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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.
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THE SAINT LOUIS RIVER.

The chain of great lakes, which makes the largest system of bodies of fresh water in the world, hag its
outlet in the Saint Lawrence river, The source of these lakes, on the principle that the headwaters ave the
‘ continuation of the main body of water, may
properly be cansidered to be the Saint Louis
river, which flows into the extreme western
end of lake Superior. On this account alone
this river enjoys some distinetion, but there
are other considerations which with much
more force turn attention toward it

IMPORTANCE OF 178 GROGRAPHICAL
POSIIION. ~Owing to its geographieal posi-
tion, at the extreme western terminus of the
remarkable system of navigable waters which
extend nearly half-wuy across the contineut,
the shores of the lower portion of the river
have attracted much attention, and capital
has been expended, not always with the hap-
piest results, in building doceks and laying out
towng, in anticipation of o large business at
the head of lake Supevior. Thus the town of
Superior, on the ¥Wisconsin shove, was built by
a company, houses erected, extensive docks
planned, and everything made ready for o
trade which never came. The buildings were
abandoned, and ave deseribed as standing idle
in this almost deserted village, At present,
however, the hovizon is brightening for Supe-
rior, and the prospects are that its former
hopes may be in o measure realized,

On the opposite side of the lake, in Minne-
sota, Duluth was started as a city, houses
were built, streets graded, ete, and o debt of
8400,000 was assumed, which made it a bank-
rupt eity.  Somo of the inhabitants in the cen.
tral portion of the place settled with the ereditors on the basis of 235 cents on the dollar, issuing new bonds, and in
order to prevent being mado responsible for the entire debt they obtained o village eharter for their part of the
town, Dulath is now a village with & population of nearly $,000, and, notwithstanding all its veverses, it is fast
rising above it troubles, and bids fair to e an important poinf, especially as the Northwest is becoming so rapidly
settled and brought under eultivation, In this lieg the future prosperity as lake ports of the towns mentioned,
Tho Northern Pacific railvoad, which is ono of the muin channels for the shipwent of grain from the great wheat-
fields of Minnesota and Dakota, crosses the Saint Louis river at Thomson, follows the left bank of the stream, and
has its present terminus at Duluth,  There is sitnated a grain elevator, with a capacity of 1,000,000 Lbushels, and
the company owning it has in contemplation tho erection of two more of at least equal size, These will male
Duluth aun important shipping point for vessels navigating the great lakes, There is an extension of the Novthern
Pacific now being surveyed which will pass along the south shove of lake Superior, through the town of Superior,
and throngh Ashland, on Cheguamegon bay.

BPECIAL VALUE OF WATER-POWER.—Irom the above remarks it will be seen that the Saint Louis river
oceupies an exeeptional position, lying right in the line of a fraffic which, although already of large size, has
searcely begun its possible development. The character of the freight which passes east should be especially
noted. If there is any water-power upon the lower portion of the Saint Louis river accessible, it wounld be especially

raluable, as the wheat could bo stopped in its passage Iast, manufactured into flour, and the finished product sent
on to its destination, Mills wotld have thoe immense field of the Northwest to draw from through its natural arteries
of frade, and unusual facilities of manuficture wounld be afforded.

Just the conditions necessary for such a state of affairs exist. The railroad passes close to the river, ecarrying
the harvests of the vast prairie region lying westward, and on this river, right beside the rarlroad, ave water-powers
hardly sccond to any in the West. Flouring is mentioned because of the pecaliar advantages for that branch of

manufacture, but undoubtedly other formns of industry could be successfully prosecuted. For example, large
84
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quantities G.f mat-er.i&l for the manufacture of wood pulp could be obtained. In view of these facts, all must admit
that the Saint Louis river, with its fine undeveloped water-powers, is well worthy of attention.

TRANSPORTATION FACILITIES.—The means of transportation at the mouth of the Saint Louis river are the

nutm‘ul‘wnterway of the great lakes to the east, the Northern Pacific and Saint Paul and Duluth railroads
conneeting those places, the latter ranning on the Northern Pacific track from the Northern Pacific junetion east
to Duluth, ' '
_ ‘l"lml’OSE‘I) GANAI,.mz}s mentioned in treating of the Red River of the North, there is a desire among the
}ullghlt nnts.oi 11<?}-tlxer1,1 1\91131050(51» to establish o czum.l connecting lake Superior with the Red River of the North.
The real ohjeet of the majority of the advocates of this schewe appears to be to have some means whereby to hold
the railvoads in cheek and keep down freight rates to a proper limit. With this canal they can effect that object.
Asoone of them remarked, “The farmers of the Red River valley do nob care if only ten boat-loads of grain pass
through the canal in aseason.” They would have athand an agent, which, like the governor controlling the engine,
will regulate the freight charges. However, notwithstanding that the canal would be clesed during the winter
mouths, it seems possible that it wonld be of value in itself as a practicable water-route, In the report of &
committes on the subject the statewent is made that, used as a freight route, it would result in a saving of
#1,000,000 yearly to the Jied River valley alone. ‘

There has been no regular survey as yet, although at one time a bill making an appropriation for this object
was introduneed in the United States Senate.  The route is considered an eminently practicable one to construct,
andisroughly estimated to cost $4,000,000. The plan is to run up the Saint Louis river to Silver Creek, then pass
along the left banlk of the river 4 miles, overcoming the ascent by o canal with thirty-one locks, and at Midway
ereek once more enter the Saint Louis viver, and follow the stream to the mouth of Tloodwood river. There a canal
14 miles long would be cut northwest across the divide to the West Swan river. Tntering the Mississippi, the route
wonlt run up streqm, crossing from Tartle lake into the source of the Red Lake river, and so down that stream
to the Red River of the North at Grand Yorks, from whenee there are navigable waters north and south. This
eanal would Do of undoubted benefit to Dualuth, and to the water-power interests already indicated on the Sainb
Tows river, 1ty construction iy o matter for the fuature to decide. ‘

The econntry about the Sain Louis river must yet be classed among the undeveloped lands of the Northwest.
It is true that in the immediato vicinity of its mouth civilization has made its mark, but the river flows from a
torest-covered country, searcely yet disturbed. The deer yet roam its banks, and in the winter of 1880’81 the
moose Troquented the upper waters in considerable numbers,

LUMBER INTERESTS-~—The heavy pine growth of ages still covers the region to the northward of Duluth.
There are snwv-mills at Inife Falls, whicl, by & branch road to the Northern Pacifie, ship considerable lumber, but
they have not made mueh furoad upon the timber north of them, and it is ostimated that 10,000,000,000 board feet of
the finest kind of pine ave awaiting the ax and the saw.  Until recently there has been no demand for this timber.
"Tha Minneapolis market could undexsell it in the south, and Wisconsin and Michigan would take the Cliicago trade.
With the rapid settlement of the West a demand is springing up in Dakota and western Minnesota which the
Saint Tous region ean snceessfully sapply, and & greab activity in tho lamber trade of that seetion may be
confidently looked for, Already have lumber companies sent explorers along the streams of the Saint Louis
hasin spying out the land. There is o Saint Louis River Improvement Company, Mr. W. L. Benning, of Saint
Paul, president, formed for the purpose of clearing out the river and systematizing the driving of logs. This
company has done considerablo blasting at the rapids below Thomson,

CIIARACTER OF THE COUNTRY.—The country south of the Saint Louis river 18 rather poor. . The soil is to a
great extent light and sandy, and is covored with a growth of timber of only medium quality, from which the best pine
on the streamns of the Saint Croix has been already cut.  The region lying west of the river is also poor as a general
thing. It is the same drift region inwhich the headwaters of the Mississippirun, Tamarack swamps, low meaflows,
and sandy ridges are the prominent fentures in the seenery., . The western and northern tributt.uries run prineipally
in this region, but the eastern branches of the river rise in the rocky section which characterizes .the north.sh'ore
of lauke Superior, This shore rises in places in immenso Tocky cliffs sheer from the water’s edge; in others it sa
rugged slope; but everywhere that vegetation can gain & foothold it is covered down to the surface of the lalfe Wlf::h
a dense growth, and explorers say ib is but & step from the wide expanse of sunlit water to the gloon‘l and quiet of &
deep forest. In passing to the lake the streams of the north shore of lake Superior are all rapid, with many hem.ry
falls, It is the continuntion of this rocky belt southwest in Minnesota which forms the rapids of the Saint Louis,
about to engage our attention. A . )

UPPER AND LOWER SECOTI0NS—~The Saint Louis river runs through two sections of countr'y, different in
geological age and in character, and hence changing the nature of the stream to & very notlcea.ple' extent.
Above the mouth of tho Floodwood river the basin lies largely in a region receiving all its chmm.:temstlcs fl:OlIl
the comparatively recent placial age; below that the course of the river is over the rocks of the earliest geological
times of which we have definite knowledge.

In the upper section the land is level or elevated in ridges; the soil, sand, clay, and gr:;;*el, and the streams are
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gentle In. their flow over sand and gravel beds, with occasional rapids at accamulations of bowlders, In the lower
section the country is rugged, aud the hard igneous and metamorphic rocks, resisting the erosion of tho stream,
cause the river to foam in angry leaps and rapids in its descent to lake Superior.

ROOK OF THE LOWER SECTION.~The country through which theriver runsg near its mouth has been the seene

of very violent action, Igneous rock was thrown out, breaking and upheaving the rocks previonsly formed, and
to some cxtent changing their lithological charaeter. Thus there is little uniformity in the oceurrence of the
different kinds of rock.  Gabbro, an igneous rocl, called granite at Duluth, but incorrectly so, is intruded, tilting
the magnesian and argillaceous slates and the red sandstone, believed to be the equivalent of the Potsdam sandstone
in the east, and in places actually fusing and converting them into a variety of red granite. This wnevennoess
of the strata and the presence of dikes of igneous rock give o very wild character to the rapids of the Saint Louis
river, :
The rock about Duluth possesses considerable value as building material. This is specially true of the red
sandstone, which is quarried in considerable quantity. It has somewhat the appearance of the brownstone quarrvied
80 extensively in Now Jersey and Connecticut, but i3 not so rich in color, and has frequent white streaks running
through it, The Iluronian slates have been quarried for roofing purposes, but the enterprise was not suceessful,
although the slate is of very fair quality. Recently (1881) new quarries have been opened in tho state. The
so-called granites of Duluth are also quarried for building purposes, but the stone has a poor cleavage, and is diffieult
to eut. The prospecting for iron ore in the region northeast of Duluth is probably caused by this rock, whiclh is
sometimes very vich witl magnetite. , _

It is the opinion of the geologists who have explored that region that the country of the upper Saint Louis
above the Floodwood river and about the Migsissippi was once the bed of a lake long since drained. There is sonw
fortile land, the deposit from this ancient lake. The water-shed between the Mississippi and the Saint Louis rivers
runs for a portion of its course along o line of drift hills, and at Sandy lake the highest is 139 feet above the water.
On the north the water-shed is determined by the Mesabi range of drift, the waters to the north of that running
into the Rainy Lake system,

TrIBUTARIES.—A glance at tho accompanying map will show that the basin under consideration is approxi-
mately oval in form, the major axis, lying parallel with the north shore of lake Superior, being about 80 miles long
and the minor axis 50 miles, The main tribntaries flow southwest. The Saint Louis itself runs southwest to the
mouth of IMloodwood river, then turns suddenly and flows in a generally southeast divection to luke Superior,
intercepting the Lranch streams from the east. .

The basins of the upper Saint Louis, the Big White Face, and the Cloquet rivers divide the total drainage hasin
approximately into three symmetrical portions, of which the Big White Tace river cceupies the middle one. The
water-shed on the south has an average distance from lake Superior of about 8 miles, and all the streams which flow
into the lake south of it are small. The tributaries on the wost have little fall; those on the east are rapid in
their upper portions, but when they strike the level and rolling region they, too, are moderate in their flow.

The chief tributaries, in the ovder of their ocenrrence from the source, are thege:

. Longtlx (mop N N

Name. . m uuf{u’cmnut.l). Drainago prea,

Aliles. Square miles,
Big Whito 1'aco rIver. cueeevravnnnsunn, 55 634
Floodwood TLYercvisssincvieinnevamnvnn. 34 257
Cloguebxiver .oovoeovieeiiaeincnan. .. : [ 075

VOoLuME o TIrs SAINT LoUIs RIVER.—No aceurate observations have been made of the flow o the Saint Louis
river. On May 24, 1870, Mr, James B. Francis made, as he states, o rough observation of the flow at Thomson,
whicli lie found to be about 5,600 cubie feet per seconid. #The river was then ovidently above the minimum flow.*
The ordinary Jow-water flow has formerly been taken at 2,000 cubie feet per second in makin g caleulations on the
water-power of the Saint Louis river, bub this estimate was stated to be a very rough approximation. With no
measurements to aid us, it is impossible to arrive at a close result, but the data at hand lead to the conclusion that
2,000 cubic feet per second is too high an estimate,

LSTIMATION OF FLOW FROM THE RAINFALL.—The Saint Louis basin is largely similar to the country about the
upper Mississippi, on which regular gaugings have been made. The latter has more Iakes, but about the Saint
Louis river are many marshes, especially on the west, and on the east the forest growth is denser and evaporation
less. Trom the sand ridges many fine springs, feed the streams, and these have an important effect upon the
permanency of the flow. The amount of annual precipitation at the headwaters of the Mississippi, used in the
estimates for the reservoir system on that river, is 25 inches, while on the Saint Louis basin it averages nearer 30
inches. At Duluth itis 83 inches. Tt is thought safe to conclude that the discharge per square mile of drainage
aren on the Saint Louis will be that on the upper Mississippi, increased by an amount due to the greater

precipitation about the former stream,
86
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The following data have been obtained on the Mississippi: . C

Arca of basin above Grand rapids, 3,636 square miles; discharge ut a stage 0.4 foot below mean low water,
069 cubie feet per second. Ienee, dischargo per square mile of drainage area, 0.27 eubic foot per second.

Area of basin above Aitkin, 5,715 square miles; discharge at o stage 0.2 foot below mean low water, 1,743
cubic feet per second.  Hence, discharge per square mile of drainago area, 0.305 cubic foot per second.

Because these gaugings were made when the river was slightly below an ordinary low stage, it is thonght boest
Lo assume the ordinary low-water flow to be 0.34 cubic foot per second per square mile of drainage areq.

From this, allowing for the greater rainfall, it is concluded to assume the flow per square mile from the Saint
Louis basin to be 0.4 foot at ordinary low water. This would give a discharge at Thomson of 1,223 cubic feet per
second, In tho absence of measurements, it cannot bo positively stated that this is corvect, but it is the resnlt
arvived at after comparison with the neighboring stream, the Mississippi, on which actual measurements have heen
made, Thoe theoretical power with this discharge under 10 feet head would be 1,388 lorse-power, Throunghout .
larga portion of the year, in all probability, the powoer would bo at least double this,

Tributary to the Cloquet river arve four or five lakes, with an aven of from 3 to 4 square miles cach, and upon the
extreme upper waters of the Saint Touls is about the same lake surfuce; but, compared with the Mississippi and the
ted River of the North drainage Dasing, the lako system of the Saint Louis is unimportant. If the Saint Touis
were an eastern viver, however, it would bo considered to Lo well supplied with lakes, It is very probable that
if the water-power interest of the stream warranted the expenditure extensive reservoies conld be made in the
swamps among the ridges and the low-water flow be very greatly inereaged,

TABLE OF POWER OF TIL SAINT LOUIS RIVELR,
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One peculiavity of the Saint Louis river is that its descent is coneenteated upon the lower waters, where the
volume of flow is largest. This is a very favorable condition for the water-power of the basin, as it concontrates
the power which would otherwise be distributed in small stronmns,  The upper portion of tho Saint Touis is rather
sluggish, but as the water nears the lake it increases its gpeed, until near the mouth it is o foaming torrent.

ABovy 1B Bi¢ Wirrs IPacs.—Rapids are infrequent near the headwators, and wlen they oceur are over
accumulations of bowlders, The drift hills usually come elose to the river on one side, whils on the other & timbered
hottom forms the shore. In places both banks ave low and flat. :

A fow miles above the mouth of the Big White T'ace river is & loeality where, according to report, o head of
20 feet can be made available by building a dam, '

The drainage area tributary to the Saint Louis river above the Big White Faco river is approximately 1,044
square miles. The region is not yet fully snrveyed. -The estimated ordinary low-water flow above the mouth of
the Big White I'ace river is 418 cubic feet per second, which, under 10 feet head, would give 474 theoretical horse-
power,

B1ie Waire Faom 1o FLOODW0OD RIVER.—~DBelotw the mouth of the Big White Face river the drainagoe ares
is increased to 1,578 square miles, the estimated ordinary low-water flow to 631 cubic feot per second, and the
resulting power, under 10 feet head, to 716 theoretieal horse-power.

