various
smaller lakes and ponds, aggregating about 11 square miles in area. From the lake the Winnipiseogee river passes
firstby the town of Lake Village into Round bay, which covers about 0.5 square mile, and then flows by the town of
Taconia into Great bay, covering 7.33 square miles ; thence it continues its course toward the southeast, widening
into numerous bays, until at last it joins the Pemigewasset at Pranklin, to form the Merrimack. The length of ity
course, in a straight line from Lake Village to Franklin, is about 12 miles, and its total drainage area measures
not less than 480 square miles. Turther data regarding the area drained above other points are given in the table
on a subsequent page. Within thisshort course of 12 miles the stream descends not less than 225 feet. The following
table shows its declivity more in detail,and from it Fig. 16 has been constructed. The figures are only approximate,
but are not far from the truth:

Declivity of the Winnipiseogee river.

Distanco | Elevation | Distance Tall II;:;}(})I{)%“
Place. from above between | letween twaen
mouth. Be. points. points. 1)oinis.
Ailes. Feet, Mriles. Feet. Feet.
Tako Winnipiseogee...cccaveveenann. 18,65 | 496-502.0 g 0.0
A & SO N{EX
Take Village, below dam...oene.... 13.65 460,0 % 0.0 )
. 08 2.0
Round bay, head. covveenrianrannnaaa, 13.59 488.0
bones f
Round bay, fo0b.eaviieeinneiaa... 12,34 488,0
b oo 0.5
Laconin, sbove dam...ecevveriieneas 11.92 487.5 }
cearann 8.0
Laconia, below dam.....ccovveaenens, 11,92 479,56
boomw 15 |b 4.8
Great bay, hond eeeeeeiennnonnennnns 1L17 48,0
3.86 feainiioi...
Sanbornton bay, foob ..e.aneninaai 7.31 478.0 }
0.62 1.5
Trion bridge, abovedam............. 6. 69 476.0 }
[ 9.5
Union bridge, below dam............ 6. 60 406.5 g
0,08 0
Little bay, head . .o caveaevanennnnnns, 6.01 460. 5 } s
135 feemeerieaens
Little bay, footi .. -vvvrmnieernaaranns, 5,28 460.5 §
s § oL 8,5 |/
Above Titon. ...coceeeviaiiannannn. 3.81 408.0
11 3 3
Below Tilton .covvivniomaiieannnnn, 2,65 410.0 } § 2.0 8.2
Below Franklin Falls ......coooo.. 0.50 270.0 } 218 140.0 § 65,12
} 0.50 3.0
Mouth of TIVOr cocivevrneenciirnnenasfiennrononnn. 267.0

In tho lower 2 miles of its course the stream descends like a cataract over ledges of solid rock, the banks
being high, rocky, and sometimes abrupt. In the upper part of its course the bed and banks are sometimes of
sand and gravel, but there are no low grounds subject to overflow, even were the stream subject to freshets. Being
the outlgcgt of the largest lake in New Hampshive, the flow from which is farthermore controlled in the interest of the

.
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mills lower down on the stream, the volume of water is remarkably constaut.  Even were the lake not controlled,
the volume of the river would be comparatively constant, but being regulated, the rater-power helow is considerably
improved. In the summer-time, namely, when other streams are at their lowest, the corporations at Lowell and
Lawrence are drawing heavily on the lake, and there is o heavy How on the Winnipiseogee, Were the flow of the
lake under absolute control of the Lake Company, there would be times when it might desive to retain all the
water, allowing none to flow down the Winnipiscogee; but in order to prevent this injury to the water-powers on
the latter stream, that company is obliged to allow a very considerable quantity to tlow pust its dams ab Liake
Village and at Union bridge—continuously at Union bridge, but during the day-time at Lake Village,  The minimum
power of this river, then, is very considerable, and the streaw is, in fact, one of the most favorable in the state or
in the country as & source of power. It is astonishing to see the large quantity flowing down the Winnipiseogee
in the summer-time, when other streams are almost dry. The extreme range of water on the Jake is ahout 5& feet,
of which about 18 inches are not controlled, but goes over the dam in freshets, the lowest level being about 4 feet
below the top of the dam. The river, however, scarcely knows a freshet, as it is ordinarily understoed, the water
seldom rising over 3 or 4 feet, The storage capacity of the lake is probably at least great enough {o store o
depth of 3 or 4 inches over the water-shed tributary to it, or a depth sufficient to render availuble the maximum
flow possible eontinuously. (See pages 8-10.)

A map of the drainage basin of the Winnipiseogee river is shown in Fig. 16. It comprises a lilly eountry,
tolerably well wooded, the rainfall over which averages about 44 inches, 11 falling in spring and in swmmer, 13 in
autumn, and 9 in winter. The tributaries of the stream are small and unimportant. A railroad follows the river
for its entire length, rendering every point easy of access.

The powers on the stream are as follows:

The large fall near the mouth, at Franklin Falls, is controlled by Franklin Falls Water Power Cowpany, and
affords a power that will bear comparison with the great powers on the Merrimack. There are six dams within a
distance of 2.15 miles. The first or lowest, as the river is ascended, is of woad, 9 feet high aml 60 feet long, with
flash-boards 5 feet high, making the fall 14 feet, which is used on both sides of the river; on the north by the
Winnipiseogee Paper Company, using 560 horse-power; and on the south by A. W, Sulloway’s hosiery-mill, with
50 or GO horse-power. The paper-mill runs pight and day, the other only in the day-time.  No steam is in use, but
at times, however, there is no waste of water. One-third of the power is owned by A. W. Sulloway, and two-thirds
by the paper company. The maximum power used is much in excess of thut afforded by the mininum flow, because
in the paper-mills extra wheels are on hand to be ran when there is an abundance of water.

The second dam is about 4,200 feet above the first, but between the two there is an nnimproved fall of aboat 19
feet, corresponding to a minimum power of several hundred horse-power. The second dam, built of wood, is 100
feet long and 14 feet high, with 18 inches of flash-boards. The fall is 14 feet, and is nsed on the south side by the
Franklin woolen-mill, uging 100 hiorse-power, and on the north side by the hosiery-mill of Walter Aiken, using 200(%)
horse-power. Tull capacity is always obtainad, and no steam is necessary,

The third dam, bailt of wood, is 720 feet above the second, and is about 100 feet long and 11 feet high, with 2
feet of tlash-boards. The power is nsed on the south side by the Winnipeseogee Paper Company, with a fall of 16
feet, and about 500 horse-power in all, and by the Clark & Haynes machine.shop, using only o fall of 13 feet and
30 horse-power; and on the north side by Sleeper’s sash-and-blind mill, with o fall of 12 feet and 32 horse-power,
and by Call’s grist-mill, with a fall ef 12 feet and 25 horse-power.

The fourth dam is 650 feet above the third, and is of wood, 125 feet long and 20 feet high, with 2 or 3 feet of
flash-boards. It supplies the pulp-mill of the paper company, where the full is 20 feet, and the power used some
1,000 horse-power.

The fifth dam is a new dam, built in 1881, while all the others were built many years ago. It is about 1,500
feet above the fourth, and between the two there is an unimproved fall of about 16 feet, capable of affording a
minimum power of several hundred gross horse-power. The fifth dam is of wood, 90 feet long and 27 feet high,
affording a fall of 27 feet, which is used at a pulp-mill of the paper company, where about 1,400 horse-power are
used.

