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LETTER OF TRANSMITTAL.

New Yorx, October 1, 1881,
Professor W. P, TROWBRIDGE,
Special Agent in charge of the Statistics of Power and Machinery for the Tenth Census,

DrAR Sir: In accordance with the directions received on May 28, 1881, I respoctfully submit the accompanying
report on the water-power of the northwest, ag a report of progress.

As will be seen on examination of the papers, the region discussed in detail includes only those drainage areas
surronnding the basin of the extreme upper portion of the Mississippi river.

T'irst, there is a general discussion of the entire region, including the upper Mississippi basin then follow the
sections devoted to the different drainage areas, in the following order:

Western drainage area of lake Michigan, Saint Louis river, and stremns of the south shore of lalke Superior.
Drainage basin of the Red River of the North.

Very little information was obtained about the rivers of the extreme northern portion of Mmuesom and the
upper peningula of Michigan ; those regions are in a wild, undeveloped condition, and no personal examination
was made, although a considerable amount of water-power exists there.

Next I consider the extensive water-power of the Mississippi itself.

In writing this report the aim has been to keep in view all the foatures of the country of mgmﬁcmme in their
relations to the subject of water-power.

Thus, in deseribing a drainage basin, the general plan which it has been endeavored to carry out is to give the
prominent characteristics of the region as regards topograplhy and the drainage system, to state the geological
history in its relations to the hydrography, to describe the industrial occupations. of the inhabitants, and the
manufacturing interests, with the facilities for traffic, and to consider the size and flow of the streams, the amount
of fall and water-power, with its distribution, giving & dotailed deseription of the important powers.

The territory visited during the winter and spring of 188081 included the region above mentioned, all the
eastern portion of the Mississippi basin down to the Gulf; with the exception of the Ohio river, & number of the
rivers flowing into the gulf of Mexico, and all the western portion of the Mississippi basin down to the central
part of Towa.

In oxder to complete thig district in proper scason, it was imposgsible 1o obtain full and detailed information
of all the different powers by porsonal examination, and long exeursions away from the railroads were out of tle
question ; hence the method was pursued of visiting the important W:Lter -powoers, and there obtaining all the
information available relative to the streams above and below.

Arcas of drainage basins were caleulated by means of o planimeter, either from the maps of the United States
land office or from large and detailed state maps. Tho lengths of streams were also usually measured on these
maps, and where that is the case the figures can only be considered approximations. Xt cannot be claimed that
- even the maps issued by the United States government fox this region are corvect in all their details, but crrors
from this cause wonld not oceur to any great extent in caleulating drainage areas.

Tistimates of the flow of the streams, the elevations, ete., were obtained, where possible, from the records of the
United States engineers, to whose invariable courtesy this report is much indebted. In some cases no data are
available except rough estimates as to the capacity of the pewers, Xt was impracticable to make aceurate personal
measurements, and nothing of that kind was attempted. Where no reliable figures for the flow are available, an
approximation has been made by comparing with neighboring streams and estimating it from the rainfall, In all such
cases the ealenlations are made for an ordinary low-water stage, as that is the volume of the streams used in practice
in cstimating powers. "Wherever actual gangings are available they have been used to the exclusion of all estimates
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o Xiv LETTER OF TRANSMITTAL.
from the rainfall, as they are generally more to be relied upon for practical work. Particular attention has been
paid to geology in its bearings npon the water-courses, as the water-powers owe their characteristics to so great an
extent to the nature of the surface over which the streams flow.
‘With the hope that this report may receive your approbation,
I have the honor to be, most respectfully, yours, v .
JAMES L. GREENLEAT,
Special Agent of the Tenth United States Census,

=

f
Notn.—Tho reports on tho Mississippi and its tributaries and the rivers of the Gulf of Mexico which I visited, the drainage of lako %
_Erie in the United States, and the water-power of Niagara Falls, will be found following in order the report on the Red River of the : %}}:
North, ‘The suceession in which the divisions ave taken is, to some extent, the result of circunstances attonding the requirements of tho .

press; but i6 will be noticed that the Yogions around the Upper Mississippi basin are fivst discussed, thon the Mississippi basin, passing
soutly, then the Gulf drainage, and, finally, the streams of Lake.Erie and the Niagara river, The remarks in tho lotter transmitting the
carlier reports will apply equally to these later ones, ’

14 ' JAMES L. GREENLEAT.




GENERAL REMARKS UPON THE WATER-POWER OF THE
NORTHWESTERN STATES.

SYSTEM OF DRAINAGE AND AREAS OF DRAINAGE BASINS.

The territory under discussion includes the entire state of Wisconsin, the upper peninsula of Michigan, the
state of DMinnesota, with the exception of the southwestern corner, and the northeastern portion of Dalkota. The
castern and most of the northern boundary of this region is a continuous water-line. On the cast lakes Michigan
and Superior form the boundary,and on the north lake Superior and the system of lakes and water-channels separate
Minnesota from the British possessions. The approximate length of this water-line is 1,200 miles. On the west
the boundary is the eastern water-shed line of the Missouri river. ,

A peculiar interest is conneeted with this section from a geographical point of view, as from it are gathered
the waters which feed the frigid, the tropical, and the temperate seas.

The extreme source of the Red River of the North, which flows into Hudson bay; of the Mississippi, which
pours ity mighty flood into the Gulf of Mexico; and of the Saint Louis river, properly the head of the great lakes
and the Saint Lawrence, are all situated on a strfmghb line, 170 miles long, passing a little south of east through
thie northern part of the state of Minnesota. The Upper Mississippi, passing through the center of the region, is the
great channel into which half its area drains southward.

Encircling the deainage basin of the Upper Mlsmsmppz is & belt 01 country, varying oun the’east and north from
2 or 3 miles to 100 miles in width, whose (rainage is either eastward through the great lakes or northward by
means of the Red River of the North. This naturally suggests a division of the water-power into that of the glent
lakes, that of the basin of the Red River of the North, and that of the basin of ‘che Upper Mississippi.

DRAINAGE AREAS,

Square miles.

Misgissippi river in Dalkota, Minnesotn, and WisConSIn, veier e vornvraruevannneseccacanrmennemrmas comane aaes 852,130
Red River of the North in the Unitod SHates. ..eveve i cacimn sncnatinacas cintsunncncsvenrsenanrrnssnenen 39,577
Lake Michigan in Wisconsin and Illinois...... tneeestmnear e reremmnnanmann veesvennns weer 14,017
Lako Michigan in upper peninsula of MICHIgan .. e e ceee vectcamamue cvrossnnnsnn connnsnnnranen .- 7,834
22,751
North shoro of lake Stiperior in Minnesota, including the Saint Louis river basin of 3,225 square miles...... a 15, 965
South shoro of lalke Superior 10 MiINeS0tA. cav s cuemesvionse cransecmnn s snannr avenns monnamnnmensn 236
South shore of lake Superior in Wiseonsin. ... he o mtaaemay cmanme e saaeen rsaneamoas mnranoonas 3,106
South shore of lnke Superior in upper peninsula of Michigan. ceus vecs cicces ames cccevnen cosnavanns 7,834 11.176
‘ : )
Total area of 6NbIre YOGIOT . aes cane e inemne cies v v sane cemrvnpmas annns T 171,599

PRINCIPAL LINE OF WATER-SHED.

.The water-shed line which defines the Dbasin of the Mississippl from the surrounding belt has a total length
from the southern end of lake Michigan to where it strikes the southern boundary of Minnesota of 1,350 miles,
thus distributed: Illinois, 70 miles; Wisconsin, 566 miles; Minnesota, 590 miles; Dakota, 135 miles. In Illinois
this line is only 4 or 5 miles from the lake shore, receding but little to lake Winnebago, in Wisconsin; thence
northward it is about 100 miles from lake Michigan, and then 30 miles from lake Superior. In Minnesota it
takes a bend of about'75 miles to the north, and then turns southwest, entering Dakota at about the center of its
eastern boundary; but it soon re-enters Minnesota, and crosses the southwestern corner of the state into Iowa,

. a An indeterminate portion of this is tributary to lake Winnipeg, as mentioned beyond.
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ELEVATIONS OF WATER-SHED LINE.

At the foot of lake Michigan this line of water-shed is elevated only a few feet above the lake, which is 589
feet above the sea. If rapidly rises in Wisconsin to 400 feet above the lake (980 feet above sea-level), then sinks
to 230 feet above the lake at Portage city, Wisconsin (819 feet above sea-level), and then rises to 950 feet above
lake Michigan (1,539 feet above the sea) at the boundary between Wisconsin and the upper peninsula of Michigan,
Here the water-shed turns west, with an average elevation above lake Superior of 1 ,000 feet (1,609 feet above sea.
level), sinking in the western part of Wiseonsin to 600 feet above lake Superior (1, 209 feet above the sea).

At the western end of lake Superior the water-shed line sinks very low, 8o that an engineer recently proposed
& scheme for supplying the cities of Saint Paul and Minneapelis, in Minnesota, with water from lake Superior, the
agqueduct crossing the line of water-shed by means of a siphon. The cause of this sinking is its crossing the
~western end of the synclinal trough occupied by lake Superior.

- In Minnesota the water-shed line, in passing mnorth, rapidly rises to about 800 feet above lake Superior (1,400
feet above sea-level), and about the headwaters of the Mississippi, in the northern portion of' that state, it is at
least 1,600 feet above the sea. It falls in passing south, and where it enters Dakota it is only 995 feet above
gea-level. In Dakota it rises again, in one locality to at least 1,500 feet, and Spirit lake, near where the divide

passes from Minnesota into Iowa, is 1,694 feet above sea-level, and, according to the Geological Report of Towa, i3
the highest point in the state,

ANCIENT HYDROGRAPHY,

It is of interest in this connection to notice the indications which are left upon the face of the land of the

ancient courses which the waters of the Northwest pursued to the sea. They are discussed in some detail in the
pages devoted to the different streams, and here only a general view of the entire field will be taken.
' The geological epoch known as the glacial age had much to do in giving to this region its present topography,
and partienlarly in altering the courses of many of the streams to their modern channels, Some of them still
pursue their old courses, which they had eroded previous to the deposition of the glacial drift, while others were
completely changed in direction, or rather were abolished, the water finding another place of escape.

From the conclusions reached Ly the different geologists who have studied the subject it may be gathered
that, before or during the advance and recession of the ice-cap, almost the entire district under discussion drained
into:the Mississippi, whose mouth was then near the present mouth of the Ohio river. The valley of the Red
River of the North was then oceupied by a large lake, which extended far up into the British possessions, and the
entire basin of the river, instead of being tributary to Hudson bay, drained in directly the opposite direction along
* the course of the Minnesota river, which is but a poor representative of the ancient stream, into the Mississippi
. above the site of Saint Panl.: To sbmte it more correctly, the Mississippi entered it there, for the Mississippi above

the junction was much the smaller stream of the two.
‘ Then, again, the Mississippi had another important tributary on the east, which the changes of the glacial age
- transferred to lake Michigan. In the western drainage area of lake Michigan the Wolf and the Upper Fox unite to
form the Lower Tox river, Iormerly the Wolf, instead of flowing into lalke ‘Winnebago, entered the modern
- valley of the Wisconsin river at Portage City, and so reached the Gulf of Mexico, and this reduced the western
drainage area of lake Michigan to a comparatively narrow strip along the lake shore. This narrow arca was
almost completely covered at one time by the waters of lake Michigan, which rose relative to the land about 200
feet, and even overflowed to a considerable extent up the valley of the Wolf.

Lake Superior, as demonstrated by Professor N. T Winchell, emptied into lake Michigan by an old channel
across the upper peninsula of Michigan, while the topography at the southern end of lake Michigan itself gives
‘evidence that this lake once had an outlet, by way of the Xllinoig river valley, into the Mississippi, and it is also

“in place to mention that lake Trie in fmmer days flowed to the Gulf of Mexico by way of the Maumee and Wabash
o valleys

Trom the Red River of the North in the United States and from the Wolf river the Upper Mississippi received
approximately the drainage of 45 ,000 square miles more than is now tributary to it. Hence the ancient drainage
_‘area of the Mississippi in Dmkota, Minnesota, and 'Wisconsin was approximately 127,000 square miles, reckoning

from modern water-sheds; but it must not be forgotten that during the glacial age Water shed lines were, to & great
extent obliterated in the latter part of thmt period, great floods of water pouring from the southern extr emity of

the me, cap, 1rrespect1ve of the topography which underlaid the covering of ice.
s : m
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TOPOGRAPHY AND CHARACTER OF THE COUNTRY.

From the elevations just given for the line of water-shed surrounding the basin of the upper Mississippi it
_ will be seen that there are considerable inegualities in the general surface; yeb the extremes of elevation of this
crest line do not differ by more than 1,100 to 1,200 feet, and are many miles distant from each other.
Although it is possible to coneeive of a mountainous country in which the lines limiting the drainage basins
would be comparatively level, yet in the degree of their undulations they generally give some indication of the
nature of the topography, as is exemplified in the present case. While there are in places rather abrupt changes
of several hundred feet in the level, still Minnesota, Wisconsin, and the surrounding region are not mountainous,
but may fairly claim to represent the medinm between the mountainous districts of our eountry and the extensive
plaing which lie to the westward, In Minnesota especially, which lhas an area of 83,365 square miles (only 11,000
square miles less than the combined areas of New York and Pennsylvania), there is represented almost every
rariety, from a rogged snrface to a remarkably level prairie.
Taking a general view of the entire region, the highest land may be considered to be in northern Wisconsin
and Minnesota, near the shores of lake Superior. From this there is a rapid fall of from 600 to 1,100 feet in 15
to 35 miles to the lake, and a long gradual slope to the south, draining for the most part into the Mississippi river.

LAKE SUPERIOR REGION.

About Iake Superior oceurs the rugged part of the region we are considering. On the north shore especially
are high rocky cliffs and slopes, on the south shore several hill ranges, and in Michigan rocky cliffs; but nowhere
is there a truly mountainous section.

COUNTRY SOUTH OF LAKE SUPERIOR.

After crossing the water-shed, and passing southward in Minnesota and Wisconsin, the surface is undulating,
and in places almost hilly; but, to a large extent, the streams appear to have carved their channels into the sarfacoe
without striking topographical features which would seem to have guided them, Fellowing the law of gravitation,
they have taken the general southerly slope, and worn their channels through the soil, often into the underlying
stratified roclk,

In the southern counties of Wisconsin and Minnesota the crosion of the streams has produced bluifs 200 to 500
feet high, and given to theimmediate vieinity of the Mississippi and its tributaries a very picturesque appearance ;
but ascend from the valleys of the streams, and the gently nndulating surface is once moro seei.

Inplaces, as along the water-shed separating the basins of the Upper Mississippi and the Red River of the Noxth,
the undulating surface develops into a marvelous mixture of knolls, ridges, and small hollows, with very little level,
except the surfaces of the innumerable lakes., This is the effect of thoe glacial action, of which mention will be
made on subsequent pages. While there are no abrapt changes of elevation of any considerable magnitude
away from tho vicinity of the great lakes, the rise in the general surface, unnoticeable though it may be, is often
of importance, and serves to give activity to the streams.

DISTRIBUTION OF THI: TIMBRER.

In the northern part of Wisconsin, the upper peninsula of Michigan, and in northern Minnesota, from the
east to the headwaters of the Mississippi, oceurs the pine, which has made lumbering one of the chief industries of
thdt region. ,

In northern Wisconsin and Minnesota are extensive tracts of land, consigting of tamaracl and cedar swamyp,
interspersed with a thin pine growth; butin central and southern Wisconsin the pine is more and more replaced by
a hard-wood growth, which oceurs in groves, gradually becoming less prominent as the prairie region of INlinois ig
neared. In Minnesota the pine is gradually replaced by hard wood, and this continnes toward the south and west
in groves, whicl arc finally restricted to the water-conrses. TPassing down through the center of the southern
portion of the state is an exception to this in the “Big Woods?, which is a large body of hard-wood timber,
forming a peculiar feature of southern Minnesota. To the cast, and particularly to the west of the big woods, the
timber is very light, and is almost entirely confined to the river Lottoms; alse southward, in Towa, the praive
features largely predominate. )

PRAIRIE REGION,

It is in the southern, but especially in the western, portion of Minnesota that we find the typical American
prairie, and one may travel mile after mile without meeting a tree, unless he descends to the banks of the streams,
where may be found a few elms or cottonwoods. Within late years, however, the furmers have planted trees about

their dwellings as a protection from the ¢ blizzards”, which rage over the country in winter,
vor 17——2 17
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‘While the surface of the prairie is usually rolling in character, along the valley of the Red River of the North
it is o Ievel plain as far as the eye can reach, without a tree or rock to break the outline, except along the river,
where there is a belt of foliage.

CHARACTER OF THE SOIL.

The soil of the region under consideration exerts a striking influence upon the character of the growth and
productiveness. To the varying nature of the glacial drift, which, with its modifications, forms the soil and subsoil
of this whole region, with very slight exceptions, is due the division of the country into pine land and prairie, and
into comparatively unproductive soil and a ground bearing the richest harvests of grain.

The heavy clay soils, which for many feet in depth cover the southern and western portions of Minnesota and
extend westward into Dakota, contain, in almost inexhaustible store, the salts necessary for the successful growth
of wheat, and remarkable yields are recorded, especially from the valley of the Red River of the North. In the
lower and western portion of Wisconsin also wheat is very successfully raised. On passing into Towa and Illinois
the goil becomes more loamy in character, and is better adapted to the raising of eorn, for which those states ave
noted, Large quantities of winter wheat are also grown in Illinois. Inthe Northwestthe wheatis practically, withoub
an exception, spring wheat; that is, gram gsown in the spring. It has a hard shell, and yields a very superior
quality of flour. _

In northern Minnesota and Wisconsin the soil is lighter, as a rule, and in many places sand is the most important
constituent. This is & congenial ground for the pine, and, as a consequence, we have the pine forests, which ave
fast disappearing through the gang-saws of the mills. The drift is not always homogeneous, and sonetimes a sand
ridge, covered with pine, will extend far mto an area of clay soil, with its hard-wood growth, the distinction being
very marked.

Althouglh there are iron mines in Wlsconsm, and copper and iron mines in the upper peninsula of Michigan,
and although great quantities of lumber are cut, the Northwest is essentially a farming country,

OHARAOTER AND DISTRIBUTION OF THE WATER-POWERS.

STREAMS OI' THE PRAIRIE REGION.

There is & popular idea that in a prairie or semi-prairie country, like a large portion of that under discussion
the streams are necessarily sluggish, and the water-power small, if there is any, It is true that the typical
water-course of the prairie is not the bold, dashing torrent of the mountmns, but it is equally true that it is not
uniformly a meander, which can scarcely d1 aw its slow length along,

The true prairie is not necessmrily & level plain. The slope of the general surface is often consulemble, and
this gives rise to swift water, and even rapids, in the streams, thus affording many available powers. This is the
case in the prairie of the Northwest, and, while extensive falls are uncommon, there is a general distribution of
moderate water-powers all along most of the streams.

Omne point to be noted in this connection ig that such water-powers are not in inaccessible valleys, with rugged
mountains upon either-side, hemmed in by high, rocky cliffs, and in a country whose sterile soil yields only aniggardly
reward to industry; i but they are situated in the midst of one of the most fertile sections of our country, where
great fields of grain give promise of work to keep the millstones turning day and night, and where the wentlv
rising banks and facilities of approach afford every advantage for their inexpensive improvement.

The characteristic occupation of,the Northwest decides the channel in which the utilization of the water-power
shall take its course, and an improved power is not complete until it has one or more flouring-mills converting
thoe wheat raised right at hand into flour, either for home consumption or to supply a distant demand, ’

' By the facilities for communication with other sections of the country erude materials of different Ikinds can
be as readily carrvied to these cheap powers as the cotton of the southern states has been carried to the looms
of New England.

The pine forests have supplied work for some of the largest saw-mills of the world, and poplar, spruce, and
pine keep many wood-pulp and paperaills busy. The hard woods, as oak, hickory, and ash, are used for tho

manufacture of wagons and tools, to supply the demaunds of the farming population, and there are many machine
tool works. There are comparatively few woolen-mills.

STREAMS OF THE RUGGED REGION.

There are sections of this northwestern regmn where the country is rough and rugged without being strictly

mountainous. These sections are mostly in the northern portion of the district, and the streams are not generally
B -
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s0 accessible as those farther to the south, nor do they lie so directly in the line of eastward traffic; but, with the
further development of the country, their importance will become mueh greater.

Tn the wild, unsettled region in the extreme northeastern part of Minnesota north of lake Superior, and in
sections along the south shore of that lake, there is little demand for water-power, and not much probability of it
in the near future, although the Canadian Pacific and Northern Pacific railways may develop that region..

VALUR O THE WATER-POWRRS.

Water-power is now very eheap, and even at the extensively improved sites $10 per year per horse-power is
above the average. Good powers may be obtained for $5. In the manufacturing centers of the New England
states such rates would be considered extremely low. Many unimproved powers can be had at very moderate rates
even for this region, while in some localities the power will bo almost given away, the theory being that such
improvements will enhance the value of other property. In some localities the people are also very anxious to
have a flouring-mill erected for their own convenienee, and special inducements arve offered. However, powers in
favorable localities are generally appreciated, and ave held at greater value by the riparian owners.

DISTRIBUTION OF THE WATERPOWERS.

The division into drainage basins has been already given, and the statement made that, considered in a
general way, there was o long, gradual inclination toward the south in Wisconsin and Minnesota, draining into
the Mississippi, and a more rapid slope northward in Wisconsin to lake Superior, which slope is continued through
o portion of the upper peninsula of Michigan. Beside these, there is the drainage toward lake Michigan from
Wisconsin, and to the Red River of the North from Minnesota and Dalkota, while a portion of Minnesota draing
into the north shore of lake Superior,

UPPER MISSISSIPPI BASIN.,

The most extensive drainage basin is that tributary to the Mississippl river, and, although the slope is not so
great as in other sections, we look there for the greatest manifestation of water-power. The total fall from the
extremo sources of the Mississippi to Saint Paul, a distance by river of about 500 miles, is very nearly 1,000 feet,
This to a considerable extent is eoncentrated in rapids, which, with the large flow of the stream, would furnish very
fine powers if improved. About 75 feet of fall is concentrated in SBaint Anthony’s falls and the rapids ab
Minneapolig, near Saint Paul, and at this place, in a condition of congiderable development, is situated one of tho
finest water-powers of the United States,the total theoretieal power,in a fair stage of the river, being estimated at
120,000 horge-power. Railroads run beside this power, and the manufacturing already done gives Minneapolis o
high rank among our manufacturing cities, It is said to De the second or third milling center of the world, and
only finds its superior in that respect in Germany.

The tributaries of the Mississippi are, many of them, large streams. 'The Wiseonsin, Chippews, Saint Croix,
and Minnesota rivers abound in good powers, especially the upper waters of the Wisconsin—as Grandfather Bull,
TFather Bull, Little Bull rapids. These powers in northern Wisconsin are mainly undeveloped, except so far as
used for saw-mills,

WESTERN DRAINAGE AREA O LATRE MICIIGAN.

Although the western drainage arca of lake Michigan is narrow, there is a peculiar concentration of a large
portion of its drainage in one river, the Lower Tox, giving rise to important water-powers, which receive attention
upon # later page. The thriving city of Appleton is sibuated upon one of these, and to its well-developed
water-power is chiefly due its prosperity.

North of the Lower Fox river, into Michigan, there is o considerable descent in the streams, and in the upper
peningula of Michigan these streams ave of small size, the Ontonagon and Escanaba vivers having the largest drainage
areas. Bubmany of these rivers have considerable fall in their passage, either to lake Superior or to lake Michigan,

_and are, to & great extent, in a wild, unsettled section of ecountry, They are small, but from their rapid descent
the amount of water-power is large. As may be gathered from preceding remarks, the country is undeveloped and
this power unused, bub some of the rivers, {rom their location, are of prominence. Ilspecially igthis true of the
largest, the Saint Louis river, which will receive attention on the following pages.

BASIN OF THE RED RIVER OF TIIE NORTTIL

The Red River of the North is entircly a prairie stream. Upon ity upper waters are several fine powers, one
having » total fall of over 80 feet. The water-power is practically limited to the upper portion of the stream and
its tributaries. ‘

STREAMS OF THE WESTERN PORTION OF LAKE SUPERIOR.

There are in the extreme northern part of Minnesota several streams flowing into the chain of lakes and
marsh land which conneets the Liake of the Woods with lake Superior. Some of these streams are rapid, and
19



6 | WATER-POWER OF THE UNITED STATES.

must have a considerable fall, The Vermillion river, as deseribed in Dr. Owen’s report, has several sharp rapids
in its course, and the outlet of all this basin toward lake Superior, the Pigeon river, has many heavy rapids and -
falls ; but this region is hardly explored as yet, and is entirely undeveloped. The Lake of the Woods has also a
connectlon with lake Winnipeg, in Manitoba, by the Winnipeg river, and hence the drainage of northern Minnesota
is not capable of exact caleulation. In view of this fact, the 15,965 square miles represented as draining into the -
north shore of lake Superior cannot be considered as entirely tributary to that body of water. The Winnipeg
river is stated in one report to have a fall of 349 feet in its length of 165 miles. This places the Lake of the Woods

1,050 feet above the sea and 450 feet above lake Superior. In one place Winnipeg river is called White river,
from its foaming rapids.

GEOLOGY OF THE REGION IN ITS BEARINGS ON THE WATER-POWERS.
CAUSE OF THE FORM OT THI DRAINAGE SYSTEM.

The details of this subject are treated to some extent in describing the several water-sheds, but a general view of
the entire region from a geological standpoint cannot be out of place, especially as rivers derive their characteristics
in such an'important degree from the condition of the rock and loose material over which they run. It has been
observed that, viewed in a broad sense, there is a comparatively abrupt inclination toward lake Superior, and in
‘Wisconsin and Minnesota a long, gradual dip southward, which determines the main features of the system of
drainage of that region.

It is well understood that, subsequent to the formation of the Archaic rocks, a succession of seas, or of advances
and recessions of the same sea, deposited the stratified rocks of the sncceeding periods of time.

The old Silurian ocean which washed the shores of the Archeean land deposited as it rveceded the Potsdam
sandstone, the Saint Peter’s sandstone, the lower magnesian limestone, depositing its sediment upon this old
Avrchaic continent. It was a natural consequence that the successive superimposed strata should take the slope
of this ancient rock, which formed the bed of the primeval ocean, and as each succeeding sea had its shore line
upon the lately-formed rock, so also each stratum, as seen atthepresent day, has its line of outerop npon the preceding
one.

In the North American continent a belt of the Archaicland runs through Canada, a spur forming the Adirondacks
in the state of New York, and this belt of primitive rock continues west through the upper peninsula of Michigan,
northern Wisconsin, and central Minnesota, where it outcrops, with a dip southward through those states. The
sedimentary rocks were deposited upon this Archeean base, taking its southerly dip and outeropping in successive
belts, which are crossed in going from north to south in their successive order of deposition.

Although much complicated by.erosion and otherwise, these geological conditions exist to the Gulf of Mexico,
where the late Tertiary deposits are now being overlaid by the alluvium of the modern age. The lake Superiow
slopes are inegualities in the surface of the Archaic rock, and are due to upheavals,

Thus we see the origin of the existing drainage system. The streams in ancient days, as at present, finding
the general surface dipping toward the south, flowed southward, and the glacial action, and the changes accompanyingr
it; did not materially alter their courses, with the exception of the cages mentioned under the first division of theses
remarks.

‘ GLACIAL AGE.

To the action which toolx place in the glacial age is due, in & very marked degree, its modern surface features,

In treating of the Red River of the North the history of the glacial age is given to some extent. Suffice it to say

here that a solid mass of ice, thousands of feet thick, forced its way south, grinding up the soil and rock surface, ancl

in its recession-left the débris as glacial drift all over the surface, with the exception of a small area in the region
-about southwestern Wisconsin, This drift, sometimes modified by subsequent action, consists of clay, sand,

gravel, and bowlders in varying propoltlons, and forms, almost without exeeption, the soil of the entire region. 'l]m

streams have worn their channels in it, and some are already down to the underlying roek, while others have

not yet suceeeded in wenring through the surface-covering of driff, in some places from 200 to 300 feet thick.

ORIGIN OF THE MINNESOTA LATKES.

These lakes, which form such a peculiar feature in northwestern scenery, are due to the ice age. With very fove
exceptions, they lie in hollows left in the drift when it-was deposited. The theory is that the ice-cap held on its

_surface and in its mass vast accumulations of drift, which were deposited asit melted in irregular heaps and ridges,
the hollows lefb being filled with water until an outlmﬁ was formed.
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LELATIVE INFLUENCE OI' METAMORPHICO AND SEDIMENTARY ROCKS ON THE STREAMS.

Many of the streams flow entirely or in part over the metamorphic and igneous roek of the Archaan belt, and
such streams have usually sharp rapids along their courses, instead of amore uniform descent.

The hard nature of the rock resists erosion better than the sedimentaryrocks over which the streams flow further
south. It must not be understood, however, that there arve no rapids or falls over the sedimentary rocks. There
are many falls, due to the passage of a stream from & hard layer to a soft underlying one, and nunerous rapids on
the hard layers of limestone rock. All the rapids of the Lower Fox river are over the Trenten limestones, and
the falls of Saint Anthony are caused by the Superposition of the Trenton limestone on the soft Saint Peter’s
sandstone. Tven in the dvift moderate rapids occur where there are accumulations of bowlders, and, as might be
expected, the beds of the streams are worn much deoper below the geueral surfacoe in the region of sedimentary
rocks than where the Archeean rock underlies the soil. '

FLOW OF THE STREAMS AND CONDITIONS AFFECTING IT.
: IMPOSSIBILITY OF ACCURATE CALCULATIONS,

The primary requisite for a stream of water is the rainfall; but while this is so evident, it is hardly corvect to
say that the discharge from & given area depends on the rainfall upon that region. Tho flow of the streams which
drain the surface of the land depends so much upon the topography, the character of thoe soil and underlying rock,
the temperature and winds, and the storage capacity, that it is impossible to determine any definite ratio between
the discharge of streams and the annual precipitation, The most that can be done is by oxperiment, observation,
and caleulation to find, as nearly as possible, the effects which the different civeemstances met with in nature
have upon the waters of the earth in making their cireuit between tho clouds and thoe sen.

It is the object here to consider the conditions affecting the flow of the rivers of the Northyvest.

AMOUNT OF AQUEOUS PRECIPITATION,

Tirst, the annual precipitation is not so great upon those inland states as upon those bordering the ocean, The
lLicaviest precipitation upon the area under discussion averages about 35 inches, while the lightest docs not exceed
15 inches per annum. This is, of course, to the detriment of the water-powers; but it is offset to o largo degree by
other considerations, as will presontly be notieed. The diminution in the precipitation is general from east to west,
with local variations, perhaps owing to the proximity of the great lalkes. In the upper peninsula of Michigan and
northeastern Wisconsin the annual precipitation averages at least 36 inches; around lake Superior, 30 to 85 inches;
and upon the upper waters of tho Mississippi and the sources of the Red River of tho North, 25 inches, which is the
amount used by the United States engincers in making ealenlations for the reservoir system on the upper Mississippi.
From the sources of the Red River of the North westward the amount of annual precipitation rapidly falls down
to 15 inches, or even less in Dakota, Most of the rain and snow of this region appears to be due to the condensation
of the moisture in the warm carrents of air which sweep up the valley of the Mississippi from the Gulf, and the sndden
deercase of moisture at the eastern portion of Dakota marks the margin of the main effects of these vapor-hearing
Gulf currents, '

CLIMATIC BFTECTS.

Thoe high northern latitude causes cold winters, but the summer temperature is much influenced by the warm
air from the Gulf of Mexico. In the far Northwest the climate is very much modified by the softening influcnes of
the Japan current in the Pacific ocean, whose effects are felt even in Dalkota, tempering the winter climate to a
great extent. ‘

The temperatures given below are averaged from the report of the Smithsonian Institution. More detailed tables
are furnished on succeeding pages. Tor the basin of the Red River of the North in the United States the summer
temperature averages 65 to 70 degrees, and the winter temperaturo 8 to 10 degrees Fahrenheil above zoro. Tho
temperature about the sources of the Mississippi is about the same. On the western drainage area of lake Michigan
the average summer temperature is 68 to 70 degrees, and the average winter temporature about 20 degrees
Irahrenheit above zero. This large difference of 50 to 60 degrees between the average temperatures for the two
-extremo seasons of the year, together with the fact that the winter winds are more generally dry winds from thoe

~ northward than those of summer, must exert considerable influenco npon the distribution of the precipitation
throughout the year, : 21
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Turning again to the report of the Smithsonian Institution, and selecting characteristic data, we find these
results:

DISTRIBUTION OT ANWUAL PRECIPITATION, IN INCHES.

Rogiom. . TLooality. Spring, Summer. | Auntumn. | Winter. Total.
|
Basin of tho Rod River ef tha North..eeevaeennrieneninn.. Tort Ransom, Dakota . coovevrnnn. PRTT 5. 14 4,96 8.38 1.82 15,30
. DBreokiuridge, Minnesotn . ...... [ 6. 41 12.05 3.17 2,45 23,08
Wostorn drainnge nren of Inkea ATICZAN caervercnreacanan Apypleton, Wisconsin cecvevnavevranansinnns 7. G5 10, 24 6. 92 3,70 28,61
Embarrass, Wisconsin. co.ooreac.o- s 814 12, 49 8 21 5.73 34,67

TIMES OF FRESHET AND DROUGIIT.