Froopwoop o CLOQUET RIVER.—By the entrance of the Floodwood river from the west ¢ miles below
the avea tributary to the Saint Louis river is increased to 1,835 squave miles, the ordinary low-water flow to 734 cubie
feet per second, and the theorstical power under 10 feeb head to 833 horse-power.  From the mouth of Floodwood
river for the first 2 or 3 miles there is little fall, and for the following 6 miles there is a fall of abount 40 feet,  Trom
there down to Cloquet rapids, near the mouth of the river of that name, there is little deseent.  These rapids
consist of a descent of B feet in about 1,300 feet distance.

. 87



74 WATER-POWER OF THE UNITED STATES.

GRAND RAPIDS.—Four or five miles Lelow begin Grand rapids. There the river falls 75 feet in 5 miles,
averaging 500 feet in width.

The drainage area tributary to the river above these rapids is about 2,834 square miles, the estimated ordinary
low-water flow 1,133 cubic feet per second, and the resulting theoretical power, under 10 feet head, 1,286 horse-power,
The total theoretical power with the Th-feet fall is 9,645 horse-power. Half a mile below the foot of Grand rapids
is n small deseent called Pine rapids. Irom there down to Knife Talls the descent is slight.

Kwirn Farng o TmodsoN—At Kunife Ifalls there is a series of pitches over sharp upturned strata of slate
rock, Trom tho effect upon the moecasing of the traders and Indians originated the name. In Dr, David D,
Owen’s report the falls are stated to amount to a descent of 20 feet. The rapids make the total descent much
Inrger. The total fall from above Knife Ifalls to the township line, about 1 mile north of Thomson, a distance of
about 4§ miles, is 154 feet.

The drainage area tributary to the river above I{nife Falls is 2,926 square miles, the estimated ordinary low-.
water flow 1,170 cabie feet per second, and the resulting theoretical power, under 10 feet head, 1,328 horse-power.
This would make the total power, with the 154 feet head, 20,451 theoretical lorse-power. )

RAPIDS OF THE SAINT LOUIS RIVER.

From Thomson down to the sandstone guarry just above the village of Fond du Lac occur the rapids of the
Saint Louis, which place it in the front rank among the rivers of the West ag a water-power stream, A descent of
436 feet is mado from the township.line, 1 mile
north of Thomson, down to I'ond du TLae
Just above the railvoad at Thomson the river
ig Torced through o channel about GO feet wide,
between perpendicular walls of rock some 30
feet in height.  Tmmediately on passing misier
the railvoad bridge the stream veers to the east
and commences o series of the wildest leaps
over upturned ledges of slate rvoek. The dip
of tho stratn is down stream about 40 degrees,
and, as shown in the view, o sevies of jagged
pockets i formed. IPilling one, the water
foams over the crest and falls into the next
below. .

The Northern Pacifie railroad follows the
course of the river, and in going to Dulath tha
view from tho rear of the train is very beauti-
ful. At Thomson the viver bed is near the
4 peneral level of the country, but as it deseends

- hills 200 to 500 feet high rise above the water,
covered with & wild growth of pine and other
timber. Through deep gorges small branches
find their way to the main stream, and down
ab the hottom of its valley is the river, now
foaming over its rocky bed in rapids such us
those just deseribed, now making o graceful

RAPIDS OF TI03 SANT LOULS, sweep of gentle water around a projecting
slope. Dr. Owen, in his report, made many
years ago, distinguishes fowr series of fulls in the course of the rapids of the Saint Louis thus:

The lower falls are 3 or 4 miles above TFond du Lae, where the old portage trail began, and consist of a series
of ten or cleven cascades, from 6 to 10 feet Liglh, running obliquely across the chamnel. These occupy a total
distance of half a mile. e estimates the entire fall to be 103 feet.

The second falls are 1§ miles above the first; and although the total descent is only 76 feet, yet they are far
more imposing. Solid walls of rock rise 30 to 40 feet, and extend far into the stream, really making the river to
run on its edge, as it were. In ono place the channel is 40 feet, and in another only 25 fect wide, while above and
below it is 600 to 450 feet across. .

The third falls are a series of cascades, with o total descent of 45 feet. ' "

The fourth falls are very similar to the second, and consist of five large pitches and many smaller ones. The
total descent is a little over 100 feet, ‘

It will be seer by Dr. Owen’s report that there is great variety in the nature of the river at the rapids; but
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it must not e supposed that the descent is confined to the falls, as grouped by him, with intervening still water.
The river is more or less rapid all the way. Inthe contracted places, where the channel is deep and the velocity
very great, it appears very small; but it averages 100 to 200 feet wide in the rapids, and at Fond du Lac sproads.
out into a stream several hundred feet wide, with a current of 4 miles per hour, and is navigable up to IFond
dn Lac.

The Saint Louis River Improvement Company, already alluded to, is engaged in building dams and reservoirs.
upoun the upper section of the river for logging purposes, and hag expended mueh worl upon the Saint Louis rapids.
in blasting out the rocks, which would tear the logs into splinters. In high water the rocks are largely covered.

FALL AND POWER OF TUE RAPIDS OF TR SAINT Louls.—It has been stated that the total fall from the
township line north of Thomson down to Fond du Lac is 450 feet, Of this, 372 feet oceur in the first 4 miles down
to the mouth of Silver creek and 84 feet in the remaining 7 miles Ly rviver to Foud duLae. Thus the hoaviest
fall of the streamis this 372 feet in 4 miles, an avevage of 93 feet per mile.

The drainage area tributary above Thomson is 3,008 square miles, and the estimated ordumr} low-water flow
is 1,223 cubie feet per second. Under 10 feet head tlu::. would give a theoretical power of 1,388 horse-power, and
under the total head of 456 feet the theoretical power would be 63,293 horse-power. It was the opinion of Mr.
James I3, Francig that, while the total fall could not be available, undoubtedly three-fourths of it would be..
Three-fourths of the fall is 342 fect, and this would give 47,469 theoretical horvse-power ab ordinary low water.

It was impracticable to make a complete observation 01 the lowar portion of the river, but from what could be
gathered by a hasty view and by conversation it seems that much the greater portion of the power iy available,
It is true that the river valley is wild and rocky in many places, bub there are numerous localities snitable {for the
building of dams and canalg, with limitless material near ab hand, while access could be readily had to huildivgs
stationed at the xiver. As to transportation facilities, ecnough has already beon said to indicate the superior
advantages atforded this water-power, with the navigation of the greab lakes ab its door and the railroad following
the river,

WATER-POWIER COMPANY,

. The legal conditions ol the water-power of the rapids of the Saint Louis in January, 1881, were these, as.
obtained from Mr. E. 1., Craw, of Duluth:

TFor some time past o fow capitalists, with My, Jay Gooke as the leader of the enterpriso, have realized the
future value of this power, and have lately obtained possession of it.  For two yoars Mr, Craw was actively engaged
in buying out the many former owners along the river, and when mot had just veceived the last deed; so that the
title is now clear to both Lanks of the stream from Ifond du Tae to Kunifo Fally inclusive, o distanco by viver of
about 17 miles.  In January, 1881, the company was abous to be incorporated, representing a capital of $3,000,000.

POWER OWNED BY TIUB COMPANY.~—AS may he astimated from the figurves alrendy givon, the company oswn 61¢
feet fall,  Of this, 154 feet ave above the township line, 1 mile north of Thomson, and 456 teet from that Iine down to
Tond du Lue. With the estimated ordinary low-water flow past Thomson of 1,223 cubie feet per second, the total
theoretical power under 610 feet head is 84,668 horse-power, and, with an efficieney of 70 per cent., the availablo or
effective power is 63,501 horse-power.  Taking Mr. Francis’ estimate that three-fourths of the fall could undoubtedly
be utilized, the :wulable head would then be 458 feet, the theoreticnl power 63,670 horse-power, and the effeetivo
power, wnh wheels giving an eficieney of 756 per cent,, £7,678 horse-power, This fy about 14,000 horse-power greater
than the total effective power of the Lower Fox river in Wiseonsin, and very nearly one-half the effective power
available from the Mississippi river at Minneapolis under an efficiency of 76 per cent.

PROPOSED IMPROVEMENT.—The plan propesed by the company is eventually to build dams at different places
along the viver and utilize the power Ly canals extended along the Lanks, Mills would e located along these
canaly, and side-tracks run to them from the main railroad line, The chief industry toward which they must look
for the success of their enterprise is the mannfactore of flour.

About one-third of a mile above thoe railroad bridge Midway creek enters the river from the east.  The plan is
to throw a dam across the river a short distance below the mouth of Midway creek and back the water up into that
stream. Trom Midway creek a canal will run past the village of Thomson, and, bending, follow along the railroad
track, which will lie between it and the river, Mills will be stationed along this canal convenient to the railroad,
with their tail-races tunneled out to the river. It is stated that 70 feot head of water ean bo obtained. Under
this hiead the ordinary low-water power would bo 10,410 theoretical horse-power, It is practicable to extend the
canal about 5,000 feet along the river.

Mr. James B, Francis, in making some suggestions with relation to the improvement of the power, proposed
that the canal should have a capacity of 1,500 cubice feet per second and a eross-sectional aren of 500 square {eet;

“that it should be 55 feet wide and 9feet deep, with a mean velocity of 3 feet per second. The total depth, hestates,
should he 12 feet, to allow for ice.
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RIVERS OF THE SOUTH SHORE OF LAKE SUPERIOR IN WISCONSIN,

This region derives some importance, and deserves consideration in this report, because of the intended extension
of the Northern Paeific railroad cast through its length. The country is yet a wilderness, but the time will come
when, if there is anything to be developed, use will be made of it. Itwas inview of these fucts that a trip was made
on tho Wisconsin Central railroad to Ashland, on Chequamagon bay (prononnced Shewamegon), to gain information
coneerning tlic water-power.

"ToroarAPRY.—The water-shed rans near the lake, althongh not so elose as on the north shore, proviously alluded
to, and is at an average distance of about 30 miles from the shore. On this account the streams are not large, the
greatest, Bad river, having o drainage basin of 1,045 square miles. Tho average altitude of the water-shed is lrmn
950 to 1,050 feet about the Red river, and 600 feet toward the end of the lake. Itiruns through a flat, swampy regiou,
dxﬂxculb to locate, and many of the t.mmr'wl\_ swamps and lakes have two outlets—one into the rivers leading to the
Mississippi, and the other toward lake Superior.

On a line from south to north about the Bad river the profile is this: From the water-shed line, in places 1,100
feet above the lake, the descent is very gradnal to within aboub one-quarter of & mile of the I’enockee iron range,
when there is an aseent of 100 to 300 {fect, Yrom the erest of the Penokee range the descent is much more rapid for
100 to 300 feet to o ridgy section, which is elevated 500 or 600 feet above the lake. This terminates in what is called
the Copper range, where thero is a descent of 400 or BOO feet in about 3 miles. Ifrom there to the lake the
descent is 100 to 200 feet, constituting the lowland area. At the western end of the Ialke the water-shed is about
G600 feet above the lake, The descent is gradual, and then there is o gentle rise to the north for 1 or 2 miles to
the Copper range, from 400 to 650 feet above the Iake. I'rom the ridgy country forming the Copper range there is
a sudden descent of 300 or 400 feet, and from the foot of thoe range to the lake, a distance of from & to 10 miles,
there is o gradual descent of from 100 to 250 feet.

Rocox AND sorn.—The rock of this region belongs to the oldest formations of the globe.  South of the Penokee
iron ranga it is the old Laurentian Lase, which is tho foundation for the superposition of the sedimentary rocks
oceurring further south in Wisconsin. Then comes the Huronian, of which the Penokee range is formed. It is
made up of metamorphie rocks, consisting of schists, marbles, granites, ete., and containg extensivo accumulations
of magnetic iron ores, The name Penokee was derived from the Chippewa word pewadie, meaning iron, by the
mistake of a printer, Succeeding the Iuronian on thoe north is the Ieweenaw system of rocks, o metamorphic
system of later origin than the Turonian, according to the best authorities. This is the continuation of the
Keweenaw Point ridgo, and containg more or less copper. The Copper range helongs to the Ileweenaw series,
and north of this is the old red sandstone of lake Superior,

These rocks are very largely covered with glacial drift, and, espeu.xlly in the section between the Copper range
and the lalke, with a heavy Incustrine clay deposit. There the strmms have cut deep gorges in the clay, 25 to 100
feet in depth. There the Wisconsin Central raflroad crosses the White river, a tributary of the Bad river, by &
trestle 1,300 feet long and 100 feet high, called by the Indians the ¢ Spider-web?”,

Frow or rum 8TREAMS.—The principal streams flowing into lake Superior from Wiscousin are these:

Estimated or- | Theoretical

v " dinary low. | lorac.pow-
Kama, Drainage 8red}  ppted flow, | orundor10

per second, foet head.

) Square miles, Cubie feel.
LTI O 1,045 418 73
Nemadfi viver..oouaeen. o Crrenuae ey 430 178 200
Montreal viver coveeee i, [T TN 284 114 129
Bois Brald 1iver veevuvvivenans RPIRNNN 148 69 67

It is thought, by comparing with the uneighboring streams, that the ordinary low-water flow approximates to
0.4 cubic foot per second per square mile of drainage area, for these reasons: The Upper Mississippi, with an annual
precipitation of 25 inches, has about 0.34 cubic foot, and the Saint Louis, with a rainfall of about 30 inches, is
estimated to have 0.4 cubic foot. The region now under discussion has an annual precipitation of from 30 to 335
inches, while it is not so retentive of moisture as the basins of the above-mentioned streams.

The streams given in tho table wounld have little water-power were it not for their rapid descentto lake Superior,

In passing throngh the Penokee and Copper ranges they are exceedingly rapid, and in many places are vertical fa]l.s.
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BAD RIVER.

Tho Bad river rises about 900 feet above the lake level, and the Wisconsin Central railroad passes down the
valley, crossing the river at least fonrteen times. The highest crossing is 895 feet above the lake, and there the
stream is 20 feet wide. Ior the next 5 miles there is an average fall of 10 feet per mile, and then there is a descent
averaging 25 feet per mile for 2 miles Below this is a fall of 52 feet in three-quarters of a mile, including a descent
of 20 feet in 500 fect in less than a quarter of a mile, and below this is a fall of 17 feet. This is a sample of the
course of the river, except that there are several falls of much greater magnitude below., In one place there is a
perpendicnlar fall of 25 feet, and then a descent of 40 feet in 1,100 feet. This is just above the mouth of Tyler's
fork. = At the mouth of Tyler's fork the river is from 320 to 330 feet above the lake. Ior the next mile there is o
rapid fall, the descent down to the mouth of the Maringoun river averaging 30 feet per mile. Below this there is
00 to 100 fees fall to the lake. Tho river now runs through the lowland. About half way between the Maringoun river
and the lake is o series of falls of from 1 to 2 feet, over sandstone and shale, for a distance of about 14 miles. The
land about the mouth of the river is marshy, and in the lowland its bed is cut deep in the clay. In passing the
ridge country the river runs through rocky gorges and valleys of no great depth as a usual thing, but it has little
effect npon the hard rock forming it bed. Thearea tributary to the river above the mouth of the Potato river is 636
square miles, which would give an estimated ordinary low-water flow of 254 cubie feet per second and a theoretical
power, under 10 feet head, of 288 horse-power. There are many favorable sites for improvement very close to the
railroad, and, with the high heads available, considerable power can be obtained; but the stream is much smaller
there, probably not over one-third the size that it is at the Potato river, giving, say, 76 horse-power under 10 feet
head at an ordinary low stage. With 40 feet head the power would then bo 300 theoretical horse-power. There
are sharp bends in the stream, and by tunnels through the rvidges a large fall could be utilized in somo places.
Apparently there is nothing in that region to induce the utilization of the power in advance of the improvements
brohight about by the railroads, The lowland area about the Bad river has a clay soi], which is reported to give
good results in the raising of wheat, and the country is covered with a growth of hardwood, bireh, and poplax,
interspersed with pines. Considerable pine timber has been taken out along the main stream down the Bad river
to the lake. Along the railroad the pine timber is inferior in guality, but is better further back, and along the upper
waters of the larger streams tamarack and cedar swamps abound.  Being dirvectly on the line of the Wisconsin Central
ailroad, the Bad river has spocial advantages for manufacture not offered by the other streams. There was at
one time a saw-mill, now in ruins, run by this river at the falls in the lowland region; but now there is no
water-power used in that section.