The sixth dam is about 4,300 feet above the fifth, and is of wood, 100 feet long and 74 feet high, including 2
feet of flash-boards. The fall is 14 feet, nsed by a third pulp-mill, with nearly 700 horse-power,

Almost the entire power on these falls is controlled by the Iranklin Falls Water Power Company, and power
is rented, with land, at special rates, according to circumstances. The Winnipiseogee Paper Company owns the
controlling interest in the water-power company. The minimum power which would be afforded continuously by
the total fall of 140 feet at Franklin Falls is several thonsand gross horse-power. The ponds are all too small to
allow of the concentration of power into the day-time, but as the principal part of the power is used by the paper-
mills, which run day and night, this is not desired. Searcely any power in New England can compare with this
one for constancy of flow and for generally favorable circuinstances.

The next power on the stream is at Tilton, where there is a fall of about 42 feet in a little over a wile, with
four dams. The lowest affords a fall of 104 feet, nsed to run a woolen-mill, with 30 or 40 horse-power, Just below
this mill a fall of 7 or 8 feet is unimproved. The next dam above affords a fall of 10 or 12 feet, and is us%bl on the
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north bank by the Winnisquam cotton-mill, with 125 or 150 horse-power, and a hosiery-mill on the south bank, wity
95 or 30 horse-power. The third dam is a movable «peedle” dam, made by supporting vertical planks against si)g
above and below. The fall is 6 feet, used on both sides, by a woolen- and & grist-mill. The fourth dam affords a fa])
of 73 teet, which is used on the south side by the Granite woolen-mill, with abount 50 l?orse-po'wer,\ and on the north
bank by a saw-mill, leasing power of the Granite Company. The whole power at this dam is owned by the Lake
Company, and a rent of $300 per annum is paid for it,

Between the last mill and Little bay is a site not used, where'there was formerly a saw-mill. The fall, however,
is not very large, and the power is not spoken of as a very good one.

At Union bridge, between Little and Sanbornton bays, is the dam of the Lake Company, built of stone ang
wood, and provided with gates for regulating the amount of water allowed to pass. The power afforded is uged by
a small saw- and grist-mill, discharging the water into Little bay, and nsing a fall of about 10 feet. There iy
considerable fall below the dam, which is from 7 to 10 feet high, and the total fall to Little bay from the pond
above the dam is about 17 feet, which might be utilized without difficulty. At present the mill cannot be rup
uninterruptedly, the water being at times allowed to flow over the dam, where its quantity can be measured, instead
of through the race. There seems no reason, however, why, with proper arrangements, a large power could not be
used here. ,

The next power on the stream is at Laconia, above Great bay. The dam at this place is of wood, about 50
feet long and 64 feet high. From it a canal extends on each side of the river, supplying the following mills, all
with falls of 8 feet: '

Oun the north side: Proportion of total power,
J. W. Bugiel & C0.78 Hosiery-mill. .. ceonuoemaroeot e e i e ren et ces s e e o
L. F. Busiel’s hostery-mill .._.. e vanene e mmemaemeeaammemeelaemmsaeanae e sammme means asanaamaensnes aenaas T
Marshall Brothers’ yarn-mill. .o e iae ot iaee s et e ma tas cersmrresaa s s e s s e o o
L 172 ORISR S AR TR T +
On the south side:
W, H. Abel & Co’s machine-shop. ...... } )
Willinm Busiols shoddy-mill . ... ...... § T777 77Tt rmessrrrss e et e e e s 7
Pitman Manafacturing Company’s hosiery-Iill.ccon. ioeaue i imit i i i e ey e -y
Lineonia grigt-milleues covnsmmens e e semme o e e i il esnes st aaas desead i saae nes Leae +
Guilford hosiery-mill .o .ou o e iiie rrann sedens e icn im s mmeesanee e en tasanaenas aaas cans -,;32
TOAL. - - e e e e e e ee e oee e ee e e m et e en mane e e e e e e s 3

This power is owned by the mill-owners in common, in the above proportions, but no measurements are made
of the quantity used by each, or precautions taken to secure the proper distribution, the sizes of the wheels forming
the only data. No steam-power is in use, and there is during the greater part of the time no waste of water whatever.
In addition to these mills there are three others, taking water from a canal on the north side, which runsfrom above
the dam. These mills are the Winnipiseogee hosiery-mill, with about 25 horse-power; W. 8. Thomas’ machine-shop,
with 10 horse-power; and the Laconia car-shops, with perhaps 40 horse-power. The power on this canal is leased
as it stands, with room, there being no regular rate for power.

The only remaining power on the Winnipiseogee is at Lake village. The dam at this place belon gs to the Lake
Company, which also owns all the water-power rights, and is of stone and wood, about 10 feet high and 250 feet long.
The discharge is regulated by gates, as at Union bridge. When water is ordered from Lowell or Lawrence, the
necessary quantity is allowed to pass the lower dam, the same guantity being also allowed to pass that at Lake
Village, hence water is received at Lowell sooner than if the only dam were that at Lake Village, for then the
intermediste bays would first have to be filled. The power at Lake Village is used on both banks. 7011 the right
are the company’s grist-mill, with 30 horse-power; Bartlett’s hosiery-mill ; the Howard twine-mill, with 40 horse-
power; and the Union Lace Company, with about 100 horse-power. On the left are the company’s, saw-mill, with
25 or 30 horse-power; Holt & Co.’shosiery-mill; Brown, Wood & Kingman’s hosiery-mill ; the Cox Needle Com7pany,
with 8 horse-power; Cole’s foundery and machine-shop, with 115 horse-power, partly sublet; and the railroad
repair-shops, with 35 or 40 horse-power. In most cases the buildings are owned by the Lake bompﬂny and the
power and buildings are rented as they stand, there being no regular rate for power. In the case of’ the Cole
l\Ianufactu.ring C'ompany and the railroad repair-shops, the power is held by a perpetual lease.

. The' tmb‘utnrles of tpe. Wl\n‘mplseogee river are of small importance. The only one worth mentioning—Tioga -
river—rises in & reservoir in Gilmanton, and enters the river between Tilton and Little bay. - It affords power tb
3?;15;3‘-11;1‘1‘}111 altﬁ ]getzltrflont, using 90 horse-power, with a fall of 32 feet. The reservoir cover: s137 acres, and can be

The fl'lbl.lle‘l‘lGS of the ]nke_ are also not of great importance, and are all small streams, the divide between the
luke and adjacent streams lying nowhere more than 7 miles from the lake. There are ;101;16 on the west worth
un’ming. M.errymeeti_ug ri\:er, fr‘om the south, is the outlet of Merrymeeting pond, which covers about 3.7 square
miles, a (T)lod lies at an elevation of 87 feet above lake Winnipiseogee. Little power, ’however, is used on the stream,
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notwithstanding its considerable fall. The lake is not dammed. At Wolfeborough there are some mills on the outlet
of Smith’s pond, which lies at an elevation of 40 feet above the lake. The pond is damwed, and is controlled by the
Lake Company, with power to shut off the flow entirely, and the mills referred to are below the company’s dam, there
being no power used at the latter. In Moultonborough the outlet of some small pouds runs a few small mills, but
the only other stream worth naming is the Wukawan river, which empties at Meredith village. It is the outlet of
lake Wukawan, covering 1 square mile, and into which fiow Long pond and Hawkins pond. A dam a quarter of
a mile below lake Wukawan raises the level of the latter G4 feet, and that of Long pond 4 faet, the dam itself being
abont 60 feet long and 11 feet high. The fall from this point to lake Winnipiseogee, in a distance of a few hundred
feet, is 42 feet when both lakes are full. The power is owned and controlled by the Meredith Mechanic Association,
which owns, also, the land, buildings, machinery, etc., and leases the power as it stands. The mills supplied are the
following, all with 42 feet fall: Hodgsorn’s hosiery-mill, 60 horse-power; American Twist Drill Company, GO
horse power; Long’s piano 'shop and Clark’s box factory, 60 horse-power; grist-mill, 30 horse-power; Wadleigh
Plow Company, 10 horse-power. Tull capacity can always be secured, and no steam is used. In dry weather,

however, there is no waste at night except from the flumes and penstocks. The power, though small, is an excellent
one. ‘

THE PEMIGEWASSET RIVER.