Of all fonr seasons the summer has the heaviest precipitation and the winter the lightest, almost exclusively
congisting of snow, On this depends one important feature of the streams, viz: the June freshets. But the effect
of the cold winter temperature is not confined to the distribution of the precipitation. After it has reached the
sarth, the icy grasp of winter, to a large extent, holds the moisture fast until the warmer air of April and May
releases it, and then there is a spring freshet, cansed by the melting snow and ice.

The fall rains, which are relied upon to fill the springs for the winter’s flow, often produce high water in the
streams. In normal years the low water takes place in late summer and early autumn, before the raing of fall have
replenished the streams, and in winter, when the sources of supply are to so large an extent frozen solid. Ifis.
ovident that the cold winter must have an injurious effect upon the steadiness of flow, which is not experienced. to
nearly so great an extent by the southern rivers. Those streams have in this respect the advantagoe of the northern
water-courses, but it will be shown how the injurious influence of the cold winters is remarkably counteracted.

EFFECTS OF MOUNTAINOUS AND OF LEVEL COUNTRIES.

In a rocky, mountainous country, where the only level land is the narrow flat at the bottom of the valley, the
rain, as soon as it falls, rushes immediately down the mountain side and is wasted in sudden floods—a state of
affairs most inimical to the interests of water-power; and it is largely from this cause that in the New Ingland
states the creating of artificial reservoirs becomes sueh an important item in the improvement of them. In the
Northwest the case is, to a certain extent, just the opposite, The tendency is for the rain to soak into the ground
and gradually find its way to the water-courses; and lhence what wounld be in the one place a disastrous flood is
here distributed through several days, or even weeks, and gradually disappears.

The only streams we have dealt with that in this respect at all resemble the typical mountain stream are some
of those discharging into lake Superior; but even with these the effect of rocky, steep drainage is much mitigated
by level lands upon their npper waters. There are also some streams in the comparatively lovel prairie which ave

very unsteady, but these are hardly more than drains for the surface water, and, not being fed by springs or lalkes
to any extent, cannot be taken for comparison.

INFLUENCE OF SAND AND GRAVEL BEDS.

The drift, as has been described, is very irregular in character, and where the clay is replaced by sand and
_gravel the absorption of the moisture is very great, This seriously diminishes the flow of the streams in the
immediately loeality, but, nevertheless, is often of great value in maintaining the flow at some other place, for the
water issues in copious springs at n lower point. Thus, on the south shore of lake Superior there is an extensive
sandy ridge upon which there are no streams, but at its base are & large number of beautiful springs of clear
running water, which feed the Bois Brulé and neighboring rivers, often bubbling up from the sandy bed of lakes.
In northern Minnesota, also, there are sand ridges exerting their influence upon the rivers there. In scarcely any
place can this effect of sand ridges be more marked than in the state of Mississippi, where the sand-hill streams
often have a mill within a few rods of their source, and are an unfailing source of moderate power throughout
the year.
In'some localities it is difficult to see how this absorptive power of sand and gravel beds can have any effect
but positive injury upon the water-powers, as the water-bearing layers strike too low to feed the rivers in the
. water-power regions.
For example, the valley of the Red Rwer of the North is underlaid by water-bearing beds, which receive their
supply from where they outerop on each side of the river and within its basin. The result is that water which
would otherwise flow into the tributaries of the main river is carried down beneath the river bed, and, if returned

2t all to the strea,m, it is far below the region in which its water-powers are situated. Several ﬁue artesnn wells
in the valley are fed by this storage.
: 22
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INFLUENCE OTF FISSURED ROCK,

The old Archaic rock which underlies the soil over so large a portion of the Northwest is hard and solid and
impervious to water; but the newer formations are not so resistant, and to them some loss is doubtless due. Thus,
there are many artesian welly in eastern Wisconsin which get their supply from the rocks, which there have a
southeastern dip. Water percolates from the outerop down through fissures, and probably a considerable amount
thus finds its way to lake Michigan underground without ever entering the legitimate surface channels, At many
places along the Mississippi valley are artesian wells, fed by water drained in this manner from the surface streams.
What effect this has in reducing the flow of the streams it is impossible to determine, but that it exerts some influence
is self-evident.

ACTION OI' WOODLAXND.

The woodland which yet covers so large a portion of Wisconsin, Minnesota, and Michigan cannot but be of
value in steadying the flow of the streams, The grasses, roots, and deeaying vegetation of o forest retard the
escape of water, while the shade also prevents excessive evaporation. It must not be overlooked that trees, in
growing, take up and dissipate an enormous amount of moisture, which is retarned as rain, but is kept from
reaching the streams. This very action, however, in making the distribution of the precipitation more uniform,
would have a tendency to equalize the flow of the streams, and the universal testimony throughout cleared countries
which were once well wooded is to that effect. Sir Gustay Wex, in a treatise on the subject, bears testimony to
this result from the cufting of the Buropean forests; the older of our states testify to it; and even in Ohio, which
has heen settled almost within a half century, the complaint is almost universal among tho millers about the change
for the worse in the steadiness of many of the streams. There the cause is largely the draining and plowing of the
land, whereby the water reaches the creeks in a much shorter time than when the land is marshy and overgrown
with thickets.

ETFFECTS OF PRAIRIE CULTIVATION,

In some prairie regions, however, the effect of cultivating the land has been very different; draing have made
marshes and areas of land tributary to the streams where evaporation formerly took all the water which did not
sink into the soil, and some streams have been very materially increased in their volume by this means, as well as
improved in their uniformity of flow.

In Kansas the curious result of farming has been to increase the rainfall. The theory is that the breaking of
the. tough prairie sod makes the soil more pervious to moisture, and hence immediate surface discharge is decreased,
absorption and evaporation are increased, and consequently the rainfall is augmented.

LAKES OF THE NORTHWEST,

It has DLeen said that the injurious effects of the cold elimate upon the streams in diminighing their discharge
are remarkably counteracted, and surely a glance at the map will satisfy all familiar with the effects of lakes of the
truth of this statement. ’

If natural reservoirs are of any value in regulating the flow of streams, certainly the rivers of the Northwest
must be extremely steady. A very large portion of Wisconsin and of Minnesota, but especially of the latter state,
is almost literally covered with lakes, varying in size from the smallest pond to bodies of several hundred square
miles in extent. The map of the lake region of the Red River of the North will serve to illustrate this. A count
from large and detailed state maps of Minnesota and Wisconsin, and from the land-office maps of Dakota and the
upper peninsula of Michigan, gave these results. '

DISTRIBUTION OF LAKES ACCORDING TO STATE BOUNDARIES.

Number.

MINDEBOBA sa e o v cn it e rae tccit ciecie cemn ants s bk e hnmant ot cesanke wiunsnansnanenunensncaronamas 4, 820
BT 1T O U 2,405
Upper peninsula of Michigan ceveenvaineriovnarianunn. e aes ememes e eausmaAne s ames naNas nRRnrrnnmay annnn . b23
Tastern Dadotiie e ea o aee oot i it e ettt demnny tern e ms et manarn bmmemeaecenmsamernanesn reae  LOD
The entive region nnder dIBCTUEELON e eer trer e tivcns snme e vartavncesasn cmnn vomnmesnnncnnsnnmonennsnansn 8y 041

DISTRIBUTION ACCORDING TO DRAINAGE BASINS,
UPPER MISSISSIPPI RIVER. .

B N T 3,817
T U O = 3¢
Dakotd.uee e e e rria s sire e ar e e e i bemn eimmeiesanecnnna. s reemes hmmaasaeamn 46
North of the Northern Pacific Tailloafl «uevun vt conenerrnetemeeisainectesssnsmusnnmncmnssnsmnsnannns snnnns 954
West side of river and gouth of Northern Pacific »ailroad ovoee oirie nvnrenccacarenmanrocmansncenns smneocas 2,023
East side of river and south of Northern Pacific railroad, in Minuvesota fueavvnnn PP P mevuaanaenan s . 420
Total in Minnesota, Wisconsin, and Dakota ..ccve vimine ot tiicn rimeisnnesnrs cmes smnrrenanas onne .- 5, 250
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RED RIVER OF THE NORTH. Number,

MINICEOE ¢ 1 caw e vnes nansmaus cnvsvmne toeuns anraaane snenns arna ser reamaa s navaeenatonunn tevnns auna mannnnne  TOO

[0 PR &7

Total in Minnesota and Dot - .o veee cous saae crcans v ars smnas aareaiontumaas cmne anns snen sunnanmnons 787

RAINY LAKE REGION AND NORTHERN SHORE O' LAXKEL SUPBRIOR.

Minnesoto .oeveee cvvncene vanan N b ma mmme amam eeee e ee samAms aaes mama cmanaenaanah aaceamun manscanteancnacnasnen  S0D
‘ SOUTHERN SIHORE OF LAKIE SUPERIOR.

Wiseonsin and MINNeS0Lh vae. v e saas mace connes vanamn cenenenn samann amnees wetiamaemeencaccancaranaas 186

MO AN e e o o tmeaes canen saee caa e mmkaaa samana mmnn mree man s ana aema e vemmra s enaa aamnamna e caenan 164

Total in Minnosotn, Wisconsin, and MIeHIZIIl. caus seeame vaie it e cre e e nvmn canecmnn cnan nnne asne amas 350
WESTERN SHORE OF LAXE MICHIGAN.

IVABOOMEITL 1u s e vaet e ckee e s te it caee c s aman aaer e can maaeomen amasmaas smmannsaennennnannrnenennne 438

M O L et ctee teet et ecre s amn mkam e aaan e man s mat amnn e rannaae ntn snan s omnn o nnnn e 300

Total in Wisconsin aud.Michigun R 1 4

DATA CONCERNING THE LARGER LAKES.

Drainage basin, Lake. Locality. Aren. D{féﬁ“ﬁ“

8q. miles. | Sq. miles,

Upper Mississippl ceccvevmrmrenrrevianns irvrrerusrensrenianenus MO TACH vevenvrenericannnonnas Minnesotn 186 e

: : LT TR O SN 176 1,038

Take Winnibagoshish ..ccuvunitoaaaa. a8 1,850

Cnss 10K wrevvnscannn R, ——— 94 1, 008

Weatern shore of 1alee Michigia.cuveeseessmereeenererreraaiane Take Winnebrge « ccevvvecoannn. Wisconsin 109 G, 046-

Red River of the North...... taareriesaavarsenien e seraneanes RedIako........ [N MINDEEOEN avneimmmrearars cotansraaens 250 2, 149

: Ottor Tall 1Ko vuvvmseriuenaaaniloannan [ T N 20 1,442
Ralny lake vegion and northorn shore of lake Superior.........| Take of tho Woods. ... on..... Minnesotn and the British posscssions. . 1054 [evnmnmanesionns
B Rdny 1aKe cveerieneicrinnvananeloansan QO et iisraenanci e e s 204 lincreninnnas

Vermillion 1Ko . e e.cenerryeunae.] MINDEEOLA .o ntieemeneenreiesoeneannannns 50 636

*Including water suxface. . '
+This s less than the true nmount, a8 the exiremo northern extension of the lnka was not represented npon tho map from which the mensurement was taken.

The maps show that by far the greater number of these lakes are about the headwaters of the rivers, and
hence their effect in regulating the flow is much more general than if they were distributed farther down stream.
If it were noti for the immense number of natural reservoirs these streams would be very unsteady.

COMPARISON OF LAKELESS WITH RESERVOIR STREAMS.

-~ We are not without cases whereby we may judge of what the conditions of the water-powers would be did not
theso lakes dot the surface of the land. In Dakota there are comparatively few lakes, and the streams are very
unsteady, the headwaters of many of them literally freezing solid in winter. Tt iy true that the precipitation is
much loss there; but, allowing for the difference in rainfall, a simple calculation shows that the ordinary low-water
discharge is only about 20 per cent. of what it would be were the topographical conditions similar to those in thoe

lake region to the eastward in Minnesota. This caleulation is made on the assumption that the evaporation bears
- constant ratio to the amount of precipitation, which is not strictly correct; but the result serves to give an iden
of the effects produced by the lakes. As was just mentioned, the discharge per square mile of the lakeless regions
is sometimes reduced absolutely to zero at the headwaters of the streams,

-The influence which the lakes exert cannot be better illustrated than by the estimates of the ordinary low-water
dischargo per second per square mile of drainage area for different places along the Red River of the North, as
given in the table at the close of the section devoted to that river.

" The remarks preceding the tables explain their peculiarities. The tables are derived from & comparison of the
upper Mississippi above Saint Paul and of the Red River of the North at the erossing of the national boundary-
line. It must be Dbornein mind that the sources of the Mississippi abound in lakas, while, except at the extreme
headwaters, the Red River of the North has comparatively few lakes. The very light rainfall over a large portion
of the basin of the latter stream wounld also aceount for much of the difference in the nature of the two rivers.

) Tstimated ardinary
River. : : Area drained. low-water flow
S . per second.

Square miles, COubie feet.
'} Red River of the North at the natlonal boundary ......... 30, 577 2,800
Mississippi river af Solnt Panl.coueecamecrinnenrnenesaan 26, 741 Abont 7,000
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The ordinary low-water discharge of the Mississippi at Saint Paunl is more than twice that of the Red River of
the North at the national boundary, while the area tributary to it is 3,000 sqnare miles less. The following
estimates of the ordinary low-water discharge for several of the streams of the Northwest were obtained mostly by
comparing actual gaugings with the drainage arveas. . Of course they are liable to error, due to not making the
gaugings at a strietly ordinary low stage of the river, but they are believed to be approximately correct. In the
case of the Meuominee and the Saint Louis rivers, where no actual measurements were obtainable, thoe discharge
was estimated by comparison with neighboring streams. Both these latter have the greatest precipitation of the
entire region upon their basins:

L&Ilimutul ]ordlimuy
v : ow-witer dischargo
Lver. Loeality. )or squaro mile of
drainago aren,

Cubic fect per sccond.

Red River of tho North.......... PR P, {Mouth of tho Pelioan 1iver......-.. 0.418

R Breckinridge, Minnesota ..evaesu.. 0.217

‘ MISSIBSIPDE < e vene s irerevinsinn carmnaenaenarnas Altkin, Minnoesoth. ..eeeevernenenrens 0,840
Lower FOX rIver. ccuvveecnreesecmocnnimanne e Toot of lako Winnebago 0.418

Baint Touis piver ... ceee| Mouth of river.....c.vaean.. 0, 400
Menomin@OTIVEr. « ovtveeerrrarnsacnesaninans|annscans B0ueaner cavnacnunmarnnnns 0.460

Mr. G. T, Swain, special agent of the census, who has written a report upon the water-power of the Atlantic
states, kindly fulnlbhes the following information :

The ordinary low-water flow of thoe stroams of {he Atlantic coast wmhout regorvoirs, which have a rainfall of B0 inches per year,
rarely exceods 0.40 of a cubic foob per second per square mile of drainage aren, while some with 38 to 40 inches of rainfall give only 0.30
of o cubie foot per second in the same stage, as is the case with the Potomae river,

In the lake region of the Northwest, with a precipitation of less than 30 inches per annuw, the ordinary
low-water flow exceeds in some cases 0.40 of a cubic foot per second per square mile of drainage area.

‘What speaks more eloquently for thelakes of the Northwest than these figures? When a stream like tho upper
portion of the Red River of the North iy observed year after year, and is seen to scarcely vary four feet in depth
from the drought of summer or the chilling cold of a northern winter to the melting of the snow and ice in spring,
and when one is told that a three-foet rise on the beautiful river of the Lower Tox is unusunal, then it is that tho
true value of the lakes is appreciated.

INFLUENCE OF SWAMPS.

In giving credit to the lakes we must not forget the influence of the swamps, which are mingled with them
in northern Wisconsin and Minnesota, in maintaining the flow of the streams. The moisture retained by tho
roots and thick, matted growth is dealt out gradually. It cannot Dbe denied, however, that the action of the
swamps is not entirely beneficial, The evaporation from their luxuriant vegotation and the shallow, stagnant.
pools of water is enormous, while in cold winters they often freeze entirely solid, and then the flow from them
ceases completely. TFor example, a person familiar with the Kanlkalkee river, in Illinois, stated it as his opinion
that the swamps at the leadwatoers of that viver were of more injury than good to the stability of the {low. Ib is
probable that in a moderately level country, with a rigorous climate, swamps alone are of questionable value where
a permanent water-power I rvequired throughout the year; but deep-seated springs, where they exist, exert a
greater influence in regulating the flow. With lakes the case is different. It is true that extensive evaporation.
taltes place from their water surfaces—about 0.15 of an inch per day from April to October, inclusive, at the sources
of tho Mississippi—but their depth, as compared with their surface, is much greater than in swamps, and they
nsually receive the drainage from considerable areas, which is protected in their depths from cvaporation; also in
winter a covering of ice (three to four feet in Minnesota in the winter of 1880-'81) protects the waters below from
freezing, and thas a constant supply is given to the streams throughout the coldest weather.

CLASSIFICATION OF THE LAKES.

It must not be supposed that each one of the lakes in the region engaging our attention is filled to the brim
by full-flowing streams, while a small river rushes through its outlet, TFrom the very fact of their proximity to each
other, the drainage areas of many must be extremely smail; in fact, some have hardly more area tributary to them
than the water surface which they expose to the rain and snow. Such lakes usually constitute a separate system
of their own, and are of no value to the main stream in whose basin they lie. Other lakes receive a supply of water
which is greater than their loss from evaporation and filtration, and these pour their tribute into the water-courses.

The lakes of the Northwest may be divided into three classes: 1. Those lying in the course of the main streams,
being in a certain way expansions of their surface. 2. Those which have an outlet into the main streams. 3. Those:
without any visible outlet, 25
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TIRr8T OLASS.—To this c¢lass many of the important lakes belong, serving a most usefal part in catching the
surplus water of the streams and parting with it gradually, and often there are side streams and lakes directly
tributary to them., In this connection it is proper to mention a peculiarity of some western str eams, viz, in having
lakes tributary to them which are connected by a short, sluggish channel with the water of the river. When the
main stream is high, the water backs up in this short cheumel and fills the lake, to be let out gradually. Lalkes
which thus equalized the flow were called, in the language of the Chippewas, Pokegama, and several pokegamas will
be noticed upon the maps of Minnesota and Wisconsin,

SECOND OLASS.—Of the second class of lakes, some give large additions to the volume of the rivers, while the
outlets of others are only small brooks. No correct estimate of the importance of these lakes to the maintenance
of the flow of the rivers can be gathered from their actual size; the extent of the area tributary to them must, of
-course, be taken into account. - The following example illustrates this point: Mille Lacs, in Minnesota, has an area
-only 13 square miles less than that of lake Winnebago, in Wisconsin, as shown by the figures in the table; but the
area tributary to lake Winnebago is 6,046 square miles, while the line of water-shed limiting the drainage area of
Mille Liacs is nowhere more than 6 miles from its shores. . The result is that the broad channel of the Lower Fox
is the outlet of the one, and the comparatively small stream of the Rum river drains the other.

LAKES WITHOUT INLETS.—Some of the lakes have a running stream leading from them, but on making their
.complete circuit no apparent inlet can be discovered. The surface drainage from the surrounding shores is
insufficient to account for this. They are fed by springs in their beds, which beds are almost without exception
in the glacial drift, which often contains layers of sand and gravel. To the presence of these water-bearing strata
is doulitless due the existence of the springs.

A land surveyor informed me that while his party was surveying in western Minnesota in the winter they
came to one of these lakes, and, noticing in the distance a singular round hole in the otherwise unbroken ice
surface, they went-out to examine it. One of them, being too curious, broke through the edge, but managed to hold
to the ice until assistance came, the force of the current of water being 5o great as to hold him out horizontally.
‘This place was far removed from where the current at the outlet could have any effect.

THIRD OLASS.~—Of the third class of lakes there is an immense number. Often they are small ponds, filling
hollows in the land, but some of them are of considerable extent. There are two causes, one or both of which may
operate to produce them, and these give rise to a secondary division of the third class, viz: 1. Lakes having no
outlet. 2. Lakes having a subterranean drainage.

To division 1 belong the lakes which have been already alluded to as having very small drainage areas., The
supply of water which they receive does not suffice to raise their water surface high enough for them to find an outlet
(except perhaps in very wet seasons, when they come for the time under the second class), and they are really
stagnant pools, in which the surface is lowered by evaporation. They merge into marshes and reed swamps, such

ag ave found in large numbers in portions of northern Towa. These lakes, of course, contribute little to the value of
the water-powers,

Divigion 2 takes by far the greater number of the lakes of the third class, and as the water is usually
comparatively pure, althongh the moil is rich in salts, it is fair ‘to conclude that there are very few of them

~ with absolutely no ontlet, the same causes that have been mentioned as giving rise to springs in the lake beds
acting equally as well to give a means of outlet to the lakes. It is extremely probable that many lakes which
apparently have no connection with the streams feed them with a steady supply of water, which filters down through
the sand and gravel, where these occur in their beds and banks. There are many probable examples of this. The
area of lake Minne-wa-kan, in Dalkota, is 107 square miles. Although this lake is claimed to have no outlet, it is
thought to aid the volume of the Sheyenne, a tributary of the Red River of the North. In some cases the filtration
may take place and the water be discharged at some distant point, thus being a positive source of loss to the
volume of the streams of the locality. Nevertheless, it is fair to assume that most of the northwestern lakes exert
a beneficial influence upon the water flow of that region; certain is it that their entire absence would make a great
«(ifference in its steadiness.

In many cases it is entirely practical to raise the level of the lakes by dams at their outlets, and thus largely
‘increase their storage capacity, The discharge could then Dbe regulated at pleasure, and the permanency of the
water-powers still improved. No surveys with this object in view have been made so far ag known, with the
exception of those carried on under the direction of Major Charles J. Allen, corps of engineers, U. 8. A., for the
reservoir system of the Upper Mississippi river, and a survey along the Rock river of Illinois for the same purposc,
These demonstrate the feasibility of establishing artificial reservoirs upon the Upper Mississippi, which would
much improve its navigation and be of great value to the water-power interests. The small cost of land makes
artificial reservoirs comparatively inexpensive.
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GRADUAL FILLING OF THE LAXES.

Tt is the inevitable tendency for the decaying vegetation gradually to fill up the lakes, changing them into

marghes and peat-bogs.  All the different stftges in the process, from the open lake to the bed of peat, are now to
be seen,

SUMMARY.

Reviewing the preceding pages, before taking up the detailed discussion of the different drainage areas, the
prominent facts are briefly these:

1. The region under discussion embraces Minnesota, Wisconsin, the upper peninsula of Michigan, and the
northeastern portion of Dakota. In this section of country the main system of drainage is toward the south, being
comprised in the basin of the Upper Mississippi, and around this, to the northeast and west, are lesser systems,
draining north and east. ~

2. The country is mainly undulating, but there are considerable changes in the elev: ation of the gencral surface.
The main features of this change are a long, gradual slope sonthward, with a shovt, comparatively sharp declination
toward the great lakes. There are, of course, many local modifications of this.

3..As a natural consequence of the facts given in sections 1 and 2, the largest streamns are in the Mississippi
hasin, but the most rapid ones are in the drainage areas surrounding it.. It will not answer, however, to consider
all of one class sluggish and of the other rapid; the distinction is only a broad one.

4. Because of the condition mentioned in section 3, the actual water-power is quite generally distributed
throughout the entire region. The idea that thers is 1o water-power in the prairie is an erroneous one.

5. The great difference between the summer and winter temperatures, and the prevalence of dry winds during
tho latter season, have the effect of causing an unequal distribution of the aqueous precipitation throughout the
different seasons. The cold of winter freezes solid until late in the spring great amounts of water, which in a
southern climate would go to maintain the winter flow of the streams.

G. The lovel nature of the country, as compared with a mountainous regmn, and the woods, where present,
tend to equalize the discharge of the streams through the different seagons, but especially is their uniformity of
flow due to the nnrivaled system of natural reservoirs furnished Ly the lakes of the Northwest. These, to o great
extent, counteract the effect of the winter’s eold in decreasing the volume of the streams.

7. The Northwest is comparatively a newly-settled region, and large tracts of land are yeb in their wild state;
lience many water-powers are at present of little value because of their location. The easy access to almost all
sections of the country, and the rapidity with which the population is increasing, will soon bring these water-powers
mostly into use; and the ease with which railroads can e built directly to them, and the fact that so many of them
liein the midst of a region of great natural resources, give to them a special value for the future. At present, water-
power can be bought or leased at extremely moderate rates.

THE WESTERN DRAINAGE AREA OF LAKE MICHIGAN,
GENERAL REMARKS.

Ifrom south to north the length of the drainage surface is 350 miles. At the southern end it is a mere strip
of land, averaging about five miles wide, and in some places scarcely threo miles, At tho southern end of lake
Winnebago the water-shed suddenly turns west, and after reaching the center of the state of Wisconsin, 100
miles west of lake Michigan, it again runs mnearly parallel with the lake. At the south, in the neighborhood
of Chieago, the water-shed is only slightly elevated above the lake-level ; but as it passes nortlt through southern
Wisconsin it gradually rises to 100 feet, then 200 feet, and at the point where it takes its bend westward it is from
400 to 500 feet above the lake. Near its extreme western extension, at Portage, in Columbia county, the line
of water-shed passes through a sandy plain scarcely elevated above the Wisconsin river, which belongs to the
Mississippi system. It is there only about 230 feet above lake Michigan. Ifrom Portage north it gradually rises,
50 that where it crosses into the upper peninsula of Michigan the elevation is somewhat more than 950 feet above
the lake. At the most northern point, where the waters of the Menominee extend so far toward lake Superior, tho
elevation of the erest is nearly, if not quite, 1,000 feet. 27
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Green bay, an arm of lake Michigan on the west, intercepts all the streams in the northern portion of the
region under consideration, and the trongh in which it lies continues clear across the drainage area in a northwest
direction, drawing off a large part of the flow in that section. In reality,the western drainage area of lake Michigan
may be considered in two sections:

First. The area tributary to lake Michigan directly, which is the narrow strip extending from the southern end

of the lake along the east shore of lake Winnebago, and then northeast on the peninsula between Green bay and
lake Michigan.

Second, The area tributary to Green bay.
© - On aceount of its being so closely identified with the lake Winnebago basin it has been thought best to
disenss the physieal geology of the region in the section devoted to the Lower Fox river.

Stated briefly, the facts, as gathered from the state geological reports of Wiseonsin, are that the slope of the
old underlying rock of the state is southeast, and the overlying strata also slope southeast; hence the gencral
direction of the drainage is southeast. ‘

The Green Bay valley extends southiwest across the drainage area and intercepts most of the flow before it
reaches lake Michigan. This valley owes its existence to the dip of the strata, the varying hardness of the different
kinds of rock, and the action during the glacial epoch of the ice-cap.

The section directly tributary to lake Michigan is widest opposite lake Winnebago, where it averages about
thirty miles across, and it is there that the chief streams occur. These are the Milwaukee, the Sheboygan, and the
Manitowoe rivers, with drainage areas of from 500 to 800 square miles each. Their headwaters rise near lake

The streams of the northern and southern portions of this section
are necessarily unimportant, from the limited area which they drain.

. The section indirectly tributary to lake Michigan through Green bay contains the large streams of eastern
Wisconsin, the principal of which are the Upper and Lower Fox and the Wolf rivers, comprising the lake
Winnebago system, and north of these are the Oconto, Peshtigo, and Menominee rivers, and in Michigan the
Ford and Escanaba rivers.

The northern portion of the section west of lalke Michigan is comparatively undeveloped, and the water-power
is unused, with inconsiderable exceptions. All of the streams have rapids and many available sites, which will
undoubtedly be improved in the future,

South of Green bay the country is more settled, and, as a consequence, the water-power has been to some

extent developed. The fine series of powers along the Lower Fox river, which are prominent among those of the
Northwest, lie in this region.

AREAS OF DRAINAGE BASINS,

. Square milos.
Milwankeoe river ...... s tmmmEe Ama e A mE h e e Mo A sa aanE ehon amreg camnen mamnea amaes cmne smannnan ana

831
ShobOFEAR TIVOT. cmue cuviet an vimmmnieceme vaian cecnanan PSPPI RPN £: 14
Manitowee river....... e emas tmman cannan s Mea e mm e dene amiA e eeenataeanay hans baaane e e g mans 553
Lower Yox river:
Upper Fox rIver . oo ccesvercicieeiamens cnmcaanan - . ceenenn . 1,072
WOIL PIVOT s cves seimae vemnne s PR - . amenaae .- 3,763
Lake Winnebago vaveesoies coes iamaen e cmree vaas - . —vae- . 611
Lower Iox river below lanke Wmnobrugo . - . . - 403 6. 449
(0100 T G ) SN et eemeeeaeuenana . . 1’,017
Peshtigo river.....ioeciicriinianen . - . emeeenara . . . 1,123
B0 e o 4,113

‘ BASIN OF THE LOWER FOX RIVER.

Interest naturally centers in the Lower Fox drainage basin, because of its size and valuable water-powers, and
to the discussion of these much of the space allotted is devoted. The upper waters of the basin are not remarkable
for power. The Wolf river, although it is rapid in its upper part, hag little fall in its bed below Shawano ; the
Upper Fox is likewise a sluggish, idle stream ; and all the waters of a section of 6,046 square miles are gathered intv
lalke Winnebago without any remarkable water-powers resulting, But lake Wmnebfmgo is nearly 170 feet above
Green bay, and the flow from this large drainage surface must descend that height in a distance of about 35 mniles.
The waters are gathered in lake ‘Winnebago, stored in that large reservoir of nearly 200 square miles area, and then

sent speedmg down the rapids to Green bay, and thus the power which would otherwise be scattered over a large
areq is hele concentrated, where it can be completely used.

MENOMINEE RIVER BASIN.

The Menominee River basin ig the next both in size and importance, although it is in a wild, unsettled region

of country. TFrom sources to mouth it descends about 950 feet, and many rapids and falls are the result. The
drainage area of 4,113 square miles supplies a goodly volume of water, and many fine powers are awaiting

_development.

A description of tlns river is given in its proper place.

The Oconto and Peshtigo rivers likewise have a rapid descent, and, although much smaller than the Menominee,
give rise to water-powers of value.
28
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RECORDS OF PRECIPITATION AND TEMPERATURE IFOR THE WESTERN DRAINAGE AREA OF LAKE‘ MICHIGAN.*

K ) a al s
Placo. é) g £ E ‘i,’ Lengtl of oliservations. 81;?313:123 rtgm “gg;c&rut&m Tength of observations,
) @a - B 3 -
Inches.| Inches. | Inches. |Inches. | Inches. o/ o ¢

TWRURCENA v eve e eemeenvmeicenes 6. 32 10,80 6. 92 8,15 | 20,92 | Apr., 1850, to Nov.,1850... 69 78 20 75 | Mar., 1856, to Dar, 1859,
Milwankeo ...... ..ed 8,07 10,07 707 6,18 | BL D4 | Jon,, 1841, to Juno, 1877... 67 02 24 00 | Jan., 1887, to Deao., 1870,
Manitowog .... 6.83 10,78 7.00 | 6.14 | 20.76 | Job., 1868, to Dec., 1874. .. 65 30 23 72 | Oct,, 1861, to Doe., 1870,
Wautom.eeeonnn . .| 5,60 6,25 108 316 | 26,02 | Jan,, 1871, to Doc., IB74..cleiivniiniienidioncnicnranns
Fort, Winnobago. cvavnevsceeannns 5.58 11,46 7. 03 2,83 | 27.60 | Aug., 1830, to Aug., 1845.. G8 24 10 81 | Jan., 1829, to Aug., 1845,
WOYAUIWEID cocernvviinaanananaas 6.74 17,85 14,23 56,81 | 4413 | Mar, 1861, to Dee,, 1873. .. 68 18 10 82 | June, 1860, to May, 1867,
‘Waunpaen 6. 50 14, 50 6, 902 8,03 1 25.02 | Jon,, 1807, to Apr., 16874, .. 70 17 20 48 | Deo., 1863, to Deo., 1870,
Menashiv. ceeeeseeeaiiiionan e 6. 83 10,73 7.00 6,14 | 20,76 | Oct., 1857, to Mur,, 1858, .. 05 80 23 11 | Oct., 1867, to Mnr., 1858,
.8 1) 1) (17 ) s Y 7.65 10, 84 6, 02 .70 | 28,51 | Jan,, 1850, to Apr., 1871... 07 48 20 15 | Jan., 1836, to May, 1870,
Greed DAY ..evrneineresans 4 638 b, 45 10. 48 4,46 | 82.42 | Juno, 1858, to Sept., 1805 .. 08 10 18 02 [ Muy, 1858, to Sopt., 18085,
LEmbarriss..eeee venens 814 12,49 82l B.78 | 8457 | Jan,, 1804, to Dec., 1874... 00 82 18 26 | Oct., 1856, to Doc., 1870,
Wausau, on the Wisconsin 40 619 10,80 7. 02 8.16 | 26.02 | Fob,, 1859, to July, 1850, .. 60 08 17 46 | Nov., 1858, to Dee,, 1859,
Sturgeon bAY .o evrvivaavinans 4 5.87 0. 66 8.27 5,01 | 2881 | T'eh., 1870, to June, 1874. .. 08 22 10 14 | 1870,
Tscanabe, Michigon....covnneeen. 8,62 13,72 10, 67 3.28 1 86,00 | Oct., 1872, 10 JUn0, 1876, cleeeceenannranc]immnsesecenvas

*Obtained from the publicntions of thoe Smithsonian Institution.