The White river, ontering near the mouth of the Bad river, is the largest tributary, having & basin nearly 400
square miles in oxtent. Its total fall is about 700 feet, mostly on the upperwaters. The Maringoun and Dotato rivers
and Tyler’s fork are the other important tributaries, and arve all rapid streams,

MONTREAL RIVIR,

Of all the larger streams flowing into lake Superior from Wisconsin the Montreal river is the most rapid. The
sources are about 1,000 feet above lake Superior, and in o distance of about 50 miles it makes thig deseent. Most
of the fall, unlike the Bad river, is situated upon the lower portion of the stream, The Copper range here comes
close to the lake, and there is no lowland region, Thus, there is a fall of 90 feet about 1,300 feet from thoe mouth
of tho river. Two to three miles above are two vertical leaps and a rapid between, making a total of 78 feet. The
lower one of these two fallg is 40 feet. Tho mouth of the Gogogashugun is 503 feet above lake Superior, and about
4 miles above this river are three falls, 15, 85, and 25 feet high, consisting of vertical falls and rapids. Just about
a mile above these falls the river is 910 feet above the lake., There are only two small rapids beyond this point.
The headwaters are in tamarack swamps,

BOIS BRULE RIVER.

The Bois Brulé river heads in a sandy ridge of glacial origin, which absorbs the water and feeds the rivers
flowing from it with fine springs. The water-shed along the sources of the Bois Brulé averages 600 feet above the
lake, and many rapids oceur in its course, especially in the lower portion.

NEMADJI RIVER,

The Nemadji river proper flows northeast, instead of north, like the streams just discussed, and does not rise in
the elevated ridge region; hence it is a quiet stream without any rapids of importance. With its chief tributary,
the Black river, the case is different. It rises in the elevated region and flows north. Where it leaves the Copper
range there is a descent of 300 feet in about three-quarters of a mile. A portion of this is in & chute of 140 feet

at an angle of 80 degrees and a fall of 50 to 60 feet at the foot,
02
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RED RIVER OF THE NORTH AND ITS DRAINAGE BASIN.
GENERAL REMARKS.

COURSE OF TINE RIVER~—Sixty miles east of the western boundary of Michigan, and about 9 miles north of
latitude 479 I8 w small sheet of water, ¢ miles long and narrow, bent at right angles in the middle, to which
is given the name of Elbow lake, Trom this runs a stream in o generally southern direction, called Ofter Tail
river, which finally discharges into the northeastern end of Otter Tail lake, about ten miles uorth of latitude 460 304,

At the opposite end of this lake, 40 miles east of the state line, and properly the continunation of Otter Tail
river, starts the Red River of the North, Taking o west-southwest course to the berder between Minnesota and
Dakota,'it swildenly tuens shavp, and, flowing almost due north for about 100 miles by land, forms the bonndary
between Minnesota en the east and Dakota on the west; then, erossing the national boundary, it passes into
Munitoba, losing its name in lake Winnipeg, but finally reaching the waters of the Atlantic by way of Nelson
river and Iudson bay.  Lks waters fivst ind the ocean in latitude 579, fonr degrees north of the headwaters of
the Golumbia, one of our most northem streams,

ropuemMoN or 1R REGION~The region of the United States lying about the Red River of the North ig,
strietly @ new country,  Ouly within the past few years has the tidg of emigration been directed to this region,
and the land is being rapidly settled by foreigners of northern Llood, 16 is eminently the land of wheat, In
castern Dalkota, along the Northern Pacifie vailvoad, ave the vast Dalrymple farms, and along the immediate
Red River valley, and up the valley of the Goose river, are raised 1‘011131‘1{&»1.)10 crops of wheat. The winters ave
severey the summers are mild, and growth is rapid. The warm air fromv.the Japan current in the Pacilie, flowing
down the region of the Saskatehowan, spreads over the Northwest o softening influence, which forces hack.the
piereing Arvetie eold, wnd makes farming possible hundreds of miles north of Winnipeg.  Iven in winter, except
in extraordinary seasons, the elimate is comparatively mild, ’ ‘

TRANSPORTAPION PACILITIES—~Tho local means of transportation are the Saint Daul, Minneapolis and
Manitoba yaileoad to Saint Paul, the Northern Pacifie railroad, and, in addition, for north and south transportation,
the Tted River of the Xorth,  One natural outlet of the region would seem to be eust through the greatlakes to the
sea, el as geographieal conditions are important factors in regulating transpertation routes this course must be
always o prominent one, Theve is prospeet of a diveet route in the future from Manitoba cast by the Canadian
Pacifie, il the Novthern Pacific Company is husy extending its road along the soutl shorve of Jake Superior, all
the roads being eager to grasp the grain traflie of the Northwest, There is also o seheme proposed o open a
eanl at Duluth, ot an estimated cost of about $4,000,000, west from Jake Superior, and down the Red Lake viver
to the Red River of the North,  This schema is claimed to he practicable from an engineering point of view,

PHYSICAT GROLOGY O TIHE DRAINAGE BDASIN,

As is eharacteristic of most of the drainage arveas of the Northwest, the country tributary to the Red Jdiver of
the North possesses nous of the hold, pieturesquo mountain seenery of many of the eastern river valleys. On
the contrary, the Red River vatley in Dakota and Minnesota has been the subjeet of remark hy all explorers along
its conrse heeanse of its extremely level prajeie surface in all directions, '

CIANGE 1IN DRAINAGE==This stream and the country whith it drains possesses especial interest from &
physiographieal stundpoint.  There is every indieation thut in comparatively recent geological times tr'lm w:}mrS of
that vegion found an outlet by the valley now oceupicd by the Minnesota river, and, instead of entering l.ludsou
hay, formed o part of the Mississippl system, emptying into the Gulf of Mexico, whoso northern'coast:hne wils
then well up toward the present moutl of the Ohio river, General ¢ I Warrens report, made in ?.&:(;S tu‘ the
chiel of engincers of the United States army, containg 2 map illustrating the then probable 0011(1}t10}1 0'1 tho
drainage systemi. Fov o foll understanding of the Red River of the Nortl, past and 1)1‘0.3(-,1111, and its dr{upa'ge
hasin, a brief deseription of the causes which led to the present condition of northwestern Minnesota and vicinity
may be allowed. .

(FLACTAT, ACTION.—Alter the cpochs in which were deposited the sandstones, Hmestones, shgles ete.) and in
the Tatter part of which there was a tropieal climate in the nortl, according to the glacial theory, in what is called
the early post-Pliocene period, (he elimate lowered to Aretic coldness, and a vast ice sl.x.eet_c.overe(l 1;'.110 1101*1;1191&11
part of North America, gradunlly extending its front well down toward the present Ohio River reglon. A‘s the
iee accumulated thousands of feet thick in the colder region north its weight pressed the lowel" portion ]11“"' i
semi-fluid mass toward the south.  This ground the soil and rock left by the preceding ages, carrying the materinl
on its surfaco or in ity mass in the slow movement southward, smoothing ofl’ the irregularities of t;hcs sm;{uce,
and, in retreating, (istributing the “drift”, as the eroded material is ealled, in o guncra-lly unj.form surince;i ‘.l’h.e‘n
it is thought that over the Northwest, at least, the ice-sheet receded, owing to a clmngeg;n climate, and afterward
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advanced once more, rearranging the upper portion of the drift previously deposited, and, when the cold of the
glag'er agoe was finally conquered, leaving northwestern Minnesota much 'ag we find it now so far as contour
is concerned, although the rivers have since modified it to a slight extent. It is probable that during the recession
of the second glacial sheet, if the term may be nsed, occurred the change whereby the drainage of the Red River
region was diverted from the south to the north.

INDICATIONS OF TIE CIANGE IN DRAINAGE~—It may be asked: What ave the reasons for assuming that the
Mississippi once received these waters? The prominent ones aro these: Tho second glacier had in Minnesota its
southern front from about the latitude of Saint Paul, west and northwest, throngh about the center of the western
boundary of the state, and melted as fast as it was pushed down from the north. This must necessarily have given
rise to enormous volumes of water, for after equilibrimun had been established all the precipitation on the vast
region north would have been melted along a narrow belt at the terminus of the glacier-cap. 1t would be surprising:
if these great foods had passed off without leaving some traces on the easily eroded drift deposited by the preceding
ico-sheet.  Nor are remarkable indications wanting of just such action on the largest seale.  South of where the Red
River of the North takes its final course northward are two long, narrow, and shallow lakes—Ilake Traverse
(pronounced lake Travarre), and southeast of it about & miles Big Stone lake. The first flows into the RRed River
of the North, and the second is drained by the Minnesota river, and the water-shed between them is estimated by
General G, K. Warren, with s possible error of 25 feet, as 995 feet above the sea, with an elevation of only 5 or G feed

.above lake Traverse. In veryhigh floods on the Red River of the North o stream of water actually runs from luko
Traverse to Big Stone lake, From Big Stone lake the Minnesota viver run§ southeast, and then northwest into
the Mississippi river. In ascending the Minnesota from its mouth it is noticed that the course of the river isin a
valloy 1 to 4 miles wide, and varying in deptl from 100 to 200 feet, or slightly more. There is a regular trougl,
cut out of the heavy bed of unmodified dyift, or till, as it is called, and as the upper portion of the river is neared,
and tho stream grows smaller, one is more and more impressed with the fact that the prosent river could never
have eut this vast chiannel.  The dimensions of this trouglh continue the same, the present river meandering through
the bottom, whilo at several places the till has heen worn down to the ol formation of rock whieh there underlies
ity the solid granite rising out of the alluvium of the bottoms in domes and water-rounded masses many feet in
height, Thusit is below the mouth of the Yellow Medicine, and ab Granite Falls a great ridge of the metamorphic
rock has been worn and Dbroken through, Reaching Big Stone lake, we find still the samo trough-like depression
in tho rather lovel prairie; in fact, both it and lake Traverse, with the intervening water-shed, lie in the
continuation of this same valley; and at the upper part of lake Traverse the bluffs on either side fade away into
the wider expanse of thie Red River valloy. Looking at the little stream, scarcely 20 fect wide, as it flows sluggishly
from tho end of Big Stone lake, it is apparent that in its present volume it could never have eroded this immense
channel; indeed, it has hardly had any effect on the alluvial floor of the valley through which it flows.

It is evident that this Minnesota valley must have been carved out by some vast river; and it is equally as
certain that, granting tho glacial theory of Agassiz to be correet, which receives by far more credence than the jcoberg
theory alone, there must have been in this very locality in the post-Pliocone times immense volumes of watexr
produced by the meltingice, Putting these two facts side by side, wo arve brought irresistibly to the conclasion
that tho region now drained by the Red River of the North once poured its vastly greater flood through tho
Mississippi basin into our southern seag, This fact was fivst pointed out by General G K. Warren, United States
corps of engineers, in his roport of 1868, ‘

CAUSE OF THE OHANGE IN DRAINAGE.—The Red River valley proper is o level plain from 10 to 20 miles wide
on ecach side of the river, and is bounded by suceessivo terraces and low lills, rising at the crest of the watershed
to several hundred feet above the river. This level prairie extends north to Lake Winnipeg, gradually widening
out, and the slope of the ground is very uniform, about one foot per mile, The superficial deposit of the Red River
valley and tho traces of old Leaches along the terraces point to the former existenco of & lake, filling the whole Red
River valley, and extending up tho Assiniboine valley and over a large territory in Manitoba, 100 to 200 miles wide
from lake Winnipeg west in Manitoba, 800 feet deep there and 200 feet deep at the national boundary. There ave
two theories as to the cause of this ancient body of water and of the change in the direction of the drainage.

GuNERAL WARRENS THEORY.—CGeneral Warren thinks that originally the summit at lake Traverse was
lower than the land between lake Winnipeg and IHudson bay, which would cause a large lake, with the dimensions
just given, and a southern outlet; that an elevation of the surface oceurred at the south end of the lake, with
perhaps a sinking of the land north; that at all events the south end was elevated enough to raise the water over
the divide at the north, aud soon the present channel to Fudson bay was cut out, drawing the old lake down
below the level of the southern outlet, and finally draining it. Nelson river, before reaching Iudson bay, rans
over very rougl rapids and falls, the slightly worn rocks indicating a comparatively recent origin of the river

Proressor WINOHELL'S THEORY.—Another theory is given by Professor N. IL Winchell, state geologist
of Minnesota, It is this: The vast quantities of water consequent on the melting of the ice-sheet were hemmed
inon the north Ly the wall of ieco and found a way of escape to the south, as alveady described. As the ice wall
receded @ lake was formed in the present Red River valley with asouthern outlet, this lake gradually growing largez.
Finally a time Wasgl;eached when the ice had melted sufficiently far to allow the water to find a passage by way of
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thie north, as at present, and when the water level was drawn down the southern outflow way stopped and the
lakke drained. This ancient lake, believed to De of glacial origin, has been named by Professor Winchell lake
Agassiz. :

GEOLOGICAL STRUCTURE,—It is a fact that nowhere along the course of the Red River of the North iy rock
found “in place” untilin the vieinity of lake Winnipeg, where the river strikes a light, buff-colored limestone. Jrom
its source to near its mouth the bed is in the drift left all over the surfuce of the rock in that region, and the only
rocks met are the erratie bowlders, called “hard heads?, seattered through it. The glacier appears to have had its
southern and soutliwestern terminus here, for western Dakoto is a driftless vegion. Taking a cross-seetion of the
valley in a line rauning east and west, the condition is found to be as follows (see Professor Winchell's article in
the Popular Science Monthly for June uud July, 1873). The divisions can hardly be ealled strata, although there
is o general plan of superposition: .

1. Alluvium of the modern river, increasing in thickness toward the north and rather sandy in its iature
above the Red Lake river. It is largely restricted to the immediate river hottoms,

2. A finely-divided, lonmy-colored clay, without stones, and evidently the deposit from the muddy waters of
lake Agassiz. It is thickest at the nerth, and finally fades away, being unknown about lake Traverse, and hardly
found south of Dreckinridge, The deposit is of varying width, but is greatest ab the north, and south of the nafional
boundary iy generally from 15 to 20 miles wide on each side of the river. It formerly covered most of the bed of
lake Agassiz, but the changes in that lake disturbed it largely, and cast of Moorlead it thins out rapidly, but is much
thicker on the west side, The lacustrine deposit is & very pecwliar feature of the region, This is the subsoil which
has given fame to the Red River valley within late years ay o whet us]n'nducluu' gountry; aund, althongh hardly
superior in that respect to the coarser drift which onterops east and west, it is making tho vnlley renewned for ity
almost unparalleled productiveness, As a storehouse to supply the Llack loam above with the necessary sults it
gives a wheat-growing seil elaimed to be the equal of the celebrated Wchornoi Zem, or Llack-carth region of
Rugsin and Iungary, It is also maintained by some that, owing to the cold winters, the frost will bring to the
loam {rom the subsoil rencwed vitality each year, making the ground inexhaustible.

3, A sand and gravel strata, caused by the fake waters dissolving the drift, which made its bed, and floating oft
the clay from the gravel and sand, This is only found under the lacustrine elay.

4. Trao unmodified drift or till, a blue hard-pan, This drift is spread in a bed of from 100 to 200 feot thick over
a large part of northwestern Minuesota, and consists of an wncertain mixture of clay, saud, gravel, and bowlders,
all the preceding layers being modifications of it Of the stone found in it in the Red 1\,1\'01.‘ region 70 per eent.
belong to the Winnipeg limestone, and there are many granito bowlders.  This limestone formed tho bed and shores
of lake Agassiz, Coming to the surface along the edges of the walley propor, 10 to 15 miles cast and west of the
river, it forms large, slightly undulating plains. South of Breekinridgo the lacustrine clay, as already mentioned,
thins ont, and this drift comes to the surface. Dast and west it is then more irregular in surface, and is largely
wodified by action subsequent to its tirst deposition, forming the hilly, volling regions nbout the water-sheds of the
basin, the medial moraines about the headwaters of the river on the cast, and in Dakota the Coteaun des DPraivies.
As it emerges in the moraines just mentioned-the nature is conrser, there DLedng more sand and gravel and large
quantities of bowlders. Some of the hills on the east are thickly eovered with the rounded and glacier-worn
“hard-heads?. '

5. A layer of bowlders and gravel, with somo clay, and oceasionally sand and gravel. There s in this
cousiderable slate and lignite from the Croetaceous, which was broken up by the glacier. This layer is probably
underlaid everywhere, except in inconsiderable areas, by the Cretaceous deposits, so fax as Minnesota is concerned;
but in Manitoba the Silurian rocks rise through the Cretaccous, and in 1)1&1(.@3 oven through the drift appeaving
at the surface.

Of course there are varviations from the above scetion,  In places ave found local layers of sand or gravel; then
again beds of pure:blue clay, ete. Where glacier streams havo run down into lake Agassiz, earrying their mud
and debris, they have formed deltas, now apparent as local modifications, and the modern streams have also had
theiv effects, though the old beaches of lake Agassiz ave yet traceable,  Thereis a synelinal dip of the different layers
toward the viver, and this gives rise to artesian wells in the valley proper. Tayers 3 and 5, bub especiadly 5, and,
when overlaid by the impervious blue clay, layer o, give fine wells, the water entering {lm water-bearing layers
in the rolling land. A well about 20 miles north of Crookston is said to throw o stream & inehes in dimmeter 40
teet high. '

The following section was given by Judge Ives, of Crookston, and probably represents the conditions in that
alley

1. Soil16 to 30 inches thick, black loam confaining 8 to 13 per cent. of organie matter, and 3.8 to 5.2 per cent.
of alkaline salts. .