This river, which, by its union with the Winnipiseogee, forms the Merrimack, is a stream essentially different
from the one just described. It has its source in the heart of the mountains, in Grafton ecounty, being the outlet
of Profile lake, in Franconia, which lies at an elevation of about 1,950 feet above the sea. TFrom this small sheet

" of water the river descends very rapidly, pursuing a very straight course almost due south for a distance of nearly
40 miles. It then bends and flows west for about 6 miles, turning again at Bristol and flowing nearly south 1o join
the Winnipiseogee. TFor the lower 23 miles of its course it forms the "boundary between Belknap county on the
east and Grafton and Merrimack counties on the west. Its total length along its course is about 55 miles; its
drainage area measures about 1,013 square miles; and the principal towns on its course are Franklin, Hill, Bristol,
New Hampton, Ashland, and Plymouth. Its drainage areais mountainous and hilly, and in the upper part is quite
thickly covered with woods, probably vine-tenths of the area above Plymouth (a) and two-thirds of that southward
being covered with forests. The fall of the stream is rapid, as the following table shows, but is for the most part
gradual, except in the upper part. The bed and banks in the lower part are mostly of gravel and sand, and the stream
is bordered in places by alluvial lands from half a mile to a mile in width, which, however, are seldom overflowed:

Declivity of the Pemigewasset river.

g . TFall per
Distance s Distance Fall
Plsce o |owation | BUNECS | uubtion | e
mouth, points, points, points.
. Milea. Feet. Miles. Feet, Feet,
Profile lake, source of river ......... 58,0 1, 950
1 e 1,240 133,83
Mouth of East branch ...ecceenaiions 48.7 710 ! 54 5 i
WOOAELOCK < e nmmeeerenneemmnncneens 45.3 627 3‘ ) o ‘ 16' "
West Thornton....coeeeeenn evenene 42,2 576 6' . i 2 5' "
West COMPLON veceeemamenrnensannns 35,9 540 T '

. . 4.9 | 35 7.45
Livermore falls (above) ceeceaanien.n. 8.2 505 09 | - o
Livermore falls (below) ..cceevineenes 3L.0 483 1. . i - ¢ 53
PIYMOUE eereveaeieaaamanmrmmennns 20.2 468 i 5' .| . 1‘ o
ASBIANA +vnerermenenemneeaneansanns 23.5 450 z 4' ; ’ ” 4' o
New HRMPON «evvvesrmmecnerarosenns 10.0 438 o )

' 6.2 | 86 18, 87

Briatol .o oeemeeeeeccanamernemaenaeas 12.8 352 % ;
2.3 ! 32 13.01

Month of Smith's river ...c...ocoeen 10.5 320 | i
55611 DN 7.0 305 % 55 18 42
: § ez 0 - L6t
Franklin (above fails)...cccceemieancas 0.8 205 § W i o6 .53

Franklin (below falls) ...oeovarnnnn-- 0.2 269 § 0' . ; . o
MOMEN «evecnvmmemmemmnenererennsaneesfronennancnns B ‘ ;

NOTE.—These figures are taken from the Geology of New Hampshire, Vol. IIL,

In the upper part, above Thornton and Compton, the river valiey is narrow and closely bordered on both sides
by mountain ranges, the bed and banks being rocky and the falls abrupt. Draining, as it does, a mountain region,

a Geology of New Hampshire, Vol. 1, p. 306. 10%
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the flow of the stream is very variable, especially as there are no large lﬂ‘ke.s 'to rend(.ar 1p ‘const:mt. Only on two
of its tributaries is artificial storage made use of to any extent, and these join the' river in the lower 'pa?t of itg
course. A fow estimates of the flow are presented in the following pages. The Il‘mnfa,lhl over th.e basin is abous
the same as over that of the Winnipiseogee, or about 44 inches, of which 11. fall in spring and in summer, 14 iy
antumn, and 8 in winter. The stream is accessible by rail between anklu'l and Bms‘rjol a.l‘ld‘ })etw.een {Xshla.nd
and Plymoutl, and a new railroad is now being built above Plymouth, rel.ldermg the upper 1{(utb casier of aceegs,

Notwithstanding the great fall of the river, its water-power is almost }1n1n11)rox7ed. N oti amill oceurs on the lowar
31 miles of its course, and above that point it is so small and so varxzyble af, to bg of hF-tle value, Seve_ml falls
occur, however, within this distance which deserve mention. The first is at 1<1'ank'11u', being re;}lly a continuation
of the fall on the Merrimack just below the junction of the two headwaters. The prmclpa.l part of the fall, however,
oceurs just above the town, where within a distance of less than three-quarters of a m]lfa the stream descends 26
feet. In the upper part the fall is about 15 or 20 feet in a quarter of a mile, over a be(.l of rock and bowlders, with
high banks. The general location would admit of the utilization of the power, though it has never l?een attempted,
The drainage area being about 994 square miles, I should make an estimate of the power about as follows:

Bstimate of power of the Pemigewasset river at Franklin.

Drainage | ¥low per | Rorse-power availuble (gross) con- ’

|
1; State of flow (sce pages 8-10). area. | secoud. tinnously. |
|
t 8g.miles, | Cubic feet.| 1 foot fall. | 15 feet fall. | 26 feet fall, i
Mindmum. ..o 200 22,7 340 600
, Minimum low geason ................ } 094 250 28.4 426 788
Maximum, with storage. . ... . faeeanae 600 68.2 728 1,778
I Low season, dry years............... J 200 83,0 405 858

There is no fall of importance between this point and the mouth of Smith’s river, a small fall at Hill being
valueless. TFrom the mouth of Smith’s river the fall is rapid all the way to New Hampton, but the greater part,
known as Bristol falls, occurs in about a mile, near the town. The bed is of gravel and bowlders, and the banks’
are tolerably high., This site has never been used. An estimate of the power available might be given somewhat as
follows:

Estimate of power at Bristol.

Horse-power

Satoof o (oo puges 810, | PREREC | Thom g | i
tinuously.

8q. 4miles. | Cubicfeet.| 1foot fall.