DISTRIBUTION OI' THL PRECIPITATION.

The annual precipitation on the western drainage area of lake Michigan varies from an average of 26 inclies
to an average of about 35 inches, Inthe section nearest the lake the precipitation is lightest, probably not averaging
more than 27 to 28 inches. In this region run the Milwaukee, Sheboygan, and Manitowoe rivers.

In the section west of Green bay the annual precipitation is greater. Along the Upper Fox river it is about
30 inches, and inereases toward the north, The heaviest precipitation is on the region about the Menomince and
the streams north of it, where the average is not far from 35 inches per annum,

It will be noticed that the topography is such that the largest streams, draining the groatest area, arve situated
in the region receiving the heaviest precipitation. The character of the country must also have some influence
upon the streams.

The Lower IPox drainage system contains, beside the large reservoir of lake Wimnebago, several sinaller
Inkes and extensive lowlands, which prevent rapid drainage., The northern streams run through tracts which
have scarcely felt the hand of industry, No careful farming and dreainage conduets the rainfall rapidly to the
water-courses, but the roots and grasses, with the shade of the forest trees, act benelicially in preventing the rapid
melting of snow and in holding back the water for a more gradual distribution throughout the seasons.

LOWER FOX RIVER.

The Indian name of this river was Neenah, The outlet of lake Winnobago, in castern Wisconsin, it starts from
the north end of the lake, and, flowing in a rather direct northeast course 374 miles by water, it finally reaches the
lovel of lake Michigan in the hiead of Green bay.

That which makes this stream of speeial importance to a report of this nature is the maguificent system of
water-powers which it affords, These are building wp manufacturing interests to an extent that is destined to
malke the Lower T'ox River valley stand pre-eminent among the manufacturing centers of the West.  But the interest
centering in the river is not confined to that derived from its development within the last few years, Owing to its
peculiar relations, hoth to the Missisgippi and to the important waterway along the great lakes and thoe Saint
Lawrence to the Atlantice, the Lower and Upper TPox have, as well as the Illinois river, the distinetion of being one
of the two routes by which the early Jesuit missionaries and explovers made their perilous canoe voyages through
the unknown wilderness to the Mississippi. Through the suceceding years the example of these adventurous
Frenchmen has been followed, and, Jater, along these two routes were established, to a certain extent, continuous
water channels from the gulf of Saint Lawrence to the Mississippi,
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RESOURCES OF THE REGION.

Before the time of railvonds in that country the great advantages of the water route brought much traffie
along the river, and thus early gave it a prominence, Since that time the productiveness of the country has made
it prosperous, but especially are we to look to the splendid water-power afforded by the river for the rapid growth
of the valley—a growth which is yet in its youth.

Already are the manufacturing towns of Appleton, Neenah, and Menasha looked upon as among the industrions
centers of the state, and the Lower Fox river is destined to play a most important part in the further development
of manufactures,

Stated succmctly, the facts are these: The crude materials are on every hand, the means of transportation are
abundant and increasing, and the power for manufacturing is supplied in a prochgml manner. Let enterprise step
in and make the three serve each other, and we have the conditions which have made Appleton, and which are to
make the valley, one busy scene of manufacture.

NATURAL PRODUOTIONS.—Along the river and in the counties adjacent isfine wheat-producing soil, and west
are the great grain-fields, with which it is connected by railroad.

Lying west in its own drainage Dasin, and north in Wisconsin and Michigan, are the pine forests, not yet robbed
of their heavy timber, and within easy access grow the hard woods, which are suitable for the manufacture of
agricultural implements and the innumerable other applications of that useful article. Great quantities of
poplar for the manufacture of wood-pulp and the malking of paper are at hand, and spruce and pine, which are
used for the same purpose, are cagily obtained from the forests near by, The water of the river is of excellent
guality for the manufacture of paper,

The railvoad leads direct to the iron region qlong the Menominee, in the upper peninsula of Michigan,
Woolen goods are manufactured, and lately it is found that the raising of flax is successful, and ﬂmx-nnlls are being
projected,

Thus is seen what are the productions immediately surrounding the river, and, with the facilities of tranportation
enjoyed, there is no reason why a large section of country should not be tributary to it.

The value of the manufactures of Appleton for the year 1880, amounting to $3,182,000, are given in a succeeding
table. This place has a population of over 8,000 people, and is the most plomment town of northeastern W1sconsm.

TRANSPORTATION FACILITIES.

RAILROADS,—The means of transportation are most excellent, Iying as the valley does in the neighborhood
of one of the great lakes, and embraced by important railroad lines., It is a pretty good indication of the natural

-advantages of the valley when three large railroad companies should compete with each other in the possession of

a trade which they see booming in the futur e, and which is well represented by the traffic of to-day. Numoerous
lines lead from the valley in all directions, The Chicago and Northwestern railroad runs from Chicago, along the

- Lower TFox river and by way of the Menominee iron range, through Michigan; the Wisconsin Central railway

and branches leading to Chicago, run east of the Lower Fox to Green bay, and on the west tap the wheat
regions, while a branch rumming north passes through the pine region and the Penokee iron range, near lake

- Buperior; and the Milwaukee, Lake Shore and Western railroad connects Appleton with alake port on the east, and,

extending weat, connects at New London with the Green Bay and Minnesota railway, which runs from the head of
Green bay to the Mississippi at Winona. An extension is also in conrse of building by the Milwaukee, Lake Shore
and Western railroad northwest through the undeveloped country in that direction. These railroads run to and
along the river, and the facilities of connection with-the manufacturing establishments are exceptionally fine.

WATERWAYS.—AS regards water communication, the advantages of the valley are also fine. Depére is at tho
head of lake navigation, and forty miles east from Appleton is the lake shore, where there are also ports. There is
a scheme for connecting with the Milwaukee, Lake Shore and Western railroad a line of steamers to run across tho
lake to Michigan and connect with railroad lines in that state. Along the valley itself is a system of navigation,
which in that portion of its course is in a good working condition. It is a portion of the Fox and Wisconsin
transportation route between the great lakes and the Mississippi.

In 1836 the first government survey was made of this route, and sinee that time there has been a more or less
continual attention bestowed upon it. The system consists of a series of slack-water dams and locks, with canals

“around the west-rapids up the Lower Fox river to lake Winnebago, then lake and slack-water navigation along
_the Upper Fox to Portage,

There the river runs within 1% miles of the Wisconsin river, and across the low, sandy

plain intervening a canal is eut, connectmg it with the latter. The navigation is then down that stream to tho
Mississippi.

Although the scheme would seem to he an excellent one, the route at present, regarded as a through line, is of

~little if any value, and is practically unused, éxcept forloeal traffic. The main dlfﬁculty is with the Wisconsin, Whiéh
- has such a shifting,- sandy bed that it is extremely diffieult to train it.

effort to improve this river, zmd until it is done the route will be of little importance, except locally. The portion

Much money has been expended in the
30
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along the Upper and Lower Fox rivers is more easily controlled, and is used locally by small hoats. For example,.
barges have been employed in shipping granite from quarries at Montello, on the Upper Fox, to Portage, whenece
it is sent as paving blocks to Chicago. A large amount of wood is annually taken down the river to the blast
furnaces at the lower end, and the pulp-mills keep several boats employed. Considerable lumber is carried , and the
rates of freightage by water are very much less than by land. TIn such ways the canal is useful, The portion along
the Lower Fox river from lake Winnebago down is in by far the best condition, and if all was like it the route

would be of considerable importance. The navigation route has its influence on the development and control of

the water-power of the Lower Fox, as will be noticed farther on in this report.

PHYSICAL DISCUSSION OF THE LOWER FOX DRAINAGE BASIN.

It will be noticed that a distinction is made between the Upper and the Lower Iox rivers. The reasorn for this.
is simply that, except in name and a certain relation to the transportation route which they bear in comnon, they
are no more the continuation, one of the other, than the Lower Fox is a continuation of any other stream which.
feeds it. ]

SYSTEM OF DRAINAGE.—It will be seen on the map that the drainage system consists, with very incongiderable
exceptions, of two prominent streams, the Wolf and the Upper FFox, running into lake Winnebago, and this

“emptying by the Lower Fox into Green bay, an arm of lake Michigan, The Lower Tox, then, is the ontlet whereby
@ section of the state 155 miles long and averaging 39 miles wide drains into the Ialke.

The peculiar form of this drainage basin will be noticed. Starting in a point about 25 miles from the northern
line of Wisconsin, it gradually widens out to 60 and finally to 70 miles wide on an easb and west line at the southern
extremity, in latitude 43° 30/, On the eastern side of the basin is its ontleti, the Lower FFox. The two rivers which
collect its waters previonsly to depositing them in the reservoir of lake Winnebago are the Wolf river on the north
and the Upper Fox on the southwest, the Wolf river being by far the larger stream, running nearly the whole length:
of the basin, and having a drainage aves over twice as large ag that of the Upper Fox. '

OVERFLOW FROM THE WISCONSIN RIVER.—Another singular feature is, that the Wisconsin, which is ab
Tortage b or 6 feet higher than the Upper TFox, actually overflows into that stream in high water, and is mainly
the cause of its freshets, adding no inconsiderable amount to the flow from the basin.

PrROULIARITY OF THE FoX RIVER VALLEY.—Giving additional interest to tho study of this drainage system.
is the prominent character of the Fox River valley. The depression filled Ly Green bay is continued southwest,
forming the Lower Fox valley and the.basin of lake ‘Winnebago. There the valley appears to branch, one arm
extending as the valley of the Upper Fox and the Wisconsin valley from Portage (lown, the other running south
as the valley of the Rock river, which flows into Tllinois. ‘T'his valley and branches are no product of the imagination,.
but are strongly marked, the east and south slope being very steep, while the other slope is gradual, especially on
the portion running north and south. One point specially to be noked is that the valley is continuous {from the
Upper Tox down the Wisconsin, only a low, sandy plain separating the two streams.

It is evident that there have heen great changes in the hydrography of this region,

GROLOGICAL HISTORY.

The geological structure, as indicated in the stato geological report, is this: First, a rib of the old metamerphic
rock, extending south through the center of the state, sloping east and west, and also with o slight general
declination toward the south. Upon this the seas of the successive epochy deposited their rock layers, the outerops.
of these successive layers forming, as would be supposed from its shape, n succession of concentric curves aboub
their Archeean base. Beginning on the east side of the state, they run south, then eurve to the west, and finally
run northwest in Minnesota and Towa. A scetion througlh this succession of strata is given, Tollowing the slope
of the old base, the different strata inclines to the cast; farther sonth the slopo is south, and then in Iowa and
Minnesota southwest; and some of these strata are harder and less liable to wear than the others, Then, the hard
lower magnesian limestone is underlaid by the softer Potsdam sandstone, and immediately above it is the soft Saint
Peter’s sandstone. The hard Trenton group of limestones is underlaid by the Saint Pater’s sandstone, whilo above

. it are the soft Cincinnati shales, Lying on the Cinciunati shales is the hard Niagars limestone.

Thoe general slope of the surface of these rocks, as was mentioned, is toward the southeast in eastern Wisconsin ;.
hence the natural tendency of this drainage in the time preceding the glacial period was toward the southeast.
‘What is more natural to suppose than that the earlier streams, as they cut intodhe rock, would halt on coming to
tho outerop of the hard strata, and, eating their way through the softer underlying bed, and following along the line
of outcrop of this hard rock, would cut their valleys in o south and north direction? Also, from the general slope

of the strata, the tendency would be to greater erosion neavest the east bank, undermining the hard rock, and thus

making the east slope of the valley precipitons. Such are believed to have been the main features of the esrly
drainage of eastern Wisconsin, and most strikingly is this view upheld by the present courses of the Wolf, Upper

Fox, and Wisconsin rivers. The glacial action has not so modified the surface as to destroy the salient featurces of

the old preglacial topography.
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ANCIENT VALLEY OF THE WOLF RIVER.—The modern Wolf river, rising in the Archean region of northern
Wisconsin, runs southeast until it strikes tho stratified rock, whence it runs in such a valley as is just mentioned,
- ! following the eliffs of the hard lower magnesian limestone, with its bed in the
Potsdam sandrock., At lake Poygan it turns east, owing, it is believed, to glacial
action, but the old valley keeps straight on along the Upper Tox, and then bending
to the west, without a change, becomes the valley of the Wisconsin river to its mouth,
It is o well-ascertained faet that the upper Wisconsin, until the glacial action cholked
its course, drained through the Devil’s lake into the Wisconsin valley at Sauk City,
20 miles below Portage, and the conclusion is inevitable thabt the Wolf river, and
nearly all the present drainage of the Fox River system, ran southwest to the
Mississippi in the preglacial time.

GRUEN BAY AND LAKE WINNEBAGO VALLEY.—Hast of the old valley just described
is the Green bay and lake Winnebago valley, of similar characteristics, and the moxe
prominent of the two, but in the preglacial times it could hardly have had its present
dimensions, The valley was probably started by the erosion of streams, but was dug
out to its present size by the glacier. The western slope is gradunal; but the eastern
slope is precipitous, being cut out of the soft Cincinnati shales, overlaid by the hard
Niagara limestone.

The bed is the hard Galena limestone of the Trenton group. The eastern side of ‘
. the valley, which forms the eastern limit of the Lower Fox drainage basin, rises
abruptly 100 to 200 feet above the water in Green bay, and continues a line of cliffs
along the east shore of the present lake Winnebago, and then south, although
Jargely covered up with drift in the southern part of the state. The geological section
given previously, from lake Michigan west through Foud du Lae, shows both of the
old valleys.

GLACIAL ACTION.—Succeeding this preglacial condition came the glacier, sending
an immense sheet down to cut out the valley of lake Michigan, and a tongue up the
Green Bay valley, gouging this oub to its present size. On the peninsula between
Green bay and lake Michigan was formed the. prominent Iettle range, a medinl
moraino. The glacier tongue extended down the Rock River valley, and on the wesk
spreadl ont over the Tox River basin well toward the Wisconsin river.

The floor of the Green Bay valley has a rapid rise, so that at lake Winnebago it
is about 170 feet above Green bay. Theportion of the old valley now oceupicd by the
Upper Fox was largely filled up with drift, and it seems probable, from the geological
reports, that to the action of the glacier in-cutting down the intervening lower
magnesian rampart and in flling up to a certain extent the Upper Fox valley is due
the change in flow of the Upper Fox and Wolf rivers through the newly-enlarged
Green Bay valley to the lake. It is also likely that the change in flow is partly e
to the depression toward the north, which occurred during or after the recession of
the glacier.

LXxPANSION OF LAKE MromreAwN.—This depression cansed a large body of water,
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GE‘OLOGICAL SECTION OX AN EAST-AND-WEST LINE THROUGH THE SOUTHERN EXD OF LAKE WINNEBAGO, WisCONSIN. (From the Geological Report of Wisconsin.)
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gl which was nothing more than the expansion of lake Michigan. The probable shore-
1 e line of this anecient Iake is shown by the dotted lines on the map. The outline is
i 3 A taken from the state geological report. The lake, in advancing upon the drifG left
,‘Jl gﬁ by the glacier, carvied off the finer particles, depositing them in deep water, and
i{’ i ferming a Dbeach-line of sand and gravel, the finer deposit receiving the name of

T
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lower red clay., During a second advance of the lake a similar proeess was gone
throngh with, and the upper red clay deposited. There were subsequent modifications

,|’£ g;é pf these, The red clay forms to a large extent the soil of the Fox River valley, and

Q}I 13 of fine quality, and the ancient shores of the expanded lake arve traced by this
¢ B deposit, The lower red clay ascends the Lower Fox valley to a few miles north of
ﬁ .3 , Fond du Lac. On the west ib extends up the Upper Fox to above Berlin, and along
g ! ihe Wolf river to beyond Shawano. It seems probable that the deposit reforred to
S

by some as the deposit from a former great enlargement of lake Winnebago is really
the deposit from the waters of lake Michigan when it oceupied this area, as the shorve-

West.

;‘ i _1line laid down for the old boundary of the lake corresponds very closely with the
“ g go-called old shore-line of lake Winnebago.

§ 2 OrigIN OF LAKE WINNEBAGO.—Lake Winnebago is dune, according to Professor
; B8 Chamberlain, to a slight dvift barrier thrown across the valley. ‘The old channel is

| at the eastern corner of the lake, and is filled with drift. The rock bottom is lower

“than the limestone terrace over which the present outlet passes, and, if once opened, it would drain the lake.
a2 : L
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SUMMARY.—Thus we draw the conelusion that in preglacial times the greater part of the present Fox River
basin drained into the Mississippi; that during the recession of the glacier the flow changed to its present
direction; that following or accompanying the recession of the glacier was an advance of lake Michigan,
rearranging the drift and depositing the red clays; and that lake Winnebago is a comparatively modern reservoir,
formed in the valley by the drift deposition of the glacier, :

The history of the region, its manufacturing and commercial facilities, and physical geology have been
described. It now remains to give a general iden of the water-power, and its special advantages, before describing
in detail particular localities. '

LEGAL CONDITIONS OF THE WATER-POWER,

LEGAL HISTORY OF THE WATER-POWER.—ASs the present ownership of the power depends in a large degree
upon past legislation in relation to the navigation route, a Lrief account of the changes this has gone through will
be necessary. The dates and early history are obtained from the annual review of the Appleton Post.

In 1846 Congress passed an act granting a large amount of land to the state of Wisconsin, soon to he 'uhmtted
for the purpose of malking a navigable route from lake Michigan along the Fox rivers to the Wisconsin, and in 1848
the legislature of the new state just admitted accepted this grant. In 1853 the state, after expending $400,000
upon the improvement, passed the whole matter, including the land, over into the hands of a company called the
Fox and Wisconsin Improvement Company. This company sold some of the land, and issued bonds to the amount
of $500,000. With this they commenced active work, and in June, 1836, the fivst steamer passed through from
the Mississippi river to Green bay. On the advent of railroads the rouLe fell into disuse, and the company being
unable to pay expenses and interest, the holders of the honds brought suit against it. The result was the sale in
Appleton of the franchises, property, and land-grants of the company, the purchasers organizing in 1866 as the
Green Bay and Mississippi Canal Company. 1In 1870 the United States appraised the value of the locks and canals
at $145,000, and, paying the company that amount, took possession of them. Sinece that time the government has
had control of the navigation route. The Green Bay and Mississippi Canal Company did not dissolve, but still
retained its land-grants, water-power franchises, and other property.

In this condition the company exists at the present day, and, as may he im'wined, are very influential owners

along the river. They claim the xight to all surplus water after the wants of navigation are folfilled, and, thereforo,
the right to tap the canals at any point and draw off the water, provided they do not interfere w1th 11{1\*15:,.511.1()11,
as also the right to take all the surplus flow of the stream at the head. of each set of rapids and use it at that level.
They do not claim ownership of power which is improved at a level below the head of a rapids by persons owning
the Jand and using water which has passed the tail-races of the company. They own, by the original grant and
subsequent purchase, a large number of valuable sites at the several powers along the river; but there are cases
owhere, while the Green Bay and Mississippi Canal Company own the power, others own the land. In once case
tho arrangement has been made of forming a water-power company consisting of the owners of the property and
the individuals forming the Green Bay and Mississippi Canal Company, thus combining their interests; in another
case o company has been at work improving a power to come from the upper level of a rapids. They own the
land, but the Green Bay and Mississippi Canal Company claim that they have no rvight to the power, and as soon
as they begin using it intend, it is said, to bring suit to compel them to pay vent. -

CLASSIFICATION OF 1HE rowERS.—There are, then, with the exception of some powers in use which have
their rights {from long-established usage, four different classes of powers from a legal point of view. Some of these
powers are developed and in use, some in process of development, and others are not yet touched. They are:

1. Powers from the first levels of rapids, where the Green Bay and Mississippi Canal Company eontrol both the
power and the land.

2. Powers from the first level of rapids, where the Green Bay and Mississippi Canal Company, as individuals,
go into partnership with the owners of the surrounding land, forming an hydraulie company.

3. Powers from the first level of the rupids, where persons owning the land intend to utilize the power, and the
Green Bay and Mississippi Canal Company intend to bring suit to make them pay vent for such use.

4. Powers below the first level of the rapids, where persons owniug the land have improved or may improve
the power without molestation from the Green Bay and Mississippi Canal Company.

Of the above classes of powers it seems probable that the third will cither have to pay rent or form gsome sueh
arrangement as in the second class. The first, second, and fourth classes ave on a substantial basis.

RATES OF LEASE.—The improved powers are .stfmdmg, in most cases, waiting to he utilized, and offering the
most advantageous terms to manufacturers, Mueh is already taken up, especially on the upper portion of the river,
but even there there is a Iarge amount of unutilized power, There are also opportunities for companies to form, as
has already been done in several cases, for the purpose of improving water-power sites and leasing the power, and
the rates of lease, which have been extremely small, are being increased as the demand increases.

Prices are about the same all along the river. In the winter of 1880-"81 the rates at Appleton were these:

For a large water-power of from 500 to 1,000 horse-power, with the neeessary land, and a short lease of 10 or

15 years, the rates were even as low as &1 to &2 per horse-power per year.
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A power of from 100 to 300 horse-power would bring $3 to $4 per horse-power per year.
A B0 horse-power site of one-half acre wounld lease for from $2 to $3 per horse-poswer per year.
" At Kaukauna a 100 to 300 horse-power site will bring $2 to $5 per horse-power per year. Tower has been
recently leased there for a wood-pulp mill of 300 horse-power at the rate of 85 per horse-power.

There is a probability that the scale of prices will increase, so that an ordinary lease will bring as much as $5
per horse-power per year. Even this is very small compared with the eastern rates,

GrEEN BAY AND MISSISSIPPI CANAL CoMPANY.—The Green Bay and Mississippi Canal Company formerly
eonsisted largely of eastern capitalists, who already had large investments, and did not take special interest in the
development of the water-powers along the Lower Fox. Lately, however, the company was reorganized, putting
the control into the hands of persong interested in the development of that region. Their policy is said to be to
make a rapid and goneral improvement of their powers along the river, to give manufacturers tho option of buying
or leasing, and to offer very favorable terms. The president is John Van Nortwick; vice-president, H. J. Rogers;
seeretary and treasurer, A. Ledyard Smith, of Appleton.

There are several other companies and individual owners, of whom subsequent mention will be made in the
detailed deseriptions.

CHARACTERISTIC FEATURES OF THE RIVER AS A WATER-POWER STREAM.

PAST AXD PRESENT.— When the Lower Fox flowed untrammeled through the wilderness, its eourse of 374 miles
was bounded by wooded clay bluffs, from ten to seventy feet or more in height, in some places rising abruptly from
the river’s edge on each side, in others receding s0 as to leave a narrow meadow along the river bank. Through

. this channel ran the clear, dashing river over its limestone bed, from 800 to 1,000 feet wide, now flowing placidly
along, then dashing into foam over some sudden rapid in its descent of 165 feet to Green bay. The principal rapids
were at Grand Kaukauna and Grand Chute, the site of Appleton; but there were several other rapids, as at Cedars
and Little Chute, difficult even for the light canoe of the Indian to pass. Now things are different, although in
places the forest still droops to the water’s edge. The interests of navigation have Dbridled the river, and a series
of dams has changed it into long stretches of slack water, with perhaps a short rapid at the foot of the dam, excepb
at Grand Kaukauna and Appleton, where the rapids are passed by canals extending from the head to ’r,he foot,
while the river flows on over ity steep bed,

(GOVERNMENT DAMS.—The government dams are important to this report, as at them, chiefly, is situated the
water-power of the river, Thefollowing table gives the location of the dams and distances of these places from the
mouth of the river and from each other; also the elevations overcome in passing from the crest of one dam to that

of the one above. The table was obtained from the United States engineers’ office at Milwaukee, under Colonel I
C. Houston, major of engineers:

Loauliy. Informetinio | Disfineg from | loratlons
Miles. Miles, Feet,

Green bay (mouth of TIver) . covevs vacvusnnasas 0. 00 0.00 loastivnmnronnean
Dopduo (018) AAMacueereearrencarnameecnrenan 7.00 7.400 *5.411
Littlo Kaukauna A, ceeueeeieiamioainencane 6. 00 18.00 7.795
Rapid Croche QA . .oveear coviinnerenniesaisenn 6. 00 19. 00 9.221
Grand Kanlannn Qb .« covecssmacee somnsesansen 4,50 23, 50 £0. 121
Little Cliute Aam . ooy eeiaeecieaiciiiaanacraean, 2.50 26. 00 86.158
Cadars dam «.oveciiiveiorranassinasnsassaasnns 0.75 26.76 9. 800
Appleton, lower dam..... eemeiteecame i, 3.00 p1 N (S PN
Apploton, wpper dam ...oeaiiiiiaiai i 0.75 30, 50 36. 205
Menashiy i «oeevneerieiianeurnnireeervnnas . 5,00 5. 60 10,424
Lake Winnebago (souree of river) «...covvunr. 2.00 8750 feereiiniionnnan,

* The rige immediately at the dam.

Beside the dams given in the table, there is one at Appleton, between the upper and lower dams, used simply
for power, and independent of the government. The map shows that there are two channels from the lake, nniting
about one and a half miles below to form the main river, called the Neenah and Menasha channels, from tha
towns at their respgetive ends. The government has a dam at the foot of each channel, controlling the level off
the lake. The fall is about the same with both. The mnavigation locks are at the dam on the east or Menashn
channel,

FLOow OF THE RIVER AND THE WATER-POWER.—The minimum flow of the Lower Fox river is given in
General Warren’s report as 2,320 cubic feet per second. The ordinary low-water flow is taken at 2,500 cubic feet
per seeond, or 150,000 eubic feat per minate. . This will -give, with 10 feet head, 2,336.35 theoretlcﬂ horse-power,
or, with an efficiency of 75 per cent., an available power of 2,127.26 horse-power.

- The tributaries of the river below lake Winnebago are small brocks of no consequence, and it can fairly b
assumed that they hardly more than balance the effects of evaporation; hence the total theoretical power of tlies

river, in an ordinary low stage, in its descent of 165 feet from lake to bay, is pretty closely 46,640 horse-powérﬁy
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The following table gives the localities of the available powers, the total available head of water in feet, and the
resulting horse-power at an ordinary low-water stage of 2,500 cubic feet per second:

ot ryx T qe. | LHCCHvO ]mrso

gl | Shoonetiont horse-| Fater o T or

Neenal and Menasha ooeevinnnnnann.. R 8.6 2,411 1, 808
Appleton, upper dam ‘ 6.0 4, 538 8,404
Appleton, middle dam 10. 0 2, 886 2,127
Appleton, lower dam 10,0 9, 838 4,127
COQOTE ceeveeerirecinrnanenonnrvonnsues 8.0 2, 5563 1,915
Littlo Chuts vonevrereromnnncrnennancons M0 9, 644 7,233
Grand Kankauna . 50.0 14,182 10, 636
Rapid Croehe coceovniiiiiiinievienns 8.0 2,260 1,702
Littlo Kaukaunit.ecevee cvivannnevennns 7.6 Coaer 1, 695
TOPOLC, ce v cerererrenserennssannneaane 6.0 1,702 1,276
Tolals .ouvenn FS 160,0 45, 008 83, 823

It is rare to find a stream in which such a complete utilization of the power is possible.

UNIFORMITY OF FLOW.—IForemost among the chavacteristics of the Lower Fox river is its steadiness. At
Appleton the ordinary variation from low to high water is scarcely more than two feet throughout thoe year, and &
three-foot rise is o very large one for this river. Lake Winnebago, like o great storehouse, regulates the supply.
In o dry summer, when other streams may dwindle to brooks, the Lower Fox still fills its banks, and when winter
searcely lets the prairie stream leak between its icy fingers, lake Winnebago pours a gencrous flood down the valley
of the Lower Fox, Nor does lake Winnebago deserve all the credit; the smaller lakes and swamps on the Upper
Tox and Wolf rivers have also some effect, . '

It is the storage capacity of the basin that gives to the Lower Fox a special value ag a water-power stream.

LAKE WINNEBAGO.—Lake Winnebago, whose major axis lies nearly north and sonth, is 284 miles long, and its
maximum width is 11 miles, its minimam width, except at the extreme end, 3§ miles, and its average width 7 miles,
The area is 199 square miles, and the deepest places are about 25 {eet.

Accompanying General Warrew’s report is a plotting of guuge readings on lake Winuebago for 1867, 1868,
and 1869, These show the slowness of the changes in elevation to which it iy subject. As the curve for ‘obs
corresponds closely to the mean where that is given, it will represent near enough the usunal changes to which thoe
lake is subject. The level was lowest in January and February, keeping nearly constant, From March 1 up to
Ajpril 15 it rose pretty uniformly, reaching its highest poiut for the year on the 15th of April, whew it wag 2§ feot
above the lowest stage for the year. From April15 to August 15 the £all was very uniform, with the e\ceptwn of*
an undulation of about six inches in tho latter pact of Jum,, due to the June rains, TFrom Augubb 15, through
September and October, the surface was nearly constant at a low stage, bub in Nevember it rose about one foot, and:
in the latter part of December began slightly to fall. In 1869, owing to a wet summer, the level was high througly
the season.

STORAGE CAPACITY.~Whether these changes ave largely caused by drawing off tho water from the dams at
the foot of the lake or not, the record is important as giving an indication of the times and duration of low water.
The longest stage of low water is from the end of July through to the fall rains. If this ean be provided for Dy
storage, the rest of the season will be, as the fall rains fll up for the winter months. What is the present storage
capacity? General Warren states that “the water-powers oceasmually draw down the level of the lake nearly ‘3&
feet below the ordinary level maintained by the dam?”, 1t is fair to assume from the gauge plottings the at, except
in very extraordinary »scasons, like the summer of 1867, the lake level will not fall helow the crest of t]le dam
during the summer, except in August, September, cmd October, a streteh of ninety days, Supposing that the
extent to which it is feasible to draw dowu the level is 2 feet, instead of 24 feet, leaving the extra 6 inches to
counterbalance the error in caleulations due to the slope of the bed at the shores, the volume ready to be drawn
off when the level is up to the erest of the dam is 11,403,603,200 cubic feet.

The officers of the lake survey estimated in 1861-’()7 t]mt the evaporation on the lakes for the three months
mentioned, August, Suptuuber, and October, amotmted to eleven inches in depth,  Assuming this 1o be true for
lake Winnebago, there is a storage left av: ulable of 6,225,701,733 cubic feet, which for ninety days would give a
discharge of 800 cubic feet per second fo supplement ULO Mtur'll low-water flow,

Colonel D, C, Ilouston, in charge of this district, kindly furnishes the information that on August 9, 1878, when
the water was low, the dlsclnu‘{,e of the Wolf river was 1,608 cubic feet per second, and of the Uppu‘ L‘ox 1,043
eubie feet per sccond, giving a total of 2,651 cubic feet per second. Supposing that the extreme low-water Jlow
into the lake was as low as 2,000 cubie feet per second, this, and the regulated flow from storage, would give on a.
Jow estimate an available discharge of 2,800 cubic fect per second through the low-water months mentioned, more
than sufficient to keep up the ordinary low-water flow on whick the calenlations of the available water-powers of
the Lower Fox are based.
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The lake level would lower at the rate of about one-quarter to one-third of an inch per day if regunlated as
described, of which about one-half would be due to evaporation.

It must not be forgotten that the land about the lower part of the Wolf river is swampy and the fall slight.
The high water in the lake, which sometimes reaches three feet above the ordinary level held by the dams at the
outlet, floods away back, filling the swamps and lakes before mentioned, and really extending the limits of lake
‘Winnebago to a large extent. This backiwater takes a good while to run out, and exerts a considerable effect in
steadying the flow.

FRESHETS FROM THE WoLF AND UpPER FOX RIVERS.—But the Wolf and Upper Tox, while they aid lake
Winnebago in this way, are also the means of producing the freshets on the Lower Fox, although a three-foot rise
is hardly worthy of the name. A few years back there was an extraordinary rise in the Wolf, filling its flats to
the width of several miles and raising the Lower Fox unusually high. The rather singular state of affairs exists
in this basin of a foreign stream intruding its surplus waters.

It has been stated in another place that the Wisconsin and the Upper Fox, at Portage city, flow through the
same sandy plain, without any definite water-shed between them. The Wisconsin is 5 or 6 feet higher than the
Upper Fox, and in a high stage discharges a considerable volume, largely through the channel of Neenal creck,
into the Upper Fox, In the spring of 1881 there was a heavy freshet on the Upper Fox from this cause chieily,
and it had its effect upon the lake level.

SPRINGSY IN LAKE WINNEBAGO.—The opinion is expressed by some that there are extensive springs in the
bed of lake Winnebago, feeding it. Captain N, M, Edwards, an engineer at Appleton, for many years connectod
with the river, dissents from this view, and says that there i just as likely to be as mueh leakage as sapply
threngh the bed, which seems probable.