9. Marly clay subsoil, 6 to 10 feet deep, containing 40 to 55 per cent, of carbonate, sulphate, and phosphate of
Hwe, and 5 to 8 per cent. of salts, consisting of sulphides, chlorides, and nitrates of potassa, soda, and magnesia.
The balance is silicate of almmm.

3. Layer of sand and gravel from 3 inches to 10 feet ﬂnc,l\, holding water,
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4. Bowlder clay 40 to 120 feet thick, containing Cretaceous fossils, and in some places & stratum of sand and

;gruvel Where this sand stratum has not been met in the boring of wells the bed is from 100 to 120 feet deep.
. A layer of brecciated sand and gravel.

b. Silurian sandstone in place, impervious to water.

Numbers 3 and 5, and the sand and gravel layer where present in number 4, are water-bearing, as mentioned
in the geological section of the valley given previously. The great difficulty is to procure good water for domestie
use, the surface water being strongly impregnated with alkaline salts. The waters flowing over the fresh-water
(1L1)()blb of the old lake are less highly cliarged than those whose beds are in the bowlder clay, the unmodified drift,
which is largely derived from the marine deposit of the Cretaceous sea.  Thus the tributavies further north are less
alkaline than those nearer the headwaters of the river. The Bois de Sioux, which flows over the river hottom
entirely, is purer than the Otter Tail, which runs througl the rolling drift region. The farmers in the valley dig
through the loam and marly clay to the water-bearing layer, number 3 if they strike a thin portion of the layer
the supply of water is small, but if a thick layer is met it is abundant, It is not permissible to let the water be long
in eontact with the marly elay in whicl the well is dug, as it soon becomes saturated with allaline salts; and
accordingly the wells are cased, and this has been done with pine boards usually. It is noticed that the water of
woells so eased becomes extremely offensive from the decay of organie matter, and ave at times utterly unfit for use,
The subject was investigated under the direction of Professor N. I Winchell, and it was decided that there was
no organic débris in the soil to produce this effect, but the pine ecasing used for the well as it decomposed was really
tho cause of the trouble. It is felt that this habit of casing the wells with wood liable to decomposition may he
largely instrumental in producing the disease known as Red River fever,  The water of wells dug in the praivie
without easing may be eharged with organic impurities in swmmer from the decay of the rank vegetation fulling
into it, and this is frue of the smaller streams which are choked up with grass and weeds,  All the surface water
and small wells through this region are too strongly mineral to he really good in quality for domestic purposes,
Pt there is a great resonree left in the oxcellent facilities for artesian wells, Thelower stratum of sand and gravel,
anderlaid by the solid rock and eapped by the impervious layer of bowlder clay, forms a reservoir all under the
walley fed by the rains on the higher lands east and west.  Then-the sand and gravel stratum in tho ¢lay ubove,
where ocenrring, is lable to contain water. Wells bored into the bowlder clay sometimes striko water, bat it is
sudvigable to continne to the lower stratum below the clay, wheve there is almost & surety of good results.

In the valley proper, as already mentioned, this water-bearing stratum is about 120 feet below the surface, but
«cuast and west, on the terraces the depth is ol course greater. In the early part of 1881 there had been three
wells bored in Pollk county—one on the south side of Red Lake river, near Crookston, 190 feet-deep, and two
20 miles farther south, 145 feet deep, all throwing copious streams of fine soft water from £5 to 40 feet high, One
4t least of those south of Crookston gives o stream 5 inches in-dinmeter and 40 feet high.

GENLERAL DESCRIPTION OF TIIE BASIN.

The discussion just completed of the geology of the distriet will enable n more ready understanding of the
topogr Lphy hydrography, and other physical characteristics ol this drainage basin, It would be diftienlt to find
o river owing its snrrounding features more complotely to the geological 1)0110(1 immediately preceding the present
one.  The very drainage arvea is to a certain degree limited in extent by the moraines shoved in front of the advancing
ice-sheety already mentioned, and in nearly all places of which information can be obtained for this report the sunmit
line of the basgin is determined by a glacial moraine.

LIMITs OF TUE BASIN~—Irom tho geological reports it can be gathered that a rongh, Lilly section running
southwest from the castern side of Red lake forms the dividing line between the White Xarth lake, which empties
into a tributary of the Red River of the North, and lake Ttasca, at the headwaters of the Mississippi.  This continues
south a fow miles to the east of Otter Tail viver, where it is called Leaf hills, and is deseribed ay a medial moraine,
Then turning southwest, so as to inelnde West Battle lake and lake Olitherall in the basin, the Leaf hills, there
cconsidered a terminal moraine, merge into irvegular belts of hilly land, which determine the dividing line between
the basin and the Pomme de Terre river, which flows into the Minnesots. Ifrom there down to lake Traverse the
water-shed seems to coincide very closely with the shore line of lake Agassiz as given in the state geological report,
aund, passing west, it makes the dividing ridge between lake Traverse and the Big Stone river. West of lake
Traverse the basin is bounded by the Coteaun des Prairies, from which the boundary crosses over to Coteau des
Missourd, and so sweeps away up the North Saskatchewan river, 350 miles west of Winnipeg. This is the terminal
moraine of the great ice-sheet on the west and southwest, and completes the boundary-line of the Red River basin,

CROSS-$ECIION OF THE BASIN~—The Dest idea of the contour of the basin is to be obtained from the
accompanying cross-section through Moorhead, copied from the state geological report of Minnesota for the year
1877. It is only claimed to be largely an ideal skctch

Tt will e seen that east and west of the river extends a nearly level plain, the lacustrine clay bed, with a width of
10 or 15 miles on each side of the river along the upper portion, widening further north, and a very uniform slope of

1 foot per mile toward the north, sloping toward the river from bhoth sides sllnhtly, and at Brecklnmdge about 23
96
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feet per mile, with not a knoll, not a solitary bowlder, upon its surface to break the monotony of this praivie plain,
only the trees, confined to the alluviam along the river, appearing above the praivie grass, excepting the vapidly
inereasing number of farmers’ houses. :

This is the wonderful Red River Valley wheat region, At the national bonndary it is about 800 feet above the
sen-level, and at Breckinridge about Y60 teet above the sea,  Succesding the plain on each side is a terrace, probably
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BRECTIONS ACROSS THE VALLEY OF THE RED RIivik ov 1ie Nortn a1 Moorupap (Geslogical Report of Minnesotn, 1877),

the shore line in front of luke Age\SSiz, rising on the east in a fow miles 200 or 300 feet, and beyond this is an undulating
surface leading to the hilly moraines which form the dividing ridges. This undulating and hilly portion is praivie
country, with groves scattored in places among the knolls, and is fine farming land.  From White Iarth lake, lying
west of Itasca lake, down to the river, the profile is this: The land around the lake is about 1,600 feet above the
sea. In the first £ miles west from White Harth ageney the land descends 300 feet to an extensive nndulating
plain.  This plain runs west 25 miles, falling 100 feeb; then there is o deseent of 300 feet ina fow miles to the
lacustrine plain adjoining the river. The undulating country on the east is made up of the moraines, Beside the
Leaf hills, mentioned as forming the boundary of the basin on the east, is & prominent medial moraine ranning
through the Dotroit Take region, and forming the eastern boundary of the Pelican River basin, a tributary of the
Red River of the Novth., About Detroit the hills are 50 to 100 feet high, and sonth the moraine is 6 to 7
miles wide, and along the Delican viver the hills ave 100 to 150 feet above the water,  Trom Fergas IFalls the moraine
sweeps southeast and merges into the Leaf hills, In the 25 miles from lake Lida north to Fergus Falls the general
surface falls about 100 feet. . ‘ '

Brrvarions.—The following are some of the elovations above the seq, obtained mostly from the geological
reports, There is a possible error of 25 or 50 feet in them:

Toot,
Crookston ........... b e Sme b e s kR ke ek A ma e u e ey aan A and AN AnTE Tt e nEd o s ks an . B850
Hill-tops about Detroit,.ces e  heweanunentamnas aunnenesanmnnssnennymeen tasnasvasnnunnnyinesss b OO0 to 1, 600
Perham, Northern Pacifio railroad ... Ceees femmennana kmee nemenees ameseimcsssanmnaemeaanraen 1,375
Now York mills, Novthern Pacific railroad. coweveen.. emeevenen W rmamme maeenn fadmma s ey 1,418
Otter Tail river ab crossing of Northern Pacific railvoad veveasuvns emwmmnrmsesrieeans tannes saen tan . 1,887
Pelican river at eroysing of Northern Yacifio railvoad. ... P bewman 1,846
Otter Tail and Rush lakes...... R 1, 825
Bast and West Leal Ialios . cveusvaeven coneas vans cnne toneen soanuansnuas tnmams suross smosmnnsasessrnns 1,340
Red River of the North at Fergus Falls e noee e iii e i i cet trvame vavsms sren s e teamr snn nuas 1,181
Bridgo at Dayton, heloww Forgng FallBa ... vaer e cmtrannnas tarnnn sraens mannnscasosssmmntessssnanssnras 1,071
Water-shed hotween lakes Travorse and BIg Stons ... caveirs ottt cnnmme sunrensrnasarscsacsasnas 905
Saint Olaff, on tho 8aint Paul, Minneapolis and Manitoba radlrond vove cenevaniianes v nes PR 1, 344
Livke ClEIOIaLL, alot oo e ne v e ot i trvaa e e set tnsn cnus asns mmmmsanaan smmn vwrs amnd srrnaanmen 1,341
East and West Babtle 1oRes oo voee cneeie it cims crracais tans cnensamnat tavs nenmans mrenarnansna . 1,338
Nidaros plain, southéast of lake Clitherall .......... ewmne mmme e ra e e tmmann e peanaman ennan 1, 4560
Averago elavation of southeast Otber Tall COMMEEY crve cciaciie vean camecarnvemarnnn svsmnaraniensass L, 378 to 1,400
Lieaf hills about Taglo JAKO aer cvet coersmmevner rmes ceimsmres cntecns anbn vanbarons reecmesmnnanaaas 1,400 to 1,500
Lund and Millerville townships; in Douglas county «ovmes covns srvvun svmnvevmesss covesnmans vennanes L OO0 t0 1, 600
Leaf Mountain township ....o..oon- v emees saaann e has man rmuna. o, s e e nvmnsnennaes LB00 to 1,050
Northwest Efinglon..oeovimmesiimamrieacannencanen A . 1,600 to 1,700
Highest summit of Leaf hills, probably in section 32, fownship 132 range 38, about .......ocoinnas. 1, 750
Thanee 7 miles northeast ... ...c.... R ey n— e ramee aas mmane s . 1,600 to 1,650
Abont Leaf 2Iver CLoSSING suuu e vemm s ceiiasti s cern camaa s arr i seiasam et e vane wm e nan e e aats e 1, 4256

Thence 6 miles north to second crosging of Leaf TIVOr - cvvevomn cavtvaecan cucacstancns snrs sennnssesnae 1,460 t0 1,040

No elevations were obtainable of the vegion in Dakota, and, infaet, a large part of the water-shed in thot region
has been little surveyed, the land-office maps representing the territory about the headwaters of the Sheyenne and
Mooze rivers almost in blank.

TWO-FOLD HYDROGRAPHICAT DIVISION OF THE BASIN.

It is evident from the above remarks that the Red River basin can be considered as consisting of two divisions:
The plain, constituting the Red River valley proper, and whatmay be called thebill country, from which most of
the tributaries run. Though both are prairie land, they still have very different appearances; oue, a level sea of
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grass, oxcept where the streams run; the other, at least on the east, consisting of rolling ahud even hilly praivie,
interspersed with an astonishing number of lakes, and in some localities with groves of trees,  This division will alse
serve s a geographical division of the water-power of the basin. All the water-power, with scarcely an exception,
is in the hill country, and omitting a possible power at Goose rapids all the available water-power of' the river
proper is from Dayton, east of Breckinridge, up to the headwaters.

Toe LAxEs.—The lakes, whichalmost cover the surface of central and western Minnesota, are a very prominent
feature in the seenery of the hill country of the basin, and one of them has given its name to the connty and river
flowing through it, Uhis lake, called Otter Tail by the Indians, and one of the largest in western Minnesota, is 8
miles long, and averages 23 miles wide, rather square at the ends.  Its area is 20 square miles, and the long axis lies
in a southwest and northeast direction. The Red River of the North is the outlet at the southwest end, and the
Otter Tail river enters at the other extremity, The bed and shores are sandy, and the lake is quite shallow, D,
D, D. Owen in his report stating that it is only 4 feet deep half a mile out from the west bank, The Otter Tail
river flows southwest to the lake shore, and then suddenly turns at right angles to the southeast, flows parallel with
the end shore of the lake for a mile, only separated from it by a narrow sand ridge 5 or 6 feet high, and finally
enters the lake. This ridge has the form of an otter’s tail; hence thie name of the river. It is evident that
two forces have been struggling for the mastery: the lake, under the action of the sonthwest wind, churning
up the sand of the lake shove, perhaps brought down by the river itself, and theriver endeavoring to break througlh
this barrier. Under their combined action a bar has been formed, and finally a sand ridge, the river running along
bhackof it and the mouth moving southeast down the shore with the growth of the bar, until now it is atthe sontheast
cornor of the lake. The lakes, being as they are in the water-power region, exert a very important effect upon the
value of the streams, and are merely the filling by water of the innumerable basins and closed valleys left in
the drift by the reeession of the ice, as will be deseribed in another place. The total number of lakes in the
Red River Dasin in Minnesota, as given on a large and detailed state map, is 700, varying from about 250 square
miles in extent (Réd lake) to the veriest pool (see map of river), Of these, 241 are counted in the water-shed
tributary to the river above IMergus Ifalls, Many have no apparent outlet, but there is o probability of their
filtering through tha sandy shores, where such oceur, into neighboring lakes or streams. In some of them the
evaporation probably equals the supply, Many of these lakes afford fine fishing and hunting, and at the proper
- season ducks and wild geese abound.

TiMpER.—The timber is mainly confined to the river courses, but in the hill conntry there are seattered groves,
In the valley proper the timber is along the main stream and tributaries entirely, and it is there confined to the river
atluvinm,  On Jeaving the rolling land, for twenty miles, down to Breckinridge, there is no timber. The geological
report states that in the first 10 miles below Breckinridge the river is fringed with groves of by onk, ash, box-elder,
elm, and basswood. Poplar and willow are also seen, Going north from McCaunleyville the timber becomes Inrger, and
is found in greater quantitics. Between Frog Point and Grand Forks the timber, oalk, ash, and elm runs east 2
miles, while on the west it is ineluded within atangent along the bends of the river. From Grand Forks north for
§ miles the timber Dbelt is narrow on each side, and in the next 9 miles it is 2 miles wide on the Dakota side
and three-fourthis of o mile wide on the Minunesota side, The same kind of timber occurs as is found up stream,
From there down to Big Salt river the thmber belt is about 1 mile wide on each side, but fire has injured it on the cast;
but below this the timber becomes poorer in qnality, aud is very inferior nearer the national boundary. The matter
of fuel supply is a troublesome one to the inhabitants, and in severe winters there has been much suffering in places
away from the railroad,

THE RIVER FROM THE NORTH TO WHERE IT ENTERS THE HILL COUNTRY EAST OF
BRECKINRIDGE.

At the end of the report on this river are tables giving the lengths and drainage areas of the tributaries, the
raintally ote.

The interests of navigation have caused several surveys along the river from Breckiuridge to the national
boundary, and much of the deseription of that portion of the stream is obtained from the United States engineors’
reports. The distance in a straight line from where the river crosses the national boundary to Breckinridge, as
measured on w United States land-office map, is 188 miles; and although it does not depart over 6 miles from this
line ou the west and 3 miles on the east, yot the course is so winding—in some places 1 mile by river accomplishing
ouly 300 {eet of northing—that the total distance by river from the south line of Manitoba to Breckinridge is 394
miles, 18 miles more than twice the bee-line distance.

Assuming the river in low stage at Breckinridge to be 957 feet above the sea, and at the national boundary
702 feet above sea-level, the intervening fall would equat 165 feet, making the average slope per mile 0.418 feot.
The heaviest slope is probably in a part of Goose rapids, at the mouth of Goose river, where the river fulls 4.563
feet in 2.84 miles, equal to 1.6 feet per mile.