Minimum...oovoniiiiniii, . 125 14,2
Minimum low seasnn....covovuuns.. - 150 17,0
Maximum, with storage.............. B 450 5L1
. Low senson, dry years.............. 178 20.0

Of the total fall referred to it is said that 14 feet conld be utilized without g dam, and with a canal 2,800 feet long.
Between New Hampton and Ashland there is a site formerly used, but not of much importance. The stream
isrocky and the banks are high all the way between Bristol and New Hampton, but above that point, and especially
above Ashland, the valley opens out, the fall is less, and the bed and banks are often sand. Two more small falls,
of 4 or 5 feet, ocenr between New Hampton and Ashland. Thence up to Plymouth, and above, the stream is very
flat and the banks sandy, the river frequently changing its channel. The principal fall in this part of the river
occurs at Livermore falls, 2 miles above Plymogth. A wooden dam 28 feet high, on a ledge of rock, ponds the
water only a few hundred feet, but the fall used is only 18 feet, the rest being wasted. The power is used for an
excelsior-mill and a tannery. The fall'is rapid above this place, and numerous sites could be found where power
might be developed, but no mills are now running. The quantity of water is very small in the summer, and the
power is therefore exceedingly unreliable. ' ’
It would seem, then, that varions causes have combined to prevent the utilization of the power of the
" Pemigewasset, namely, the fact that the smaller tributaries have generally sufficed for the small mills seeking
power in this vicinity, and the variability of flow of the main river, together with the greater difficulty and cost of
utilizing it, especially as the bed and banks are generally gravel or sand. The tributaries of the Pemigewasset
are, therefore, of greater importance than the main stream as sources of power, )

TRIBUTARIES OF THE PEMIGEWASSET RIVER.—At Franklin a small stream enters fr. om the west, the ontleb

Taha affnmed: . )
of W eb?ggr pond, affording small but constant power. Its fall is very large, and is all utilized,

e,
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Smith’s river, from the west, emptying about 2 miles below Bristol, drains about 80 square miles. Its fall is
rapid for several miles from its mouth, amounting, it is said, to several hundred feet in that distance, of which,
however, only about 25 or 30 feet are umhzed Within half a mile of the mouth the fall is said to be nearly 100
feet. Above Danbury the river has little fall. Its flow is exceedingly variable, there being no lakes of importance
tributary to it, and in the summer it is almost dry. Had it equally large reservoirs it might be as valuable a stream
as New Found or Squam rivers, described below. '

New Found river, which joins the Pemigewasset at Bristol, is a stream similar to the ‘Winnipiseogee, though
much smaller. It is the outlet of New Found lake, a sheet of water eovering about 7.8 square miles, and lying at
an elevation of about 597 feet above the sea. (¢) The stream is only between 2 and 3 miles in length, but its descent
in that distance is about 238 feet, the greater part of this fall occurring at the lower end, where it pours in snccessive
cataracts over ledges of rock, The total drainage area of the stream is abont 95 square miles ; that of the lake is
almost as large. The lake is one of the reservoirs of the Lake Company, and its level has been raised about 7 or
8 feet by a dam, affording a large storage capacity, probably sufficient to store a depth of 3 or 4 inches on the
entire drainage area, or enough to render available the maximum flow possible continuonsly. (See pages 8-10.)
We have here, then, as in the case of the Winnipiseogee, an example of a stream reservoired to its full capacity,
so that no additional reservoirs could render permanently available during a number of years a greater flow
than would now be afforded were the discharge made uniform., As in the case of the Winnipiscogee, the flow is
partially controlled by the Lake Company, and there is-generally most water flowing in the summer, when other
streams are suffering from lack of water. The powers on the stream are the following : At the outlet of the lake a
saw-mill belonging to the Lake Company, runs part of the year; within the next half-mile there is an unutilized
fall of between 10 and 20 feet; then comes a woolen-mill, with a fall of 6 or 7 feet, now not running; then a
saw-mill, with a fall of 12 feet; then Mason, Perkins & Co.s paper-mill, with a fall of 22} feet, and abont 200
horse-power, running day and night; theun a grist-mill, with 13 feet fall; then the New Hampshire Chemical Pulp
and Paper Company, with about 15 feet; then Holden’s woolen-mill, with 16 feet, and not over 30 horse-power;
then Mason, Perkins & Cos straw-board mill and a tannery, with 13 feet. This brings us to the bridge at Bristol,
900 fect from the mouth of the river. Between this point and the lake the utilized fall is therefore about 110 feet
and the fall still unutilized about 25 feet. In the last 900 feet of its course the river falls 1034 feet, and the power
is used in a very complicated and wasteful manner by alarge number of mills, which it is not necessary to describe.
The water is distributed in a crnde and unscientific manner, but the mills generally can run almost all the time,
and no {rouble ensues,

The next stream of importance is Squam river, a stream similar to that just described, being the outlet of
Great and Little Squam lakes, which cover together about 11.75 square miles, and lie at an elevation of abont 510
feet above the sea. It is about 24 miles long, falling 111 feet, and entering the Pemigewasset at Ashland. If drains
atotal area of about 67 square miles, and the lakes but little less. The latter are controlled by the Lake Company,
and a dam about 15 feet high, near the outlet of Little Squam lake, raises the level of both lakes some 4 or & feet,
affording probably sufficient storage capacity to render available the maximum flow permanently possible, s¢ that
we have here a third example of a stream reservoired to its full capacity., The Lake Company allows a considerable
quantity of water to flow continnously past its dam, thus affording excellent powers on the stream below, the fall
being utilized by a number of mills, as follows:

At the upper dam a saw-mill is operated by the Lake Company, running part of the year; next below isa grist-
mill, also owned by the company ; then comes a woolen-mill, with 15 feet and about 50 horse-power, and a leather-
board mill, with 40 horse-power; below is a new hosiery-mill and a straw-board mill, neither in operation, with a
fall of {6 feet; theun a paper-mill, with 154 feet and about 60 horse-power; then a tanuery, with 14 feet and 45
horse-power ; then a paper-mill, with 174 feet and 150 horse-power; and, finally, within 2 mile of the mouth of the
stream, a leather-board mill, with 11 feet. There is little fall not used on the stream, except at the unutilized site
mentioned above.

The remaining tributaries of the Pemxgewas&et are of small importance, draining a mountainous country, and
with very variable flow, thongh with large fall. Baker’s river, which empties from the west, just above Plymouth,
drains about 220 square miles, but in the lower part of its course is bordered by alluvial lands, and has little power,
while on its upper parts a few small saw-mills run part of the year. The bed and banks on the lower parts are
sandy and gravelly,and subject to considerable changes in freshets. Mad river, which enters from the east, a little
tarther up, has considerable fall, deriving its pame from its rapid current, and is utilized at Compton and other
places by mills of various kinds. The FEast branch of the Pemigewasset drains a wholly uninhabited region of some
115 square miles. On these upper tributaries many cataracts are to be found, but they are of no value for power.

a Geology of New Hampshire, Vol. I, p. 308,
' 103
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Ot

of the tributaries of the Merrimack, and the power utilized on them,
epormons power which this drainage basin affords. The tota] net
tream and its branches, or about 16 horse-power pey

The following tables give the drainage areas

In glancing over the figures one will observe the ]
horse-power utilized is, in round numbers, 78,600 on the main s
square mile of area: _
Table of drainage areas of the Merrimack river and tributarics.