Frowm the guologma)l section previously given, it will be seen that the rock strata slope to the east from lake
Winnebago to lake Michigan, 165 feet Lelow i, and also that the stratum immediately below the lake is the
Trenton limestone, over which are the drift and red clay, forming the bed of the lake, The Trenton limestone is
deseribed by Professor Chamberlain as having permeable water-bearing strata, and it is quite possible that the
water; under the hydrostatic pressure of the lake, should find porous portions of its drift Led, and so, by means of
the limestone strata, sink down to lake Michigan,

ARTIFIOTAL RESERVOIRS.—Although the Lower Fox is 8o unchmugemble, still, to see it rushing past Appleton
when.in & high stage, one would think it & wasted torrent, and it is true that an enormous volume of water passes
down the river unused in high water. Theve is, with the preseut improvements, all the water needed in an ordinary
low stage, but there are many more available sites at the different powers along the stream than could be supplied
at ordinary low water, Mills using a small power, say 50 horse-power, could in most places utilize the space
available without exhausting the capacity of the river; or even factories using a large power, but requiring mueh

room, would not concentrate the power to the detriment of the full development of the locality, Manufactories,
however, using from 500 to 1,000 horse-power in a small space, as for example, wood-pulp mills, would exhaust the
power mthont using the 'waﬂable spaca. This is not of much account except to the owners of the land, as the
power is of as much value intrinsically when concentrated as when scattered in small industries, but it serves to

show that there is a limit to the amount of power which may be reached before the limit of available mill-sites is
reached,

In the futnre, and the near future too, it may become a matter of importance to 1101(1 baclk the great surplus
which wastes itself in o few weelks, and, dealing it out gradually, to make the freshets still less, to bring the river
nearer to the average flow for the year. As the land about the Wolf river is cleared and drained, making tho
stream more flashy, this question will increase in importance. - Where is the remedy? It is nnpmcnmbk to raise
the water of the lake to a higher level than is now done becanse of the lowlands to the west and south, As it is
now, complaints are heard of overflows on the farming land along the shores.

Along the upper portion of the Wolf are many lakes and marshes, and although, so far as can be learned, no
surveys have been made for this purpose, still it is thought by those interested in the subject that good sites conld
be found for storage reservoirs to hold back the floods until required. The land there is wild, not bringing more

“than $2 to 83 per ncre, and could be cheaply bought for flowage. It is true that the basin narrows to o point at
the upper portion of the river, but enongh water could be collected to have an important effect on the Lower Fox.
The development of the water-power in the future will probably justify the outlay.

'The wind exerts a slight effect upon the waters of lake Winnebago, a strong wind from the north and cast
lowering the level slightly at the outlet. The crest of the Menasha dam is higher than that of the Neenah dam,
and on the latter flash-boards 18 inches high are nsed when the bigh water is over, maintaining the level above

" the crest of the dam for o much 1ongev time than would be the case otherwise. These sometimes lessen the flow
farther down stream for the time.
TLUCTUATION DUE TO THE MILLS.—There is an element of unsteadiness in the Lower Fox itself, due to the
improvements upon it, On Sundays the mills at the head of the stream are shut down, and ail the water that

p&sses down the river goes over the crest of the Neenah dam. The resultis that, except in high water, the river
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lowers nearly a foot at Appleton, and does not recover its stage until well on into Monday. At Depbre, the lowest
power, they feel the effects of this all day Monday. .

FEATURES FAVORABLE TO WATER-POWER.—The river is mot troubled with ice-gorges and damage from
floating ice, because the ice on lake Winnebago quietly melts without gorging the river. Theve is difienlty after
very cold nights from anechor-ice forming on the rapids, and some of the mills have their racks choked with it in
exceptionally cold weather; bub the system of slackwater navigation used in part on the river makes the difficulty
less than it would otherwise be.

Because the stream is so uniform in its flow the mills are not stopped from backwater, as is the case with so
many water-powers,  Another advantage from the steadiness of the river, and perhaps one of the most important
ones, is the faeility for railroading right in the channel of the river, running side-tracks wherever necded to the
different manufactories. At Appleton especially is this marked, because the power is there most developed. Tracks
run hither and thither on a short trestle or crib work, only a few feet above the water, with no danger irom
freshets, and no fear of ice-gorges.

Again, because the freshets rise so little above the ordinary stage of the river, mills can be built out into the
stream with perfect safety, and in some places, where the Dluffs scarcely leave room for the canal, this is very
advantageous. -

The bed is a hard limestone at nearly all of the powers, which makes an excellent foundation. It is a good
building-stone, bluish-gray, and compact in the best samples. The government has opened excellent quarries at
Grand Kaukauna and on Duck creek for supplying the erection of the fine cut-stone locks on the canal, and in the
work of improving the powers this stone is removed from the bed and used right at hand for the building of dams,
retaining walls, ete.

DESORIPTION OF THE WATER-POWERS ALONG THE LOWER FOX,

A table has been already given of the water-power loealities, the distances apart, and the total fall between
them., Trom the source down they are: 1. Neerah and Menasha; 2. Appleton (upper, middle, and lower levels);
3. Cedars; 4, Little Chute; 5. Grand Kaukaunaj 6. Rapid Croche; 7. Little Kankanna; 8. Depire.

P
e

- —~ a—
.__r”"‘/ \‘\‘ ..._.———-”‘/_M ~\-..
Lake Neenih and Appleton Cadars, Little Chute.  Grand Kankunna, Rapid Croohe,  Little Kouloune,  Deptre. I\[ll}lth of
Winnchago, Menasha. ( three lovels), viver
1 e rmmsemeeem— Liino 0f total theoretical hovso-power available, Lines 1 andl 2 coinoide, oxeopt betwoen Cedars and Rapid Croche.
2 o s o e e Line of theoretieal horse-power availablo with o L oo om0
the existing dams (1880~'81), e < T S T a oo g
3 e ——— Line of horse-power actually in use (1830-'81), Verticat, soals of horse-powor:

plotted chiefly from thoe ntatisties of the censns of 1830,

WATER-POWER DIAGRAMS FOR THE LOWER FOX RIVER.

37



24 | WATER-POWER OF THE UNITED STATES.

The general features have been already considered, and we will now discuss each one of the above-mentioned
places separately. .

The accompanying maps were thus prepared, The outlines were traced from the maps of the Green Bay and
Mississippi Oanal Company chiefly and partly from the maps in the possession of the United States engineers in
charge of theriver, The different manufactories are sketched in, chiefly from rough plans made by me in the field,
but those at Menasha, Little Chute, and Grand Iaukauna were entirely located by Captain N, M. Ldwards, of
Appleton. It will be readily understood that the buildings are not drawn to scale, and that their location is
approximate, aithough it is believed to be nob far out of the way.

The figures 10, 15, ete., in the channel represent the average available head of water opposite those points
and start with the level of the water in the pond as a datmm plain.

Descriptions of the dams on the river and drawings of them are given in a separate section further on.

NEENA AND MIENASHA.,

The Lower Tfox starts in two ehannels from the northern end of lake Winnebago, These channels, which are
nearly parallel, are about three-fourths of a mile apart, and flow almost west, the northern one for 2 miles, the
southern for 13} miles, and then empty into little lake Butte des Mortes. This lake is 3% miles long by about half
- mile wide, and is merely an expansion of the river, ranning north, at right angles to the direction of the two
channels, At its northeérn end it narrows down to 1,000 fees, the width of the river there. At the lower ends of
the two channels above mentioned are two towns: B‘[eutlsha, on the northern side of the northern channel, and
Neenah, on the southern side of the southern channel, These towns give their names to the respective dvmnels.
The popuhtion of the first in 1880 was 3,140, and of the second 4,203, The two towns are about one mile apart,
and there is constant communication over the low isltand mtu:vemng.

The banks of the river here are quite low, being only about 10 feet above the w a,tel, and above the dams there
is some slight overflow at times. These dmns, situated one on each channel, act in concert to preserve the level of
lake Winnebago. MThe navigation is now along the Menasha, or northern channel, The Menasha dam is situated
a little less than 13 miles by water from the head of this channel. The Neenah dam is slightly over three-fourths
of ‘a mile from the head of its channel. These dams have flooded out a rapid called Winnebago rapids.

TrALYL AND POWER.—The total fall from the level above the dam to the level of liftle lake Butte des Mortes
is about 10 feet, but there is not, on the average, more than 8§ feet available for power. This gives a total
theoretical power of 2,411 horse-power at an ordinary low-water stage. Itisclaimed that, as near as can be estimated,
two-thirds of the flow the Neenah channel is entitled to, and the rest passes through the Menasha channel.  Hence,
the theoretical power at Neenah is 1,607, and at Menasha 804 horse-power. This power is largely employed,
espocially at Neenah, and the two towns ranlk next to Appleton as manufacturing eenters along the Lower Fox.

MoNAsHA.—At Menasha is located the government canal, as already mentioned. It runs on the right or north
bank of the channel from just above the dam. Tor the first 1,600 feet to the highway bridge its course is
sonthwest; it then turns and runs nearly northwest 2,720 feet to little lake Butte des Mortes, The one lock is ab
the extreme lower end. :

The United States government entered into a contract with certain persons, whereby they were to construet
the navigation improvements at Menasha and receive the ownership of the water-power there. The Green Bay
and Mississippi Canal Company has, therefore, no connection with this power,

~The riveér channel immediately above the dam is about 745 feet wide; a short distance above it narrows down
to 375 feet.  The strip of land between the ecanal and the channel varies from 80 to 160 feet wide between the
dam and the highway bridge. Below the bridge it widens out to about 425 feet, It is on this strip of land that
the water-power is utilized from the canal. The lock being ab the end, the water-surface is, or should be, level in
the canal, giving & lift of 10 feet at the lock. The available head at the dam is 7 feet; henece the channel falls §
feet below the dam. The available head at the manufactories varies from 7 feet at the dam to probably 8% feet
on the average at thoe lowest building ; but an element of uncertainty enters there, because of the mills drawing
down the level in the canal when all are running. General Warren, in his report of 1876, makes mention of their
lowering the depth for navigation in the lower portion of the canal several feet. The first power used is right at
the dam ; the Iastis about 2,000 feet below, a few hundred feet below the highway bridge. With the exeeption of
a pzmper-mﬂl ab the south 'Lbutment of the dam, and & flouring-mill at the north abutment, all the power utilized is
taken from the eanal.

The industries using water-power from the canal are in the following order, going down stream: Turniture
factory, saw- and planing-mill, tub and pail factory, saw-mill, woolen-mill, hub and spoke factory.

NEENATL—At Neenah the dam runs diagonally down the stream from the right bank to the side on which
the town is situated. Just above the dam the channel is 600 feet wide, but 1,200 feet above it widens out to over
1,000 feet., At this point is a bar strewn with bowlders, which at times makes it difficult for sail-boats to pass.

As shown by the map, a dike of earth and stone runs down stream a few hundred feet to the shore-line on tho
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Neenah side. Where the dam and dike join the shore recedes, and from the bay thus formed two races stavt: the
one nearest to the shore following its bend, and stopping after having ran down stream 1,000 feet; the other keeping a
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lock is shown in the map. For distinction, the first race is called the race, and the second the canal, and it is from
these two that all the water-power used at Neenah is takeu.

The riparian owners on the Neenah chaunel improved the water-power before the ship-canal was commenced,
and thus obtained a prior right under a state charter. The Green Bay and Mississippi Canal Company have, as
in the case of Menasha, no interest in this power,

The strip of land -between the stream and the race varies from 100 to 150 feet wide, and on it are most of the
manufactories. It will be readily understood that the race would interfere with the tail-races from the eanal, and
henee all the power used from that is talken from below the race. The main street leading over to Menasha nearly
bisects the length of both the race and the canal, and from it drive-ways lead at vight angles to the manufactories.

The head of water at Menasha averages 7 feet at the upper end of the race and 84 feet at the foot. The
erest of the Menasha dam is higher than that of the Neenah, and on the latter flash-Doards are used in low
water, raising the level 18 inches,

The manufacturers ave rather averse to the leasing of more power, as they feel it would lessen theivs, It is
claimed that the river below has risen into the tail-races of the lower mills some 2 feet above its old level, owing
to the raising of the upperlevel at Appleton, :

The Chicago and Northwestern railroad crosses the river on & line with the heads of these two races.

The following manufactories are situated upon the race: 1. Wood-pulp mill; 2, Flour-mill; 3. Wheel-house of
machine-shop across therace (wire-rope transwigsion); 4, Sashand blind factory; 5, Flour-will; 6. Flour-mill; 7,
Paper-mill,  The following manufactories are situated upon the canal: 1, Flour-mill; 2. Flowr-mill; 3. Paper-mills
4. Paper-mill.

There is probably not mueh available power unutilized there, except in high water,  ITowever, there is o large
portion of the year when there is a large surplus wasted.  The formation of the bank at the eastern end of tho
dam is such ag to make it possible to build a race theve and ntilize this surplus.

THE RIVER FROM NEENAIL AND MENASIIA DOWN TO ADPPLETON. .

The distance from the foot of the Menasha channel to the vppor dam at Appleton is 5 miles,  All this distance
is slackwater, eaused by the Appleton dam, and the navigation isin the stream itsell. The fivst 2% miles of tho
course are through the little lake Butte des Mortes, averaging about half a mile wide, Below that the river
bends gradually, so that the course isin ageneral northeast direction to Appleton. At the foot of the lake the
width is 1,000 feet, bub it then narrows to an average of 600 to 700, and is only 400 feet wide in one or two
places.  The channel is gently widening between well-wooded clay banks, which rvise to a height of 50 or (0 feet ag
Appleton is approached. Along little lake Butte des Mortes the shorves are low, and in places i§ mavshy.,

APPLETON.

At this place is situated the water-power which has attracted so mueh attention to the Lower Fox valley as a
manufacturing region, not on account of its having the best series of powers upon the river—Grand Kaukauna ig
Tully the equal of it in that respect—Dbut becavse it i1s here that the greatest development, exeeeding 10,000
horse-power, has taken place. Its capabilities are by no means exhausted.  Having so much the advantage of an
carlier start than the localities farther down stream, it bids fair, for many years, to assert its claim to the title of
the “ Queen City of the Fox?”.

The following table, giving the amount of business transacted by the monufacturers of Appleton for the year
1880, is obtained from the annual review of the Appleton Poest:

Farming implements. oo o oeen i tamer vmas vmunn D Ceeman naanan §70, 000
B 0 18 I O U 75, 000
R R e w e e cmeeana benn aaeeaens 800, 000
G e e reemn ceient s e rm e et temes et eaenen mmone saae e e an—an e avnnanns 12, 000
Hubs and spokes..ooeecoen vnaan @ eene amemmeaeen anea mrn veeaNaneet abineemans cmas eaan smenn Cemaanae ameune 86, 000
3 NV F e e eemee e ana e aeaamat aamaae mnne men e ar amananra 355, 000
Laamber oo i i e e et teaeat ara e rae g £0, 000
I U e e 5, 000
Lime, brick, eto. oo vininniiiininniinevnnnas e e et memeae immame e e mmnn s [ 30, 000
Machinery.coreve e ininein civanrrananeaannn H et et e e e e hmaeas me e awa e vmae et e 138, 000
T T deeer e amnruene e D 8, 600
Paper (print and wrapping) .o eceiee et virmns it e wa e n samnmenn e raan fes e ~  HR0O, 000
Staves and heading...c.ovoenn P mm e e e mae e ee s auue e b an aiaa e mena rer e e e e aauy aneeranan 110, 000
Sash, doors, and DINAS. . covn iii e e e e e maecemnaes nann rasneny aneene 75, 000
‘Woolen goods ... coovovaan.. B eee e susnameae e, e emeb e e m e aanas 200, 000
Wood puIp veveneiiiancnnennnn o e eeeear e aan et Mma e e enee eens e 140, 000
L0 - 78, 000

0 1 GNP M 1.: LT 11}

B B (T T U ORPPIPPUROR ' 7 N 1|1
Nearly all the different branches of manufacture mentioned make use of the water-power, and it will be noticed
that the manufactures of flour and of paper are the largest items.
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FRETGHTING FACILITIES OF APPLETON.—These are unusually good. Entering the ecity are the Chicago and
Northwestern, the Milwaukee and Northern, controlled by the Wiseonsin Central, and the Milwaukee, Lake Shore
T ,”a_ and Western railroads. In addition to tllesgis t»h‘e water communiecation,
ol -and there is an outlet and an inlet in all divections, north, south, cast,

and west, casy access to the lake ports, and a heafthy competition,

which will suffice to keep freight rates within reasonable bounds. The
Chicago and Northwestern passes through the main town, but has a
long side-track running aloung the river the whole Iength of the city,
connecting with the main line at each end. The Milwaunkee and
Northern and. the Milwaukee, Lake Shore and Western roads run up
the river past the city, and have their depots near the water-power,
A glance at the maps will show how the tracks pass here and there over
tho stream, giving the greatest facilities to the different manufactories,

From the upper level at Appleton to the foot of the lower lock
the total full has bheen stuted to be nearly 36.3 feot, of which, on the
avarage, 36 feet is available for water-power. This descent is made in
a distance of 1§ miles by river, Before reaching Appleton the river
has been flowing nearly northeast; but at Appleton it takes a gradual
bend to the svutheast, and then, just above the lower dam, a more
sudden one to the northeast again, These we may call the upper bend
and the lower bend. On' the north or left-hand bank the clay hlutls
rise steep, 50 to T0 feet high, to the rather level surface back from the
river, and on this the city is situated, overlooking the upper bend.
Opposite the city, on the south side of the river, is a segment-shaped
flat, 3,500 feet long and 1,200 to 1,500 feet wide for a considerable
distance, elevated only a few feet above the river. TFormerly a channel
ran throngh thiy, called south ehannel, and the portion of the flat north
of this channel is known ag Grand Chute island. Back of this rise the
blufts, as on the north shore, and the river evidently washed the foot of
these bluffs at some early time.-

NAVIGATION CHANNEL,—For navigation purposes the descent hag
been divided into two levels, the upper level and the lower level,
by a government dam at the upper and lower ends of the descent,
respectively. DBetween these two is the middle level, formed by a
private dam, used entirely for water-power, and having no connection
with the government.

The navigation is by the government canal from the upper level,
Jjust above the south end of the upper dam, skirting the bluffs on the
south shore of the river to the slack water of the lower level. This
canal is 3,600 feeb long, averaging 100 feet wide, and there are three
locks, with at least 6 feet of navigable depth. Trom the foot of this
canal the navigation is by the slack water of the lower level for 1,800
feet, and then by a short canal of 1,000 feet length, with one lock, from
the eastern end of the lower dam to the slack water of the Cedars dam
below. :

It is apparent that the water-power is divided into three levels,
and cach will be considered in its turn.

Y

UPPER LEVEL AT APPLETON,

Starting from the foot of State street, a bulkhead and a dam run
out into the stream abont 250 feet from the north shove; and then a
dam runs diagonally down streawm for 700 feet to within 400 fect of ihe
south shore. From this a stone retaining-wall, cafled the picr, runs
down stream for 800 feet, there uniting with the south bank. The dam
aud the pier are builf on the most substantial plans by the government,
with stone from the Kaukauna quarry alveady mentioned, and are very
flne structures.  The Dbed of the river is hard limestone. Ifrom the oot
of this stone pier starts the ship-eanal. The available waber-power of
the upper level is from a race along the north shore at that end of the
dam, from the ship-canal, aud from the stone pier.

VIEW OF THE LOWER FOX RIVER AT APPLETON, WISCONSIN, FROM THE BLUFF ON THE SOUTH BANE, GRAND CHUTE 1SLAND IN THE FOREGROUND.
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FALL AND POWER.—AL the dam the available head averages 10 feet, but at the foot of the stone pier 16 feet
is the nsual head; and at a manufactory about 1,400 feet down from the dam, on the north bank, they elaim to have
an average head of 18 feet. The average available head is 16 feet, and with this head the ordinary low-water
theoretical power has hefore been given as 4,538 horse-power; but of course there is a large portion of the year
when it iy much greater. The extreme variation of the head is 3 feet; the ordinary variation, about 18 inches.
This is due to various causes. A low stage of water decreases the available head, owing to the mills drawing it
down, and the flash-hoards, when put on the Neenah dam, have also the effeet of lowering the head, The wind, when
blowing strong and continuously, influences the discharge from the lake, and heneo affeets the head at Appleton
somewhat. Then there are fluctuations due to the shutting down of the Neenah and the Menasha mills, and it is
said that on Sundays the head at Appleton is lowered a foot from that cause, There is no trouble from anchor ice,
beeause it is all still water above this level; bat theve is difficulty sometines from slush ice breaking off from the
solid portion and choking the racks. With the north-shore race there is o difficnlty from ice, which is mentioned
in describing it.

NORTH-SHORE RACE.—This race iy 600 feet long, and from 50 to 60 feet wide, Starting from the abutment
of the dam, it runs close to the river, and between it and the river, partly built out into the water, ave the mills,
The access to these by team is over the canal, which iy covered with planking supported Ly a framework of posts.
The ice which passes into the canal lodges against these, and sometimes there is trouble from the flow being
obstrueted by it, and the head lowered,

As shown by the map, there ave four mills upon the canal proper, all of them extensive. No. 1 is the Appleton
Paper and Pulp Company’s mills, controlling 500 horse-power, and drawing direct from the pond; No. 2 is the
Kimberly, Clark & Co. flonring-mills, with a eapacity of 500 bavrels per day, nsing from 100 to 160 horse-power;
No. 38 is the Kimberly, Clark & Co. paper-bag mill, whicl was being built in the spring of 1881, and will probably
have o capacity of from seven to nine tons of paper in twenty-fonr howrs; and No. 4 is the Atlas paper-mills, with a
capacity of ten or twelve tons in twenty-four hours, The latter ave supplied by the Atlas wood-pulp mills, on the
opposite side of the river,

There is one more industry fed from this canal, and that is No. §, the Appleton manufacturing works, which
produce agricultural implements, They are situated on Water street, which skirts the bluffy ave 1,400 feet down
stream from the dam, and are supplied with water by a flame 700 feet long, leading from the end of the canal,  This
flume, which runs underground along Water street, is 4 feet in dinmeter, made of 2-inch pine plank, 6 inches wido
and 16 feot long, The sections, of 16 feet in Jength, aro connected by wrought-ivon bands 4 inehes wide and a
quarter of an inch thick., Beside these there are hoops of §-inch round iren encircling the flume at intervals of 18
inches. This flume is always full of water under pregsure, and the head ab the wheel pit is 18 feet on the average.
They use 45 horse-power by means of an American turhing 8 feet in diameter, Theve is 10 engineering difticulty in
the way of continuing the canal several hundred feet beyond its present length, but the power at a low stagois alveady
pretty well taken up, cither used or leased, and it is hardly probable that thiy improvement will be made, as there
are better localities to Lo mentioned for utilizing the remaining power. Under the title of “Legal condition of the
water-power” it was stated that the Green Bay and Missigsippl Canal Compuny had the vight to all power drawn
from the head of each rapid, bub that there were exceptions wheve long-established usage celaimed recognition.
This north-shore race is one of those exceptions. A wing-dam improvement way made befove the ship-canal was
commenced. An official of the company said that the mills did not lease from ity and no elaim was made hecause of
long possession.  The Atlas Paper and Pulp Company’s mill has aside-track ranning to its rear, while all the lines
along the river at Appleton pass in front of the willy along the north-shore race.

Lone rizr.—The power used on the south shove is almost entively taken from. this pier. The land along the -
canal is owned by the Green Bay and Migsissippi Canal Company, and all the power taken from the upper level on
the south shore is leased from then.

Along the stone pier is a series of lots, 50 by 100 feet, some sixteen or seventeen in number, owned by the Green
Bay and Mississippi Canal Company, The foundation of this piexr is solid limestone, and these lots are partly natural,
partly built out into the stream. The average head of water varies from 12 foet at the head of the pier to 16 fect
at the lower end. The water is taken through arched openings in the stone pier direet from the large bay at the
head of the ship-canal. There can thus Le no difficalty from drawing down the level, since the race is not
large enough. There are ten of these openings in the pier, some 134 by 6 feet, and others 15 by T} feet.  Two
buildings use this power, both sitnated on the lower half of the pier; but they are large, and absorb pretty muoch all
the room there. These are No. 6, the Atlas Paper Company’s pulp-mills, and No. 7, the Western wood-pulp mills,
the latter being owned by thelarge firm of Bradner, Smith & Co., of Chicago. The former supplics mill No. 4, across
the river. The Atlas Paper Company are entitled to 1,000 horse-power at their mill, of which they use 700, and
also have the control of the power from them up to the upper end of the pier, amounting to 1,500 horée-power,
Thus the lots along the pier are pretty mucl all taken np, No. 7 uses from 600 to 700 horsopower, Iach of {ho
mills has four wheels, under 15 to 16 feet head. '

The mills are situated 12 or 15 feet from the pier, and between them and the pier are wooden bulkheads at
the openings in the latter. Iach mill has a wing-dam running out into the river 50 feet or more, and then down
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stream o short distance. By this contrivanece the river is prevented from running in on the wheels, and a greater
head is maintained. The wing-dam of No, 6 extends outside of No. 7, and a side-track of the Milwaukee and Northern
railroad runs up to the mills, between them and the river. A wagon-voad leads down to the middle level below,
and also a bridge runs straight across the river to the Atlas Paper Company’s mill, on the north-shore race,
SHIP-CANAL,—I1t now remains to describe the power upon the ship-canal from the upper level, A description
of this canal has already been given, and, as previously stated, the Green Bay and Mississippi Canal Company
" hasg the right to draw water from the government canals at any point, provided they do not interfere with
navigation: Hence they possess valuable power from the ship-canal, but there is only a small amount used at the
extreme lower end of Grand Ohute island. There are three locks on this canal: one at the foot of the stone pier,
with 74 feet 1ift; one in the middle of the canal, with about 104 feet; 1ift; and one at the foot, with 11 fect lift, and as the
mills use from just above this last lock, they get a head nearly equal toits lift. No, 27 is a tannery, with about 10 feet
Iread available; No. 28 is a hub and spoke factory, with about the same head; and No. 29 is & flouring-mill, with
about 11 feet head, not now running, Nos, 27 and 28 discharge into the south channel, which is nsed ag a tail-race
by the mills on the middle level, while No. 29 discharges into the river direct. These use only a small amount of
power. :

UNUSED POWER.—As to unutilized sites at the upper level, it may be said that the most of them are upon
the ship-canal. There are several unused at the stone pier, but they are already under the control of the
manufactories now existing.

The ordinary low-water power of the upper level is popularly considered to be 5,000 horse-power, but with the
ordinary low-water flow given by the engineers the theoretical power is 4,638 horse-power. Now, there cannot
be less than 3,500 horse-power, at the lowest estimate, either used or under the control of the mills alveady upon the
upper level, leaving 1,000 horse-power yet to be disposed of. It is true that for a large portion of the year there is
much more power than this, but the estimates are made for an ordinary low stage. If this 1,000 horse-power were
divided among industries, each using 50 horse-power, it would supply twenty of them, using, say, twenty lots of
50 feet front, and there is sufficient room on the Green Bay and Mississippi Canal Company’s lots for this.

There are available sites at the right hand of the upper lock, where mills could take water from above the lock
and discharge below, getting about 8 feet head, but the bulk of the available lots are on the flat between Mill street
and the canal, and above the main street, which crosses Grand Chute island to the bridge. There they have room
for twenty lots, each with & 50-foot frontage and 150 feet depth. In connection with this there is w scheme which
would considerably alter the conditions of the upper and middle levels. ‘ '

Thus far all of the tail-races of the upper level, except in the case of the small manufactories at the end of the
ship-canal, empty into the river above the middle dam.

The Green Bay and Mississippi Canal Company have a plan, not yet carried out, owever, for the utilization of
the remainjng power of the upper level, on the series of lots just mentioned, in a way which would discharge thoe
water below the middle dam into the lower level. This would diminish the discharge through the middle level, but
would give the Green Bay and Mississippi Canal Company an increase of head nearly equal to that available at the
middle level, viz: 10 feet, giving them a total head of 25 or 26 feet. The plan is to build a conduit, which, starting
from the pond just to the right of the upper lock, shall pass under the canal and then parallel to it, being always
filled with water under hydrostatic pressure. The mills shall draw from it, and discharge into a tailauce leading
into the south channel, and their wheels would be under a pressure due to a head of 25 feet. Tho power left to be
utilized in this way is 1,000 horse-power at 16 feet head, requiring a flow of 551 cubic feet per second. The same
volume of water at 25 feet head would give 1,563 theoretical horse-power, which is the power that would Le

- available by this improvement.

It would hardly be practicable to run the large tail-race up to the upper six of the lots withont considerable
expense, because they extend out into the river; so they would only have the head of the upper level, viz : 16 feot.
Supposing them to use 50 horse-power each, they would talke 300 horse-power and a flow of 387.7 cubic feet per
second to be utilized at the 25-foot head. This would give a theoretical power of 1,100 horse-power which, distributed

-among the fourteen remaining lots, would supply 78 horse-power to each. : .

The main lines of the Milwaunlkee and Northern and the Milwaukee, Lake Shore and Western railroads pass
between these lots and the river; Mill street also runs alongside of them, giving easy communication with the
town, '

MIDDLE LEVEL AT APPLETON.

~As alveady deseribed, the middle level is independent of {he government works, which conneet the upper and

lower levels by the ship-canal, This level is under the coutrol of the individuals directly interested in the power,

and is created solely in the interests of water-power. The Green Bay and Mississippi Canal Company make no

‘ claim upott the powers that may be obtainable at this level, and it comes under the fourth class of powers mentioned
in describing the legal conditions of the Appleton water-power.

The dam is 2,400 feet helow the upper dam, and is in itself about 450 feet lon g5 but this does not represent the

total width of the river at that point, which amounts to about 950 feet just above the dam. Below the dam the
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width is about 650 feet from bank to bank., This dam isa timber frame construction, designed and built by Captain
N. M. Bdwards, and iy described in the section devoted to that subject. The.bed is Imestone. From the north
end of this dam a race leads down the north shore; at the south end the dam abuts on Grand Chute island, and from
the basin at this end supplies West's hydraunlic canal, as well as several manufactories which feed dirvectly from it.
These, with the exception of a power at the north abutment of the dam, ave the three methods, and the only available
ones, of using the power of the middle level.

HISTORY OT' THE MIDDLE LEVEL.—~Previous to 1877 there was no dam across the stream at the middle level,
but wing-danws passed up strean several hundved feet from each of the abutments of the present dam, deflecting
the water, the one into the race on the north shore, the other into the basin at the south end of the dam, In
1870 Mr. Bdward West built the West's canal, le uhnn from the basin down the island, TLater, the individuals
interested in the powers of the middle level formed a company for building and maintaining a dam, and in 1877
the present dam was constructed, and Mr. West’s wing-dam rewoved, The other wing-dam, however, remains.
This is the condition of the middle level to-day.

Mr. West is the most prominent owner on the middle level, and is identified with the early history of Appleton,
having bought Grand Chute island when the forest covered it. Ile then predicted that the day would come when w
ship-canal would pass through the valley and the water-power would be developed.

FALL AND POWER.—The average available head of the middle level is 10 feet, and with the total flow of the
river, which it 1)1*£1ctic‘ﬂly has, under the present conditions of the upper-level improvements the theorstical ordinary
low- wat(,r power is 2,836 hOI‘bG 1)0“'@1‘ If the contemplated improvement at the upper level just deseribed is made—
that is, using 1,663 horse-power at 25 feet head, discharging below the middle level—then the ovdinary low-water
discharge over the middle dam W111 be 2,600 —551=1,949 cubic feet per second; bubif the improvement iy madoe using
300 horse-power at about 8 fect head, and 1,100 1‘101‘80-1‘)0\\'0“ at 26 feet head, then the discharge over the middie
dam in ordinary low water will be 2 50()—5‘57 T=2,112.3 cubie feet per second. In the first ease, the power wounld
be 2,211 theoretical horse-power; in tlw second ease, 2,396 theoretical horse-power.

Thus, there are three conditions, to one of which the power of the middle level will probally be subject:

1. A continuation of the present situation, in which, practically, all the discharge of the river goes through tho
middle level, giving an ordinary low-stage power of 2,836 theoretical horse-power,

2. An improvement on the upper level of 300 horse-power at about 8 feet head, and 1,100 horse-power at 25
feet head, in which case the ordinary low-water 1)0\V(‘1‘ of the middle level will be 2,3‘)6 ﬂm()l'aucal horse-power.

3. An improvement on the upper level of 1,563 horse-power at 25 feet head, in which case the ordinary low-
water power of the middle level will be 2,211 theoretical lmrhe-])owur.

Of course it wonld be possible to use the surplus power of the upper level from thoe north-shore race, as already
mentioned, in which casoe the first condition would oceur, or from the lower end of the ship-canal, when the equivalent
of the third condition would be the result.  OF all these it is probable that for some time thu first condition will
be the state of the power, with a prospect in the future of the second condition oceurring ; that is, the ordinary
low-stage power of the middle Ievel will be 2,836 theoretical horse-power for some time, with the ¢hances of its heing
reduced in the future to 2,396 horse-power, or perhaps 1o 2,211 horse-power,

The variation in the hmd is tho same in eharacter as at the upper level.  As the viver is o mass of rapids {or
soveral humndred feet from the npper dam to the middle level, there is a chance for anchor iee to form, and the
manutacturers on the middle level are troubled with this to some extent in very cold seasons.

In orderto keep the water as much as possible at a nniform level in the pond and avoid the expense of extensive
gates and gearing, the method was taken of using what are called needles, as deseribed in the seetion on dams.
They consist of scantling about 3 inches wide, which are thrast down at the crest of the dam, and thus the width
of the overflow is diminished. A man is employed to attend to this matter, and to regulate the wagte over the dam
according to the amount of water nsed. The water surface can be kept within a variation of 8 inches, When all
the mills are running, and the water is not high, the ncedles are all put in, and as the mills shut down he gaes
along and removes some of them. There is always a space of abont 75 feet at the north end of the dam where no
needles ave placed.