SYSTEM OF IMPROVEMENL.—The river chanuel is eut in the clay of the valley and into the old drift-bed below;
Lencea portion of the bed is elay, and in places gravel and bowlders are met, The pools are deep enough fornavigation,
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and the chief problem in improvement for navigation is the removal of snags and the deepening of the chiannel over
clay bars. A peculiarvity of the stream is that in the bends the deepest water is neavest the convex bank, 'I'his
is owing to a clay bar running out from the concave bank, The bar is derived from the bank Dy cracks forming,
into which the rains soak, loosening the clay and slding off masses into the water. Below Moorhead the banlks
slope up from this eause within 200 feet from the river to the full height of the surrounding prairie, 40 feet above.
The system pursued has beon to excavate a channel through the bars 60 feet wide and place the excavated
material as a wing-dam on the bars in the bends, thus tarning the water toward the convex bank,

For the first 20 miles south from lake Winnipeg the river is said to run through swamps. Twelve miles
north of the eity of Winnipeg is Andrew?’s rapids, the frst locality where the river strikes the rock iu place, which is
a light, bufl'colored sandstone, the same as is found seattered through the drift farther north. This rock is quarricd
and used for building purposes in Winnipeg.

From a finely-executed tracing and levels kindly presented for this report by Mr, Thomas Rosser, chief engincer

©of the Canadian Pacific railway, it is ascertained that the distance from lake Winnipeg to the city of Winnipeg by
river is 48 miles and the intorvening full 12 feet, while from the eity of Winnipeg to the national boundary the
distance by river is 106 miles and the intervening fall 23 feot,

From the national boundary up the worst obstructions to navigation are Goose rapids, at the mouth of Goose
river, Turtle River bars, 9 miles above Turtle river, and Pelican bars, 28 miles south of the national boundary. The
last two consist of successions of pools and riffles ovor stiff clay bars, whiell the river is unable to wash away, The
first is described further on,  The natural depth of the chinnnel in low water varies from 10 feet in places 1o 24 feet
or even less.

WIDTH oF THE RIVER.—This varies from- 225 to 300 feet below Grand Torks, and above that immediately
diminishes from 230 feet to 137 feet, owing to the entrance of the Red Lake river, the largest tributary, Between
Grand Forks and Moorhead the width varies from 100 to 200 feet, but above there for many miles the width iy
about 95 feet and the depth 6 to 10 feet, and near Breckinridge the river widens to 120 feat.

SLoPE oF THE RIVER.~—~The slope is greatest in the upper portion, averaging 0.7¢ foot per mile. Boetween
Grand Foxks and Frog Point it is 0.365 foot per mile, then further north 0,293 foot per mile, and near the national
boundary 0.194 foot per mile. Below the national boundary the slope is about 0,23 foot per mile.

BED or TOE RIVER.—~The bed iy clay through alarge portion of the course, but in places there are gravel and
bowlders, as at Goose rapids and between Grand Forks and Frog Toint. A few miles Delow Breckinvidgo the
gravel and Dowlders are again meb. The banks are about 10 feet high at Breckinridge, and from there down
gradually increase to 40 feot or mors Lelow Moorhead,

FLooDS AND THEIR CAUSE.—One feature, unknown in the hill country, is the tremendous floods which
somotimes inundate nearly the whoele width of the imwmediate river vullev, so that steamboats have been known to
ride out over the wheat-flelds. The extreme range at Breckinridge is 16 feet, and at Moorhead 28 feet, but below
Moorhead the rise is as great as 40 feet. The ice melts on the southern part of the bagin before it (I()es further
north, and the river, swollen by the melting snows, carries it down to gorge upon the yet solid portion, The rosult,
is very similar to the state of affairs when lake Agassiz filled the valley. According to the second theory mentioned,
the water backs up over the plain, and in high floods even rises over the water-shed beyond lake Traverse, and
pursues the conrse taken by the old lake, which it strives to imitate. This, of course, does not oceunr every season,
In 1880 the river was clear of ice on April 14, and in 1879 was open and free for 208 days.

Googr RIVER RAPIDS.~—The Goose Rwer rapids, which are the greatest impediment to navigation on tho
river, extend down stream 13} miles from the mouth of Goose 1‘1ver, making in that distance a total descent of

12.666 feet. The bed is gravel and bowlders. The following is a table of distances and fall in the stream at
these rapids:

Feot.

From Goosoriver 1.0 mile Aown the Tall i8 ..v e vt vaees enveesnmmancann s O VR F: (111
For the next 1, 82 milo doWN .. o avn et iaimm crcann ctnnn crmars tmnaes smensrncnmnaransnnnnssenconssenneanss 1o ddd
Tor the next 1,94 mile down ...oc..u..... RN 0 ».0
For the next .84 miles dowWn - uen iii o a et rer e s cetan s e ar enen vannns sunn e d OB
For the next 1,74 mile down .......... Nemmaane vetammnas et aemeyenacn Cemeanas eveerraseeen . vemeeares 1,246
For the next 1, 06 mile dOWD cacner cvs chemnnanens P NP /A 11114}
Tor the next 1. 82 mile down c..e.oon.. [ FA e seas aumans nhmmEy amanes e natnarrnesevannsannnonvnnsan L DOOD
Yor the next 1. 14 mile down .......... taemansaresa [, SR (N 111¢]
Total distance 13, 36 B3 1 L PP 138 £ 1151

Some improvement in the interests of navigation is necessary. The fall is too great for dredging and the
use of wing-dams, and it has been proposed to build a dam at the foot of the rapids of 12 feot rise to flood themn out,
with a lock for the passage of boats at one side. On account of the very hLigh freshets a movable dam iy
recommended. :

WATER-POWER OF GOOSE RIVER RAPIDS,—There has been talk in thepast ofutllmng the rapids forw: ater- -power,
but nothing Ins been done in that direction. .Ag the government is about to improve them, it will be perhaps
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feasible to make use of the dam for water-power, and if the arrangements are such that this could be done without
interfering in any way with the government interests it is probable that terms could be made for its utilization.
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Taking the low-water diseharge there at 1,100 cubic feet per second, the total theoretical power under 12 feet head
is 1,408 horse-power, the available power, at 78 per cent., 1,123 horse-power, and the average flow 1,500 cubic
100 ' i .
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feet per second. A very serious disadvantage is the great floods previously mentioned, The valley proper of the
river there averages one mile wide, The banks of this valley slope back for 200 or 300 feet to the level of the
prairie, 40 feet above, and the floods £ill this trough sometimes to the brim, It is the opinion of Mr. O.J. A, Morris,
engineer of the Saint Anthony Falls Water-Power Company, who has kindly furnished information on the subject,
that the only feasible method of using the power woald'be by wire-ropo transmission to mills situated on the bluffs
above, out of reach of the floods, Te does not think that the power will ever be improved unless a dam is built by
the government, '

At Breckinridge the river course turns, the stremn flowing from the cast.

Bois ni S10UX mvER~The Bois de Sioux, the outlet of lake Traverse, enters here, and is the continuation
in a southerly divection of the wain viver, hut it is a small, sluggish strean, ouly a fow feet wide, and furnishes
only 5 per cent. of the flow below the juncetion,  Thisis estimated at 1,000 cubie feet per second in low water; hence
the flow of the Bois de Sioux is §0 cubie feet per second in low water, while that of the main stream above is 050
sbie feet.  From Breekinvidge, in passing east up the stream, the course is through the same level prairvie for
about 10 miles by land, but the slope of the river is mueh more rapid, two or more fect per mile. Then the hill
country is enteved, and the river takes the characteristics of o hill stream, rapids ocenrring in many places.

DESCRIPTION OF THE RIVER IN THE MILL COUNTRY OR WATER-POWELR REGION.

DISTRIBUTION O THE FALL~There is from Otter Tail lake to Breckinridge a total fall of 368 feet, and
nearly all of this is in the hilly portion of the river’s course, which falls off below Dayton, crogsing into the flat
plain of tho valley proper.  This 368 feet fall, then, is practically concentrated in the 34 miles (map measurement)
from Ottex Tail lake to Dayton, and, as it is still further concentrated in loeal rapids, there are many fine water-power
sites,  Uhie banks are usually high enovgh to hold ponds, and the hard till forming them and the bed make a good
foundation for dams,

UNIFORMITY OF FLOW,—One great advantage possessed by this stream from the standpoint of water-power
is its extreme steadiness, owing to the large number of lakes, which act ax storage rescevoirs for it The river
draing above Fergus Fatls twenty-five or thivty good-sized lakes, particularly Otter Tail 1ake; and the Pelican viver,
which enters 4 miles below Fergus Talls, itself receives the water of ten lakes, each of several miles extent, and three
of them 6 or wmore miles long,  The result is that the viver searcely ever varies ab Fergus Talls, and below, in the hild
conntry, the variation is ravely wore than 2 feet in height from the Towest to the highest stago in ordinary scasons.
Thig is very different from the great backwater floods on the plain below, previously deseribed. Another point
which malkes these lakes of great value to the water-power, mueh more than if they ocenrred in & mild elimate,
is that while streams fed by swamps and small springs would freeze np solid in winter,.as is sometimes the case,
this viver and many of its tributaries flow steadily on during the cold weather, hardly affected Ly any freezing of their
headwaters,

TLOW AND POWER.—The ordinary low-water low helow the mouth of the Pelican viver is gauged at 950 cubic
feet por second. 'Lhis gives, nt 10 feet head, 1,078 theoretical horse-powdr,  Above the Delican river the ordinary
low-water flov, estimated from the powerat Fergus Falls, is 662 cubic feet per seeond, giving, with 10 feet head, 750
theoretical horse-power. It iy probable that the flow of the stream iy nearly as much clear up to Otter Tail Iake,

Trom the border of the hill country up to Fergus Falls there is no utilizod fall, but the river is rapid, as most
of tho 224 feet deseent of the river from Fergus Falls to Breckinridge ocenrs in that distance.

DAYTON T0 FERGUS FALLS.~—Although there arve slight rapids below Dayton, there is no available power
until it is reached, where there is a good power of 16 feot head unimproved. The place is so small as scarcely
to be called o village, Above Dayton the river passes through rolling prairie, and many howlders are met, and
sometimes, where the river has worn against a hill, the bank will be 50 feet or more in height.  Above Dayton the
course of the river is north and south for 4 or 5 miles by land, At the upper end of this streteh the Pelican river,
with a low-water flow of 288 eubie feet per second, enters from the north. From there tho river's course is cast
about ¢ miles to Fergus Falls, and in that distance, 3 miles below the town, oceurs & water-power site, unimproved,
where at least 12 feet head can be obtained, The banks are good, and the bed is the stifff howlder clay common
to this portion of the river.

FERGUS FALLS.

This is the location of the greatest water-power of the Red River basin, in the United States at least, and is
without doubt the largest availableater-power in the country west of the upper Mississippi and east of the Missouri
Dbasing. It is the lowest power improved upon the river. The total fall in the stream at the village is 83 feet, and
this is so situated thatit is possible to use all of it, "With tho ordinary low-water How of 662 enbie feet persecond,
giving, with 10 feet head, 750 theoretical horse-power, the total theoretical power at Fergus Falls, with 83 feet head,
is 6,225 horse-power, or, at 75 per cent., 4,660 available horse-power.  The descent iy 50 located as to form five
falls. Of these the nupper three only ave utilized. The banks are fram 10 to 30 feet high, and are lowest at the

upper portion of the descent. They mostly rise sharply from the river to the general level ;)Oil the country, and
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the situation i sueh that by a system of dams and canals from the differentlevels the full power could De
utilized. The first fall is abount three-quarters of a mile from the main portion of the town ; the second lies
close to the main street, which there runs parallel with the river, Below the third fall thie river takes a strong
bend to the right.

TABLE OF IIEADS AND ORDINARY LOW-WATER POWERS AT THE DIFFERENT LEVELS OF FERGUS FFALLS,

Theorotionl . T o
Localt Moad wesod, | ot | poveravall | ot | G
oonlity. 20 ilized, | FLO res.| theoretic
o end utitized | yeniiable. "‘mﬁ_‘ %]pr(l))\lrg? “B‘Z‘»@’wf“ cienoy="75por
ment, ' 'cenb.)

Feet, Teet. Horsepower, | Horge-power.| Horss-power,
Firgtfall coeviviannnnnn PO 16.0 30 1, 200 2, 250 1, 688
Second full caevsoniiiiieeaan 125 hE 938 1, 050 8%
Third fall Loeviininiiariinn. 10.0 10 . 750 750 563
Tourth fall .. ..oooaiivenass Not utilized, | About 13 975 731
il fndl. oo i Not utilized. 16 1, 200 000
Totls oevvimarnoninnensn 385 83 2, 888 6, 225 4,670

I...,,.u» . . '

TiRsT rALL—On the upper full the owners, Messrs, Austin & Newcomb, have 16 feet head, and a new
flouring-mill of 150 Larrels capacity. They intend eventually to increase the head from 16 to at least 27 feet,
making the largest improvement on the river, The plan i3 to run races down from the dam and locate mills
upon them,

SRcoND FALL—AS the second fall the power is used by an cstablishment on the right banlk, called the Beo
Hive, embracing o saw-mill, carding-mill, planing-mill, and one or two little industries. The head could be raised
to 14 fook, but more than that would eanse overllow into & small portion of the village.

Tuird rarL—Thelowest utilized power isatthe third fall, where, on the right bank of the stream in descending,
is a flouring-mill, newly ervected, intended to have a capaeity of from two to three hundred barrels per day.
The head used is 10 feet,

Fourtm AND PIFTH FALLS~—These two fallg below are yet in their natural condition. It is evident that the
possibilities at Fergus Malls ave by no means developed. At the second fall, when seen in the winter, the water
wag rushing over the orest of the dam in o heavy body while the wheels were running, and at the third full the one
flouring-mill could not begin to exhoust the flow, As stated before, the comprehensive system of races along the
banls from the different levels would be mostly feasible, and it appears to be the proper way to fully improve the
power, The bed of the river is g hand clay and gravel, with big bowlders of granite and other rock, the till
beforoe deseribed, and must be firm, or the rapids would have been long ago worn away.

Thoe nature of dam cexelusively used on the stream is a log erib-work. A erib i8 built sometines exteuding
120 fect up stream, setting back each course in a series of steps. The face is planked over, and brush and gravel
are filled in on the toe of the dam and up the back,

LogATION OF THE ToWwN.—The town is situnted on the Fergus Falls division of the Saint Puul, Minneapolis
and Manitoba railroad, and is tho most important place in that region of country, Being situated in the midst of
the grain country and on the railroad, there is every facility for the wannfacture of flour. :

TR RIVER ABOVE FERGUS FALLS.

LocAToN o 1ul rowear.~—The level of Otter Tail lake iy 144 feet above the river at Fergus FFalls, The
greater part of this fall is located in the 15 miles by river (map measurement) below section 29, in southwestern
Triberg township, TPov all this distanco there is a good current, with several rapids, some of which could bo utilized
for power, but as yet nothing has been done. Within 3 miles of the village of Fergus Falls, and above the
fivat fall, is an anutilized power of 13 feet available head, beside the 14 feet unutilized at the first fall. The
knolls along the stream rise 50 or 40 feet above the water. In sections 20, 30, and 31 of EFriberg township
the rapids are heavier, and the stream is a succession of rapids for 2 miles or more. The bed is clay and
howlders, and the banks ave not all high, In one place there is a good bank upon one side, but a low meadow on
the other. IIowover, there are one or two good sites there; one especially, where there is a fall of 30 feet, probably
the most of it available, Above section 29 of Fribery the river is sluggish and widens out into several lakes.
There is no fall of any consequence until the stream is ascended up to the southeast part of Main township, in
soction 35, where there is an unimproved fall of about 12 feet, called Monitor falls, These have a Lowlder bed,
and are described by Dr. Owen in his report as heavy rapids. One or two miles above the river emerges from
Lost lake, which is 2 or 3 miles long. About 1 mile from Lost lake is Otter Tail lake, the source of the Red
River of the North.
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TRIBUTARIES OF THE RED RIVER OF THE NORTIL.

The water-power upon theso tributaries is practically in the hill country, as is the case with the wmain stream.
The larger ones, especially on the enst side, are nsually steady in their flow, because fed by lakes to so greab an
extent; but the smaller ones, starting below the lake region, partake more of the character of a typical prairvie
stream swollen high by the melting snows, but dwindling low in summer and in winter freezing up. The only
ones that merit particalar attention in a water-power report are the Red Lake, Otter Tail, Pelican, and Sheyenne
rivers.

* OTTER TAIL RIVISR.