Btream, Tributary to what. |  Ahove what point. Drﬁg;ge Stream. Tributary to What. Abovo what point, | D ‘;:‘1}:”51‘80
———
Sq. miles. ’ Sg. miles,
Morrimack river..... Atlantic ocean...... Franklin ....-cccomerens 1,498 || Suncook river ...... Merrimack river....| MonthofLittle Suncook. 168
Sowell's falls coooeevinnt 2,350 vl ceenneneeiee..| Shortfalls . ooaialllL 290
Garvin's falls.ecoeeev. 2,412 17 TOTRUURUUUN [PORY' [\ PP Mouth ....... .. 204
Hookseth couveeemeeeenns 9,701 || Little Suncoolkriver.| Suncook TiVer ..-... Y ([ M
Manchestor. vervrrereno- 2,839 || Soncook river ...... Mer_rimack river... Je... @0 cooooo .. 0
Lowel..oeeuonnn 4,085 || Contoocook river. ..j.... .| Peoterborongh.. ®
Lawrente..ovs - 4,500 Daorecrnnnnceanns .- ..-| Bennington.... 194
Newburyport... . 4,916 DOurcencnninennn. ...| Hillsborough .... 350
Powow river .. Moutheee e coennn [ 50 DOcnnnnnsyaennn e Henniker oueae.... - 388
Shawsheen river.....|..., ...do .. earenaas 72 DO caeaneraamnns ...|"West Hopkinton........ 493
Spicket river «.oon.. JY ' SR Y 1 SR 79 Do eeeee .. ..-} Contoocook e 503
Bearver Vrook «.veveeufyeeel0 coeeenennreenn |ooe @0 verervecenasninenns 92 DO ceueenee P Mottth eeevniimennnanaas 766
Sudbury river....-.. eeeeicmemenreenas 150 || Nubapusit river.... PR U T S [i]
Assabet river........ PN [ SN Y [ O, radaans 175 || North branch of....|..- P« [ 127
Concord Tiver.....-.. Merrimack river....| North Billerica,.c.o.co. 865 Il Warner river . P L 149
DOeeeemanncninns [ [, R Mouth ofMeadnw brook. 361 || Blackstone river....J.... o Cilloyville eacvnnvnenao. 67
Po.....c. 380 Doeererareesnanae . Movth..orcaunannaaenat 132
Stony brook .... 35 || WinnipiseogeeTiver Outlet of lako........... 348
Nashua river . 256 DO. cvvaanccrnnes ceeallO cioceoiveene..| Lake Village coeao...... a7
Do..... .eu.do .. . . 516 Do.ceonnenanianns e Laconin . .cuuu .- . 367
North branch of ..... AR .. 127 Dooueeeanncnnnnn. ....do East Tilton ...... . 423
South branch of...... RN T 129 3 SN I 51170 PO . 468
Squanacook river -...[.... vee 0 smeeeeemamennn 70 DO rerrsnemnnnas Mouth ..oeennnns 48
Nissitissit river...... ceee R 7 J RN 54 || Merrymeeting river.| Loke Winnipiseogee [....do «ocovvuienss .. a7
Btillwater river...... South hranch of the |, _..d0 .oveeeearmeccraanen 87 || Pemigewasset river.| Morrimack river .. | Livermore falla .... 308
Nashua river. Doweerrenss reeeelee 0 ceeaernnren. | Bristol falls . 754
Quinepoxet siver ....|....do........ seoeeee ceeed0 B po. vee0 eevienevenenen.| Franklin falls..o........  m
Souhegan river , Merrimack river....| Wilton ... . 67 Do I O T MOUEN - o e v mvnens 1,012
5 tmg'nl;;;;k‘ Tt So:l?eg;xn rIv-er """ MO;xsh . 2:; Smith's river ....... Pemigewasset river.[. .. .d0 ccvvvariianniana., 80
PN srmsrfemntO ey New Found tiver. .| ce.@0 vevninenranas JU (- IO 05
Baboosic brook...... . I resslO .n eenies 51 :
Cohass brook ........... Merrimack mver i 68 Baker's Tiver ....... P F R 220
Piscataquog river.... o, ) T "”do """""""""" ot Squam river........ vee @0 v, PR [ TR 67
South branch.of ...... Piscataquog;';;’e.r-“ ""do """""""""" 100 Mad river .......... JRPR [ SR PSRN [ IR, P . ]
TriTe MR e eenener Novth braneh of ... ceudD caveineennnn.. PR .28
North branch ef..... N 1 S SO B 77 | Tast branch of do do 115
Suncook river ....... Merrimack river..,..| Pittsfield .ovoeeenne..... wall T T e TR e
Table of power utilized on the tributaries of the Merrimack river.
. 5
g4 | L,
, |
Stream. Tributary to what. State, ‘ County. Kind of mill or manufacture. | E ] g,g'
a &
517 |35°
, a | 8 | &
Fect,
Powow Tiver.cu. vorriiuiiinn e DT> SRR B 4T U DU 1 66 1,765
.| Rockingham Flourand grist v v.oeeenn.| 1 7 80
[T P 2 18 66
TWINO® cevererarnns cavnnanans 2 19 225
Woolen..cunsviiieaeenannn- 2 28 276
15 1 13 6
Flour and grist cvueeencnna.. 1 12 20
A BAW it cerircaareaan 1 12 20
‘Wooden-ware 1 8 100
Bagging 1] 40 62
....................... 1 16 [euasses:
Woolen....... 1 12 Co80
Cotton..oneimnanans 1 39 30¢
Worsted 1 12 140
Hostery 1 10 40
o e ‘Woolen 1 15 76
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Table of power utilized on the tributaries of the Merrimack river—Continued.

|
1

Stream. Tributary to what. State. County. XKind of mill or manufacture,

Number of mills.

Total fall used

Total horse-pewer
used, net.

Feet,
BpieKet THVET coeuvenneneeniaieninens. New Hampshire...... Rockingham..........
DOuecrnavroncmnnn sensrmmmanenn e e ....do

Cutlery.......... .-
Flonr and grist .... .-
Do.eneceecninanns e cees PR i [ RN P SAW cae e [RORPRN

cee Musical ingtrnments .......
DOueeianieniaanas cvsernamaaeeas vess R 1 Hillsborough -........ Flour and grist -..... reeoren
[ T BN (- S vened] BRW cnvanvvreecen e
R [ TN R [ T Woolen.oeeneviuialinrnnanns
Massachusetts........ Middlesex ooeaen.n PR PPN (U

RN (, SN vereraann [ [ S, esvear| Flour and grist....
PR T ce-do.. ... reemerreeen .| Bolts, nuts, etc.....
DO [ IO, vemmetocnnfiner@0 ceniianuen [P, TANDETS covenrnsnnmscnsnnnes
B 07 YA eaee . R [ I [ U U IO Mattresses, etc

PR (O PR (. PN Paper..... [
iee @0 e B0 el Worsted...... veens
[ [+ AU URRPRUPON SN . S Woolel.omvvevnvnns
' 1, IOURRNPRURINY SRR /I S,
Doveneeiananns trerereraereruaannas B D .do....
DO ueerecniancnrnatannasssnnrnen IS PN 1 S, JPR PR (s SO RS SRR 1 S,
DOvecnanraans Ceeeinsemenannannas PR ¢ A N < I SR resraneaan DY | S
Do-eenn.n e reamivecairesan PPN TRPRY (\ SR e O cieiricvciaaa, Worcester ..... wrermea] WOOlBR cconnarirnnmcnaanens
0 S veenrerennnennas RPN (P PP RPN (+ TN PURSRRRRN reed0 .viieenneoia...| Carriageand wagonmaterials
Do....... Cmamensamrammmnenannnan PO PR Y [ SN rosernnas SN T . .} Floar and grist .. .c.couaee.
Assabet Tiver..c.cenaeinnn ceerarnnonan PR (- SRR PR : (| TN crmmnan Middlesex ... .aner] Boots and shoes ..oren oo
Doeenricnnns veerrnearrenaaans FRU VR < I S Y 1. SN cveee|inarlO counariannnnan.| Flour and grist...c....
Do.ernnnannn emrnanea cemraaenne i PO |, S, canessnnay U T SO SEPON ; [, I aene-as] Gunpowder...... PR e
| Paper.coiicieceaiaaans [,
] WOO0leN.eveueuneniannnaaanns
veeannmev . BN S I SRR NP i | SRPIPPUUGIIN IOOY ; { IS