The powers of the middle level at Appleton ave divided for descmpimn thus: North-shore race (middle
level) ; West’s canal; the basin. The latter is merely o portion of the pond.

NORIE-SHORE RAGE.——'I‘his race (middle level) is about 800 feet long, and runs down stream from the dam
between the river and Water street. In the upper part of its course the race is of faiv size, but in the lower third
it is hardly more than 15 feet wide.

The old wing-wall, which collected the water before the dam was built, still exists, and serves as a bed for tho
railroad track to the rcar of the Appleton paper and pulp mills, on the upper level. This wing-wall extends np
stream about 1,500 feet, and there is a waste-weir connecting the waters on each side of it. Iixtending, as it does,
so far up stream, it acts to a great extent independently of the middle dam, as was the case before the dam was
built. It collects a portion of the tail-water from the mills on the north-shore race (upper level), but it is largely
supplied by the river direct. The head is ordinarily maintained as good as in the pond proper, and often, as was the
case when visited, there is a flow, with a head of several inches, {hrou;_,h the waste-weir in the wing-dam into the pond.
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About 250 feet below the dam the highway bridge crosses the river to Grand Chate island. The race, above
the erossing being planked over, a bro ad space is made for the approach of wagons, and the railroad tracks pass
along the rear of the wills at the upper portion of this race. The head varies from an average of O feet at the
upper end of the race to 12 feet ab the foot.

The mills are as follows, beginning at the upper end of the race: No, 19, a planing-mill, fed from the pond,
and independent of the race and wing-dam, but mentioned hieve beeause of its locality, using only a moderate power;
No. 20, Appleton Qouring-milly, Me, 8, R, Willy, proprietor, the wheels of which are-old-fashioned and very wasteful
of water; No. 21, Lawrence flouring-mills of Hanert & Wambold; No. 22, Outagamioe flouring-mills, Cross & Willy
proprictors; and No, 23, Riverside flowring-mills, M. T, Boult, proprictor.  The power used in Nos. 21, 22, and 23
averages from 100 to 150 horse-power each. No. 24 is T W, Brown’s pump factory, using 30 horse-power, and
Laving w conter-diseharge wheel of 7 feet dameter nnder about 10 teet head 5 No. 25, a machine shop, with 12 feef
head 3 not running in the winter of 1880-"31; and No. 26, a small woolen-mill, with about 12 fect head, This is the
last power used upon the race, Between Noo 23 and No. 24 there are abont 500 feet of unoccapied mill-sites, and
about the same distance hetween No. 24 and No, 85,

The raee could be extended several hundred feet farther down the viver and the mills conld be built out over
the steeam, as is now done, becanse the bluffs erowd the raee near the river’s edge.  That is a 01‘0 Wb disadvantago
about the sites at the lower end of the race, there not being mueh room for transportation.  As the mills are huilt
out over the river on 1)?]04, the same scheme is used for obtaining a tail-race as at the pulp-nills on the upper level,
Starting above the milly o wing-dam rans ont diagonally into the viver, and then down stream, keeping the flow of
the river away frow the wheels.

There is plenty of voom on Grand Chate island for using the unutilized power of the middle level, reckoned
ab an oedinary low stage of water, and the sites are mueh more favorable than along fhe lower part of the north-
ghore race (iddle level),

Taw wAgi.—The bridge feom the main street over Grand Chute island erosses the river about 250 feet helow
the dam ab the north end, but at the {sland extremity the dam is not over 150 feet above the bridge. The basin,
if it may bo so called for distinetion, runs from the dan down to the strect and there stops,  West’s canal starts
from the northern corner of this basin, There are four manufactories using water direet from the basin, two of
them above the street and two below, and the liead averages 10 feet.

Nu, 8, above the street, is the muchine and vepair shops of Proctor, Wetlaufer & Co., using, on tho average,
10 horse-power, Their head-race rung under No, 9, and theiy tail-vace dischavges into the south ehannel. No. 9 i3
the Champion steel horse-nail works. They use 73 horse-power, and their tailrace unites with that ot No. 8.
No. 10 is the Valley Tulp and Paper Company. ’J.‘hc.\u pulp-works were started in the end of the yeur 1880, aud
tho intention is to wanutacture paper later, They expected to use 325 horse-power.  No. 11 is Billings & Morrison’s
Lub and spoke factory, This, as well as Nos, 13 and L4, has a wooden bulkhead running down from the basin along
the upper end of the south channel, into which the wheels discharge. The power nsed by No, 11 iy 40 horse-power.
No. 13 is the Appleton foundry and machine-shop, Morgan & Bassett proprietors. They use about 60 horse-power,

West’s ¢ANAL~Thig canal extends from the basin down Grand Chute island for about 1,700 feet, running
nearly parallel to the south channel, ag also to the main channel of the river, and there is a bend of 10 or 15
degrees in the middle of ity length, The
liead of the canal iy at the upper, and
the foot at the lower bridge, leading to
Grand Chute island, It is really builb
up upon the island, ag both sides and
the end are formed of cmbankwments,
The cost of construction was about
$40,000. The embankments are 12 or
15 feet high at the lower end, and the
canal bed is exeavated in the gravel-bed
formation of the island., The canal is
130 feet wide, and its bed is 17 feet
below the crest of the embankments.
These are earth and stone, 45 teet wide
at the base and about 10 feet ncross the
crest, which is £ or 8 feet above the
water surface. At the bulkliead there
are four openings, each 22 feet wide,
with a depth of water i an sverage
‘ _ low stage of 84 feet, and between the
ALPLETON, WISCONSING VIEW OF WYST'S CANAL FROM THE LOWER END openings are three eribs, 7 feet through.

The total bulkhead opening is 88 by 8¢

feet in an ordinary low stage, or 748 square feet, and the openings can be closed with “needles”, if it is necessary -
46




NORTHWESTERN WATER-SHED. . 83

at any time o shut off the water and drain the canal.  The head averages 10 feet.  The manufactories are situated
back of the embankments, those on the south side discharging into the south channel, and those upon the north
embankment having tail-races leading into the main river,

The 11141111ﬁmtu1‘1os upon the north gide are No, l‘l, Appleton woolen-mills, ownaed l)\ lI utchison & Co,  Their
warchouse is No. 12, situated on the npper street, erossing the island.  In the sunmer of 1881 this mill was burned,
but the 1)1'01)1'10t01'.~a 1ut01n1 to rebuild on a much morve extensive seale,  No, 16 iy the Appleton Chair and Bedstead
Company, Mr. Atkinson, proprietor, which was burned with No. 14, Tt used 40, bat was entitled to 60 horse-power,

The manufactories upon the north embankment are No, 18, Appleton hub and spoke factory, Marston &
Beveridge, proprietors, using 80 horse-power ander 10 feet head; and No, 17, Fleming & Cols lax-mills, situated
near the lower end of the eanal,  They were completing the bmldmg of these wills In the spring of 1881, Thisis the
introduction of an industry new to the Fox River regions  Just west of No, 17 o Jarge paper-amill was being ereetod
in the summer of 1881,

The remaining building using power from West’s canal is the works of the Appleton Furnace Company, No, 18,
of which Mr, A. T, Smith, of Appleton, is president,  Its capacity in 1880 was front 33 to 40 tons of pig dron produced
per twenty-four honrs, extensive use being made of the rich Menomineo ores,  Situated on the street opposite the
foot of the canal, they take the water in an underground fhume, and control 100 horse-power,  This is the Tarthest
down stream of ‘Lll the powers used from the middle level,

There s, of conrsey, abundant eapacity b this canal for o greater flow than is now used, and, a8 the map shows,
there is o large wnount of wnocenpied room. At a low estimate, there must he 2,600 feet llll()('(’lll)l(‘d Tacing on
the canal, and the lots running back from it ave 150 to nearly 300 tuu in depth, giving fine building sites,  Railroad
tracks of ditferent companies run along both sides of the canal, and the fheilities for approach by team ab cither
end are excellent,  Undoubtedly the hest water-power sites to be obtained on the middle level ave upon this caual,
and indeed, all things considered, they ave hardly to be exeelled at Appleton,

LOWER LEVEL AT APDILETON,

This levely, as stated previously, is controlled Ly the government for purposes of navigation, The dam iy
situated just below the lower hend of the river, 4,600 feet below the middle dam and 1,300 from the lower end
of Grand Chate island,  The viver just
abovo 1 4835 feet wide,  Tho government
den, 417 feet long, runs diagonally down,
ab an angla of about 45 degrees with the
clraamel, to an embankment which rons
down stream 600 foet to the Jower bridge
of Appletony and baek of this embank-
ment is the ship-canal of the lower levels
The embuankment continues wbout 175
feet helow the iidga to the one lock of
the lower level. At the hridge the river
widens ont on the north shove to 600 lect
HOETOSY,

Tor the first 1,500 feet below the
dan there Is o nataral fall in the viver
of about 3 feet. Below the lower hend
the conrse of the river ig northeast, so
that what was the north bank on the g ~

5 (AR N . .
other levels is the west hank at the lower » ; RNy, S e Ry e G
level, and the former south hank hecomes APPLIETON, WISCONSIN G LOWER DAM, FIOM TIE SDIP-CANAL BANK,
the cast bank, Thae river runs close to
the woest Dlufls, excopt right at the dam, Dut on the cast shore i a flaty, 200 to 300 feet wide, Detween the viver
and the blufts, There are four methods here of utilizing the power.  They ave: From the west end of the dam,
from a west-shove race, from the ship-canal, and from the eanal on e east shore, helonging o the Telulah Water-
Power Company.,

TALL, AND POWILR—The head at the dam is only 7 (eet, but farther down it is greater, ind the averagoav tilable
head is abont 10 feet, They get the whole flow of the viver, and there is n prospect that {his will always be
the case.  Tho ordm.u'y low-witer power of this level at 10 feet head is 2,856 theoretical horse-power, bt of this ouly
a simall portion is now used,  The fluctuations to which the powers ubove are subjeet aree also v\[n‘rlmu'ml here, aed
there must e some additional variation in low water, due to the hlmltm;,-‘ down ol tie mills upon the apper level.
The power No. 30, taken direet from the pond at the west abutment of the dam, is wsedd by Messes, Rose & Heath's
saw-miill,  The hu:ul is about 7 feel.
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WEST-SIORE RACE~The west-shore race starts from the pond, 450 feet above the dam, In 1878 it was
extended 25 feet wide and 850 {eet long down to about 150 feet above the bridge. In 1880 Messrs, Ileath &
Brothers, the owners, sold out to the Green Bay and Mississippi Canal Company, who now hold it, and in the spring
and summer of 1881 they were busy making surveys for the extension of the work, By this extension the capacity
will be muel inereased, and the plan has been proposed of running the race under the street and supplying mills helow
the bridge.  The blofts vise steep from the water, so that it wounld be necessary to build these mills out into the stream,
As it is now, they own below the dam 430 feet of facing on the canal, and by building out into the bay on the west
bank, already wmentioned, they would have nine lots of 50 feet face and 150 to 180 feet depth.  The Chicago and
Northwoestern railroad track runs past these lots,  There are at present two manutactories upon the lower part of
the race: No. 31, Diekerson’s shutter works; and Ne. 32, Baum & Hulw’s custom flonring-mill.  The head at
these mills avera gw about 8 feet,

Tha west-shore race is entitled to nearly one-fourtl of the flow of the river, which would give it, at 10 feet
head, 709 theoretical horse-power, or with an efficiency of 75 per cent,, 532 mmlable horse-power at an oxdinary low
stage,  If this one-fomrth flow is vsed at the upper purt of the raee with an average head of 8 feet, it will only
furnish 567 theoretical horse-power, or 425 available horse-power.  This would be sufficient to utilize all the lots
with the smaller elass of manutactories.

The only remaining manufactory npon the lower level is at the lock of the ship-canal, and is the only really
goed location on the canal. It is No. 83, Richmond Brothers’ paper-mill, and has a head of about 10 feet.

Hypr & ITARRIMAN 0ANAL—The caunal of the Telnlah Water-LPower Company, on the east shore, has boen
kuown as the Hyde & arriman canal. The case has been deseribed under the hes ading of “Legal conditions of the
Appleton watee-powers®,

Mr. Welcome Hyde and Judge J. B, Harviman, two well-known citizens of Appleton, owned the land, and the
Green Bay and Mississippt Canal Company owned the power. These two gentlemen and the members of tho
Green Bay and Mississippl Canal Com-
pany, as individuals, organized them-
selves into the Telnlah Water-Power
Company and began  improvements.
Under the superintendence of Judge
Harriman, ground was brokeu on Au-
gust 15, 1880, and on November 13 of {he
same year the canal was completed. («)

It bag already been said that on the
east shore the bluffy recede from the
river at the lower dam and leave o flat
from 300 to 450 feet wide, but about
2,400 fect below the dam they come
close to the water’s edge again, The
canal starts at the head of the ship-
canal, 600 feet above the bridge, wmd
skirts the line of the blafls all its longth.
For the fivst 1,500 feet it is straight,
then, owing to the formution of the
blufts, it bends toward the river at an
angle of about 40 degrees with its former
direction, and continues straight for 750
{eet more, making o total length of 2,250 feet, Tt could not Dbe continued further without considerable expense,
heeanse the blufls approach the river bank, The river side of the canal is au carth embankment all the way., At
the head of the canal the cross-scction is 120 by 7 feet; at the bridge it contracts to 80 feet in width, but is 11 feet
deeps and in the lower portion the average width is about 60 feet. The Lead vavies little ot different points on the
aanal below the bridge, and averages 10 feet. At the head of the canal is a bulkhead for shatting off the water,
which will he described in the section devoted to the construction. Practically, three-fourths of the tlow of the 1iver
can be used in this canal, which, ab an ovdinary low stage and 10 feet Liead, will give 2,127 theovetieal horse-power, or,
with an efficieney of 75 per cent.,, 1,595 available horsé-power, There are as yet no manufactories upon this canal, and
of course the method of utilization will be to erect mills on the flat and facing it. The land along the upper portion
oL ’Lhm can ‘11 iy mud to be owned by other pu:sons, but the company owns twenty-five lots from the lower end of the

Avpriroy, WisconsiN: Tnir Hypr & HARRIMAN CANAL, LOWER LEVEL, LOOKING
UP STREAM,

a Smun w ntm-r tho abovu mfummtlun Bias boen luuvcd (September, 1881) th’tt the Green Bay and Mississippi Canal Company has
purehased the stoel of the persons beforo interested with them, exeepting a very small amount still Leld by Judge Harriman., Thus tho

Green Bay and Mississippi Canal Compmny now practically controls the lower level at Appleton, and will probably use the greater part of
tho water on'the cast side of the river.
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eanal up, with a frontage on the canal of 30 feet cach, and & depth out to the river in most cases of 300 feet,
Tho power would be suficient at an ordinary low stage to supply cach lot with 85 theoretical horse-power, hut
it i morve likely that the power will be, to somo extent, coneentrated in establishments like wood-pulp mills, using
300 horse-power or more, The intentionis to use the embankment for & wagon-road to the mills.

The Milwanlkee, Lako Shore and Western*railroad passes neax, and thoe track of the Olicago and Northwestern
raflroad is just across the river; and so soon as the business will warrant it these rvoads will lay side-tracks along
the canal lots, for which there is every facility.

THE RIVER FROM THE LOWER LEVEL AT APPLETON DOWN TO CEDARS,

In the engineering reports the distance is given as being 3 miles, but, measured on the United States engineers’
may, it is 3.6 miles along the course of the river from dam to dam, In this distance the general course of tho river
is nearly northeast, but along the lower half there is o tendency to bend more to the east. The channel is gently
winding all the way, and the navigation is by slack water from the Cedars dam to the foot of thoe canal at the lower
lovel of Appleton.  The clay blufls, which for almost the whole distance spring close from the river’s brink, are well
wooded, The average width of the river in the distance named is about GO0 feet; and in one or two places it
widens ont to 900 feet, and then again narrows to only 400 feet across,
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CEDARS.

At Credins Hw course of the river is nearly east,  ‘The blufls upon the south shore rise near the river, but on
e mrth asuadl epecke vnters, and the north-shore binifs, which have been following close along the river bank,
sweep aronmbatied ran up this stream for o distance, and then againwreturn to the river edge below, leaving a flat
ol 0 e aeres, through which the ereelk runs to the main stream.

Thicdom s sitiated abouag 1,000 feet Lelow where the north blufl recedes from the river. Starting from the
north shovey it runs straight across the current to the north bank., Two hundred and fifty feet above the dam the
government eanal starts from the Cedars level and runs 950 feet below the dam to the slack water of the Little
Chiate level, wind abowt opposito the dam is the one lock, with a litt of 10 feet. The river immediately above and
helow the dum i abowt the same width as its length, which by the United States engineers is given as 810 feot.
Below the enad the north shore recedes at the mouth of the ereelk, making the width for a short distance about
Wit feet. There are ito manufactories yet on this level, and thers is no town; nothing but the dam and the lock.

FALL AND TowWBER.~~Tha available head is about 9 feet, whieh, at an ordinary low stage, will give 2,653
theoretical horse-power, or, with an cfficioncy of 75 per cent., 1,015 effective horse-power, This power is, of course,
owned by the tireen I3ay and Mississippi Canal Company. , ‘

While it would be possible to utilize the power, in part at least, wpon the north bank, it is evident at o glance
that the proper diveetion for improvement to take is to utilize the power upon the north side of the river. Tho
Green Bay and Mississippi Canal Company own eight or nine 50 by 100 to 50 by 150 feet lots upon the strip of land
between the canal and the viver, which it would be easy to supply from above the lock with a head of 10 feet; but
o Better plan still is to staret o canal where the north bluffs Jeavo the river and run it along them to tho highway
which rups down the river nbous 700 feeb north of it, and then to run the canal down the road. The mills would then
bison the streety snnd the tail-rneos conld be carried across the flat to the river very readily.  Thereis a great abundance
of room for this. A sidotrack from the Obicago and Northwestern railroad, a short distancoe north of the river,
could beyun down to the flat when the developments require it,  This power is fully equal to that at the lower
Tevel at Appleton, sand all it requives is improvement of its natural resources. The available sites on the noxth
ghaw aee mest exeelient, and all the power could be used there,

LITTLE CHUTI.

Little Chute is o snndl I¥rench Catholic village, started by a Jesuit mission, on the bluff overlooking the xiver.
The dumw is 4400 feot below tho Cedars dam, and, like iy is controlled by the government. Half way between. the
two dims the siver hewls 8o as to run sowtheast ab Litfle Chute, and Delow the dam the river is rapid for 14 miles,
falling 8% feet From the level above. This rapid is passed by a canal builh for o distance of 6,500 feet along the
north side of the river,  Nine hundred and fifty feet from the head is a lock of 16 feet lift, and at tho foot is ¢
copponite loek of ahout 22 {vet total 1if6,  Above the dam the river is 840 feet wide, and it is about the same just below.
Two thowatnl feet down o bay runs into the sonth bank, but the widtl is pretty uniform until near the foot of the
ripivts, where there is & shaep bend of 1,000 feet above the foot of the canal, and there the width is not over 700
feet but nt and betow the canal it widens out to near its usnal width, On the north side the bluffs set back slightly
from the river, leaving st nurrow flat, whieh is partly eut up into a number of small islands, - At the foot of the
eanad there is o tonpue of comparatively low land projecting about 1,000 feet toward the south, and on the south
Dank there is o Break it the bhiunfl for 1,500 feet or more, where, although the bank is a number of feet above the
wittery 8l it dies pot pise in high blafs. Two thousand five hundred feet below the dam, however, the Lluffs start
ehose from the wader, andd continue all the way down, fo rise well wooded from the brink of the river.

Thix power s owned by the Green Bay and Mississippi Canal Company, which also possesses a large amount
of the lind abont the eanal,

TALL AND POWER~Tho fall available is abount 34 feet, which, at the ordinary low-water stage of the river, gives
0,644 theoretien), ov, with an cfliciency of 75 per cent., 7,238 effective horse-power. The only power used is by a
flonemill af the north abutnment of the dam, with a head of about 11 feet, and it would be impossible to utilize the
full power hers withont making extensive improvements. The ouly power of any consequence immediately available
is from the shipeannl,  From the headof the canal down to the foot of the lock the Green Bay and Mississippi
Canal Compuny has room for aliout twenty lots of 50 feet each front on the canal and 200 feet depth down to the
river,  There is also ropm between the canal and the abutment of the dam for three more lots of about the same
gizes thin on the north side of the lock there is room for three lots, making a total of twenty-six. The head
wonld ary from 11 feet, with the upper lots to 16 feet with the lower ones, making an averagoe of about 14 feet
head,  Supposing eitel 1ot to use 75 horse-l')ower, the total would be 1,955 tllf:orgtical horse-power, which, at 14 feet
nead, wonld require a volume of 1,‘_33.L cubic feet of. water per §econd; but it wo‘ulc;l be necessary to considerably
enfarge the canul hefore any sucl discharge as this through it would be permissible, on acconnt of navigation.
Trovided the eanal were saflieiently enlarged to permit the water to pass without interfering with navigation, and
tv slujes was Imile aronnd the upper lock, mmuﬁnc(;ories could be built on the flat along the lower level for a
distance of 2000 feet vr MOTE, and be supplied from it, the head varying from 15 to about 18 feet.
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If tho canal was devoted to the interests of the water-power, and altered to suit the consequent conditions, a
very extensive series of powers could ho obtained; but the eanal is for navigation, and this limits the utilization of
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the water-power from it, If the canal were enlarged, the embankment raised, and the middle lock flooded out, o
magnificent set of powers would be ready for use. At the foot the head would be about 34 feet, and by building a
wing-wall and excavating a tail-race parallel to the eanal the head would be very nearly that for several hundred
feet above. But this is out of the question. The power, if utilized at all, will have to bo made available in some
other way,

IMPROVEMENTS POSSIBLE.—It s practicable to run a canal down the south banlk for some 2,000 feet and
utilize o head varying from 11 feet at the dam to about 20 feet at the foot. It is evident that to utilize the full How
of the river over the total fall of 36 feet it will be necessary to build at least another level at Little Chute, as is
done at Appleton, for the discharge from mills at the nupper portion of the rapids, using only 15 feet head, will go
down the river over the remaining 19 feet of available fall in wasted rapids, unless again caught and held ba,ck for
use. It is also practicable to utilize the remaining fall of the river at Little Chute by constructing two levels below
tho existing dam, dividing the total remaining fall of 20 feet into two parts of 10 feet eacl, asindicated on the map,
The baekwater from the upper one of tho two proposed dams would be on the level of the canal at the foot of the
fivst lock, 16 feet below the surface above the upper dam. This would, of course, reduce the head at the proposed
canal i'rom the upper level on the north shore to 16 feet af the lower end the same as on the north banlk.

The plan proposed by Oaptain N, M. Bdwards is to leave an overflow on each dam of 600 to 700 feet, and from the
oxtremities of this to run wing-walls down stream to the slack water below, thus restricting the river to 700 fect
wide and reclaiming considernble land. Immediately back of these wing-wulls tail-vaces would be excavated
in the gravel and limestons up to the dwmunj; mext would be a series of water-power lots, and beyond thesoe the
water-power canals leading from the dam past tho lots, The excavations for tho tail-race, ete., would furnigh
excellent stone and gravel for the building of the walls of the canals and other works connected with the improvement.

Tror the lower one of the proposed levels the best place for improvement appears to be at tho extensive flats on
the nortlh shove, near the lower loek, where there is a space for at least 3,000 feet of canal frontage. Tail-races
could be exeavated up to the dam and the full head utilized, and a wing-wall could be run down along theriyver, and
behind this a tail-race be cut for mills at that point. Without this wing-wall and tail-race they could discharge
directly in the river, obtaining about 8 feet head.

MEANS OF I‘BL].GIITAGL.—-—TIIB natural facilities for transportation are good at Little Chute, as the Milwaulkee,
Lake Shore and Western railroad can send a branch from the foot of the rapids along the soubh bank, and readily
run gide-tracks across the river on piers or trestles, as is done ab Appleton, The Chicago and Nortlowestern
railroad cannot so easily reacl. the river; still, as at Appleton, it can be done. As the upper one of the two levels
proposed would be on the same level as the canal between the two locks, it would be possible to make a connection,
so that vessels could go directly to the mills, Supposing that 9 feet head would be tho actual available head at
cach of the two levels, the theorctical power of ecach at an ordinary low stage of the river would be 2,553 horse-
power, or, with an efficiency of 75 per cent., 1,915 effective horse-power.

GRAND KAUKATUNA.

The name Kaukanna is derived from the Indian name of the place, Kaukonnee, meaning pickerel fishery.
Well does it deserve the title of Grand. In a distance of one mile the river falls 50 feet, The power is
undoubtedly the Iargest npon the Lower Tox, and it is in an excellent condition for improvement, Only since 1878
has any improvement of the water-powers been undertaken on an extensive hasis, and the small village of Xaulkauna,
upon the north bank, has been of no prominence. Now, however, an era of improvement hay been inaugurated,
and the Grawd Kaukanna water-powers are to claim recognition. :

The railvoad facilities will be excellont so goon as manuntacturing warrvants the luying of side-tracks. The
Chicago and Northwestern railroad can easily run a branch down the river from the main road along the north
side, and the Milwaukee, Lako Shore and Western railroad strikes the river valley at Grand Kaukauny on its way
from the lake. They alse can send branch tracks in all directions needed, as is done at Appleton. The Wisconsin
Central Company will also be extending down the river, if possible, to have a sharve of the traffic, as soon as business
will pay for the outlay.

For the first 5,000 feet below the Little Chute canal the river flows northeast between bLlufls rising diveet
from the water’s edﬂe but about 1,000 feeb above the Kaukauna dam it turns, and runs for the length of the Grand
Kankauna rapids a hbtlu south of easb The Kaukauna dam is 24 miles below that of the Little Chute, and malkes
slack water up to the Little Chute canal. The method used by the government for passing this 50-foot fall is to
have & dam at tht upper end, and a ship-canal 7,400 feet long, with five locks, on the north side of the river, In
the middle of its eourse the canal is 1,000 feet from the river, and the river immediately above and below the daw
is about 700 feet wide. Trom 1,000 to 1,500 feet below the dam the river begins to spread out in several channels
between islands, numbered for convenience on the map. There are of these five principal and many smaller ones,
Between theso islands occur the rapids, over o hard limestone bed, from 1 to 6 feet below the surface soil.  In the
widest place the river spreads over a width of 2,200 feet; thls, is at about the middle of the rapids. Fhe
principal part of the tlow wonld naturally pass down tho northeru channel.

G2
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Island No. 1, the largest, is also the highest one. It starts in a point 500 feet below the dam, and runs
down stream 2,800 feet, with o maximum width of about 800 feet and an arca of 27 acres. These islands are not
much ¢levated above the river, and are, to a great extent, covered with amoderate growth of timber.  The foundation
of them all is the lime rock, forming the Led of the river.

The bluils on the north bank ran close to the river for about 1,400 fect below the dam; then they diverge from
the river at an angle of about 35 degrees, and pass along the canal for abont 3,000 feet further ; and then they appear
to recede to thoe north, leaving a broad flat for a mile bclow the foot of the rapids. On the south the bluifs leave
the river's brink about 1,000 feet above the dam and follow along parallel with the bank, leaving a flab averaging
700 feet wido. This continues to about 1,500 feet above the foob of the rapids, where a headland juts out into the
river, Opposite island No, 1 is a small valley coming down to thoe river, the chanuel of an entering creck,

The flats on cach side of the river, and the numerous islands, give fine facilities for water-power improvemeont,
the valley from bluff to bluff at the lower half of the rapids being about 3,500 feet wide.

Favn AND POWER~—With a head of 50 fect, the total theoretical horse-power, at an ordinary low-water stage,
in 14,182 horse-power, or, with an efficiency of 7" 5 per cent., 10,636 offectivo horse-power.

SIIIP-GANAL.-—-—BQIO'W tho bridge which crosses island No. 1, 1,200 feet below the dam, there are 900 feet of
frontage on the upper level of the ship-canal, with an average head of 16 feet. There is, of course, an immense
number of sites below this on the ship-canaly but it is hardly probable that they will bo used to any extent, hecause
there are much better places elsowhere for taking the power, and also the requirements of navigation limit the
amount of water that can be carried through the canal with ibs present sizo. The lots upon the upper level of the
canal, however, will be, and are already used to o large extent,  These lots are the property of the Green Bay and
Mississippi Canal Company, - The mills ave: No. 1, paper, wood-pulp, and {lour mills; No. 2, wood-pulp; No, 3,
addition to No, 2, for the manufacture of artifieinl woodware ; No. 4, planing-mill; Nn. b, mw mill; No. 6, b
and spoke fuctor;).

Although no improvement of the wator- POWEL Was undertaken on an oxtonsive seale previous to 1880, thero
ave two works of magnitude alveady finished, 1t is trug that the sites are almost entively vacant, bub evcryt]un iy
is ready for the sefting of turbines sullicient to make Grand Xaukauna rapids the sito of a large manufacturing
town,

KAUKAUNA WATER-POWER COMPANY —Several eastern capitalists, lavgely interested in the Milwaukee, Luke
Bhore and Western railvoad, whieh first strikes theviver at the south bankof Grand Kaulkauna rapids, organized into
an assoeiation called the Kauwkauna Water-Power Company, and began improvements of a most extensive character
on the south bank. The officers are: Tresident, Joseph Vilas; viee-president, T, W. Rhinelander; general
manager, I, i 11 Reed 3 treasurer, Churles Luling; engineer, James M, Barker.

The plan is to establish the car-shops of the railroad there, and to utilize the power in various kinds of
manufacturing, A town, to be called Ledyard, has already been Iaid out, and the intention is to make it o great
sueeess.  Tho locating of the shops there will immediately Dring a umm(lorahle population.  Starting above the
dam, they hiave ran & canal along the south bank, and intend to utilize the power along it This power belongs
to the third class, given under the title of the ¢ Logal conditions of the Lower Fox water-powers”, and the Green Bay
and Mississippi Canal Company intend to hring suit, s0 soon as they take water frone above the dam, to make them
pay rent for it Whatever be the decision, the improvement will undoubtedly remain.

The canal starts 400 feet above the dam, and for 400 feet it vang ab an angle of about 45 degrees with thoe hanlk.
When about 200 feet from the river it tuens, and then runs nearly parallel with the south channel of the river for
2,000 feet, making o totallength of 2,400 feet, and the lower fourth of its course I bent u fow degrees away from the
viver, Tho greatest width is at the hulkheads, where it is 150 foek across. The smallest width is 86 feet; the depth,
11 feet,  The totalfallin the bed from the he: \d-"-ltus tothe lower end is 2 feot, and the maximum velocity is ealenlated
ab 300 feet per minute,  'The area of low at the hulkheads is 640 foot, and the depth 10 feet.

An embankment and o ovetaining-wall form the lower bank of 11\0 canal., This consists of o elay and gravelly
carth embankment, held on the lower side by o vertical dry-masonry retaining-wall, with & flagstone coping. The
sloping inner surface of this cmbankment is ficed with Inid stone, and the width on top is 20 feet, The ingide
slope is one to oue, and the outside one to fonr,  Thevetaining-wallis ‘5 {eet witdo on top, and the base averages § feet.
Tho inside facing averages 18 inehes thick, and there is g atone bullkhend atthe npper end of the eanal, about 150 feet
from the head, for shutting off the water when repaivs ave necessary,  The average head obtainableis 18 feet. The
company has shut off the water from the south channel of the river by o dam, and intends using it for o taileace,
and, starting helow the foot of the canal, has blasred o tail-race out of the limestone bed of the south channel, by
which to make the availabla head of water nearly uniform along the canal.  Thoe closing of the south channel alse
gives moro room, The company has & frontuge along the canal, below the dam, of 1,000 feet, and at the end 200 fect
additional, This would give 38 lots of 50 feet fuce each, and from 320 to 360 feet depth, down to tho tail-race,
beside four 50-foot lots facing the end of the canal, .

The company claims the right to one-half the flow of the river, without interfering with navigation, and at the

ordinary low-water flow of 2,500 eubie feet per second this wonld give, under 18 feet head, 2 2,553 theoretical horse-power..
53
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About two-thirds of the way down the canalis a newly-erected wood-pulp mill, No. 8, which has leased 300 hovse-power
at 56 per horse-power per aunnm, and fumes were being built in the summer of 1881 at the extreme lower end of
the canal for o cotton-mill, the first of its kind on the river,

The embankment will undoubtedly be used for a roadway, and we may be sure that the Milwaukee, Lake Shore
and Western reilroad will offer all the conveniences for shipping in its power. The main wagon-road leading
over the river crosses the canal.

EDWARDS & MEADE POWER~—The remaining power improved since 1880, but not yet utilized, is the
Edwards & Meade water-power. Captain N. DL Bdwards Iives in Appleton, and is the engineer of the Green
Bay and Mississippi Canal Company. The owners have taken advantage of the channel branching off from the
main north channel, between islands No. 1 and No. 2, and, forming it into & pocket by damming up the ends and
sides, they intend to walke use of the power at the lower end, where they control the land.  This power conies
under the fourth class mentioned in the section giving the legal conditions of the Liower Tox water-powers,  I'lis
channel starts 600 feet below the bridge, and the dam is 1,000 feet below the head of thoe channel.  The islards ure
low, and dikes run on each side almost the whele length of the channel. The pond averages about 200 feet wide,
and at the Lroadest place is 275 feet across. The embankment along the south side is of earth, and the north
side is bounded by a stone wall, built with limestone quarried right at hand.