This is treated first, not because it is the largest, but becanse above Otter Tail lake it corvesponds with the
main river. The source is Blbow lake. Thirty-cight miles below (map measorement) are the two Pine lakes.
Into Pine lake empties Toad river, about 15 miles long, and the outlet of several small lakes. From the head
of Pine lake to Rush lake is 12 miles, and from the head of Rushlake to the head of Otter Tail lake the river rans 6
miles, Otter Tail lake is about 83 miles long. There is very little water-power upon the Otter Tuil river, the
only utilized one being at Frazee City, on the Northern Pacific railrowd, where the clevation of the river hed is
stated in the geological reports to Le 1,327 feet, while Otter Tail lake is 1,325 feet above the sea,  There are several
feet of possible error in theso elevations, which probably accounts for the slight difference of 2 feet inelovation; hut
it goes to show that there is very little fall in the river below Frazee Oity.  Below Frazee Gity, in obart township,
the river is extremoly crooked, and between I’ine and Rush Takes is wide and swampy.  About Frazee City it is from
20 to 40 feot wide. There is some slight fall above Frazee City, but the stream is of little consequence so fae up.

UrILIZED POWER.—AL Frazee City arve a floming-mill and o saw-mill under 12 feet head, the Houring-mill

using 60 horse-power, and the saw-mill, which only runsg in summeor, having o capacity of 76 horse-power, Mr,
Frazee, the owner of the douring-mill, states that the total available power of the river at Frazee City, under
12 feet head, is 100 horse-power in ordinary stages of the river, which would require u flow of 97.9 cubic feet per
second, considering tho efliciency 75 per cent.  This estimate is probably slightly less than the -actual discharge,
as with the methods in vogue the utilized power is, in all probability, less than 70 per cenit. of the theovetival power,
Mr. Trazee says that the high-water flow is aboub four times the volume of the low-water diseharge, but they have
1o heavy freshets, There is o small power on Toad river, running o flour-mnill of about 40 horse-power size,

PELICAN RIVIIR.

This river rises in some small lakes just north of Detroit lake and flows south 43 miles (map measurement) into
the Red River of the North, From Detroit lake to its mouth the fall is not far from 200 feet,  The low-water
discharge at the mouth is about 288 cubio feet per second, giving, with 10 feet head, 326 theoretical horse-power,
The river in the lower part of its course is from 30 to 40 foet wide, and the flow is increased somewhat, helow
Detroit lake, by the discharge from lakes on the east.. The stroam drains at least ton lakes, and, owing to these,
ig steady in its flow, although it is not quite so reliable as the main river. The variation in height ot Detroit during
the year is stated to be 18 inches, the highest water boing in April, when the snows melt. As on the main stream,
the banks and bed consist of clay, gravel, and bowlders. The country about it is quite hilly.

ImPrOVED rownnrs.—The first power improved on the upper part of the siream i at Delroif, on the
Northern Pacific railroad, just above Detroit lake, where is a flour-mill ealled the Debroit Lalke mills. They have
three run of stones under 12 feet head, but in midwinter use steam. Being near the headwaters, the flow hecomes
small in cold weather. Six miles below this is & good power, unimproved, of 10 feet hoad, Twenty wiles from
Detroit is Pelican rapids, where there is a Houring-mill and a saw-mill under 10 feet head, using 40 horse-power
cach. The owners of the property estimate the total available power of the river there, under 10 feet liead, ab 200
horse-power. There are two or three unimproved powers ab the place. In Trhard’s Grove township thore is somww
available power untouched. Below this a stream enters from the east, the outlet of Long and Jewelt lakes, The
next improved power is at Blizabeth, where there is o fouv-run flouring-mill, using about 60 horse-power at 15 feet
head, The discharge there must be about the same as at the mouth, giving 326 theoretical horse-power with 10
feet head, or 245 available hovse-power, According to the proprietors of the mill, the available power at 10 foet
head is about 283 horse-power.

RED LAXE RIVER.

~ This river is by far the largest tributary stream of the basin in the United States, and from a water-power

point of view is nearly as important as the main river, for the reason that it lies very largely in the hill country,

while the Red River of the North has all its water-power npon the upper waters. The monthis just below latitude

480 mnorth, and the general course is west from Red lake, which lies in latitude 480, The source is about 30 miley
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southeast from Red Iake, in a lake three-quarters by half a mile in extent, within a few miles of tho upper waters
of theMissigsippl, The distance from source to mouth in a straight line is 105 miles; by river it is over 200 miles.
The total aren of the water-shed is 6,518 square miles.

' RED LARE—~Red lake, which serves & very important office to the water- -power of the river in steadying the
flow, is the largest lake lying wholly in Minnesota, and, next to lake Superior and the far northern Lake of the Woods,
is.the largest sheet of water connected with the stat-e. It consists of two parts, one lying northeast of the other,
connected by a strais about 2§ miles wide., The area, as estimated from the United States postal map, is a little
over 250 square miles, The lake is described as being shallow in proportion to its size, and as having no islands.
Many tributaries enter it from various directions, and it is really the feeder and regulator of the Red Lake river, as
the stream emptying into the lake which bears that naume is a small, erooked brook, hardly more than 15 feet wide,
although deep enough to allow of canoe navigation. The river below Red lake is very crooked, one stretel of 33
miles by land ineluding about 100 miles by viver, The width in the lower part averages about 150 feet. It is
considered navigable up to and above Crookston. Starting from Fisher’s landing, about 7 miles from the mouth
by land, is an old channel of the river, 25 or 30 wiles long, with the mouth about 12 miles below the present mouth
of the river. This, ealled Grand Marais, is now a swamp, on which hay is eut. The largest tributaries are the
Clearwater, entering from the south 18 miles Ly road above Croolston, and, about the same distance above the
Clearwater, the Thief river, from the north. Below the two is the Black river, entering from the north, the
smallest of the three,

Farr,—In areport on o proposed transportation route to lake Superior the total descent from the Thief river
mouth to Crookston is stated to be 230 feet, while above Thief river the stream is deep and sluggish, and it seems
probable from the elevation of White D.u‘th lake, given in preceding pages, and from the direction of the streams
betieen it and Red lake, that the total descent from Red lake to the mouth of the river is not less than 400 feet,
At all events, there iz enongh fall to give rise to many available powers. Thebed and banks are the drift, as usual
in this region, and considerable sand is earried down, it is said, into the Red River of the North, The banks are
from 10 to 30 feet high and usually steep, so that ponds would be mostly confined to the course of the stream.

Frow AND POWER~—~Owing to Red lake’s forming so excellent a reservoir, the variation in the height of the
river is seldom over 4 feet atan ordinary section of the bed and bank; butat rare intervals there is a heavy freshet,
due to the rapid melting of the snow. The highest rise known at Crookston was 20 feet. The discharge was
carefully estimated by Mr, James D, Skiuner, a civil engineer, residing at Saint Paunl, who states it at 982.86 cubic
feet per second when near the lowest stage, an amount only about 17 cubic feet per second smaller than the flow of
the ed Tiver of the North below DBreckinridge. This flow would give, with 10 feet head, a theoretical power of
1,115 horse-power,

AVAILABLE POWERS.~There are as yet no utilized powers upon the stream, but there are thirty or more
available ones. In the innumerable bends there are frequent opportunities for cutting across a neck and utilizing
the intervening full.  The reasown. for the power of theriver lying idle is the unimproved state of the country, with
the little demand for water-power. Claims are being taken up, and the land broken, so that Polk county probably
has a fine future in store for it. .

There is a scheme, already mentioned, for connecting the Red River of the North with lake Superior by means
of a canal to Red lake, and so down the Red Lake viver, If thisis ever accomplished, there will be restriction in
the use of the water-power of the streani.

PoweR A1 CrooxsToN—The connty-seat, Crookston, a town of about 2,000 people, is situated on the Saint
Paul, Minneapolis and Manitoba railroad, and also on the river. There is an unimproved power there, and in
December, 1880, steps were being teken Ly the citizens to form an hydraulic stoek company to take the matter in
hand. The total expense of the improvement was estimated at $40,000. In passing the town the river takes &
wide sweep avound it. The beginning of this curve is only a short distance from tho outskirts of the town, and
Trom that point a depression in the ground, evidently an old river channel, runs for about 3,600 feet across the
neek to the riverbank below, which it meets a short distance below the railroad crossing,

PLAN 0F IMPROVEMENT AT CROOXsTON.~The scheme is to build a dam at the begiuning of this old channel
and run & hydraulic eanal along the side, stationing manufactories at the lower end near the river and using the
lower part of the old channel for o tailrace. The plan iz a good one. - The greatest amount of exeavation would
he right at the head of the canal, where for a few rods the channel is filled up. The site was surveyed in the fall
of 1880 by Mr. Skinner, of Saint Panl, who made the following estimates, as printed in one of the Crookston puapers:
Dischargo of xiver at low water, 982.86 cubic feet per second; mean velocity of the river, 1,353 feet per second;
theoretical power at 12 feet hend, 1,336,165 horse-power. To conduct this amount of water through the depression
to where it wonld be used would require a canal with a sectional area of 300 square feet and a slope of 1 in 8,000.
The fall of the river from the dam site to the water surface at the proposed tail-race is 4.49 foet, In Mr. Skinner's
report it was proposed to build a dam with o head of 8 feet, for which the site is well adapted. The river there is

abount 150 feet wide, and it bends sharp to the left in its conrse. The concave bank is some 30 feet high just below,
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but at the old channel, which starts from the concave bank at the bend, it is not more than 10 or 15 feet high. The
left or convex bank is mueh lower, sloping off more gradually, but will allow an 8-foot dam. With thesd.40 feet
natural fall and an 8-foot head raised by the daw, the total lead is12.49 feet, or, allowing for the fall in the canal,
somewhat less than 12 feet, To get 12 feet available head it would probably be necessary to raise the dam ab least
a foot more, It is proposed to build a pile-dam, at a cost of about $8,000, and n canal 3,600 long. The mills and
manufactories would be near the line of railroad to Saint Paul, and counld easily be conneeted Ly side-fraclks.

UNIMPROVED POWER ABOVE CROOKSTON.—About 1 mile above Crookston is abend in the stream, where there
is a power lyiig idle.  This would, of course, be destroyed if the other power below was improved. The facts
about it were stated by a gentleman interested to be these: The available head is 12 feet. There is an old chaunel
across a bend, as in the location below, and the plan would be to use this for o tail-race, building mills along a short
canal at the side. The river is there 120 feet wide and 3 feet deap.  The pond would be L mile long, averaging
650 feet wide and 12 feet deep ; hence the head of water at the dam would be about 9 feet, The whole improvemeoent
was estimated to cost 815,000, When interviewed, the informant was on the train on a journey with the object
of getting capitalists interested in the power. Above Crookston are many good powess, which will be valuable
when the coantry becomes more settled, :

CLEARWATER RIVER.

The Clearwater is tho largest tributary, and has the ounly utilized power in the basim of Red Lake vivoer. 1t is
not so reliable as the Red Lake river, as it is fed largely by swamps, which freeze in winter, instead of by lakes;
but it is nevertheless & very good stream. There are many good powers improved. The only improved ono is at
Red Take falls, 1 mile from the mouth, There the water passes in a snccession of falls and rapids over a clay,
gravel, and bowlder bed. The river falls 26 feet in a distance of 1,350 feet. There are a grist-mill and a saw-mill

.upon it, using 30 horse-power caech, under a head of 7 feet, 'The dam is a brush dam, 2 feet high and 50 feet
long, The power of the river in ordinury stages is considered at Rod Lake falls to e at least 200 horse-power under
7 feet head,

SHEYENNE RIVER.

This river rises in Sheridan county, Dakota, nbout latitude 470 30/ north, and, flowing in & general southeast
dirvection 308 miles (map measurement), enters the Red River of the North 12 miles by land noerth of Moorhead, in
latitude 470 north. 'The headwaters are only a few miles removed from the James river (called Jim River), which lows
into the Missowri, and for nearly four-fifths of its course it flows almost parallel with that stream in an east and south
direction; then, suddenly turning, it rans northeast to the Red River of the North, Valley OCity, a promising young
town on the Northern Pacifie railroad, is on therviver, 135 miles from the mouth (map measurement), Inastraightline
it iy 55 miles a littlo south of west of the mouth, The most southiern point of the river is 40 miles south of this line,
The country about the upper waters Las never been surveyed, so far as ascertained, but it is known that the river
runs throughout in the prairvie region of Dakota, From the mouth to Norman, a distanee of some 30 miles (may
measurement), the river runs in the level plain of the Red River valley proper; there the course changes, flowing
more from the youthwest, and above Norman it lies in the region corvesponding to the hill country on the eash side
of the Red River basin, ulthough less undulating, Above Norman there is o more rapid descent than below, and,
althougl the enrvent is moderate, still there is considerable fall in the stream. Tt is sadd that 9 or 10 feet fall can
be obtained every 5 or 6 miles. DBelow Norman, where the river tlows in the lacustrine plain, the slope iy only
about 1 foot per mile,

The western tributarvies of the Red River of the North are not, as a rule, so steady in their flow as those on the
east, and it is very natural that this should be the case, becanse the greater nwnber of them approach in character
the true prairvie stream. The Sheyenne is probably one of the most reliable. Thig river never freezes up in the
severe winter so as to make it entirely uscless for water-power. This may be due to lake Minne-wa-kan, or Devil's
lake, a sheet of fresh water some 30 miles long by 5 broad, which, although it is elaimed to have no visible outlet,
probably drains into the Sheyenne, Still the water-shed iy narrow there, and the discharge of thig lake must e
rather small.  The bed of the stream, in the lower half at least, is in the true drift, the bowlder clay consisting of
clay, gravel, and bowlders, The last 30 miles is in the lacustrine deposit deseribed on proceding pages.  Alount
Valley City the river windy along through a flat plain of varying width, bordered by bluils ever 50 feet in height.
This is probably characteristic of the greater portion of the river.  Below Norman the banlks are from 12 to 20 feet
high, The channel is very winding, cansing many places where races could be easily eut across necks ef land,
The rim banks are usually of good height, and would prevent large overflows from ponds, and the fall of tho river
appears to be largely concentrated in small distances. There will be a long still water, and then a small riffle over
a bowlder bed. Thirty-five miles below Valley City there is good timber along the river, oak, elm, ete. At Valley
City there is also timber along the river, and np the bluffs to some extent. It is again heavier below. The land

is very fine for wheat. At Valley City the river will average perhaps 50 feet wide, and below Norman, at the
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crossing of the Northern Pacifie railroad, somewlhat less. Although not a very rapid stream, there are many
places where, owing to the favorable banks, a small power can be obtained, but very few of them are utilized.
Pownir.—About Valley City the millers say thot with 9 feet fall they can depend on 25 horse-power for ten
months of the year, which, with their methods, will turn three run of stones and the necessary machinery.
Sometimes they have 200 horse-power, and oceasionally the power runs very low in winter, Considering that they
use 75 per cent, of the theovetical power, this would give an ordinary low-water flow of 2,056 cubic feet per

minute, or 34.26 cubie feet per sceond, whieh seems a very low estimate tor a river of that length; but it must not -

be forgotten that the water-shed is narvow and the rainfall light in that section.

Unrazep rowkR.—There is no utilizad power above Valley City. There is a good situation near fort Totten,
at lake Minne-wa-kan, just above where the old road crosses, where a 12-foot head is available.  The first improved
power is at Valley City, where there is o small mill, with 9 fect head, backing the pond up some 6 miles.  Six miles
Delow thero is a mill, and 6 miles further down another. These have each abont 10 feet head. At fort Ransom, o fow
miles above the southern bend of the river, where 17 feet head is obtainable, there is prospect of a mill being
arected.  Although the slope is so slight below Norman, the banks arve high enongh to allow of making ponds
and getting a moderate head of water. This has been done just below the Northern Pacific railroad crossing,
where there is a dam, Dut no farther improvement.

CONSTRUCTION OF DAM.—The form of dam that appears most suitable for this region is a spar Qun, or clse
brash dam, The timber, brush, gravel, and bowlders are at hand for its construction, The dam at Valley Uity
was thus builk: A row of logs wus laid on the bed in the direction of the current; a stringer was put across
these at the fuce of the dam, and another course of spars Iaid on this, the intervening spaces being filled in with
“hard heads”. This was continuned, bolting the stringers to the spars, until the required height was reached, and
then the back of the dam was planked. The river banks arve high there, giving good clay abatments, A qnantity

of gravel was thrown in around the ends of the dam, to provent the crawiish from boring holes in the elay and

weakening the abutments,  The river is there about 50 feet wide.
The prineipal fributary of the Sheyenne is the Maple river, entering about 10 miles from the moutl, It is o
small stream of no special importanee, neavly freezing up in winter, like the upper James viver.

TABLES OF TRIBUTARY STREAMS, DRAINAGE AREAS, BAINFALL, TTC, OF THE BASIN ORF
THE BED RIVER O THE NORTII.