Do........ tremeenenan [N SRR [\ I, PPN BN . {+ S Worcester

7 42
10 40
122 860
(n60o
8 5
4 20
18 16
24 115
18 15
34 59
10 45
12 20
1 200
10 75
48 640
8 40
29 178
8 30
29 k(1
17 30
45 102
9 12
16 25
16 14
135 441
25
205
44
8 20
11 20
16 40
22 7
1 25
10 7
7 8 .
) © 10
83 207
36 87
22 50
18 40
8 12
...... . 150

52 380

16 101
7 30
7 a3
105

.| Flour and grist......ccce-..
Ivory and bone work .......
Do....... rnemerearemanaay [P POPRY: (. IR PR FR [ SRR RPN ; [ e L BAW teaiii e iaaev e
DOt PR JR SO 1 S P [ SO SUUUSIN RN | I Wood-turning .........
Other tributaries of the ...... verrsoannan [P . I cevsennes R 1, I, .| Middiesex .. Cotton....-..
Jeeosdo ...

e T O - i I e R e e e N i T e R R
o
=

DO.cacrannnn [P B . B IS . .
De....... eevemanan Ceeeernmenaannes R 1 PO, SO | JON,
Doeenericiiiinenns heremnianae PR FURIIY S R (IO
Do e [N U [ PP U ( R
0 O, nemreenennas ORI PR’ [, SO, PSR I I R, PO MNP [ Musical ipatrumenta.
RN« B, .| Pencil lead «.oonnnnnanenn ..

o e
@

B 3 TP PRSI i [ SRR N B (R
O T e s PUPTITOR PO () S, cravenenn Y [ PR
RN 1, S

2T T RPPRPPPIIN FRIN | [ I P NP IR (i ST

Y 1 S
Joeerl0 ciinineinneanran.] Vinegar covauneaes penn s
.| Worcester.....oe.ee.. Boots and shoes ......ceen-.
Combs.eaannn-n e, .
Flour and grist . ccuueeennin.
S i e an crmmenaen
Do.oeyinnnnnnn eemmesenaaas FRUPROIN PN : (- PO [ R . S Rubber goods. ..... vevaraen
J 0.1, T, vevannenracilooe @0 cavnaraiiian PR I [ R PPN Vinegar ...... cnmmenoames
3 1 RN rreneaeea s JR (. YOOI FUDRY [ SRPP PR do .. Wheelwrighting. ...eeeeees
BONY BIO0K « e vnveenrmnmmasnansneneees | Morrimaclk river.coe.fe aai0 onmacvacnnnens .| Hosiery .ooveeseraenomvngens
Doooonnciinanes resmeennaaenannn PO 1\ SN PR TR 1 SN veen . .| Worsted..... Caeeeenemanae
DOeevevincnionnnn TWOOLON 1 v eaenncssmmnnnmnsen
Dooeeieinianns BAW culn cenonnriiasaaeen
DO cvrrerionianns . : . . . Flour and grist cceeeecenanas

[ I PR S SV R L - I oL B )
o
©
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Table of power utilized on the tributaries of the Merrimack river—Continued.

TR T,,_ ; P . E\%

‘ ; d1 % | 2
j . oA s o2
Stream. Tributary to what, | State. County. Kind of mill or manufucture, § E 5:.
{ B3 |38

bp g o

] H 21

' Feet.

BLony Breok «oeeeereeensennnennnnss Middlesex Machinery 2 48 %
0 S cendl e T ) PP IR 1y IR S 8hoddy e 1 7 0
L Y BT [ ‘Worcester .. | Leathor-board () ........... 1 20 5

Nashuariver .......ooiiineinn. .. cooflo. New Hampshire.. Hillshorough Cotbon .- cevmnennnvennnaen -] 2 56 2,300

_________________________ . Massachusetts. ........ Middlesex coueenas b L LTI T T T B ) i 413

: 371 S R 1 8 0

.| Agricultural implements ...} 1 12 do

Woolen.o.ovveen, ST I | 11 40

Blackswithing............ . 1 7 4

Carpentering ............... 1 10 %

Flour and grist........... .- 4 52 240

Tlax and linen. 1 8 60

Farniture.....c..o.....ool. [ /81 00

Leather-dressing ..... . 1 ] 15

................................. - FEVOUUPUUY TLeather-board (7) - c.icenn... 1 9 100
Do..... e e rianenreeranas doo,s 3 34 110
Do e P, vl . . Shoddy ...... [ R, 22
DO LS R caee . e R Machinery. B [eeiiacan 78
Do..... [ Creetaneramneann. eeello i . 2 28 285
Do e e ..do Printing and pnb\hhmg PR S U ORSPOR ’ %
L ORI R - SO . PP A Sagh, doors, and blinds ..... 1 11 25
Dooveeennna, SELTIPPPITISRITRR F B« 1 . Wood-pulp vevvvveneninenn.. 1 10 7%
Do....... veeenren e Cerreteians P L Wood-turning ......... RPN Y N 2
DO e e [N RN ¢ (s ) Woolen Wart,..eeeeevann.. 1 [} 20
DO e . Cotton.ceennnn... SRR I 21 160

Tributaries of tbe North branch of {he. Buttons ....... s 9 98 m

Do Jowelty .......... wernennees 1 30 2

Cutlery and edge-tools......| 1 15 3

Machinery....ooeeeeveennan| 2 10 81

.| Carriages and wagons ...... 1 25 115

Wagon materials «o.eeee.n. 1 1 20

(810111 DO b 62 49

Saw ......... b 64 110

Flour and grist.,..ccu....... 3 41 60

Furniture ) Ge 151

Paper...... P T Y

Woolen .. : 3 50 145

Cotton....._......... e 2 83 158

=80 i Musicnl instruments. LS. ... 1 14 i}
Worcester........... (o1 W 2 42 886,

’ Comb oeevniveiiinannann. . 1 6 7

-| Flour'nnd grist ...u........ 2 19 12

TOrniture. cve e veenn vun.. N 17 22

e Tannery ccceereiemenenenn..| 1 4 2

du.. D50 () PSTOURRIN B | 9 80

B ertraa. Cotton.......ooiveeinnnnn. 10 205 948
Do, S Carpet. oo 1 30 E

Do Woolen,............. weetees 6 142 586

o Flour and grist ...... I I | 126 303

Do. Saw o 7 182 168

Do A Shoddy voeeiiii i 3 (] 0

Do. ... TR P T Stone- and earthen-ware....| 1 12 18

Other tributarics of the ............__.. Wood-turning ...... 1 18 &

Cotton......... 3 41 o0

Baskets, etc ... 1 15 10

Machinery b1 8 10

Blacksmithing.............. 1 10 6

Leatherhoard ..... . meeeaas (i i 805

Cutlery. cuceneeernnn . 1 12 10

Papor eeeeeeunnnn. .. veeened] 2 24 219

"""""""""""""" +----! Flour and grist .............|] 8 102 169
.............................. ‘Wooden-ware............... 2 |o..... 4

................. Furnishing goods. .......... 1 14 ]

n ( o o W l 53{171“ ........... veeeess| 13 102 411:

R T LR PO Y. | S i R (e T R R TP PR colwrighting ........... 1 10
108 ’ e @0e L Worcester ... et Saw g..' 7 50+4- 167
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Table of power utilized on the tributaries of the Merrimack river—Continued.

Stream. Tributary to what State. County. Kind of mill or mannfacture.