~ Everything is donein a substantial manner. The stone wall is dey-laid rubble, with a straight batter on eacli
side, and at every 3 or 4 feet distance on the inside is a string eourse of 3 or 4 inch oak plank, set into the masonry,
To this is spiked plank facing, While building the wall openihgs were left for head-races to the mills, The dam
at the end does not differ materially from the side wall.

The method of arranging the openings for flumes, so that they can be used, it required, withont diffieulty, is
this: Heavy oak timbers and sills were built into the wall across the openings, and on these planks were spilked,
flush with the inner face of the dam, When ib is required to use the opening, the flume can be built up back of the
planking, and then, when all is ready, the front timbers and planking can becut away, Thus all necessity of cofter-
dams around the opening while building the flume is avoided.

Thero is just below the head of the channel & bullkhiend tor shutting oft' the water similar to the one nsed on
the Hyde & Harriman canal, at the lower level at Appleton.  The head at the footof the channel is 16 fect, and tlere
is room for five 50-foot lots at the end of the pocket, and for eight or more on each side. There ave also openings left
at the end for extending large flumes down from the dam, by wlich 20 fect head ean bo obtained.  The Ded of the
chanuel between islands No. 2 and No. 5, and also of that between islands No. 5 and No. 1, will make excellent
tail-races.  This power is estimated by Captain Edwards to be equivalent to from 1,200 to 1,500 horse-power,
requiring, with 10 feet head, a volume of 826 cubic feet per second. A wood-pulp milly, No, 7, was ereeted in the
winter of 188081 at the lower end of the pocket, with a capacity of 2,200 pounds of dry pulp per twenty-four hours,

PROPOSED IMPROVEMENTS.—There are several improvements that have been proposed for utilizing the tlow
over the remaining fall of the river. The map illustrates these, It is perfectly feasible to build a dam across the
main channel from island No, 2, starting 650 feet below its head, and from it run o canal along the north
banl of the river., This would catch all the flow of tho river except what was used from the IKankaung water.
power canal and the Edwards & Meade power. A head could be obtained by extending tho canal about 800 feet
down, varying from 10 feet at the head to 20 feet at tho foot, but could bo made nearly 20 feet all tha wiy hy
excavating a tailrace, and mills conld be stationed along the dam itself, as well as on the canal,

The map also shows & practicable scheme of damming up the channel between islands No. 1 and No. 3 iy
wing-dams, forming a pocket with the same level as the tail-race of the Kankauna Water-Dower Company’s canal. A
Lead of 18 feet could then be obtained, and mills, ate., would be stationed along the lower part of the pocket, It the
south channel iy shut off permanently, this power would only get the discharge from the Kaukauna Water-Dawer
Company’s canal, and this plan would require about 2,600 feet of dam, wing-dam, and dike. Tail-racey shonld bho
Dblasted out on each side, and that on the north would also serve for a portion of the Edwards & Meude power.

- Wo have now discussed plans for using the upper 36 feet of the Lall; there remains yebt 14 feet.  About 808
feet below the foot of island No. 5 the river bends ngain to the northeast, as it flowed above Grand Kankauna, ol
the rapids end just below this bend. The river is 1,600 feet wide at the bend; but below a bay projeets into 1l
south bank, and the river is there 2,200 feet wide. The bed of the river is lim astone, as all along tho rapids, and
it is suggested by Captain Edwards to build a dam across the river where if is 1,600 feet wide,  Starting from the
south bank, he would run it directly across until within 200 feet of the novth baulk, then up the stream for about:
1,000 feet, until it merged into the level of the north bank, This dam and dike would e 2,400 feet long, and the
head available would be 14 feet, and it would cateh the whole flow of the river. Captain ILdwards’ idew i3 tostation
mills, built over the river, all along the face of the dam; to make a roadway of the erest of the dam, and to rau
railvoad tracks back and forth over the river on trestles or eribs, as at Appleton. A waterway and waste-weir of
about 300 feet width would be left in the middle of the ¢hannel, which, for a viver of so slight rise, scems suflicient to
confrol the level. There would be 1,100 feet of facing on the main dam, and at least 800 foet on the wing-dam along
the horth shore, L‘gfd it would he necessary to blast out a tailrace for mills along the latter. The theoretical
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power of thiy improvement at ordinary low-water and 14 feet head wonld bo 8,971 horse-power, and this wonkl be
sufficient to supply 104 horse-power for every 50 feet of available space along the dam and win g-dam at an ordinary
low stage of the river.

THE RIVER FROM GRAND KAUKAUNA DOWN T0O RAPID CROCIIIL.

From the foot of the canal the course is north-northeast for a distance of 2 wiles, and then for 1.5 miles the river
runs northeast to the Rapid Croche dam. The river below the Girand Kaukauna rapids is {rom 1,200 to 2,200 fect
wide for nearly 2 miles, hut it gradually contracts so as to average about 500 feet wide for the lower half of the
distanco down to Rapid Croche, and in places it is not more than 400 fect wide, Below the foot of the Grand
Kaukanna canal the binfls rise from the water direet, and, with trifling exeeptions, they eontinue thus, well wooded,
down to Rapid Croche.  Navigation is by slack water from the Rapid Croche dam vp to the Grand Kaukauna
canal,

Seale,
JoU, koo deo rpo 1Y © 500 vofot',m"
ool o e frone { P J
R
» Lownr Fox mrvar aT Rapp (frocuw, WISCONSIN,

RADLID CROCILE,

The river heve runs east,  The government has built o dam 44 miles below the (trand Kaukanna dam, and by
a canal 1,760 feet long on the north hank floats the boats past the rapids of about § feet fall to the slack water of
the Little Kaukaunadam, Theriver justabove the Rapid Croehe dam is 640 feet, and below 440 {eet wide, and the
bluffs come down on each side close to the river, except that between the ship-canal and the bank of the stream is
a space about D00 feet long, and varying from a fow feet wide ab the ends to 200 feet at the middle part,  This
ground is owned by the Green Bay and Mississippi Canal Company, and is the proper place for utilizing the power
at this locality.

FALL AND PoWER.—The head available is 8 feet, and {he theoretical power at ordinary low water is 2,260
horse-power; but none of this power is used. There i an old lock at the north end of the dam which was formerly
used for navigation, and there could easily be a side-track laid from the railroad to the water-power,

~
ik
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THE RIVER FROM RAPID CROCHE DOWXN TO LITTLE KAUKAUNA.

In this distance of 6 miles the general course is northeast, and the river is not so winding as in its upper part,
the bluffs forming the immediate banks of the river almost the whole distance. A peeuliar feature of this stretel is
the narrowness of the river, below Wrightstown, which is about one-third of the way down, the average width being
about 4530 feet, while in many places the banks ave seavcely over 300 feet apart.

LITTLE KAUKAUNA.

Seale,
SPB 1o Bg0 200 g0 500 jouw
fect 1 i 1
Q

Lowen Fox RIVER AT LITTLE KAUKAUNS, WISCONSIN,

TTore the river veers more toward the east, and ag at Rapid Crocho, & government dam and o eanal overcome

the rapids, amounting to about 8 feet.  The canal is upon the north bank, and is 950 feet long, with one Tock at the
~foot. The river just above the dam is 800 feeb wide, and below it is about 475 feet wide. On thoe southern hank
the Llutly rise close to the water, but oun the northern bank they leave a gpace of several umdred feet wide between
them and the river at the eanal.  Just below the canal a spur comes close to the river edge, but it very soon recedes,
leaving o flat at its foot. Itis on the space at the north end of the dam that the power could best e ntilized.
There is o saw-mill there now, facing the pond.  With a tail-vace running up the middle of the dlat, there would be
1,100 feet of frontage nlong the ship-canal available for manutactories, with an average head of about 74 feet. A
canal could be run along the Llnff back of the ship-canal, and mills be built along it, using the tail-race mentioned
go far as it extended, and then discharging into the river. There would be at least 2,000 feet of available frontage,
on it. There is also a chance for running n canal above the south bank and getting about 1,000 feet of frontage
upon it,

IFALL AND rowniR~Thus asbundance of space would be provided for utilizing the total power of the river,
which, at 74 feet head and ordinary low-water flow, would be 2,127 theoretical horse-power, or, with an efliciency ot 73
per cent., 1,605 effective horse-power. The Green Bay and Mississippi Canal Company owns only the land between
the ship-canal and the river; the rest is in the possession of various persons.

Tho locality is not considered Ly those qualified to judge very accessible to railroads, but it is possible to
reach it.
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TIHE RIVER FROM LITTLE KAUKAUNA DOWN TO DEPRRE.

The river flows with hardly o bend nearly northeast for this distance of 6 miles. Along the upper portion of”
this section it is from 1,500 to 2,000 feet wide, but in the lower half it averages 800 to 1,000 feet across, and oxcept
just at Little Kaukauna the blufly skirt the edge of the river on cach side down to Depire. Along the upper 3.
miles there is considerable timber on the bluffs,
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’ DEPERE.

This town is an old place, and, ag its name indicates, is of Frenel: origin,  Although 7 miles above the mouth
-of the river, at the head of Green bay, the navigation on the level of lake Michigan extends to this town, where there
is a government dam with a lock, the last on the river. The stream suddenly turns at Depeére, and rans o little west
<of north for a few thousand feet; then it bends to the northeast and continnes without change to Green bay, At
Depere are several manufactories and quite extensive iron furnaces. The facilities for shipping are very good,
Doth by railroad and by vwater, as boats from Buffalo, on lake Irie, can run up almost to the doors of the mills,
with the navigation of lake Michigan unobstrueted hefore them.

In spite of this the water-power at Depére is not in o very flourishing condition, and this is largely due to
anfortunate management, which has mortgaged the property. The Green Bay and Mississippi Canal Company
has no interest in the power. As was the case with Menasha, a contract was made with the ripavian owner,
whkereby, in consideration of his maintaining the navigation improvements, he should have the vight to the water.
power, and he is now endeavoring to interest capitalists in improving the power. on a more comprehensive
sgcale, - Apparently, this isall that is needed to make a valuable manufacturing place, and yet one notices on entering
the town that something is at fault, things not having that new and neat appearance that betolkens prosperity,

The slab piers shown upon the mayp are old, decayed piles, just ready to tumble into the water, and the bridge
-almost defies description.  As seen in the close of 1880, it was a wooden structure, consisting of a great many short
-spans, with the ordinary trapezoidal form of truss. In some cases the upper chord has fallen out; in others an
inclined post is gone, or else the rotten timber is scarcely strong enough to hold together, and several times have
1oaded teams broken through. The reason for such # state of affairs was said to be that Deplre, on the cast bauk,
and West Depére, on the west bank of the river, are two separate villages, unable as yet to unite for mutual intervest.

At the dam the river is 1,750 feet wide, and just below it widens out to 3,000 feet, forming a large Day.
"The boats pass into a basin at the east end, and so down by a lock to the water bdow the dam., There ave two
mills situated on this basin, ive upon the dum, and two upon a race on the west bank, and the lhiead of water is very
nesrly the same at all of them, viz: from 6 to 7 feet, but varies, according to the stages of the water, about 14 feet.
It is low on Mondays, because the mills above shut off the flow during Sunday.

The old dam became unsafe, and a new one was built above it, instead of below, because of the mills sitnuted
«on it; but the old one was not removed. This new dam is not yet entirely finished, and leaks to 8ome extent,
but it would be possible, aud thoroughly practicable, to increase the head to at least 10 feet Ly raising it. The
banks are high up to Little Kaukauna, and no damage would be done by overflow except at Depive, which conld
be prevented by a dike on cach side of the xiver for a short distance. The ouly difficalty would be that it would
Dack up on the Little Kaukanna dam and diminish the head, which the Green Bay and Mississippi Canal Company
has it in its power to improve. The raising of the dam would require alterations about the canal and locks, hat
there seems to be no prospect of its being accomplished. ‘

Tho bridge, such as it is, passes close along the old dam, and between the two are several mills, and also albont
"900 feet of unutilized frontage upon the dam., This situation is excellent for mills, like flonring-mills, for example,
not requiring wuch storage space. On the west bank a small race rans down about 1,100 feet, supplying two
manufactories. The wmills are as follows: Upon the government basin (east side)—No. 1, flonr-mill; No, &,
our-mill.  TUpon the dam—No. 3, flour-mill; No. 4, saw-mill (not working) ; No. 5, flour-mill; No, 6, planing and saw
mill 3 No. 7, pump factory. Upon the r'wa (west side)—No. 8, stave factory ; \ro. 9, 1oundl y.  There wore also o
mmuf%tory upon the race and one at the north end of the dmu, next to No. 7, wlnch weroe burned down,

FALL AND POWER.—The ordinary low-water power at 6 feet head is 1,702 horse -power, and atthe very highest

-estimate there is not probably two-thirds of this utilized at present, butif the head were raised to 10 feet, the theoretieal
power woukd be 2,836 Lorse-power, and thore is abundance of room for utilizing the remaining power, either on the
«dam, the govelnment basin, or the race. The millers were endeavoring in Decomber 1880, 1o get the Chicago and
Northwestern Railroad Oomp’my to ran & side-track down to their Souring-mills, \Vhlbh can very readily De done,

DESCRIPTION OI' DAMS AND OTIIER CONSTRUCTIONS ON TIIE RIVER.
Table of location, r'haractcr clc., of dam.s'

Loeation. Ownership. | T h‘{,‘:“}?m“ Cost. Naturo of bed. Kind of dam. Tength.

i Ieel.
Neonali dam ..uan. e a i r e h e e Government. .ol veeeeceev i iinien . Bedded Hmestono...e.voen.. =) 111D R L]
Mennahn Ao aeniiaien. vecvnmmnnans covens] Government. .. | O oeieniidenanaia, Bedded limestone.....o.. ... XNo definite charaeter.,..... hE B
SAppleton upper Qam.. e iecniriiniii ey, Govoanment ... 1875 | $40, 000 | Bedded 1Hmestone. veeeeevee] SE0000ceii ot iiiiiieenernns o
SApploton middle diml..ovvreerrentiiiiiien anns Privato ...... .. 1877 | 0,800 | Gravel............, Tiuber frame. oo 4t
Appleton Tower dam.. i eevvacrininierenninaenes. Government . .. I8H58 oavea. Llded limestone. ...... R - 1 P 7
Codnrs QA cieest revrnnrenennnens cenemeneasa] (ROVOrnment. ... 1878 | ...l Bedded limestone.........., Cribework ... revrmmetanaan K
Liktlo Chuto Qam coevveseivnrin . aaxieeatannnnen Governmont .. .. 18TH §ievenanas Bedded limestonn. . .| Crib-work ... T
»Gmngl Koukonna dam coesveveninann. Government. .. 1878 fevennann. Bedded limestona Crib-workt o oovviianaannas ves 62
Ropid Crochs i veceeaes cvereeenesiincuneenenas| Governmont .. .. 1878 |oevieinnns Bedded limestone. .e,vee.. ] Cribowork ueieenaninnas N
Littlo Baukannn i, cuee s vncion eevrennnns ceeens] Govornment ..., L. vii B PR Gravel and bowlders,....... T hEh
I 67 1 L L SRR Government . ... 187D 30,000 | Doedded limestone. coeeveoo] Criboaworlt . ovivrevrinnn cons 10

* Approximnte,
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STONE PIER A2 APPLETON,—In addition to these is the fine stone pier or révetment wall 800 feet long,
and averaging 15 feet in height, at the upper level at Appleton, built in 1830 upou the limestona layers
forming the bed of the stream, Construeted of solid masonry throughout, the exterjor is laid in regular courses of
dressed stone, 1 foot thick, Tho ‘inner faco is vertical, but the outer one inelines. It is 64 feet wide on the top,
has au 11-{oot base where 18 feet high, and the coping stones are doweled fagt for the fixst 36 feet from the dam,
where exposed toiece.  There ave ten openings, soma 15 by 17} feet high, others 1334 by 6 feet, for supplying water
to mills.  They are set in the upper halt of the height of the \vull, and have a segmental arched roof. At the bacek,
rising 8 feet against the wally, is a filling of gravel or carth, Tho coping stones, ete., wore brought from the
Iimestone quarries at Great Kaukauna or Duck crecls, but ave only a superior quality of the rock found rvight at
hiand, The work iy very handsomely and substantinlly executed,

DAY AY UPPER LEVEL, ArPPLRTON~This is by far the linest dam on the strenm and in that paxt of the
country, It is built of the limestone quarried from the hed of the river ab the spot, except the coping stones, which
whiel were brought from the government quarry at ICaukanna, - The masonry is dressed rubble; the coping stones
ashler work, The drawing on page 46 (made from deseription and dimensions given) explaing t]m structure,  Ioach
coping stone is fastened by a band of 1-ineh round iron to a hook sot into the masonry atthe too of the dam, Adjoining
coping stones are also fastened to cach other Ly iron steaps 13 inches wide, dowdled into the stone. The lower
courses of the masonry are bolted to the roek-bed, and the irens ave fastened inte the stone with an alloy of lead
and antimony. In building, o coffer-dan was fivst ereeted, so as to confine the river to the north side of the
channel; then the bed ways cut smooth to receive the masonry, mud the dam completed up to the coffer-dam.
Afterward the coffer-dam was removed, and the process repeated for the remainder of the way across the stream.
The coffer-dam was principally made of triangnlay sets, with string-pieees, on which planking was spiled.

DAMS AT LOWER LBVEL, APPLEION, AND AT NERNAML-These are cach spar-dams, and one deseription will
serve for both,

The Jower dam at Appleton is built of spars or treo trunls 40 £det long, resting onlog evibs,  Theso cribs ave 16
feet long by 8 feet wide and 8 feet apart, with their Iength in tha divection of the current, Along these eribs vests
& string-piece, and on this ave laid the butts of the spars, swhich run back until they strike the river bed. Upon
theso spars is a layer of earth and gravel, and the space is open below. This form of dam is found to Lo tight,
and works satistactorily.

Days AT CEbARS, LIrrrk CHUTE, AND RAPID Crocns.—These dams aro all Duilt on the plan shown in
the drawing on pago 47, u continuous crib-work extending across the river. The Tower and upper courses of
Stringers are 12 by 12 inches; the others 10 by 10 inches,

This erib is filled with stone, and is also bolted to the bed-rock by Ifdneh bolts. The timbers also are bolted
together., The back of the dam, instead of sloping to the bed of the viver, iy cut off by o vertical bacl, shoeted
with plank, Against the Dack is o filling of tlay and gravel, with a slope of ono to one to the river bed. The face
is not protected by planking, The timbers, 6 by 10 inches, ave 2 feet apart, and the spaces are filled in with stone.
There is no apron at the faco of the dam. The abutinent consists of a erib-worlk core, into which the main erib-work
of the dam is secnrely built, This crib-work core is smrrounded and filled with packed clay and gravel, and the
aurfuce, sloping to the water, iy faced with dry-lnid stonework., At the lower gide of the dam the abutment
terminates in dressed rubble masonry, laid dry, and this rubble masonry iy also extended as o retaining-wall
Tor that portion of the clay and gravel of the abutment above tho crest of the dam,

Dasr A GRAND KAURAUNA—This is of shmilar construction to that ob Cedars, exeept that an additional erib
12 feet wide has been built on the lower side, continuing the face of the dam, with the same slope as in the preceding
case, and is merely the Cedars dam with another exib added on tho lower side,  The erib is formed of 13 by 12 and
10 by 12 stringers, with 8 by 10 cross-picces, This is fillod with stono and planked over to the crest of the dam with
3 or 4 inch plank,

DA Ap Derlrr—This dam (see drawing on page 48), for the reason already given, was built in the deep
water back of the ol one. Cribs 50 feet long by 28 feet wide at tho base were built and sunk by stone, adjoining
each other, and when buils to their Tull height they were 12 feot high and 16 feet widle on the top.  Threedincely iron
Arift-bolts were let into the rock-bed 12 to 18 inches at spaces of 8 feeb apart in frout of the dam, Theso project;
1 foot above the bed through timbers extended 1rom the eriby, tending to hold the dam in place.  They are used as
& precaution, rather than as a necessity. The front of the dam is vertieal and not sheefed.  The back is inelined
from the crest at a little less than 45 degrees to the river bed, and is shected with d-inch planks 12 inches wide,
The apper surface is slightly inclined down stream, and is covered with the same-sized plank.  The abutment consists
of a timber crib 48 feet long by 9feet wide of 12 Ly 12 ineh timbers, with aflooring of 12 by 12 timber,  On this is Jaid
a trapezoidal-shaped wall of masonry, 474 feet long by 64 feet ]ngh, and 5 feet 8 inches wide on top,  The old dam
still standing, the new one is often entively hidden from view, and is, of course, under no hydrostatic pressure as yet,

' {ig
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DA AT LIPTLE KAUKAUNA~—This is the only government dam on the river without a solid roek foundation
(see the table on page 44); hence its construction is peenliar, The dam, of pile construction, was built below
the old one, Two parallel rows of oak piles, 10 feet apart, were driven 14 feet into the gravel and howlder bed,
Difficulty was experienced in driving the larger ones, of i3 inches diameter especially, The two rows were braced
together Ly 10 by 12 and 10 by 10 inch timbers, as shown, and theintervening space filled with stone, On the upyper

gy 3

SN
Section on A B,

Seals of feet.
ABUTMERT OF DAM AT Lrtrik KAUKAUNA, WISCONSIN,

sides of the upper row d-inch planking was spiled to within 2 feet of the bed of the river; then sheet-piling was
-driven down against this planking 4 feet into the gravel bed.  Agaiust the planking and sheot-piling alternate layers
of clay and gravel were packed, with a
slope of 14 to 1; then a layer of 1§ feet
of loose stone, and on this a eomrse of
carefully laid flat stones, 4 inches thick,
coming flush with the erest of the dam.
The top surface was planked with 4-inch
oak, and aft the face stones were filled in,
with a slope of 14 to 1. Theabutment is
formed of clay and gravel, faced with
stone and a line of sheet-piling above the
dam, and conneeting with the piling of
the dam proper, to prevent any possiblo
leakage,

Dax a1 MBNASTA~This dam s
old, ant has Dbeen patehed ab various
times, until it consists of a conglomera-
tion of cxiby, spars, brush, gravel, efe,
difficult to deseribe,

DAM AT MIDDLE LBVEL, APPLE
T0N.~—This 1y the only dam across {he
viver that is not owned by the United
Btates, and wag constructed by Captain N, MM, Ldwards, of Appleton. Like the Little Kaukauna dam, it iy on a
-gravel foundation, which the rapids have not succeeded in washing away, but it is a frame instead of . pile-dam.

64

MIDDLE DAM AT APPLETON, WISCONSIN, FROM GRAND CHUTE ISLAND.
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The frame proper is a conti ori ool A pia o lam e ek . '
vertical, zm]d (llw L \hl‘lﬁ:ll(‘))t\l;l;lllll::'\lnll)lr.l tr 1:]1‘113111}111 mf)‘sa-:secmon, \\‘n?h a 16-foot base and 9 feet high. The face is
R el ed,  The timbers are 10 by 12 inches, except at the toe, where they ave 12 by
:‘M inehes, ““.\“h'\'!‘md better the greater pressure of the water.  The crib-work is filled in wit,h tone, ¢ 31  bach
is coverad with -Luus‘h planking, projecting at the toe over the ends of a line of gheet-piling dl“giw?emijffmxttpe chk
Ll of the stream, f! he face is not covered, but is left open to the stone filling which wa 3 'Lllogwed toI}c K e'bt info the
slope ‘\\‘1101{ fh‘l'uwn in. Below the dam an apron 16 feet wide was built oué on the b‘éd‘of the rive y el’t ; E&t{)m%l
are sot 1):10}{; 1utu‘ tl'lt‘,s lower courses of the erib-work, and are covered byd ddneh thickness ofu)"lfmkiS 11 rml '_I?lis
tendeney of the falling water is to work out o cavity under the apron for several feet back b;l‘t thlis(a t'l . .
soon, and the construetion of the apron holds it in position to the dam. o " AGHOR CeIRes
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TAM AT MIDDLY LEVEL, APPLETON, WINGHNSIN (drawn from deseription and dimensions given by the engiueer‘of the work,
Captain N, M. Edwards),

METHOD O BUILDING, . .

METIOD OF BUILDING—T0o avoid expensive coffer-dams Captain Bdwards used an ingenions method, which
desverves deseription, e estimated that &2,000 were thereby saved in the cost of construction.

Starting from the old wing-dam, at the north Danlk, n light eoffer-dant was built out, as shown in Figure 1, about
150 feel into the strean, tarning the fow against {he south bank., In the space thus left dry he built the parts
marked A in Figure 2. Then, it distances of a fow feot apart, the sets marked B B B were set up, leaving o
gpace at the toe saflicient to shove in a plank between A and B, Theso sets ave shown in plan in Figure 1. Then
the sillpieces, marked A in Figure 2, wers boarded over.  The first coffer-dam was then removed and replaced as
the seeond coffor-dam, starting from the other gide of the channel at Grand Chate island. Back of this the dam
was Inilt complete.  Coffer-dam N 3 was then built, The whole flow of the river was now passing through the
spaes A B in Figure 1, hetween {he timber sets marked B BB in FMgnre 2. Bebind the third coffer-dam the dam
was completed out to B, Figure 1, with @ waste-weir, The third coffer-dam was then rvemoved. String-pleces,
¢ ¢ ¢, Figure 2, were pushed down against the sets B and held in place by the force of the corrent. Then over
these planks were shoved down. This made o dam, and cansed the water to flow over the waste-weir constructed
baek of the third coffer-dam, A clear, dry place Was now loft i the section A B3, Figure 1, and the dam was then
completed without removing tho sets 11, When all was completed these were cleared away.

Tho waste-weir is 3 feot Tower than the crest. At the north end o length of 75 feeb is left permanently
open, hut for the rest ot the length there is @ system of needles, whose object has been already deseribed in treatixrlg
of the water-power.  These needles ave 5 by 3 ineh scantling, which are let down close together over the waste-welr,
and so close it when required. A platform, dhown in Figure 3, extends along the dam, on which the ol?erator stands.
1Ie shoves a needle down into the water, and the foree of the current carries the lower end snug against 8 cleab qn
the floor gf the weir, while the platform supports the upper end, Mhese needles and the platform are shown In
the view of the dam, 65
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MISOCELLANEOUS CONSTRUCTIONS.

CHEAP FORM OF COFFER-DAM —A. very cheap and yet effective form of coffer- dzun is much used on the Lower
Tox, where the stream is so steady and shallow as not to require expensive structures. This consists of sets formed
of logs 6 or 10 feet long, with two legs
at one end, string-pieces, and boards,
The sets are first put in position, and
the lower end is held down by stones;
string-pieces are then spiked across
these, and oun them thin boards are
nailed.

WoOoDEN BULKHEADS—The bulk-
head at the upper part of the Hyde &
Harriman canal, at the lower level at
Appleton, is illustrated here. The ob-
jeet is to shut off the water from the
canal in case repairs ave necessary,
Three timber eribs, filled with stone, are
placed in a row acress the channel at
equal distances apart, and conneeting
them is a frame and plank roadway.
Directly below, on the Led of the canal,
is a timber sill-piece, extending from
erih to erib, 'When necessary, planks
BULKIEADS 01 a7 T D1 & TARRIMAN GANAL, LOWBR LEVEL, APPLETON, Wisconsry,  ¢01 be shoved down into the watcer, with

‘ their lower ends resting againgt the sill-
picee, and the water ean thus be effectually shut off from the canal. The roadway can be employed as a bridge.
This form of Dulkhead is much used.

TRIBUTARIES OF THE LOWER FOX RIVER.

The ouly tributaries of any importance in u consideration of the water-power are the two streams which unite to
Hlow into lake Winnebago at Oshlkosh, on its western shore.  These are the Upper Fox, from the southward, and the
Wolf, from the north, They are the feeders of the great reservoir which make the Lower Fox so valuable, and on
this account are of importance, The tributary branches extend so as to dain almost the whole lake Winnebago
basin, All the other streams emptying into lake Winnebago are of small size.

WOLT® RIVER.

This river rises nbout 30 miles south of the line bhetween Wisconsin and Michigan, and flows in o gencral
goutherly direction 145 miles, measured along its general conrse, to the Upper Fox, which it enters about 10 miley
from lake Winncebago. It is called a tributary of the Upper Fox, but, as in the ease of the Missouri and the
Mississippi, the teibutary is the master stream.  Tror this veason it is thought Legt to discuss it alone, and not as o
branch of the Upper Fox,

On the map it will be noticed that the tributarvies are almost entively from the west—a faet due to its wedge-
shaped valley, with along gradual western slope, and a sharper slope on the castern side.  Tlhe cause of this peculiar
formation of valley hag already been given, and the statcment has been made that at one time the Wolf river
ran to the Mississippi through the lower portion of the Wiseonsin River valley.

SURROUNDING COUNTRY,—The country about the Wolf has lajin undisturbed until late years, It is {rue
that the pine woods which covered the country hiave heen largely eut away dilong the lower part of the rivers, but
above Shawano, which ig 40 miles from the foot of lake Winnebago in a straight line and 70 miles from the mouth
of the river (map measurement), the pine woods still remain, although the Inmbermen are hard at work there, 1t is
said that theve are over two billion feet left upon the upper Wolf and its tributaries, The country, then, except at

-the lower portion of the river, is still a wilderness. The business of the region has been lumbering, but the
products of the farm are Deginning to take a prominent place. The prineipal town is Shawano, the county-seub
of Shawano county. Its population is about 1,000,

THE RIVER BRLOW SHAWANO—Shawano seems to mark the dividing point between two portions of the river,
differing to some extent in their characteristics. Ilere the river leaves the metamorphic base 1‘0(,k,u11'endy deseribied
ag forming the foundation for tho other rock layers, and runs along the stratified roclt, In this vieinity also it

crosses the old coast-line of lake Michigan and enters the region of red clay, the lacustrine deposit. Below
66
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gllltv:\'a‘llexc) mthu‘strea?m is .talu ggish, fulling only ubouF 50 feet to lake Winnebago in a distance of at least 70 miles.
1o .nmk's ure low, ’u‘m‘l in high \\‘z_lte.r the surrounding flats are all covered. Tn heavy freshets the river becomes
fﬁ&\';erill m{ltﬂs wide, This (t‘hnm’(ztvrlstm has Leen already mentioned as of some importance in aiding lake Winnebago
in _lt:~: .m:t'mu as o reservoir,  In freshets the river takes some time in finding its way among the swamps and
adjoining 1«»\)’]&}1}\&, and after these are filled an equally long time is consumed by the water in ranning out; so that
® fr«-shu(t, which in many streams would be spent in  fow days ig thus distribated through a mueh longer period.
Shawano iz considered the head of practical navigation, and the United States engineers have been engaged
in making surveys ulf the river up to that point fur the purpose of improvement, Colonel D. O. Houston, major
uf engineers, stated in his voport that the present or the prospective business of the region does not warrant any
Targe outliy,  The plan of hnprovement appears to be the removal of snags and leaning trees and the excavation
of sand-bars, Near Shawano the width averages 80 feet, with a mean low-water depth of about 2.8 feet, and the
pourse is very winding, It will he evident, from what has been given, that there is no available water-power on
the river below Shawano,

PHE RIVER ABOVE SIAWANO—Above Shawano the stream is more rapid. Lae Vieux desert, the head of the
Wiseonsin river, is about 30 miles north-northwest of the source of the Wolf, and is 951 feet above lake Michigan.
Prom the vast and west divections of the intervening streams it does not seem probable that the upper waters of the
Woll ave many feet below those of the Wiseonsin,  Butb suppose there is n deseent of 200 feet in the space between
them: this would make the head of the Wolf viver 751 feet above lake Michigan. Shawano is about 221 feet above
the datwn plaing benee the viver fally, according to thiy estimate, 530 feet from its source to Shawano, The
distanee s abont 75 miles, and the averago fall per milo is a little over 7 feet. It is thought that this estimate
ig sdightly below the tene figures,

The upper seetion of this viver appears more promising for power, and it is in this portion that the water-power
i lovated,  The country there is as yet so undaeveloped that these powers aro of small value, but when it becomes
more settled nnd the land is eleared for farms the conditions will e changed. Formany years, however, the upper
Woll will probably be left unimproved,  The lumber compuanies have upon the main stream and its upper tributaries
nt lenst twenty ood-dams, which are used for ponding {ho water, and then, when the stream is full of logs, the gates
ave apened and these logs fushed down on the high water thus produced.

FLOW 01 19105 RIVER—The low-water discharge ab the mouth of the Wolf river, as estimated on Auvgust 9,
1578, wins LGOS enbie feet per seeond, The low-water volume below the outlet of Shawano lake, at Shawano, was
estimated on August 30, 1879, to bo 6387 cubie feet per socond, The discharge at Shawano would give, with 10
feet head, a lowavater power of 719 heoreticn]l horse-power, or, with an efficiency in application of 75 per cent.,
Bt avadlnble horse-power,

MILLs 0N TR WoLp river.~The only atilized power on tho entire river is at Keshena, about 7 miles above
Qlawano, At s place is an Indinn reservation, and the government has o grist- and saw-mill, ran by water-power,
to supply the wants of the hudians, :

TRIBUTARIES OF TIE WOLF RIVER.