These tables are necessarily fragmentary in part, as incomplete information was at hand,  The vecords of
raintall and temperatures are obtained from the valuable publications of the Smithsonian Institution at Washingtou,
The lengths of the rivers weve estimated from the state maps, published by the United States land-oftice, exeept
where designated as survey measurements,  Tho dreainage areas were also largely obtained from these maps.  The
radntull, as given for the basin of ench tributary, is an approximation based on the Smithgonian reports and charts,

EXPLANATION OF THE DIFFERENCE BEIWREN THOE BASTERN AND WESTERN TRIBUTARIES—Ou an
examination of the tables & enrious fact is apparenti: the drainage avea tributary on the cast of the main stream
has over 33 per cent, greater annual preeipitation than that in Dakota.  This is becanse the Red River of the North
lies near and almost pacallel with the western margin line of the effect of the moist winds from the Gult of
Mexico.  The western tributaries, notably the Sheyenne, rise in a section having a very small preeipitation of about
15 inches per annum, while the larger ones ol the eastern tributaries have their headwaters in a seetion supplied
with about 25 inches cach year, This, taken in connection with the difference of topography, explaing why it ix
that the tributaries from the west are so much smaller in proporvtion to the areas drained than those on the cast.
That portion of the basin in Minnesota is largely covered with lakes, many of which aet as storage reservoirs,
while in Dakota ave fow lakes, and the general Tevel is more uniform than that on the east side of the main stream.
The consequence is that the evaporation Dears a much larger proportion to the precipitation on the west than it
does on the east side of the river. Taking into account the less rainfall and the greater percentage of evaporation
to the rainfall it is casy to wnderstand the peeulianties shiown in the tables.

COMPARISON OF PIIE UPPER PORTION OF TIHE RIVER WITH IHE Bois bDE Stoux.—IFor example, the area
tributary to the main stream above Dreckinvidge is 2,751°square miles. At Breckimvidge the Bois de Sioux
enters, with a drainage area of 1,996 square miles, increasing the area tributary to the viver to 4,747 square miles.
The ordinary low-water flow of the main river above Breckinridge is 950 cubic feet per second, while that of the
Bols de Bioux is only 50 cubic feet. The basin of the Bois de Sioux is nearly 75 per cent. of that belonging
to the main stream above Breckinvidge, while its ordinary low-water flow is only 54 per cent. of that of the
main stream.  This is accounted for by the faet that the annual precipitation on the upper waters of the Red
River of’ the North is at least 25 inches, while about the Bois de Sioux it certaiuly does not average over 20 inches.
Also on the basin of the latter the evaporation is mearly the equal of the precipitation in Dakota and in the
marshes about lake Traverse. It must not be forgotten that the Bois e Sioux is not so steady in flow as the main
river, and henee the difference would not he so great were the average instead of the ordinary low-water diseharge

taken into consideration.
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COMPARISON OI' DIFFERENT SEUTIONS OF TIHE RIVER.~—Aguin, the volume of the main stream does not
increase in nearly so great a ratio as the drainage avea tributary to it. The United States engineers givethe
average discharge below the mouth of the Sheyennc as 2,000 cubie feet per second,  Comparing this with the
ordinary low-water flowat Breckinridge, we find it to be just double that, while the drainage avea above the mouth of
the Sheyenne is over threo times ay great as that tiibutary to the river at Breckinridgé. The Sheyenne, although
its drainage basin may be assumed from the map to be 8,300 square miles, is really a very inconsiderable addition
to the main stream in low water,

The peculiarities stated above ave all illustrated in the lags columm of the table of the Red Riverof the North.
Under ordinary circumstances the ordinary low-water discharge per square mile of drainage aroa increases as tho
area increases, while here the reverse is the case, and it is explained by the distribution of the rainfall and of the
lakes, It will be noticed that on receiving the discharge of the Pelican river, whose basin abounds in lakes, the
discharge por square mile increases and is at that place the largest.

MEAN PRECIPITATION IN RAIN AND MELTED SNOW AND. TEMPERATURE AT PLACES IN THE BASIN OF Tilli RED
RIVER O THE NORTT,

. B o
Place. .ED g g % 5 Tongth of observations. mﬁ,‘{:&'xi;‘;r“. ms;:f;".{“{:;l.ﬂ‘ Lemgth of observations,
& & | 9 | B | &
Inches.| Inches. | Inckes. | Inches.)| Inches. oo o !
White Earth ageney ceeeaviivaien] e inenianaen tevaasenas]ieiinaas M. 74 | Supt. 1800, to Mar, 1870 . T 0. 21§ Sept., 1800, 1o Mar, 187,
Douglag county coveneevenrracnnens 13,07 13, 0L 9. 06 6,82 | 43,30 | Muy, 1850, to May, 1R01...
Brookintldge coeenvreanineinneienes &.41 12,05 317 D45 1 W08 | Oty 187, to June, 1870..
Fort Ahaverombin,. ... 4. 87 8,47 340 185 0 1886 | Aug., 1800, Lo Out., 1874... T0. 84 705 | Teb., 1888, o Dee., 1870,
Fort Ransom 514 &, 06 .48 LR2 16,40 | T, 1R0R, to Nuv,, 187L.. (7. 08 10,88 | Dee,, 1868, to Dec,, 1870,
Pembing ... el 402 724 i 163 | 14060 | Aug., 871, to June, 1870.. 70, 42 14, 63 1851, to 1854,
WP en i i 4490 0. 5,00 2,00 1 9L ae | Tan., 1809, to Deo, 1874., 0L 07 .00 | daa., 1800, to Dee., IR,
RED RIVER 01" THL NORTH,
' [ i Tntorvenlug i E . I Ordinary low.
o . “,,11}.3;?l{'(])‘:?lll[fﬁ',l WLOp O e mm“‘"',“l‘:ﬁ‘l'l"l",fyl."l\“,'“f'r’ witorllow por
Rtution, Wenizgrsntod by | nlwlll%\t:l'xldulll'\rilg. | above stition. | stoge, e[ :‘ll?slinll '“\lilll‘l" l(:!
nuwber. l Pumben seend, ]nwvln{?:nuul‘: '
i Miles. Syuare wmiles. (Mubiv fret, b feet.
1, Xout of Ottuwa ke ooaan ertesvaeee enarenaeain e aneras b araane LAY e e
9, Forgus Falls. oo e, vons . 1 LU 1,018 G 0410
M Muulh;)f Pellean river...v.. ... SRR ; wlbo(d 4,881 [t 0. 414
L R T Y ] L Oy R TR R PRREPPRRPTTER “H G €4, 147 1, o [
& Mouth of wpper Wild Riee viver .. : oae! 170 th 0,178 et e
G Moorheml oo e e L s 0, R
7. Mouth of Sheyenne river... wenErasananaans 14,012
8 Trog Poinb covienrenenean . HIBG () e 10, T
D, AN JPOURE 2 v e e vanae s rnanacanavainsasssnmarssannssinasnes 1o (R [N L uh, BT
10, Mouthoof Furtle viver oo e, weresreaninesian (W 0. 48 () } a7, 7
11 Mouth of Big Sulb viver . cocaescniciriraneeiimeiiasncanns (E[PRN o Ui} S FPPTPPP I 28, 018 .
1% Foob of Pellenn bars ..., i (L) 0,20 (1m | BLAOGD oo svnrenccmsianlinaeonnnaninnane
18, National boundury ...... Hg (1 0301 (1 an, 577 12, BOY 0.070
14, City of Winnipeg ..ooe.e 05 (1) 0.217 (1) 11
18, LAk WHIIPOE «ccovereniinannnnrssmarrerersierersnsinenaranssennans veiisaaaeas 48 (1) 0. 860 (14) l
’ ’ o * Map mensuremoent. F Bnrvaey, LA pproximate.

TRIBUTARIES OF TIIE RED RIVER O THIE NORTH DOWN TO THE NATIONAL BOUNDARY.

!

Tength . :: Longth | - agogal
Naun o, | Drafuns | il e Ao | D il

CHUTAR, ution, VOUTHY,

Miles, | Sq. miles, [ Inches, "1 Afiles. § Ny wiles, | Inchea,
Otter Tadl river snd Jkke veve e voiannsnemreassansns iy 1, 444 25 | Rod Lako. ..., rrrrrenna feveracssancssamsrranney 130 0, 718 29
POl TIVOT cavene v vrairenonsroresrssvnsasssane 44 [EI5] LRI WA (LR LY) O e 48 700 14
Bolg do Sioux viver ..... 27 1, 006 204 Bl Balgelver.io ... fensanas 50 H-fﬂ 1%
Uppor Wild Rico river ... [ 1,216 B | Pukoviver.... 5 1, '..':} ‘1'5
SheyenneTiver...ons covs ceasrrrraanerae 308 8 302 15 | Swamp river ... 4 1 Uh'! ‘.)0
Buffalo TIVET « e vt vemennrooeansnns sonsnasarsessiann o . 1,008 ug |f Doamaraelk river. 40 637 20
Lower Wild Ttice 1iver..ceuivss vucvaens [P 85 1, 0891 N Two Riverso oo can e 30 Elll ]
GOOBD TIVOL «eevininns cereemnanins veneirasraaraeney 50 878 15 3] PembinA TIVOT v ve e iiciinane e 130 6,700 15
Sand TR river covecnseccecenaaas teamsrierinatanaes i [s$2% 20 1 .
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INDEX. TO WATER-POWER OF THE NORTHWEST.
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INDEX TO WATER-POWER OF THE NORTHWEST.
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of Monomineo TIver (FAblE) < oot vereersvnrerrnenmneraselonnserennirvanee
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Power ownod by wator-power company of Saint Lowis TiveT.eesrnn wereen
Power, theoreticn], estimated, and prineipal rapids on Alonominee fall
(EAD1O) - et eeira i irim et n v u st s ee sk ran e a s s et van
Power, unimproved, on Red Lake river above Crookston...ee,veerveenes
Power, unused, ot Upper lovel at Appleton c.oee.cae.. fhesdasernvanaites
Power, utilized—
On Ofter Tail river

Powers, avallablo—
Of the Lower Fox river, loeation of the (tably) .....
Of the Red Lakoviver ...... tonrensnrannn tevaanuy
Powors, improved, on Polican river
Powers of the Lowaor Fox rivor—

Clagsifloation of the.cvieovvennrevennnn.n crrriavasasenernea anrnanes
Rates of 1ead0o 0f cueeueiiiecinnineinasa Ceressesesenn cantransernenan
Towers, ovdinary lux\'-\mtol", aud hoads at tho ditferent lovels of Fovgus
Tally (1AD16) cavrvrnesnnnnocrerenssrannnn neraons CuaNmR s eateensannranan
TPraivie cultivation, eifeots of, in the flow of strenms of the Novthwost...
Prairio rogion 0f tho Northwest.ceeverecnaavnennen fenavueanenbenr e rnaarn
Stronms of tho.eevwneens vemmnreinsmantanurenn Veamearaenaras e
Precipitation—
And tomperaturo for the westorn drainngo aren of Inlko Michigan,
1eords Of (EAD16) vovvviranecanvessnaneiemnstranacsrans PR
" Annual, disteibution of, in inches, of basin of Red River of the
North aad weatern drainage aven of Inko Michigan (table).veveen

Aqgueons, amount of, in the Novthwost
On the western drainagoe aves of Iake Michigan, distribution of tho.
AMean, in rain and meltod snow, and temperaturs at plaoes In basin

of tho Red River of tho North (table....... mrsrereessnnansn
TPrincipsl lino of wator-shad of tho Northwost e eevnennn. veverrnaaieane
Principnal rapids on tho Menominee fall, and estimated thoor otignl powor
(LADIB) vvmrrivuenmrvnereavnstennnenasiesnsnnan beveanatbicranearany
Produetion of the region of the Rod River of the Northeeeeesivenaes wenve
Productions, natural, of the rogion of 1he Lowor Jox 1ol ereveseu. vaee
TProfossor Winchell's theory on tho chango in drninage of the basin of
the Red Rivor of tho Northveevensis Y [

Troposed canal to connoct Inko Superior with the Red River of the North.
Proposed improvementge—
At Grand Kaukauni . i oo ieeisveniinnsianconansessussanerseneas
On tho Saint Louds viver..o..ooieaiaaes, [ v ammnareensiea

n,
Race, north-shore—
AL Middle lovel at Apploton. ,ua...
Al Upper lovel at APpIoton..cueeveeeieraareans
Race, west-ahore, at Lowor lovel at Appleton .
Railroad system of the valloy of tho Lowor Fox river ceeveevenn.
Rainfall—
Estimato of flow of Monomineo river from..... tennanrenenn e,
Estimation of flow of Saint Louds viver from the ...
Tributary streams, drainago areas, ote, of basin of Lhu Rul l\i\ er
of tho North, tables 0f.cee o ieiiomsieiiacaneraar vrinaererannanrans
Bainy Lako rogion and northern shore of lake Superior, distribution of
1aKes I (EAD10) - aenanenanerncncnsiannnteaensneanassnn wanrasrasraneries
Rapid Croche .ocevrpeneeeennerannnn Anemns o rnmresansran baasenaneannenn vean
Codars and Little Chute, dams ot .vovvrvnnrnan Vetemresaeianannasns
Tall ANd POWOL Abiiannavenensrsrnnunssnssnnanecansecrenrnnune seveans
Rapidg-—
At Marinetto on Menomines Yvor . cueecs vesvse veraenennennssaes
Bad Water, Menomineo river ..... veaman vavanas reramnnesb s anraas
Challe Hill, Menomines Mvers - .ceee cuneereveneneres .
Gooso River, distuncos and fall in (table)
Goose River, water-power of . ceweenay
Grand, Menominee 1iver ... ....

cermuse
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Noao Penl, Mononine Mol .. eevveivasssnsienrssusntanvarssnnnns
OF Snint Londs PIver . pecnsvensencnuranannns rasen “aee cavnns
OFf Saint Touis river, il and powor 0f tho..ees rennesemanacne .
Of the Menomineo viver . ...
PINO RIVOr.eausciirsrmrnreasonunsurensinns [ cnmeemn [P "
Prinelpnly on the Menominos fall, and estimated theoretical power

(EADIBY canrennsineefuinarinae e ranaanbaannaae e -
Sand Portege, Monomines river.....
Sixty-Tstand, Moenomineo rivor....
Twin Island, Monomineo viver. ......

Whito, Menonines Mvor sevecesssecirraseinen
Ratoa of leaso of powers on tho Towoer J0X TIVorseeees vunres [
Rocords of preofpitation and tomporature for the western dealnage avon
of latko Michigan (tablo) cvanas Praerrerenieany [ [N
ROA KO ciane cvnaaramriaanasnrerenssanan . wwrnesns emaarvinnnan
100 Tialio PIVET e vrrucarenincunasraaeonasnn

Above Croolkaton, unimproved power on.,
Avadlnblo powers of thoueeees coviiinrienianvaneresneanecvnnnes even
Fallof cearemnecinnrennns et
Flow and powm of,cucceeiimriserinineraene ST
Pl of improvement ab Crookston ot uesvune.. remunwn
Power ot Crookston 011 cvvviisevrenniverareeisnerssnsias cenuerannns
Rod River of the Nortlie
Alove Torpus Talls vooaviiinninna. [T ST rmrnen cramsennrrantan
Alovo Forgus TallgJocatlon of tho power 0L 1ho «.civeavunerecenen
And ity Aratnago DAs covveiiiirrearcanreanrrarinerian [
Tasln 0f tho ooeviiiiiiiinna Ceknasenien T
Bud 0L EO ceernrereneneniennrivarsiinonans [T reavesnivusuan
Coauso ol ehango {n dralnago of tho bastn of thouea ... veamrien
Changs in the dealnage of tho busin of tho. ceaes tainneverasniaanns
Comparison of dilvront seotions of tho . vevvewnans [T T PP,
Comparlson of thoe uppor portion of, with the Bois do Sioux River..
Grogs-nuotion of the baain of the. e, PYTTN
Distribution of Inkos fn deatuigo Drgin of (0aD16) veiviivearrasesans
Tlovations tn o baatn of tho (Lable) veesiiciavarennienes R
Taxplanatlon of the Alference betwoon the eastorn and westorn
teibutanlos oL Bho covvsnsrivnnransse Feraasreatnartiann T yan rane
Floods In tho, 01d thold GINBO. v e sanrscnrsesirmacsvssranrsnnresns
From Dayton to Porgus Talls.wer. .. Cinmmannanruesses AR
Gionoral deseription of tho basin oL Eho. . cvaieirvriensre sonaeree
Goneral yomutks on tho..... varaceuns T

Croneral Warren's thoory on the chungoe in drainage of tho basin of

100 vunsrne crmwresResErasrnan ey . venmseensrmyrennanas
Goologlonl strneture oF tho hagin ol tho. cvevavinirisne voarvnnnes

Glaeiad netion on tho drainsgo basin of tho . [
Indications of tho ehango in drainago of the lmsln of 1hO wnevnanes
In tho Ll country ov water-power veglon, degeription of tho......
TIn the hill countey ox witorpovor rogion, dlatribution of full of tho.
In the hill comntry or water-powor roplon, flow and powor of the..
I tho 1L conntry ov water-power reglon, uniformity of ilow of...