E
1

[
£
2
[T}
E=
A2
—a
B
o
=

Number of mills.
Total fall used

Teet,
12 43

New Hampshiro...... Hillsborough ......... Furniture .coveeveveneannnn.
PR (. ST FUURY ; | SO Wheelwrighting..... Ceeaan
RN [ T, VOY; | RN P BHAW e v cnrercren i aaneas

28 418

Y [ RN Sillt.eeees cmineiaiaiviann 8 10
Mausrachusetts........ E886X. e ecaueanecnninan Wonledl . cveee e aiae 70+] 205
weellB el P . S P Carriages and wagons -..... 25 10

................. . Floar and grist .. .ceveusvae.

Machinery...
Suffolk ..cvmnnunnninn. FOURAOIY cvusrasncannnransne

24 15

TR 1 RPN Carpentering ... teesveeana
@0 eenenievnn...| Flour and grist . ccaaaaai..
JURRY [/ R PO Saw..civiannnn PR
[ 1 Shoddy . .eveeivmmnnienneiinn
R 1 Flour and graip.....c.oneeeen
RN : () IO BAW crerverrsnerranace maans
Worcester.oare.nnn.. cee 0 i e e
L Hillgborongh.ue.eeo..| Wonlen. soeeenaiiniainins
veeelll vicevsevennann...] Cotton
[N I+ RPN Worsted .cveunccanaaraes
P 1 RS Agricultural implementa. ...
cee@0 eieeaeianes .. Flourand grist ..o.o...

................. Toys and £amos ...

9 20
20 a5
2+ 784
a | 165

30 155

[i71 163

38 180

R DO {1 SO .

Tributaries of the ......... PO Senhegan river . .... RN PR RN PR . [ SN vennas Flour and gria

Do.cennnnn Neereeanas teenenacenenian Y WU UUTORRURUR RO  (: DUAOUIRUPORY PN : [\ ST PR ..| Wood-turning .
veerB0 veeevnennncaenos|teenl0 ceeevsnieiaenn...| Furniture........
veellD eiiienrnneiinnd]eee@0 cciiiiianinenn] Planing.cvenioeennn.
i 1 R SRR | S e SHW 1o vacnnns .
I [ PN [N (TP ceneen Wooden-ware......
RPN 1, JUPRRPPIN P Stope- and earthen-ware.
cae 0 cennecaaaann v Woolen ..ovenouven .

8 199
¥ 81

10 3B
174 415

Doeeaaannnannns hraeirvamaesrea, PR 1/ I,

DO e eriiirae i rnccsenaanas [ PO |

Cohassriver..._.._........... [P Merrimack river.....

Piseataquog river and tributaries ....(....d0 <veeveeens PO | U Catton ... evonen 18 (i)
Docevecnnnnn PN vemrarneaas Y [ SN vl cieveeciaainanea.) BOXBB ciar i 10 15
Douereinnnan fereestemarenenaans eveleaaellO caveinnn PN [ I [N COOPETAZS wevnrereens 8 22
Do..... e eemssserraseas wosennnnans PO [ I . POV IO, PO Flour and grist 60 272

—
|-AHH&HHHHHH%HHWGP‘%M&H%MM&NHhﬂwh*meHHMHHMQHmHH
fd
=

Do..... P RNORUTIIN FRRY [ SO B [ T . N .| Purpiture.ceeeceverneoaaanns 7 i
) T YIRS SPNN; | SRR R ; V' PPN Planing. ... 9 8
DOreniiiiansimrnaens PO U - T Machinery - 6 3

[-N

=]
:

:

H

:
w
=
5
:

.

;

:
&l
h
g
S
&

Y [ S, Toys and games ..occoovners
RN | T [ Wooid-pulp ....
veerllO ceeeicrennecana..| Wood-turning .
Y PN (. PP Shattle....
Merrimack ...........| Cotton......

oeer@0 teceeusceanaees..| Boots and shoes

[ L T

)07 Y ferennas [P

B R

10 6o
105 192, 000%
10 20

Sancook river cevonaioaiiiienanaas

0 T LT

1

2

1

1

1

8

1
Doenennnn.. [P . R U SR Cordage ........ 1 8 20
DOuevrerenrencnnns e trnnas ) PO U o] Flour and grist «oevveeneins. 6 51 152
Dowennna. cevierareaeas Cesmveneraer . JRSO 1, QN PO BAW ennramenm s 9 81 208
Docernnnnnnns reveausewsrassesnnnnas [ ) S Planing 1 10 20
Doverrennnn PP hereaaenas . Balknap -cueescenannes Woolen 1 7 20
DO cnemreinarinnennen P ooull0 o eeeenneeenvnsnn.| Apricultura]l implements....] 1 190 46
07 O cremeneaane O ) PR 1. S R Boots And BH0GE veueenracans 1 6 10
Do.eevn.n evernanreannrannnannnen TR 1 P Flour apd grist «oocneeeennan 3 25 8
L0 D RO 1 S, T T TUUUUORPOS I 82 108
Little Suneook river....... o] SunCook TIVER.criye o0 MerrimACK s Floar and grist ..... cereanne 2 20 102
Do...... [PV SO 1 JUUOY I SN AW vovans vaen RPN B 1 60
Do.uenrnnnn araeenreanas J N S L SErATOr e cescaerennafone 8D covemnrirncoaa [RORURR S § 88 %
S0UCOOK TAVETeeer e vnvanernsnenansnesrn| Merrimack river . ... Merrimack «....... ...| Waghing-machines ......c..f 1 jee-es é-. Z;

; 1 1

........... ool s enninnrnienea-d Wheelwrighting. -ouoevnens

b 2 PSRN RGN ; | SUCEPPPETEREPTPR .



Table of power utiliz

WATER-POWER OF THE UNITED STATES.

DOorrannnaees
Nubanusit river
DO.vracannns

Stream.

Tributary to what,

edl on the tributaries of the Merrimack river—Continued.

State.

County.

Eind of mill or manufacture.

Number of mills.

Total fall used.

eefoenado
fovrrdo .o

weferandon.

R {,
-.do..
.de..
..o

..do
.en do
...do

R [ AP,

.o,

eeedo . RN ¢ (1 I
wodo . Cheshire, ..
ceoddo . eodo ..

PO .
enndo ..
PR [+ IO,

.| Sash, door, and blind
.} Excelsior
.| Woolen.

.| Flour and grist. ..ooanennnas
.| Ax-handles
Saw-WOrkS ¢ cevmervamncoan-.
.| Granite-polishing...........
Cooperago

- Machineryeeeeemaeeacacanne

.| Furniture

.| Carpentering

Agricultural implements ...
Cutlery
Tlour and grist «..v.a..
Scientific ingtruments .
A BAW e i aen e

.| Surgieal appliances

| Wooden-ware.....veeauenun,
.| Flour and grist

 BAW aeceie rvensaceicnaan wen
Cutlery
Wood-pulp
.| Woaden-ware..oaccvvvuennn.

.| Cotton ........ emmansecanaun.

| Hoslery.veeecsamnsencnnacans
| TADDETY cevneroamvanonuennnn
Wheelwrighting ......... e
.| Blacksmithing.
.| Leather-board ..