The prineipal tributavies of this river are on the west side, and of these the farthest north is Red river.
Flowing about 40 miles (map mensurement) southeast, it enters the main stream 3 miles above Shawano. T}len
the Embarrass river, the longest teibutory of tho Wolf, enters at New London, after flowing about 60 .miles ina
general southeast direetion, The Little Walf, the third large tributary, enters from the west about 4 miles below
the mouth of the Bmbarrass river, and is wbout 43 miles long. The tributaries on the east are a small stream,
the Shiocton, about 20 miles long, which enters some 10 miles above New Londgn, and the outlet 9f Shawano
ke, entering at Shawano, This lake is § miles long, and averages about 2 miles wide, and the outlet is not over 3
miles from the Wolf river, The tributaries on the west lhave considerable fall, and the northern ones (_aspecmlly
are deseribed in the geological reports a8 being frequently broken by rocky rapids. They run throygh the same
character of country as does the upper Wolf itself, Upon these tributaries are many water-powers of mode"mt.-e
gize, mad several of them are in use upon the more southermn of the streams. On the En}ba?mss,_ the 1owest. mill 13
at the village of Embarrass, and there are one or two abovoe that place. The fall on ﬂll‘S river is mosﬂs‘r sltua‘?e .
above the town of that name, which is 20 wiles from its mouth. Below, the flescent is slight. The water-power '(il
the Little Wolf ix not so great as that of the Tambarrass, but it is more improved, and there are beside a mi1
af Manawa, two above that place, and two below it; also amill on th(? outlet of Shawano lake. ol

These mills on the \Wolf river and tributaries are grist- and saw-mills of & small capacity, as might be expec

i ‘ : ; 5 . p g rage head of 8to 10 feet
in o newly-developed portion of the country, and average about 50 horse-power under an averag - :
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UPPER FOX RIVER.

Tt has Leen seen that the Upper Fox forms a part of the navigation route from the great lakes to the Mississippi,
and its course lies most conveniently for such a purpese. The river rises in Columbin county and flows west-
southwest about 20 miles to within 1} miles of the Wisconsin at Portage. There, as alveady described under
the title of “Physical conditions of the basin®, it is separvated from the Wisconsin only by a low, sandy plain,
At this point it turns at right angles and flows north for about 10 miles, and then northeast to lake ‘Winnebago.

ANCIENT COURSE OF THE UPrER l'ox.—It is the opinion of those best capable to judge that at one time the
current of the Upper Fox was reversed; that the Wolf viver occupied this valley to Portage, where it entered the
present Wisconsin valley, and that the original of the Upper Tox river was that portion above Portage, merely o
small tributary of the ancient Wolf river.  The peculiar hend in the river at Portage is entively in accord with this
view, whick hias been previously discussed.

Unlike the Lower Fox, the river flows with a gentle current, and the aim of the United States engineers
in the improvement has not been so much to overcome the fall of the stream as to obtain a channel of suflicient
dimensions for the passage of boats. From lake Winnebago to Portage, where the ronte changes to the Wisconsin
river, the navigation is Ly slack water, produced Ly several dams with locks. The following table shows the
distances and elevation along the Upper Tox {from the mouth to near Portage:

\ o T fwntor hod T | Flovation
Pl et [Rlohntey Sl e | e e
Ailes. Feet, Miles. Feat,

Oshkosh.ieeveiiiinninen PRSP 0. 00 0.00 .00 0.00
Burekn .coove vaniiinerennnsrasnas 22, 80 6. 20 22, 50 5,20
TIAAIOr'S BORe vervevanerrarnnrnss 16, 50 5,98 | 30,00 11.18
Princeton..c.ocvnrvrecerrnerncnn. 12,26 4.92 61,25 16.10
AOohan TVer cveeeestnninnannenn 6.75 o587 57,00 18,67
Hend of lako Puckaway..... PP 6. 25 0.95 63,20 10,62
Montoll . ceeciiiniee i veciranee ey 15. 25 4.93 78, 50 o4, 56 .
Govornor's Bend loek 21,00 5. 96 09, 60 80,50 -
Tort Wiinehage cvoeeeverren cunnan 5. 50 .80 106,00 39,10

The Wisconsin river at Portage is 9.51 feet above the Upper Fox at fort Winnebago, 24 miles distant by canal,
and the river falls only 83 feet in o distance of 105 miles between fort Winnebago and lake Winnebago. The
average fall per mile is 0,31 feet, and theve ave no special concentrations of the descent, The river expands in Buffalo
lake to half a mile wide, & quict sheet of water, laxgely filled with reeds and wild rice, and at the foot of this lake
is the village of Montello. Tifteon and one-quarter miles below Montello the stream entors lake Puckaway, which
is 8% miles long and from 1 to 2 miles wide; but below lake Puckaway its course is more like a river, the banks
being higher and the channel deeper. Ten miles from the mouth the Wolf river enters, and Lelow the mouth
of the Wolf the river passes throngh lake Butte des Morts, finally reaching lake Winnebago at Oshlkosh,

Cur-0rrs.~—There are many bends in this river, some of which have been cut off by the improvements for
navigation, and others have been changed in a very aceidental method. In one place the Indians were in the habit
of dragging their eanocs across the neck, until finally, in high water, & current passed along the channel whieh thay
wore, and the bend was eut off; in another place the building of a post fence across a neek of land has been the
cause of a cut-off,

It may be readily imagined that there is little water-power upon the Upper Fox, and the conclusion is a corvect
one. -

Mrnrsg oN THE UrrErR Fox.—There are two mills only, and one is at the dam and lock at Montello; this is a
small grist-mill, with two run of stones, and when there is a good stage of water the head is 8 feet, but sometimes
it is as low as 10 inches. The wheel is o large turbine, and as there is plenty of water for this one mill it ean
run under such a small head. The second mill is at Pardeeville, 8 miles above Portage, and has three run of
stones. In June, 1881, the dam, which had been carried away by high water, was being rebuilt.

Disomareas PROM THE WISCONSIN RIVER~—There is an available power at Winnebago lock, 14 miles below
Portage, where the canal from the Wisconsin enters the Upper Fox. Tn low water the Wisconsin is 5 feet above
the Upper Ifox at Portage, and this is the available head at the lock; but in high water there is from 9 to 11 feet
difference in the levels. The larger portion of the flow of the Upper Fox at Winnebago lock comes from the
‘Wisconsin through this eanal, and it is the surplus after navigation is supplied which could be utilized for power.
This surplus is stated to be 208 enbie feet per second, aud it is probable that the government wounld allow the use
of this power, subjeet to proper restrictions. The theovetical power is 118 horse-power, sufficient to supply a
fair-sized flouring-mill.
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The Wisconsin river, overflowing into the Upper Fox in high water, produces an olement of unsteadinessin the
flow of the latter stream rather difficult to estimate. The main overflow is through the channel of Big slowgh or
Neenah ereek. The Iow.water volume of the Upper Fox just above the junction with the Wolf was estimated on
Angust 9, 1875, to be 1,043 cubie feet per second.

TRIBUTARIES OF THRE UPPER FOX RIVER.

The principal branches of this viver are on the northern side, Three in number, they start as clear, steady
springs, running from the sand-ridges of the rift covering that portion of the basin, They are cach about 20
miles long, and would be considered unimportant streams except for the fact that their fall, combined with their
steadiness of flow, makes them of real value for small water-powers,  Their sources are 200 to 300 feet above their
mouths, The Montello river, entering the Upper Fox af the foot of lake Buftalo, where Montello is situated; the
Mechan river, about six miles below lake Puckaway, and the White river, emptying into the main stream about 12
wiles below the Mechan river, ave the streams referred to.  Thoe Montello river at the mouth formerly ran around &
spur of syenite, which there projects above the soil, A dam was thrown across the channel, and the water
deflected so &g to run down over the rock, and & flowranill and woolen-mill now uvso the power, The hoead is 11
feet. The flouring-mill uses about 75 horse-power, and the woolen-mill about 50, They do not use over one-half
the power of the stream at that head; hence the total horse-power on this estimate, at 10 feet head, is not less than
225. The flow of this stream is very uniform, and as the head can casily be inereased to 10 feet there is every
fucility for utilizing its full power. Fhe rise above the dam does not exceed 3 feet in high water, \

Above this power are three morve mills of aboud three run eacl,  T6is probable that thore is more availablo
water-power upon the Montello river than on the whole Upper Fox,  Whe Meehan and ‘White vivers are similar in
their characteristics to the Montello, whieh has been given as an example, At Princeton o small stream outers the
Upper Fox, and under a Tiead of 30 feet it supplied o mill of two or three run, using about 20 horse-power,

The region of the Upper Fox is under & mueh better state of enltivation than the valley of the Wolf, as it has
been settled much longer. ‘

The syenite referred to at MonteHlo {s a very compact red variety, Quarries have been lately openced thoro,
aud the prospects are that the stone will be of value, It has been used to some extent in Chicago for paving
blocks, into which it readily splits.

»

RIVERS OF THE REGION NORTH OF THE LOWER FOX RIVER SYSTEM.

The rivers of importance emptying into lake Michigan novtl of the lake Winnebago basin are the Oconto,
Peshtigo, Menominee, and several streams in the upper peninsula of Michigan, The insteuetions in pursuing the
field-work were to omit the area lying in Michigan, and, as the time at digposal was limited, o personal visit wag
made to the Mevominee river only. The Oconto and Peshtigo rivers have grainage arveas of 1,017 and 1,123 square
miles, respectively, and as their headwaters are elovabed several hundred feeb above lake Michigan, there is
considerable fall in their beds. On the upper waters especially are many rapids, At the fulls of the Oconto, by
including the rapids, 60 feet fall is available, and on both streams are many available powers, By comparison
with the Menominee, the power of each at the mouth, under 10 feet head, ix estimated to bo about 560 theorctical
horse-power in ordinary low water. The country lying west of Green lay, along the Oconto, Peshtigo, and
Menominee rivers, is still a wilderness, with the exception of the advances of civilization along the shore line of
Green bay, the villages started by the iron interest of the Menominee range, and a small amount of land clearved
for farming.

The great industry of this regionr in the past has been lumbering, and a pine forest covered the surface about
as far south as the sonthern extremity of Green bay, Owing to extensive fires which oceurred in recent years, this
is largely burned off along the Oconto and Peshtigo rivers, but on the Menominee and its branches the woods still
exist in their primitive state over large areas. It is along the Menominee that the most active lumbering is now
done, and logging-camps are located each winter far up toward the headwaters. The famous Menomineo iron
mines are likely to lead among the industries of the section, but lTumbering has been the main source of wealth in
the past, and will be a prominent buginess for many years to come.

DESCRIPTION OF THE LUMBER BUSINESS.—The system of operations cmployed on the Menominee is the
same general plan pursued throughout the lumber regions of the Northwest.
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Lumber companies obtain from the state lands containing valuable pine timber, as near as possible to tho
streams, and when the lumber is eut off the land is of little value to them, and rather than pay the taxes they
allow it to revert to the state. In the early winter men are engaged (in the Northwest largely Scandinavians and
Germans, who form a great part of the population), and these are sent off’ into the woods belonging to the company,
where log huts are built, and the men settle down to a winter’s work. Supplies are taken to them, usually from
the companics’ own supply stores, and, contrary to what might be suppoesed, the men live unusually welly eanned
vegetables, meats, and fruits, along with many other necessaries and luxuries, being furnished to themy and if the
food is not the hest, or the cook is not liked, the company is sure to hear of “grumbling in the camp”. Some of
the men are choppers, and others are engaged in hauling the logs with either horses or oxen. A depth of from 18
inches to 2 feet of snow is considered best for hauling ; but sometimes there is too little or too much, and then the
work is very much impeded. The logs are usually cut inlengths of from 14 to 16 feet, and are hauled to the hanks
of the nearest stream of sufficient size to carry them. Itis on this account that the timber away from the streams
ig left until the last, Bach company has its distinetive mark upon its logs. 'When the winter breaks up and the
streams are swollen by the melted ice and snow, and, later, by the spring rains, the work of the drvivers Legins, |
They start the logs on their jovrney down the rivers and follow along with them, breaking up juns where the logs
are piled up in masses by some obstruetion, and sort the logs, guiding those of each company into the pocket
belonging to it when the destination is reached. On the Menominee thexe is what is called the Menominee River
Manufacturing Company, incorporated in 1866, which is simply an organization for effecting this driving and
delivery in a systematic manner, - This company builds dams for holding the logs, blasts out the rapidy, ete., to
make driving better, and drive the logs, charging from fifty to sixty cents per thousand hoard feet for driving,
sorting, and delivering the logs in the pockets of the several steam saw-nills at the month of the river, Theo
owners of the timber lands upon the upper portion of the river pay something toward the improvement of tho
‘stream, as it makes their property more valuable.

The logs are sawed into boards, and the waste is worked into lath and shingles in the mills at the month of
the river. The lumber is largely rafted across Green bay into Sturgeon bay, on the peninsula opposite, where
there is a ship-canal about § miles long, connecting with lake Michigan, * Boats are there loaded with it, and carry
it to different ports, Chicago receiving a largs portion.

In 1875 there were 602,285 logs passed down the Menominee river, yiclding 112,056,280 board feet, and in
1872 142,017,228 board feet passed down the river, During the season of 1880 240,660,524 feet of pine passed
through the booms of the Menominee River Manufacturing Company.

IroN MINING.—The ore beds of the Menominee region are explored from a little below the Sturgeon river, in
Michigan, west, all along the Menominee and ils tributavies, and to some extent in Wisconsin also. For over
thirty yoars it has been known that there was ivon there. In the winter of 1873274 the first shipment of ore was
made; but in 1877 the Chieago and Northwestern railvoad built a branch up to Quinnesee, on the Menominee, and
gince that time the advance has been rapid. The rock of the region belongs to the metamorphic hase, alveady
deseribed as forming the foundation for the rock layers of the eastern part of Wisconsin, and consists chiefly of
granite and schists of various kinds, The ores are hematites, specular ores, and magnetites prineipally, aud, as
they contain scarcely any sulphur and a small amount of phosphorus in the averagoe specimen, they are especially
valuable for the manufacture of Bessemer steel. This region is beecoming very prominent, and many new mines
are proposed, ‘

‘When the lmmber and the mining interests of this region are deseribed there remains little else to consider, for
the country is almost entirely undeveloped except in these respects. It is true, however, that in sections along
the Oconto and Peshtigo active farmin is beginning.

FIuLD FOR MANUFACTURING.—Lt may readily be imagined that the amount of utilized water-power is small,
and this is the case, but not because of any absence of the power unimproved. The industries using powoer
have not yet started to any extent, with the exception of saw-mills. These are located at the line of navigable
waters, and principally use steam-power. There are great quantities of the erude material for the manutacture of
wood-pulp, and already there has been talk of erecting mills on the Menominee, usin g water-power for this purpose,
This and the making of paper are forms of industry well adapted to lead amon g the manufactures of a new distriot;,
and they will very likely lead upon the Menomines., As tho country is settled flonring-mills and other kinds of
manufactories may be builty but at present the only two mills upon the Menominee are near the mouth, a paper-
mill and a flouring-mill, to be afterward described, At the mouth of the Menominee are two towns: Menominee,
in Michigan, with a population of 3,288, and Marinette, in ‘Wiseonsin, with 5,412 inhabitants. DPeshtigo, on the
Peshtigo river, has 3,617 inhabitants, and Oconto, on the Oconto river, 4,171 inhabitants. These towns are on the
line of the Opicago and Northwestern railroad, and are the centers of trade for their respective regions. Oconto
and the two towns on the Menominee have lake ports, more or less satistactory, and improvements are being made

in their harbors,
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MENOMINEE RIVER.

This stream through its entire length is the boundary between Michigan on the north and Wisconsin on the
south, TFormed by the junetion of the Bois Bralé, or Burnt Woods, river and the Michigamme, it flows southeast
104 miles by map measarement into Green bay at about the middle of its western shore.

DIMENSIONS OF THE DRAINAGE BASIN.—The drainage basin of 4,113 square miles is very irvegular in outline.
Narrow at the mouth, it wideus out to an average of about 40 miles across, and sends an arm away north, so that
the extreme sources ave within 10 miles of the waters of lake Superior in Keweenaw bay, Thus, it nearly extends
clear across the center of the upper peninsula of Mickigan, At the nominal head of the river it already has o
drainage area of 1,769 square miles, for the Bois Brulé and Michigamme ave cach large streams. Tarther down
it receives the Pine and Pike rivers from Wiscousin, and the Sturgeon and Little Cedar from Michigan, beside
numerous smaller streams (see the table of drainage areas of the Menominee and its tributaries, given further on).
The Bois Bralé continues westward, the bouudary line between the two states,

The region drained by the Menominee viver is yet o wilderness, except whers the mining villages have sprung
up within late years,  The Inmbermen have not yet made serious inrveads apon the npper waters, and the stillness
of the stately pine {ovests holds ity sway. The Qeer, which are disappearing so rapidly in other sections, theve
find a safe retreat, and the sportsman can yet see trout as pleutiful. ‘

Although no industries yet cluster about the numerous falls on the Menominee, it is only o question of time
before the resources of the country will be developed, A personal visit was made to the mining village of
Quinnesee. At Marinette Mr, Burleigh Perking, o gentleman who has explored every mile of the vegion under the
employ of the Menominee River Mannfacturing Company, kindly gave mueh information tor {his report,

GBOLOGICAL CIHARACTER O THIE MENOMINEE BASIN. '

The main geologieal features desceribed among the fivst pages devoted to the Lower Tox viver also rule here
The Avehiean base, with the succeeding outeropping layers of uametamorphic rock, which characterize castern
‘Wisconsin extend almost unchanged along the areas of the Oconto and Pesbtigo vivers, the Menominee river, and
throagh the apper peninsula of Michigan.,  Tarther south theso layers have an inelination to the cast and
southeast, and the lines of outerop of the harder rocks, sueh as the lJower magunesian and Trenton limestones, form
o suecession of steps, as shown in the ecast and west seetion through lake Winnebago, although not so prominent
a§ isthe casetheve,  The surface is very largely covered with the duift lett by the ice-cap of the glacial period, and the
Menoutinee and all its tributaries, down to about the mouth of the Pike river, flow over the metamorphic buse roek,
congigting of granite, gneisses, schists, ete. It is in this region that the iron mines arve lovated, Below the mouth
of Pikoe river it Hows across the Potsdam sandstone for about 10 wiles, then it ows on the next higher layer, the
lower magnesian limestone, for about 18 miles, and finally leaving that, it crosses the Trenton group of limestones
for about 8 miles to ity mouth,

INFLUBNCE OF THE ROCK STRATA—~Attention has alveady heen given to the very marked influence of the
geological structure npon the Wolf river of the lake Winnebago basin, and as the same structore holds farther
north 16 has had an effect similar in o general way upon the streams there, the Oconto, the Peshtigo, and the
Menominee, Beeanse of the general slope to the southeast the tendency of the streams is to flow in that divection,
but the terraces of voek along the lne of outevop have foreed them to flow northeast or sonthwest along these
outerops until they could find a passage. To this cause ave duo the bending and the wide sweeps of the rivers
under dseussion. It will be noticed that in their npper portious the Wolf, Oconto, Peshtigo, and Menomineo
have more or less paratlel courses southeast.  There they flow upon the Archaan base,  So soon, however, as they
strike the region of stratified and unmetamorphic rock their coursés vary.

The Wolf, ax it existed previous to the glacial period, traversed the Potsdam belt, and, striking the terrace of
lower magnesian, had to ran across the state of Wisceonsin before it could find a passage throngh this obsiruetion
Dy the presont Wisconsin River valley, The causoe of its change to the modern course has been already menfioned.
The Oconto, Treshtigo, and Menominee were more fortunate, and suceeeded in keeping their general southeast course
across the snecessive belts of rock 3 but they, too, found some diffienlty, and have to run long stretches along aline
of rock before a point iy reached where they boldly break across the belt of outerop.

The Menominea river flows in a general southeast divection to about the mouth of Sturgeon river; from there
it gradually bends to the south, and appears to follow the line of outerop of the Potsdums sandstone down to the
mouth of the Lowland river. This is appaveutly dae to the Potsdams oppasing o havrierin its course, but we cannot
assert it positively, as the convses of the Wolf, Oconto, and Peshtigo are unatfected by the sand rock, passing
unchanged across it.  These barriors are wsually where o hard voek is undexdaid by » soft vaviety, At the mouth of
the Lowland river the course changes through more than 90 degrees, and passing diveetly acrvoss the belt of
Potsdam sandstone the river enconnters the projecting ridge of the hard lower magnesian limestone.  Along this
it flows northeast for 4 miles, when it suddenly snceeeds in foreing a passage, and, breaking across élmt right angles,
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rnns southeast 4 miles further, when it strilkes the terrace of Trenton limestone at the mouth of the Little Cedar
river., This barrier of Trenton limestone causes the river to bend again and flow southwest for about 12 miles,
when the stream finds o passage across the limestone, and flows about 8 miles southeast to Green bay.

It must not be supposed that these different layers of roek stand out in bold cliffs along the stream; on the
contrary, the river flows in many places. entirely in the drift accumulation. The rock formation has nevertheless
had the influence just deseribed. .

The Peshtigo river,in endeavoring to cross the Trenton Iimestone barrier, runs northeast and comes within
3 miles of the Menowminee at its lower lLend. The idea is advanced by Professor Chamberlain, merely as a
conjecture, that these two rivers formerly nuited at this point and crossed the limestone barrier in company by an
old channel now filledd with qvift, There is ovidence that they havenot always had their present places of passage,
and at this vegion is the lowest apparent point of the barrier in their basins.

MAIN TOPOGRAPHICAL FEATURES.

The conniry through which the Menominee flows is not mountainous, but many ridges give diversity to the
surface. These are ranges or continvons ridges, a few hundred feet high perhaps. The bulkof the timber which
covers the land is pine, but in places the light sand soil eongenial to a pine growth is replaced by clay, and thers
the growth is hard wood. ‘Tho transitions from one kind of timber to another are in many places very distinet,
and sometimes a ridge covered with hard-wood timber will run far into o body of pine woods, About Chicagon
lake there is o large body of hard timber, and when the land is cleared there will undonbtedly be loealities where
fertile furins ean be wrought out of the wild surface left by nature,

VOLUME OF THE MENOMINEE RIVER AND ITS POWER.

ESTIVMATE OF PLOW FROM TIE RAINFALL.—No estimates of the flow of the river were obtainable, andno attention
has been given to caleulating this faetor from the annual precipitation and from comparison with adjoining streams
on which gaugings have been made. The results, which only claim to be mere approximations, are given in the
accompanying table,

The upper Wisconsin and the Wolf flow through somewhat similur sections of country, except that the upper
Wigeonsin has more swamps and lakes than the latter. The arven drained by the Wisconsin above Povtage is stated
by thre United States engineers to be §,200 square miles, and the extreme low-water discharge at that point 2,800
cubie feet per second, or about 0.3:4 cubic fuet per second per square mile of drainage area. The discharge of the
Wolf river at the outlet of Shawano lake has been ganged in about ordinary low water at 633.7 cubic feet per
second, The area tributary is 887 square miles. This would make the ordinary low-water flow per second per
square mile of dvainage basin on the upper waters 0,71 cubic foob per second, which is probably excessive.

For the entive basin of the Wolf river the ordinary low.water discharge per square mile of drainage area is
0.3 cubie foot per second, and for the entire lake Winnebago basin, with a rainfall averaging 30 to 32 inches, it is
0.413 cubic foot per second,  The average precipitation upon the Menomines basin is, as near as can be estimated
frow the meager records in that rvegion, 35 inches, while along the neighhoring rivers south it averages about 32
inches. _

In view of all these facts, 16 hus been concluded to assume the ordinary low-water discharge of the Menominee
basin as 0.44 cubie feet per second per square mile of deainage avea; that is, the ordinary low-water flow is at the
rate of 17.8 per cent. of thoe average precipitation, This gives a power, under 10 feet head, of 2,140 theoretieal Lorse-
powar ab the mouth and 921 theoretionl horse-power at the head of the river,

TABLIE OF DISTANCES, DRAINAGE ARBAS, LOW-WATER VOLUME, AND POWER AT DIFFERENT PLACES ON THE
. MENOMINEE RIVER.
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In high water the power is immensely increased, The river is not especially uniform in its flow, although
running in a timbered country; but it cannot be considerved an unsteady stream, its character being medinm in this
respect. The superintendent of the paper-anill at the mouth said that after & heaty rain the river would rise to a
maximum in about four days, stay at that stage about the same length of time, and then fall to the nsual level in
about four days more.

There are only three or four lakes of any size in the bwm, and these mostly have Himited d ainage aveas. The
most important one is lake Michigaume, far up on the river of that name. This laloe is shaped like o letter A, with
arms about ¢ miles long by holf a mile broad. It is altogether probable that suitable sites for reservoirs could
be found in the basin, and when tle river is improved for power this matber may reeeive attention. Some of the
tributaries are so wniformly rapid, as the Bois Bruld, that a high dam swould only flood o very limited area, The
elearing away of the timber and brush will undoubtedly have an injurious effect upon the stability of thoe river in
the future, as has heen the case in so many instances elsewhere,

FALL OF THE RIVER.—The extreme sonrces on the west are within 2 miles of Lace Vieux desert, the sonrce
of the Wiseonsin, which is 951 feet above Jake Michigan, and on the north they ave at least 0900 feet above lake
Miehigan, as lake Michigamme is 952 feet above the level of lake Superior. Thus thie river may be considered
to fall about 975 feet from its sources to ity mouth in a distance by water of aboub 100 miles. This descent iy
seattered in local concentrations all along its course, and rapids characterize the river from the source to the mouth

Through the kindness of Mr, 1. 1L Johnson, chicf engineer of the Chicago and Northwosbern railvoad, the
approximate elevation of the river at the railvoad crossing, 3 miles above the mouth of Pine river, is ascartoinoed to
be 475 feet above lako Michigan, and of the Storgeon river, at tho crossing, 2§ miles above its mouth, 253
feet above the lake. Ilence, in the {6 wmiles (map measurement) from the extreme western sources in the
Meguacnmecam to the ailrond crossing above Dine river the Menominee falls approximately 475 feet, an average
of 84 feeb per mile, and trom the railroad crossing to the mouth of Sturgeon river, o distance of 18 miles, it falls
approximately 225 fect, an average of 123 feet per mile, Iu this distanee oceur the two Quinnesee falls,  In the 72
miles from the month uf.' Stm';;e(m river to the lake it falls approximately 250 feet, an average of 34 feet per mile.

To the consideration of the ehief vapids on the main river we will now turn our attention,

THE RAPIDS O THE MENOMINEE RIVER,

The information contained nnder this head was almost eutivoly obtained from My, Burleigh Derking, of Marinette,
to whom allusion has already been made.

It will De evident, on reading the following acconnt, that there iy an immense amount of water-power on
the Menominee awaiting development, the concentration of the descent in numerous rapids and falls supplying
remarkably fine opportunities for improvement, Al that is wanting is the greater development of the whole region,
and this is Lound to oceur in due time. Any works for the utilization of the power wonld have to be so constructed
ag nob to interfere with the manufacturing company in the driving of logs; but dams, ete,, conld be built so as to be
no hinderance to the passage of logs,

It must be remembered that only the heavy rapids ave described, and that indoubtedly many water-powers,
available so far as the river is concerned, exist in the futermediato distances,

The Menominee viver varies from 200 to 600 or 700 feet wide far up toward the headwaters. Tor the fivst 7
miles from the junction of the Bois Brulé and tho Michigamme there are no heavy rapids, but in the language of
the lumbermen, thero is ¢ strong water” all the way, and probably many good water-power sites.

BAD WATER RAPIDS.~—The fivst important rapids ave the Bad Water rapids, 7 miles below the head of the
river. A small stream enters here from Spread Eagle lake, in Wisconsin, called the Bad Water by the Indians,
on account of its quality. The divect descent at the ldeality is about 5 feet. The river, which is 180 feet wide,
runs over o ledge of rock, probably a schist or a granite. As to thoe availability for water-power, information is
wanting; but in all probability & dam could be reasonably huilt which would back the water up so that much. more
than § feet head could be obtained., The ordinary low-water power there under § feet head would bo 455 theoretical
horse-power. The Menomines River branch of the Chicago and Northwestern railroad passes about 3 miles south
on its way to the young mining town of Floreuce, in Wisconsin, )

TwiN FALLS.—~Just below Bad Water rapids 8 or 4 miles ave the Twin falls, These consist of two vertical
falls of 12 feet cach, about half a mile apart. With 12 feet head the ordinary low-water power would be 1,130
theoretical horse-power, making a total for the two falls of 2,260 horse-power. Both falls are said to be well adapted
to improvement for water-power, and they are near where tho railvoad crosses the river into Wisconsin.

PINE R1vER RAPIDS.—Next in course ave the Pine River rapids, near the mouth of Pine river, which are
half a mile long and have 6 feet fall. An island divides the river into two chammels with rocky beds. Above the
mouth of the Pine river the ordinary low-water power for 6 feet head is 566 theovetical horse-power; below the
Pine river, 730 theoretical horse-power.
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Bie QUINNESEC FALLS.—Seven miles below the Pine river, and 4 miles from Quinnesec, the most prominent

of the villages in that section, are the Big Quinnescc falls, they and Little Quinnesec falls, 4 miles below, being the
two heaviest falls on the river.
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Toleen from the geologicnl report of Wisconsin.

La1TLE QUINNESEC FALLS, MENOMINEE RIVER.

D1¢ QUINNESEC FALLS, MENOMINEE RIVER,

At Big Quinnesec falls .the river narrows to hardly more than 50 feet wide (map measurement) hetween rocky
banlks of greenstgile, a variety of igneous rock, Immediately at the foot of the falls the river widens out, and
{
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about 800 feet down is 700 feet across.  Above the falls it has been running east of north, and there it turns divectly
east. The banks are 80 to 100 feet high on the Wisconsin side and 30 to 40 feet high on the Michigan side, and the
fall proper is a vertical pitch of 60 {eet. Thera is 40 feet of vapid descent above the fall, and 20 feet in the first 900
feet below, the total fall being 120 feet. The total theoretical power with this 120 feet head in ordinary low water iy
14,905 hovse-power. It seems probable, from the deseription given of the loeality, that it would be very costly to
improve the full fall of 120 {eet.

LIrrLe QUINNESEC FALLS.—TFour miles Delow are the Little Quinnesee falls.  For the greater portion of this
distance there is quiet water, and the shove deposits arve considered by Major T. B. Brooks, who reported on the
geology of the district, to indicate the presence of a lake there at a comparatively recent date. Above Little
Quinnesee falls the river runs southwest, hat at the foot it snddenly turns at right angles and runs southeast,
the water surging down an incline of about 45 degrees, and then taking a plunge into the comparatively still
water of the basin below,  The total fall is about 80 feet.  Alove the fall o short distancee the river is 250 feet wide
but narrows down at the piteh to about 50 feet. Imwmediately below the fall the basin sproads oub on the south
£0 900 feet wide, but 1,500 feet helow the ehannel contracts to 400 feet in width, and in this basin are three or four
parallel islands, the largest being 700 feot long Ly about 150 feet wide, The fulls are hemmed in by heavy masses
of greenstone and schist rock.  Along the Michigan side a massive steep ¢liff of greenstone, at least 100 feet high,
forms the bank of the river for o long distance, and on the Wisconsin side o somewhat similar rib of rock forms
the bank of the hasin for 600 or 700 feet from the fall, and then slopes away into ridges of more gradual inclination,
The rest of the Wisconsin shore of this basin islow. There is a considerable area of level land eovered with timber;
then the hills rise gradually behind this, and the valley, probably of some small brook, trends away to the west.
Ttrom the deseription given it-will be scen thab the banks adjoining the falls ave steep and rocky.

~ There is not any apparvent means of an extensive improvement of this water-power without great outlay of
money, and oven if only one or two indastries were clustered close at the falls the expense would be great,  Still,
with the head of 80 feet, and an ordinary low-water power of 9,936 theoretical horse-power, the situation will be
worth improving when the country becomes older and the value of water-power ig increased. A deep snow and
limited time prevented o very extensive exploration along the rocky olilfs, but from what was observed it seems
probable that the only feasible way of improving this power on an extonsive seale is to blast a race out of the rock,
or olse build lumes along the elifts and supply manufactories from them, It is possible thus to carry the water
along the Wisconsin bank and supply the power to mills upon the flats below,  On the Michigan bank there is not
much available space, but mills could be built out over the river, provided the high water is not there excessive,

On acconnt of the great width of the river for a long distance down it does not seem probable that the rise is
very heavy. A wagon-road could be construeted from the flats below the falls to Vulean, a station on the railroad,
about 6 miles east of Quinnesec. The latter town is about 3 miles north of the falls, and could not be so readily
reachied from below as Valean.,  The Menominee River Manufacturing Company wonld, of course, object to having
the flow over the falls diminished to a great extent in logging times Ly side races. It has built eribs on each banlk
at the crest of the fully, to make the body of water deeper, and Tus dove gome work af the foot in blasting out o
rock which splits many of the logs as they strike their ends upon it.  The company has heen considering the plan
of damming the river someo distance below and backing the water up over this rock,

SAND PORTAGE RAPIDS—These rapids lie botween Little Quinnesee falls and the mouth of Sturgeon viver,
and received this name becanse the Indians, in making their # carry ? around o pavt of them, passed over a lurgo
amount of sand, The rapids are scattered along a distance of 6 wiles, aud in this space is 40 feet f1l, The
ordinary low-water power under this hiead would be 5,078 theoretieal hiorse-power.

STURGEON FALLS—The next sharp pitel below the Sand Portage rapids is Sturgeon falls, half a mile below
the mouth of the Sturgeon river, This fall s in two pitches of 6 feet cach, Above the falls the vver is 200 foet
wide, and below them it spreads out into o broad basin. The banks are roeky ledges, about 30 feet high, Trom
the deseription which wag given it may be conjectured that in order to utilize the power it would be necessary
to blast out & race in the rock orto build a flame, and-it was stated to be feasibla to blast out a place in the banl
below and build a mill vight at the foot of the fall, carrying the water in a short flume. The ordinary low-water
power with 12 feet head would be 1,831 theoretical horse-power, ‘

Nost PEAX RAPIDS.—In the next 15 miles are several small rapids, among them Nose Pealk, about 1,000 feet
long, with 4 feet fall, This would give, at an ordinary low stage, 605 theovetical horse-power, but undoubtedly a
greater head than 4 feet could be obtained.

PEMENA FALLS.—One and a half wiles below the mouth of the Pembinebemon river begin the Pemena falls
and rapids. For a distance of 2 miles there ave rapids, with a total descent of 60 feet, and then a vertical {all of
10 feet, where there ave two islands, giving two prineipal ehannels.  Theroek is the metamorphic rock of the upper
waters, in this case a slaty variety, probably a schist, with quartz veins. Pemena falls and rapids are considered
good for the crection of dams. The location is about 12 miles west of the Chicago and Northwestern railroad.
Under the total head of 70 feet the power ab ordinary low water is 11,115 theoretical horse-power.

OHALK HILL RAPIDS~—ADout 8 miles below Pemena falls are Chalk il rapids. They ave nearly 1,300 feet
long, with 8 feet fall over a ledge of rock of slaty variety, and there is a good place for a dam. The ordinary
low-stage power under 8 feet head wounld be 1,302 theoretical horse-power.

—
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WHITE RAPIDS,—Tour miles below, and about the same distance above the mouth of the Pike river, are the
White rapids, with a fall of 20 feet in 3 miles, Two big islands lie in the center of the rapids. The bed is of
gravel and bowlders (the drift), and the bavks are good. There is a good location here for a dam, and the power
could be well ntilized.  Under a head of 20 feet the ordinary low-stage power is 3,275 theoretical Liorse-power.

All the rapids down to this point are over the Archaan rocks, From the mouth of the Lowland river, while
thoe stream is erossing the Potsdam sandstone, there are no heavy rapids; but while erossing the belt of lower
magnesian limestone the course is southeast, and there ave two rapids of note.

SIXTY-ISLAND RAPIDS.~—Sixty-Tsland rapids, about 2 miles above the mouth of the Little Cedar, have ounly
a slight descent, and the situation could not very well be made available for water-power.

GRAND RAPEDS.—One mile below occur the Grand rapids.  These are 3 miles long, situated partly :le\'o and
partly below the mouth of the Little Cedar, and have a full of 25 feet.  The bed is, of course, limestone, These rapids
occur just where the rviver strikes the baxrier of the Trenton limestone and turns southwest, and, like the Oconto
falls, which are on the same geological Trorizon, they are caused by the river wearing down into softer strata of the
rock, the hard cap wot eroding so readily, There are good banks at the foot of these rapids for building a dam,
and probably the power could be utilized. The ordinary low-water power under 25 feet head at this point is
4,954 theoretical horse-power, and the railroad passes one mile east of the rapids.

While following along the barvier of tho Trenton limestone for about 12 miles to the last bend the viver runs
gouth-southwest, and the inclination of the Led is less, as might be expected, becanse the slope of the stratw is
toward the southeast,

TwiN ISLANDS RAPIDS.—These rapids ave situated about 7 miles below the Grand rapids and 16 miles from
the mouth of the river, with & length of three-fonrths of o mile, and a descent in that distance of about 10 feet,
The two islands lie one below the other, and divide the river into cast and west channels.  The bed is limestone,
the banks steep, and there could bea d,nn built across ench ¢hannel to the islands, The total length of this dan,
it iy suid, would lhave to be about 700 feet. TFor o long way the old state road passes near the river, and by it
aceess could be had to the towns at its month; but this road is not much used now. There was ones o saw.mill,
calledd Dr, Ilall's mill, on the east channel, with 6 feet head, bubt this was removed when the lumbering interests
began, The ordinary low-stage power under 10 feet head would Do 1,993 theoretical hiorse-power.

At the lower bend the Menominee turns, and, runuing across the Trenton group of Ilimestones in o southeast
diveetion, tinally reaches the lake level.  As in passing the lower magnesian limeston ¢, 50 here there are two sots
of rapids,

SonArree’s wrrs.—The first is Schappee’s ritts, § miles above Marinette, These ave half o mile in length,
with a descent of 7 feet, and have an available head of 10 feet. There are good banks and o limestono botton,
The power at an oxdinary low stage of the river would be 2,024 theoretical horse-power under this head.

RAPIDY AT MARINBITE.—The last series of rapids on the river are situated at Marinette, near the mouth, In
their nataral state there was probably about 10 feet fall, bnt the Menominee River Manufacturing Company has
built tlhree dams, one above the other, the upper one backing the water to the foot of Schappee's vifts. The total
Lead from these dams is 10 feet. The head at the upper dam, about 1 mile above Marinette, is 7 feet, ab the
middle dam 5 feet, and at the lower dam 7 feot. At ecach of theso there is available water-power. The theoretical
power at an ordinary low stage would be as follows:

ITorae-powoer

TTDDEL AL« v v e vnits cevine craevome tmane shas snarsaomansasnas semnonnen Crmenan et vmanan Goat s esaae aan . 1,448
MIAALE QUM L 4 e e eenat et can s vm e amatatans aeas tose anaaprde ammsat s nmnns snnannsnns sassonnnsinsnensann cemenennaee 3, 084
LoWor (b1 ¢ e et i et an e s arre e r rer e caan e aa e bemmesareansnama e anas haenseonntvenecneveananaes 1,448

Total.couurvanan e tee erme s emitmant sacmeanan, fhamey vams mnen crenoann cuae e annyanrnarrnnenevens cann o, 030

o

This, with an efficiency of 75 per cent., would give 2,048 available or effective horse-power, Thesuperintendent
of the paper-mill stated that the ordinary low-water powet available under 7 feet head was 1,000 horse-power,
These calculations, based on the rainfall, make it 1,146 horse-power.

PRINCIPAL RAPIDS ON THE MENOMINEE FALL, AND ESTIMATED THEORETICAL IOWER.

Nnmo, Fall, in foet, | Horso-power, Name, ¥all, in feet. | Iorse-power.
i

Bad Water vapids..... Ceeeneinins b ricaereneiias i 5 455 Pemona falls and rapids.....oveernn... PPTRN k(1] 11,115
Firgt Twin S8 . ceneevviniinnnan rieaerane P 12 1,180 Clnlle Hill rapids ] 1,302
Socond Twindfalls ....... . 12 1,130 White rapids. ... covvieeriiiiannaa, PRSP 20 3,875
Pino River rapids ..... [ 560 Grand TAPIAB. .o et ennr 25 4,804
Big Quinnesee falls ... . 1920 14, 005 Twin Telands rapids . 10 1,005
Little Quinmesee fallB ooueoniiiavaiinnnsn. . veirena 80 0, 930 SehappPee’s TIftB « . vvveiiieiiicicerine i a e, 7 2,024
Sand Portago rapdds. . ooviviiveiainaan, PTIN . 40 5, 078 Rapids at Marinetto...coveevennunnnns tevvenares 10 3,030
Sturgoon falls....... ... .- 12 1, 891 ) pos
Noso Pork rapids vvveevveeaiininns Cavees [P, 4 605 ROttt eoeee T mmmeseetens 40 Gh 251
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Of course, this table does not vepresent the t y i i

, \ b o spresent the total theoretical eY 0! ag 't ; {
Bl s e st Mot e for e the power of the' river, as only a portion of the total
{ ken, It must not e forgotten that many of the amounts of fall given are only estimates made by an
informant perfeetly tu‘unhur with the stream; still, the figures given are moderate, and will serve to give some idea
of the water-power Iving idle, :

UTILIZED POWER UPON THE MENOMINLE,

The only power wsed is from the lower dam at the mouth,
}n 18531 1wrmissiu_u \\‘us,(:ht.‘nimd 1"1‘01‘11 tl}e 1\‘[911011’1inee Indians, upon the payment of certain supplies, to build
:nlf: ::,t].:‘:l,;l ((1)1’1 (t};:;v:\l«\:)‘l,i11(111‘}:1:(;\\\:xx}[):};}:' 1‘1;11158.:‘13 mrx‘ the V\vfi‘sco'nsin bank, A short dista)nce‘ above the present
i o and B aste oud. The next mill, & saw-mill, already mentioned as owned by
D Tally was erected in 1841 at Twin Islands rapids,  Thiy ran for five years, when the lumbering interests became
paramount, and as the dam interfered with the passage of logs it was removed. In 1845 another mill was built.
The fwo mills now remaining ave a pulp-mill at the Michigan abutment of the lower dam and a flouring-nill at
its Wisconsin abutment,  The head averages 7 feet, but sometimes the water of Green bay rises from 6 inches to
1 foot ou their wheels,  The pulp-mill belongs to the Marinette Paper Company, which, when visited in December,
1880, was expecting to erect an extensive addition in the succeeding summer for a paper-mill.  There is much
gpruee und poplaralong tha river for wood-pulp, and the company also was thinking of logging the wood down the river
ag the lumbermen do,  The good quality of wood costs 86 per cord, delivered in Marinette; but by logging they
ean probably obtain it muel cheaper, The better quality of wood is used for the manufactare of fine paper. Ior
common paper they use sawdust, ends, ete., sawed into pieces. The pulp-mill uses 670 horse-power, but they
expeeted to use ntotal of 1,000 horse-power when the paper-mill was built.  The flouring-mill, upon the south

bank, has wheels for about 150 horse-power, It will be seen that with the improvements contemplated the low-
water power at the lowoer dam is alveady talken up.

TRIBUTARIES OF THE MENOMINEE.

TARLE OF LENGTHS, DRAINAGE, AREAS, LOW-WATER DISCHARGES, AND POWER OF THE TRIBUTARIES OF THE
MENOMINEE RIVER,

£ 4 Bt " & )
E . E.—g”a 3 : E-mg §r-(
4 EE £ AT E Ex
d » 488 "B E g £ =2
b a BsEg s B BLuT 8.
Name. q a8 g 2883 <i%E - -
' @ =] E‘H & g Bt 3 EE Y A g
4 ® | A% = 8 A SREE, HEf 584
' 8E 288 25°%8 HEZy SES
g B A %gﬂ E SECES =
| A < = -1 = 5]
Miles, |Sq. miles. | Inches.j Oubie feet. Doy cent. Cubic feet.
Tois Tauld river, inelnding tha Mequacumosiin oo vevereenonss rerreanns 42 1,013 95 2,012 17. 8 465 i
MIITIANIG TIVET, conaercnirinsessosavansnsresesarasasiuonssoursrnpnuasssrese . 7% 50 85 . 1,049 17.8 347 301
) i TITR ¥ 10 RPN F T O P Ceresrinaten 53 586 35 1,511 17.8 269 905
BLUFEAM KIVOT s oansvernssanerssimans tonnserans 2otemmsasruinrees vareesinenees| B0 400 35 1,055 17.8 188 24
Frembinghsmoot 1ver oo CerrvarmEnarcsnannsns envemrrvstassTresatreaes Leveen . 23 103 35 420 ] 17.8 75 85
PikorIver. ccsviisanrraranvsinasinuraars aeses eaaan FEPPTPTTIN deaurenanr POPTIN 43 292 an mi 17.8 13t 152
Litle Codar river ..., creean Creens NN - ee 32 140 35 38t 17.8 o8 kid

1t will be noticed that, in mentioning these streams in the order of their occurrence in passing dox.vn the-
Muepominee, we have alse given {hie order of their drainage areas, ‘ohe. largest being farthest up. ’.I.‘hgre is only
one exception, viz: in the case of the Pike and the Pembinebemon rivers. Of cou.rse there is no s¥gmﬁcz}-nce
in this, an many small streams have been entirely omitted from the table; but one important deduction arises,
which is that the tendeney is to make the volume of tho Menominee at its upper water_s more .“ef‘Llﬂy equa} to that
at its mouth. The total power of {the stream wonld be very different from what it now 18 if the Bois Brulé,
Michigamme, ete., entered near its mouth, ‘
. 'l‘?m Bni:s Brt’\lé and the Michigamme xivers, by their junetion, are fzonsid(?md to form the Menominee. "I‘he
Mequacumeeum river is called o tributary of the Bois Brulé, although its drainage area is nearly double that of
e Tabtor slreit. o |
the 1{;%;: }g;;lt;‘; RIVER—This is cquivalent in Bnglish to Burnt Wood river, but by the Indians 1_t wos ca.lled
Wisacodé, 1t runs between Wisconsin and Michigan. The extreme length, measureq on the map, iy 4:2 miles;
the drainage arew, ineluding the 635 square miles tributary to jnhe I\.quuacumecum; ;s 133)13, {-St(;lu‘;‘hll‘(]‘) nlnles.owletrs
ordinary low-water power at the month ander o hiead of 10 feet is estimated to 'be'JJS theoretica 1(;1113(5]-]1) Boié
The extreme headwaters of the viver cannot be very far from 900 feeb above lake Michigan. A’r. the ?;gu : d. e1 o
Tyuld averages 180 Lo 200 feet wide. The bed of the river is mostlyig'mvcl' and bowlders of the' d'lli %, Z‘{)ll . (1); \rér r
aceount the descent of the river, which iy large, is not concentrated in vertical fallg a.nd s}mrp 1)1‘0{1 %S’ ‘2 sc'wcel)
uniformly distributed along the whole course, in cither rapids or ¢ strong water”. It is Esmd that tl ﬁ)efmt );st a?;
GO rods of slack water on the whole length of the stream. At the mouth is a vortical fall of ‘ee_t- pe Tﬁe
island. The bauks of the river are usually steep, and in many places there ave fine water-power sites.
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slope of the river is so uniform and so great that it is almost impossible to make a reservoir upon the stream
sufficient in size for flushing down logs. The Menominee River Manufacturing Company has built one dam npon
the river for that purpose. ‘

Tre MEQUACUNECQUM RIVER.—This is the Indian way of saying Paint river. Although a nominal tributary
of tho Bois Bruld, it deserves separate mention. The length by map measurement is 54 miles; the drainage aren
is 685 square miles; and the estimated ordinary low-water power at the mouth, nuder 10 feet head, is 331 theoretical
horse-power, The extreme headwaters are abont 950 feet above the level of lake Michigan. The river is not so
rapid as the DBois Bralé, but there are more vertical falls. The bed is largely gravel, as Is tho case with the Bois
Brulé; butin places the ledge rock takes its place, and to this are due the falls, Three miles above the mouth ig a
descout of 20 feet in half o mile, divided between three pitehes; above this for 4 miles is strong water., At
this point is a dawm, built by the manufacturing company, which backs the water up for 5 miles. At this point is
Crystal falls, with 10 feet of nearly vertical descent. For the succeeding 13 miles up to Iemlock rapids there
is strong water. ITemlock rapids are half o mile below the mouth of o river of that namne, entering from the
east.  There is a fall of 16 fect in half a mile, The river flows in three channelg, and the manufacturing company
has Masted out the rocks from the main channel and toroed all the water into that, A short distance abova the
mouth of Hemlock river there is a vertical full of § feet.

It will be noticed that the river divides into three parts: one branch, the ITemlock river, springing from the
northeast, another from the north, and a third draining the county west. These three branches cut through a series
of ridges, and the result is on each stream w suceession of broad Lasins and slow cnrrents, with intervening vapids
where i6 passes the ridges. AL these places the streams are not over 100 feet wide, and thix condition continues ap
to the sources of the river. .

MiorIGAMME RIVER~—This stream is the largest tributary of the Menominee, propexly speaking, for it we
consider the Meguaeninecum separate from the Bois Druld the drainage aren of the latter is less than onehalf
that of the Michigamme, whose basin iy 756 square miles in extent. It is this stream which earvies the drainage
basin nearly across the upper peninsula of Michigan, the extreme sources being within 10 miles of the waters of
lake Superior. The head of the river, however, is considered to be lake Michigamme, already mentioned as being
the largest lake of the Menominee basin. The arvea is 04 square miles, and the drainage avea tributary to it 103
square miles, and if it is foasible to inerease the reservoir capacity of this lake by a dam across the outlet it wonld
exert an appreciable effect upon the steadiness of the stream below,  The length of the river to the extreme sourees
is 72 miles (map measurement); to lake Michigamane, 51 miles,  The ordinary low-stage power at the mouth, nuder
10 feet head, is estimated to be 8L theovetical hovse-power, and the average width at the moutlh is 250 feet s at the
head 50 feet.  Lake Michigamme is 080 feot abovelalke Michigan., There are several prominent falls and rapids on
the viver, and all the falls are over rock ledges, with roeky banks. About 1,300 feet from the mouth is o perpendivalar
fall of 30 feet, with steep, rocky banks, Iour miles from the mouth is another vertieal fall of ¢ feet.  Fifteen miles
from the mouth, and about 3 miles below the mouth of Deer river, is a vertieal fall of 10 feet over a rocky ledge.
Three miles above the mouth of Deer river Fence or Michigan river enters, and between these is a flood-wood jam,
caused by an island. This jam backs the water up somewhat. There is as yet no lumbering done so far up in
the Menomineo Lasin,  Six miles above Tence river is Long Caxrry rapids, 1§ miles long, with about 40 feet fall.
Next there is o fall and rapid 3 miles below Republic mine, three-quarters of a mile long, with about 20 feet fall.
Lake Michigamme is § miles above this place.

Ping RIVER.—This is the largest tributary of the Menominee lying whelly in Wisconsin, its length, measured
along the general conrse, being 03 miles to the extreme sources. The drainage area is 586 square miles, and the
estimated ordinary low-water power ab the mouth, under 10 fect head, is 305 theovetical horse-power.  For the fivst
lialf & mile from the mouth the current is very rapid; in the next 12 or 13 miles the fall is comparatively slight, and
the current moderate; and in the next 3 miles there are two falls of 8 feet each, 1,000 feet apart, half a mile ot
“strong water”, sncceeded by another fall of 12 feet; then, half o mile above,a fall of 40 fect.  Sixty feck above
this is & dam belonging to the Menominee River Manufacturing jompany, used now for flushing down logs, and
two miles up is the mouth of Poplar river. The lambering only extends 6 miles above that.

STURGEON RIVER.—The basin of this river is in Michigan, and its length (map measurement) to the extreme
sources is 50 miles. The area drained is 409 square miles, and the power, under 10 feet head, at an ordinary low
stage of the water is 188 theoretical horse-power. The average width at the mouth is 100 feet. The general coursy
iy south-southwest, nearly at right angles with the general slope of the country, and Lence the {all of the river is
comparatively slight. ‘Len miles above the mouth is a descent of 16 feet in three pitches.

As is the case with most of the stremns flowing southward on the west side of luke Michi gan, the river flows
uear the eastern limit of its drainage basin, This is, in all probability, due to the general sontheast inelination of
the country. Three-quarters of a mile above the falls is a dan belonging to the Menominee River Manufacturing
Company.

All the Tower tributaries are small and of less importance than the ones deseribed. The largest iy Pike river,
in Wisconsin, The length to its sources is 43 miles, and the ordinary low-water power, under 10 fect head, at the
mouth is 152 theoretical horse-power.
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DAMS UPON THE MENOMINEE RIVER.

LOWRR DAM oN THE MENOMINER RIVER AT ITS MOUTIL.

to tluslt logs down stream, The thres dams ab the foot are used for collecting and sorting the logs. The upper dam
of those three forms p reservoir 5 miles long, and is capable of storing 300,000,000 board feet of lnmber.  The other
two are ehicfly as o security, to hold the Togs in easo the fivst dam gives way. ‘

TrrEn DAM~The upper dam, called the Bently dam, is 1 mile above Marinette. 1t is a timber-crib dam,
with o covering of spars, The length is 557 feet, the height 9 feet, and the average head 7 feet, The dam is
arehed up stream with g total rise of 10 feet, and cost $10,000, The bed is smooth limestone rock, and the
ktrnelure is @ continuous erib-work of rornd timbers, with a vertical face, and a back sloping to the toe of the dam.
The base is about 30 feet broad.  On the erib-work are hewed spars, laid close together, and running down to
the river bed, The lower timbers are all bolted to the bed-rock by 13-inch iron drift-bolts, let into drilled holes, and
fustoned by wedges proviously plaeed in their gplit ends.  Upon the back of the dam is laid clay and gravel. At
the fave is o Kind of apron, built of a low exib-work, planked over. There is a runway in the dam 75 feet wide and
1} feet ubove the bed of the pond for the passage of logs. Phis is faced with hewed timbers. The logs glide over
the apron just deseribed,

MIDDLE DAM—The middle dam s similar in constraction to the upper dam, but has a head of only & feet.
The length is §14 feot, with about 10 feet vise of arch, and the cost was 5,000, An island in the center of the
river divides the dam into two parts, The bed iy linestone rock. ‘

LOWER DAM—The lower dam is the finest one on the river, It was built by Mr. H. A. Dow, of Minneapolis,
in the year 1880, at o cost of 16,500, The constraction is o timber e¢rib-work, The dam is straight, 700 feet long
and 44 feet hig:h; Therd is & runway near the center, extending below the dam abont 120 feet, for the passage of

logs, and there ave eight sluice-gates,  The bed of the river ab that point is loose rock, clay, and gravel. Mr. Dow
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had no drawings of the dam, and the description, dimensions of the cross-section, ete., were entirely obtained from

an interview with him.

The timber used is pine.

The lower course is of logs, and the others of sawed timbers 12
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by 12 inches in size. The planks arve 3 inches thick, The cross-section iy given, The front consists of o series
of four steps, with 2 feet rise and 4 feet tread,
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back slopgs down to 2 or 4 feet above the bed, where there is a horizontal bench, 8 feet broad. This is terminated
Ly a vertical back to the river Led. The base is 45 feet wide. The whole dam is planked over, and at the back
are sheeting piles, 3 inches thick, which were driven down into the bed and spiked against the outer timbers.
Behind these clay and gravel were filled in. The water runs over the crest of the dam and falls down over the
succession of steps. There is no apron below the dam. The runway is a crib-work of squared timbers, faced
with the same kind of timbers, close laid. The rush of the current sends the logs through this with fremendous
force. The abutments ave built of timber eribs, No coffer-dany was used in the construetion of this dam,

METHOD 0F BUILDING.~The method employed was to build the eribs over their proper positions and sink
thew.  Starting from the Wisconsin bank, four logs were floated down into position and held there, parallel with
each other and 8 feet apart, with their lengths in the direetion of tho eurrent. These covered an area 45 feet long
and 82 feot wide, Across these was placed o course of sawed timbers. Another section, entirely similar, was
ftoated down adjoining the first toward the center of the river, butleaving a space of 8 feet between them, and across
these the erib-work was built, locking one with the other. This process of floating in the sections and building
ap the crib-work was continued until the position of the runway was reached, which was then built. In sinking
the eribs enongh of the seetions in the erib-work would be flooved, so that when filled with stone the weight would
suftice to earry the straeture down to the bed, and the other seetions were left open.  When thoe cribs were sunk in
position the open seetions were filled with stone, which filled up the inequalities in the bed under the crib and gave
a uniform bearing to the lower course of timbers,  After completing the runway a cxib 32 feet long was built next
to it on the Michigan side, and then o space of 32 feet was loft for the passago of the water. The process of
building the seetions wne eribwork above them was then continued to the Michigan shore. The heavy body of
water which now passed throngh the space of 32 feet left open scoured tho bed out to a considerable extent before
it was closed.  The method of closing was to make an immense trap-door, with a very strong frame, hung on a
horizontal axis, and at the proper time this was let down, The foree of the cwrrent immediately forced it shnt
aguingt the erib-work on each side, and loads of gravel, hay, cte., held in readiness, were thrown in, and in two
Tours from the time of starting the opening was closed. Back of this trap-door tho erib-work was built up
aund the dam completed.

There ave several dams upon the upper tributaries of the Menominee, all of spar eonstruction: and one on the
Bois Brulé, 300 feet long, with two gates, each 9 feet wide: and ono on the Mequacumeeum, 375 feet long, with five
wates, one 9 feet wide and four 7 feet wide,  The Sturgeon and the Pine rivers have each a spar dam algo.

MILWAUKEE, SIIEBOYGAN, AND MANITOWOU RIVERS.

NATURE OF THE DRAINAGE ARBA—Thoe water-shed separating the lake Winnebago DLasin from the streams
flowing diveet into lake Michigan is almost ab the verge of the line of cliffs overlooking the Green bay and lake
Winnehago valley,  ‘The Kettla range, & medial moraine of the glaciers already alluded to, does not act as a divide,
hut the Jarger streams dind their way through it The water-shed avernges 300 feet above lake Michigan, and
all this fall in the laud takes place in o distancos of about 30 miles. Moward the north the water-shed narrows
to 10 or 15 miles wide, and at the southern end of the lake ib is hardly more than 5 miles across. In the scction
about ke Winnebago, then, the drainnge basing of the streams must be tho largest, and it is there that the chief
streams of the division ave loeated,  Theso are the Milwaulkee, Sheboygan, and Manitowoe rivers. The lengths of
these, measured along their general conrses on o map of large scale, ave, respectively, 06, 40, and 42 miles, The
headwaters of the Milwaukee are about 500 feot, of the Sheboygan 360 feet, and of the Manitowoe 350 feet above
Take Michigany hence the average fall per mile of each stream is approximately as follows: Milwaunkee, 7.6 feet
Sheboygan, 7.9 feet; and Manitowor, 83 feet. These results are probably greater than the truth, becaunse in
estimating the lengths of the streams their general courses only wero talen. This fall, of course, gives rise 1.:0
many water-powers, and, ax the country iy already settled to a large extent, these water-powers are improved in
part, hut the greater portion ix yet lying idle. Trom the statistical returns for the census of 1880 these data are
obtained for the main streams,  The returns from special agents on woolen-mills, cotton factories, and other speeial
industries wore not yet received at Washington at the writing of this report, and hence the accounts may be slightly
too small for these streams; but the error cannot be great as the Dbulk of the power is used in flonring- and grist-mills,
T4 must be borne in mind, then, that the data given cannot be congidered exact.

MILWAUKEE RIVIR.

Nunber of Houring- and grist-ills.. oo sene vevueriremenesme o e PR, veeenn manaammnny mannas 1:
Totul power used Dy RO coarovoen svirnsecnnr cnan e et ieeveeoenmavaeecsansannannan HOIBE-DOWEL.on. 74‘3
Number of saw-millsecooaoonn- PP vemmmaeemse sy B T T R T ‘,(’
Potal power 18CA By TheN0 . oeu v cron vmrn massinmnns namas srnecrs smsee ce s smen e esnenmees LOTSESPOWRY . oo v 1.?.:3
Migcellancons industrieB . cave e vans souaemsmaets comeonmanraens R ek
Total power used by thesdcevaesceenremaus IR L v oo OLEE-POWET . - - 7?
Total power UeA 01 TNe FIVEK e rnreiamnatsanree sramns sennsmmnm memms snomms mm e mm s s s cersasannnns A0 vennnd 97R )
Averago Powor to eaoh INAUALLY cuuees esnerrmransananmn surmnn s sns cr e s e e 0 DY [ PR 40.2
Averago 1ond t0 e IMABILY «eee vr cvrnnssuransrunnmses e ssns nan e ms e nr s e e vee.fo0bo - 19.~
Maximum powor nsed in one indunstry (louring).----. cevenn e aaan s e avecceaseesnssvess IODSE-POWOr..ua 145
Maximum head employed on tho FIVeT..e. cevs cusrvovuarsmerammnonrene s eewamesesnmanmtnan i aasan feet.... =4

vor 17——0 81
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‘ SHEBOYGAN RIVER.
Number of tonring- and grist-millseecan vias coasaeeoraiees an et ncmmr sea st caaars caians esaan s ey T

Total POWEE NZ0A DY PhOS0-«as seme v eva vmcmms smmne smow seam cons an b s nase e emesemesseee s een el DOTSE-DOWEL. ... 200
Migcellaneons.caee. caenen. g g
Total power usod by theso....au -u- t e eemaa e ceeenteseaE v mE AL R AmEacamme aamoeseeany e horse-power.... 150
Total power nsed 010 the BIVer.cue ciumns cr i vcrs et i e s s tavmencaunan P docea e 410
Averago power 0 each IS co o cvr vomane vnamns vare sencnn e cin e m e ve e am s sne s 0 41.9
Averago hoatd to each industry..coovomarniiunn e aes Cinma e ambamemreene s s foet.:.. 12,4
Maximum power used in one industry (wooden packing=hDoOXes).cmvoavrirmeniirnaranasaonaes lorse-power.... 90
Maximum head omployel 010 The TIVer. e e aes coe e coran iant sramn mmee v s aeaes it e e ceefoot ... 17

MANITOWOO RIVER.

Number of flotring- and grisbmills.. . oeooeeuvienrraesamreerassaeiaaniceiieasacsar e ors cesenn cnnerrsanees 0
Total power nsed by these..... “emman Nheaumtesssneians mneanasas A e Jdorse-power.... 174
Number of saw-millg........ P Vewmane g vees D
Total power used DY theso .. e ae e aeime it e e aees PR s aemana i amann .. lorse-power.... 108
Totl POWer USOd 01 tIE FIVOL.u e eur cecvaecamaes e aran anmae nn ssmne sies e eves vemome snecen a0 28
Averago Powor to ench IQustEY e v s conr e s e e e v eraune Casaeameee e aaen A0venanna. 25,6
Average hoad to ench industry.cocvovniiinian. femae bemesemauamae e an et vmaaraanne e aire saaa e s feet.... 0.8
Maximum power nsed by one industry (LOBHNE) «crves i cveeecorntnvmnrvvnmnvranans ceene e c e hOBSC-pOWEE Ll B
Maximum head employed 01 H10 TIVER . an s ceiiirane cet v srerie e svenes cen e e snan SO0 BT

LSTIMATED POWER.—AS near as can be estimated from data given and tho comparison of the drainage
basing, the ordinary low-water power under 10 feet head along the lower portions of the xiver is, approximately:
Milwaukee river, 250 theoretical horse-power; Sheboygan river, 220 theoretical horse-power; Manitowoce river,
165 theoretical horse-powoer, These figures can only be considered as approximate results,

PRECULIARITY OF TIX MILWAUKER RIVER~—It will De noticed that the course of the Milwaukee viver is cast
in northern Ozaukee county until within 9 miles ol lake Michigan, when it suddenly turns south and flows parallel
with the lake above 30 miles to Milwaukee. Professor Chamberlain, in the geological report of this region, states
that the river emptied into the lake ab northern Ozaukee county, when the lake level was higher than now, at the
time of the deposit of the lower red clay., Tho action of the waves threw up a beach line in front of the river
mouth, and canged this to travel south in the endeavor of the water toforce an outlet. Thus the river for the last
30 miles of its course flows behind an old lake beach. A similar casehas been pointed out in the report on {he
Red River of the North, as occurring whero the Otter Tail river empties into Otter Tail Jake, Dike river and Kast
Twin viver, which empty at the west shore of lake Michigan, are also considered to have experienced similar
conditions,

GENERAL REMARKS UPON RIVERS OF THE WESTERN PORTION OF LAKE
SUPERIOR.

The streams tributary to western lake Saperior are not of large size. The Saint Louis viver, with & basin of
3,000 square miles, may perhaps be considered an exception, but it far exceeds any of its neighbors, and is claimed
to Do the seeond river of the entire lake in sizo.

What the rivers of the western part of lake Superior lose in volune they make up, however, in fall, and to
certain oxtent this is an equivalent in water-power. The water-shed is near the lake on both sidey, but it is also
clevated 1,000 fect or more above tho lake level, and, as a consequence, the streams ave very rapid, This characteristic
featuro of the lake Superior streams is most strongly exemplified on the north shore, where for a long distanee the
water-shed is at an average distance of 8 or 9 miles from the lake, and the streams go rushing down a descent that
must be nearly 1,000 feet. The roek of the north shore is largely igneous and very hard, Many falls and rapids
crowd the water-coarses, and often right at its mouth a stream will take o final leap.  This is the case with the
Pigcon river, which forms part of the boundary between Minnesota and the British possessions, and is one of the
largest of these north-shore streams. It is a portion of the water system conneeting the Lake of the Woods, Rainy
lake, and innumerable smaller bodies of water with lake Superior. The outlets of these lakes ave so undeeided
that it is extremely difficult to determine just what are the bonndaries of its drainage basin.

Although there is an annual precipitation of 30 to 34 inches upon this region, and an enormous aggregate of
water-power, yeb the conntry is so inaceessible and little improved that the power is of little value cxecept in
particular localities, With the Saint Louis river, at the extremo western end of the lake, the case is different, and
as peculiar circumstances swrround that stream speeial attention will now be given to it. Succeeding the report

on the Saint Louis river are some remarks on the south shore of lake Superior and its water-powers.
82
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