Carriage materialg........c.
.t Exeslsior

Floar and grist ....... [ER
BOW ceeererannnn armemamann .
o Cotton.ceenenin e aaae
Baskets, 60 cveeusavaaronens
Blacksmithing.eeeescarassnn
| Furniture avevececeenavenss

‘Wood-pulp.... -
Blacksmithing .eceeneevanen.
Cutlery......ucu.-. [
Excelsior - oovnvn voicniinnna-
Flour and grist

Wire-workueves cenecninnuen

Wheelwrighting

‘Wood-turning

B9 b b e R b DT B3 GO B K R M R R R RS R R o e s e e D

P T o i el U R i S

g
Bo RS R sY b G @
S & oW @ =1 D~ Do P

20

204
10

B3

uged, net. )

Total horse-power

|

1
25

.70
60
12
7%

151

288
15
12
20
60

50
110
25
200
18
L)
12
40

40
261

16



WATER-POWER OF EASTERN NEW ENGLAND,.

Table of power utilized on the tributaries of the Mervimack river—Continned.

6L

& g
AERET
Stream. Tributary to what. State. County, Kind of mill or manufacture, K ,—i %:—
El 2 ¢
] ] =
Foet,
Other tributaries of the........ Cenreeen Contoocook river ..... New Hampshire Cheshir®..oeereeeeven] SAW torreiveaanrannnnnons [ 6 76 281
8 DR [ PP, Wooden-ware. .convenseennn. [} 81 321
-} Agricnltural implements....{ 1 12 50
.4 Bxeelsior ..ooerivireenaann.. 1 13 50
Saddlery and harness.......| 1 1% 40
Sash, door, and blind ....... 1 12 32
Spouls and bobbina ... 1 1 0
Wheelwrighting «e.oeeoann. 2 1§ 82
Wooden-ware...cc.ccvnvnn-. 2 42 i
o] TANMery «ccvevreeinsornns 1 8 12
Flour and grist ......... .- 2 29 115
SaW seeniiienian ceemenreeans 13 212 363
J Planing. veveeneneiio.. XY I S PP PR 10
1 26 150
1 8 16
Carriageand wagonmaterials; 1 ]........ 10
Cutlery.cveeercncecaciereneadd 1 22 1845
Drugs and chemicals . 1 15 25
Files...... vesacanas 2 P 28
.| Flour and grist . 2 17 58
Saw ...... RO 18 238 440
.| Sash, door, and blind. 1 12 35
Wheelwrighting ...... 4 33+ 40
Wood-turning .. 2 Jeeermans 50
Tannery...... 1 28 16,
Cooperape .. 1 12 10
............... Tlour and gri 4 34 115
PR U, R I -1 20 240 491
Merrimack ..... ceeesr| Woolen..... 1 63 100
.| Brick and tile .. 1 16 10
.} Blacksmithing - RPN 9
.| Carpentering . 1 12 20
Cooperage ... 1 36 40
.| Dentistry (1} 2 220 2
. Furniture..... T PO 10
5 89 301
3 350 12
10 125+ 258
1 14 20
. 1 12 150
.i Belknap ........ 1 30 4
SR T, 4 50 120
.| Mevrimack . 3 27 180
. Papero.......... 1 o1 | 4,100("
¥ U JRUORPUPPURIS PR i {+ SRR RV : [ IR .| Sash, door, and blind. 1 12 32
B 1 Y SRR ;[ IO R N, 1 13 10
.| Flour and giist . 1 12 25
.................. .| Machinery.. 1 13 20
.................. .| Hoslery..... 3 38 280
................. .| Flour and grist . 4 38 175
............... .1 Car-repairing ... 2 18 70{h
.................. Yarn.... 1 8 haes
Woolen... 1 10 40
RN 1 Needles. .. .. 2 everenes 18
.................. Cotton ..._...... 1 10 120
TWING vaevnrimacninomnnnne 1 8 40
i IR P ..do... LA . coeis ciiiieninnaas R | 10 100
A0 vaennn eereenaan oo ... HOBIOIY eee e vemoccnmranrnenns '8 75 4351
[( O deenllo o Shoddy ..-.. 1 8 [+e-es ae-
1 veendo .as Mauchinery .. 3 26 {ieiie-en
B3 U I RO RO . (\ SN SaW.iveenaen 2 19 135
Tributaries of the............ [P Winnipiscogee river..|....q40 ... Cotton cavusnennnns 1 32 96
DO vemneean RN [ S cememanaes R [ U Shoddy «-en.ne 1 28 20
Do JUY (SRR N oo, NI 7T SURUPIPURI S N PRPPPROR i
2 PR Lake Winnipiseogeo..|....d0 «.... Agriculturalimplements....[ 2 404 23
Do ... do U L S rermeaens SO [\ SO vamsaneeset TIOBIOTY cocnrnovinnnen U B | 42 60
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Total power utilized on the tributaries of the Merrimack river—Continued.,

EEES e .
s H
] 2
g o | B
Stream. Tributary to what. State. County. Kind of mill or manafacture. ; E ‘ 8 :,
(AERE
L RCIRE:
T ——
Teet,
Tributaries 0f the ceveveeereenenrremenas Lake Winnipiseogeo .. giﬁﬁ:fmig - i ﬁ iﬁ
Musical instroments........| 1 49 30
2 52 [
3 B w
1 14 n
2 32 100
B{ s | o
1 205 8
1 18 50
1 18 ...,
1 10 %
] 34 12
ceedlo e e emeeeanans 8| 0| s
Surgiocal appliances ......... 1 10 ]
Carringes and wagons ...... 1 15 10
Foundory coeevevenemriuannnn 1 20 b
Flour and gristuee...........] 3 61 [}
TANDEYY vovnnennmaiennvunns 1 12 9
3119 N 6 61 185
Neodles and ping............ 1 15 ]
....... Hoslery oeuesnecanrneiannnan. 2 2 %5
Clothing eevencvaneieeanan... 1 16 §
Wheelwrighting 1 1 n
Woolen vneannrnann.. 1 18 80
..... Paper..ccce.vuee-. 3 46 20
..... Carpentering veeeooooiiann.] 2 focin 2
TFlour and grist eneeucennn.- 3 80 180
Blacksmithing .eoeeneoo.oun 1 12 16
.................. Wood-turning. vuueceenaenan.| 1 18 8
.................. Carriages and wagons.......| 1 12 50
GlOVOB cua e e cnerrunacs panann 1 18 b}
2 88 150
1 8 2
1 18 feeenn. .
1 22 200
1 12 L]
1 12 [i[]
2 23 210
1 13 40
Tannery.....cccoe.... 1 14 45
Lenther board 2 26 80
Woolen.eue.-... 1 15 60
............ 1 15 feeernens
Blacksmithing 1 9 %
Furniture ...... hesmee seenas 1 14 40
Woolenaunn.cmreaanaaanns 1 u 8
Sash, door, and blind........ 1 4| 6
.| Wood-turning ....c......... 1 u 40
W Sew PR, 1 1 80
..| Flour and grist ..ceneenen..- 1 14 4
. Planing.ooeciiieeenennn 1 8]
| AW et v 3 43 | 13
-| Flour and grist .eueeercene. 1 18 0
.| Carpentering . «cocavveuneen. 1 10 2
Gloves and mittens ---...-.. 3 o7 56
Wooden handles..uer.ane.. 2 25 48
1 8aw ..ol Ll 3 575 | 010
Veneering . 1 18] %
TANneries. . v veianiienaaennns 3 30 ‘“_)
Tlour and grist .cenen.vees.. i 115 183
A BAW e i 2 2 W
Flour and grisheeeen.enn..- 1 o 4@
110
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Fig. 18.  MAP OF THE DRAIN '
AGE BASINS OF THE
COAST STREAMS OF NE M
F NEW HAMPSHIRE.



	Table of Contents