Tankos of tho basin of tho caaeineiiciiiiiiiiiinsacesena cesenensas
TAmits 0f {1o hna of thoeevireeiraraeesnne eranverrrnnne rases
Mean procipliution in xain and melted snow and tomporaturo ab

placos In basin of tho (table),.ocveeeinans vetecaurisarsesarantenn .

Thyalonl goology of the deinage basinof thov...... versmrmarransan

Proposed ¢anal to connect with Inke Suporior..c.veaians .

Production of tho rogion of tho ceeverairanns Pieewanssscaniassvnnnee

Profussor Wincholl's theory on tho shange in dendnagoe of the basin
L] O S vevervanenmannen [P

Blopo of ey vavue anvermnrsensen

L) (Y P P

Timber in tho basin of the..

Lo the hill country cast of]heukomldgu. AREIN00 0fcnvannrrnrenny

Transporintion faeilities of the rogion of tho emnvesnbaae e

TPrALIes OF tHO evcnss inucuncenttonannrnreruonnsesronmasransvans

Prilmtaries of the, down 1o tlm mttiounl boundary (table)....veennsn

Twofold Ty drographical division of the basin of thovuweeianenennss

WA Of the.ceaceiinuirneenmreneirneasene weieanevan

Tegion north of Lower Pox River aystent—

Deseription of lumber business of coooivenes O

Fiokd for monulactoringin...... eeiamitmunnsenasenatarbatrar

Mining fvon dn..asinernrmceannes crrrurstrectnarmnnnan

Tivers 0L the cavevvaerineaceannnnnen P

Region of the Lower Fox river—
Nataral productions of tho ..cviaviviinens raneensrsasesanatEnunee

Res0UTCOB O th0usearssvevensnrsannsanassossusrvasunsnrssensvanrsnne
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Reglon of the Northwest, geology of the, in its bearings on the water.
POWEL taennnsrasnesosmarsisasaciseionnnarsortosntarnranainsssnnnny
Rogion of the Red River of the North—
Troduction of the. veiasiivaresunnereeconeinctnsesimasesineasannnns
Transportation facilities of the.
Rogion, praivie, of the Northwest. .
Birenms of the. v iiiiiiiia i i samenn-
Rogion, rugged, of the Novthwest, streams of fhe, . covoviicinianrsenacan:
Region, wuter-power or hill country—
Deseription of the Red River of the North in the..aeveniiacraannn.
Distribution of fall of the Red River of the North in the...cevaae.
Flow ani power of the Red Liver of the North in tho ........
Uniformity of flow of the Red River of the North in tho.....omaent
Rolative intluence of metamorphio and sedimentury rocks on the strena
Of £110 WOPEHWOBL o cneimvrresasnvnmreamiancernevasncnusiaanssnsissrsses
Remnrks, genernl—
On tho Red River of the Novrtlt eeer s aicieiiiimnicaaienniiniinomu,
On thoe wostern drainage aren of lnke Michigaii. . cvvevncanianevaas
On vivors of the wostern portion of Inke Superior. ceeecveeueaaavans
On the wator-power of the northwestorn sibes.. coveea ane aramenes
TReservoivatreams of tho Novthwest, comparison of Inkoless with, inrogard
10 oW, caivaniiiaaiiins HaeersnassaensartannannantEnana rymans snns
Roservolrs, artificla], of tho Lower Fox river.
Tesources of tho rogion of the Lower Tox rivor.cciie s iereenseniensnans,
TRifts, Sehappes's, 2onmnines Hver oo cn i snerra e sainianas
River, Toxem
Glacind actlon in the vaAlloy of thoe e eeeiirannemunussnonsercersaunns
Taculiarity of tho valloy of the cvveeueocsnesvunnenssassvianesrnunnn
River, Lowoer Fox—
Artificin resorvoirs of the veavewviacnuccsessantsiescsatiiiionanns

R T TT R LFT TR L 4%

D N T T

Bsin OF E1100 s cnasnnnunsnsncenrenassusunnesesnssmussnnnnsanssnionne
*haracteristio fontures of, 08 f WRIGD-DOWOL BLTOMI < caens carnaasers
Cheap form of coMutGail D1« iovuatiiirrsnminn rauste sanmnsgneannns
Clagniflontion of th POWOIS OF thee e euaesnsmunasennssarernnn ans
Deseription of dnms and other constractlons 01 vovvaveiiiiiniine
Deseriphion oL tho . ot rrrat eesaene
Deseription of the water-powers along the........ Nemmmerraarbernes
Genlogioal history of the drainage basin of tho .eeeewnl.tn Canamas
Teatnres Hvorablo 1o WAtor-POIWET 01l ceeerermunacass tansasonsasaas
Flow of the, and tho WRLT-POWED e auu . iisiann e sesrn s acnonsmenen
Tluetuntion of, Qo to the mills (e iemuniiitacicnenss seanansnnnne
From Grand Kankowm doswn to Bapit Oroehe . ociveeceicniinvns
From Little Kindaritnn dowii 40 1epdro. cuvesu e invrerrronersionsnns
From Lowor lovel at Appleton down to Cedal8.ceuesvnvrsveiinanen
Trrom Neona and Menashe down to Appleton. caweee vuvoeiverannnn
From Rapid Croche down to Littlo IKankatin ceeevevoceriorannvan
Lopal conditions of the watvr-power of Hhe veeneevveviivniiaiinnnn,
Logal history of the wator-power of the .....e.iaa...
T.oeation, charactor, ete., of dams on (4aDleY vecarinriovrrnareonsen
Looation of government dams on (1o (ER1I0)vvioieiiiicanianivonnes
Location of the available prwers of the (lable) .o iemee s racnan..
Miscollaneous constrnetions Ml iiiiiivioinnnisiorarerannnnns
Natural productions of the yegion of tho.cieiacrancinnnnn
Taitroad systom of tho vatley of tht, ceeiiiienncariiaesnnnans .
Tintes of lenso of pOWwors o tho coiiiviciininverumrvaenan —enae
Tregoutees of 1ho 1oIon of The. oo rmriiiianetacainsrannncr e
Transpertation facilities of thoe valley of the...vevverinnnn.
Pribntarlos of. o viaiaiiiinniiiiinaan.

Tuiformity of flow oF tho s vicniiiarnoiiinncnnn “eren
Waterways of thevalloy of 1ho ccvievoiiiniiriauiinn.
Tdiver, Menominen, basin ..oooiiieniinn, ;
TRiver, TPpor FPoX viariiiiiiiniiiiiciracrariavnenan
Rivar, Wisconsin, overflow from..veiianiie. B, cemmmarnae
tiver, Wolf, geologienl Lifatory of the ancient valloy of the . ey werear.. .

Livers of tharegion north of Lowoer Pox River systom ..o enianeaaa..

tivera of tho south shovo of lake Supedor in Wiaconsin.. ... c.vvevaes.
Rivora of the wostorn portion of 1ake Snporior, genaral vemarles npon. ...
TRoek and goil of the south shore of lake Superior In Wisconsin..........
Rools, fisgured, influeses in rodueing ow of stroams of the Novlthwest. ..
Rock of tho lower acetion of Saint Tonis River Dasin .. vvervariiernnnns
Tack atrata, influence of, on Menouinee vivor........ - IETTTTTTRRoTas
Roolks, metamorphie and sodimentary, on the stronms of the Novthowest,

relative infliuenes of cooveneiiiarariiiia vreans
Rupged region of the Novthwest, streams of tho..
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INDEX TO. WATER-POWER OF THE NORTHWEST.

&,

S2inG Lomis MIVer cveemevaiineiiieeaitaietnortisotatanttsenansnannoanerannn
Charaoter of country along tho .eu.viiseineiiiiaiinciicniscnnnnns
Clhief tributaries of (FaD1e) s eeererseriemenarnciernsransranansenenns
Desoription of tributaries of..........

D

Tgtimation ol fow of, from the rainfall........ Creemareusaneraaranan
Trall and power of the rapids of ... O . eersaserarnenan
Importance of the geographical positon of ...... sevmseraseantannun
Tmprovement proposed 0D e e vvavnecineennnns [O Crvanueernsuns
T bor Interosts along. ceveacrinuncecnrenniunnnsrontiiasnrcnivienns
Tower of, above Biy White Ifneo river....... Crvemmaseberaumsrannan
Towor of, at Grand Rapids.....eeueeaes [ vreeetrtvunean

Powor of, from Big White Faco to Floodwood Mivor...cvy ceeersanus
Power of, from Floodwood to Clogureb river. .civceveciiieieiinann.
Trower of, from Knifo Talls t0 Thomson.ee e v vereasteeeaevnniannnas

Powerof (fable) coovvinirniini i veeemreiaan ereserennimanane
Tower owned by Water-Power Company of v ccvireanevvvennss
Rapids of eeveeeenans [T Ceteesesarinenaanes fetseiireesarnnenes
Rock of lower section of basin of....... Ceeameanbassianiieebeanaa RS
Specwad viluo of water-power of......s CreecaneneraEmavE secntnnanns
Treangportntion feilities 0f ..o aiiiiier e it ce e tnreen sreamasnas
Upper and lower seetions of basin of ...oooi.. wetemmriaeraasrare

VOl 0f couuiiiiarmisiieniieiintaneiasaiacronnirssnensaamsanaans

TIWator-Power Company 0f caveer vesersiossinsieriniosnianenenannnes
Sand and gravel bedy, influence on Row of streamsy of the Worthwest. ..,
Sand Portoge rapids, Menomineoe river.,..... )
Schappeo's vifts, Menominee river ....evna.
Second class of lakes of tho Northwesh . ove e vrissisairasnssciriascenseans
Socond fall at Fergua Falls o.ciiiiiiar it ien st e i
Sectionsg—

Differont, of the Red River of the North, comporison of <o cnnnaee

Upper and lowor of the Saint Louis River basin. ..ol
Sudimentary and metamorphie roeks on the stronms of the Notthwest,

relabive influenco of. cvu e caraeaeneens e emmrnnnarrrraeneaanraay
Sheboygan, Milwankee, and Manitowoe PIVEPS. coireerenvitienremns tarans

Tatimated POWEL 0f.vvvvurtsmurtninnsrosirentseaisnsiitesenssossnne
Sheboygan river, description of (FAIE) . <o cvineersercenssnsssansnnnsiarens
Shewnno, Wolf river—

PR R T L L L)

ADOVE tratamermnetasitivemscvaeisns Srssnarsansnumusanrasasinsisaes
BelowW. ceremmrenanas . v Mt v AN NeTsimes s eEtann s e rman e
Shoyenno river cooeveivusnen.
Conatruction of M 0D aasevienionasianienesinmicesiissnnaniocsnna
Powor utilized on tho. ccciueaiiieiramnerinninscsranseses waisvacnen
B 3 S Y
Ship.canal gt
Grand JATKATI ca e connrvnnsareisersiasasnssnriannsseinsnsacsinsnas
Upper lovel at Apploton, ... Aesemererrerrasirsataesetaereneiiaians
Sixty-island rapids, Menominee ryor.ceoiieeiiviisinenrasiinencarisaas
Stopo of the Red River of the North coo.oeviiiiiiiniann....
Soil and rock of the south shore of Inke Supevior in Wisconsin .. ..veuue.
Soil of the Northwoest, charactor 0L tho veueeiinnieanraravsereiaareriinene
Southern shove of lake Superior—
Distribution of lakes on (table) ........ hemtesesennrnrnnTeasiarses
In Wisconsin, flow of tho streams of tho (Eabli) weveervnennesronane
In Wisconsin, Tivers of the waveesvesiieecsiscerionaaiiennnsanoennne
Soutl shoro of lake Buperior in Wisconsin, rook and goii of.....o..
In Wisconsin, topography of cooovoviaeivana., pamesraretnersaernns
Specinl value of water-power of Saint Lonis rivor......
Springs in Iako WiINNEhAZO caveuiiiienr camie i aiiiaes civiaeii e
State boundaries, distribution of Inkes of thoe Nurtlwest aecording o

Mamivsdaseaaraannsanas

(EII1E) aumcecmmreamaesrimnnecenrerenssrassresenunnnsasavensresancsonnnan

Stone pier at Apploton.... ..., P, ceraenas
Storago capacity of lake Winnebago...... rdeemuns s an et arern cnwnes
Sturgeen falls, Menominee rivor. oo veeeveieecesacennn PN

SEITEEOR TIVOT. (i it r ra e rsne e s
Stratn rock, influence of, on MeNOMINEE VIVET trsevinsierevecssstianasnns
Streams of the Northwest—
Coroperison of lnkoless with reservoir, in regard to fow..ooeeaeuns
Flow of the, and conditions affucting 16 cevvereoiriiriiarirsinnnnnn,
Streams ot the prairvio region of tho Northwest. ceveeeseecvenes sannneaanas
Btremms of the rugged region of the Northwist.co e cavcevnrcnsesecasusn
Btroams of the sounth shore of lake Superior in Wisconsin, flow of the
(table) caennn... [P S mveanireariaen Cakstteamasanasaacaanen

Streams of the western portion of ke Superior .vovverivreiiiareaniana.

-1

=
% =1 W1 AT =Y =3 =} =) a7 =7 ] a3
e et e R R ]

-3 -1
= &
3 a1 ~1 1 3

>

fon =

v t2

53
52,68
91,62

]

02

02

|
]
|
i
|
%
|
|
|



INDEX TO WATER-POWER OF THE NORTHWEST#

Streams, tributary, dralnagoe srens, ratnfall, ote., of Lasin of the Red

River of the Novth, tables of vae... PRI Neamenetneasanassnneransen
Strueture, geological, of the basin of the Led River of the Nmth. ...
Superior, Tk

Country soth of ooavenn, Wiemanrarnreas Cekamateasrentimass s
Flow of the streng of tho sonth shore of, in Wisconsin (table). ...
tieneral romarks upon vivera of the wostorn portion of ....... P

Proposcd eanal (o counoct with the 1ed River of the North.....
LHUIITT | PPN mavesnrnanerany
tivera of the soutt sToro of), I WigeonSHi . ey seawsswensevassanans
Roek and soil of thoe sonth shore of, i3 WIHCOUSHI . acvevsvrrmersen .
Southoern shore of, distribution of lakes on (tablo) .eewevas wemnannuas
Streams of the western povtion of ..., vesrseansaranace vanarrans
Lopography of the sonth ghoro of, in Wiseonsitecocviviaesvuene.
Surfaes featwres, wodenn, of ths Novthwest, effect of glacial ags on
Surromndin g onwntry of Woll 1ver v ariiiniesscsvanennane haneaiaanas
Swamps, inflaenco of, inmaintaining flow of Mwnnm of s Novthwest.,
Systom, drainage, of the Northswest, canss of the form of theew, e voeias
Syatem, Lower Poxe
Deneription of ndher Bbasiness of region nicthoof.. .
Field for wannfuetnring i reglon nort of
Miniug lron in vepion novth oleeressseieaninen
Tivers of the vepdon novtn Of seav et riasiisnenrivienes sunnunsaunsa
System of dratnago and areas of drainage bastng of the Northwest.......
System of drainngo of thy Lower Fox Dagitte e iienene

L L R R I T T R LT

sermvimmEnotany

T P T T

Ceveassrennar

Ty

Tables of tributary streams, drainago arens, vdnfall, eto., of the basln of
1ho LRed Biver of tho Northeeaeoviieimas R
Temporature sl precipitation for the westorn drdnagoe aven of lake
Miehigan, recordn of (tably) caoid

samservuny

tenpmmrresiandutiuann e R nnrihuna

Pago,

02, 03
81,82
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71

70-78
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11
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13
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§5-08
L2
17
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Pomperattro und menn precipitation, In rain and molted snow, ab plaees

i basin of the Red Biver of thoe North (talde) ceresnianns Cnnreenireeen
Theorotical powur, esthuated, and peineipal rapids on Menomineo fulls
(U110 JOMN ebseREasmAtanAary sattananneiien Cd vt tnemmanoaiany s icannt
Theory on the ehange n deainage of the Lasin of the Lted River of the
Northe-
GOBEEL WHTTEI Sy cn v anmsvaresatusnsavsassnnosunn
Professor Winchell's....

IR R PR Y T PP

O Y L L L L L R T R TP R PR Y ]

Thied clisg of 1akos of the Northiwesh ceevvecacinnrniocnvens PR Juw
Third Sl ot Fovgus Fallae coaennnanns P Crrnsasentinans wrenenn
Phnber in tho basin of the Ttod River of tho Northes e ensesecnneiseanas
Phaber in the Northwoest, dstribution of thowevesianiinns o rmeesnitaann

Thnes of freshet and dronght, eifeet on flow of stronms of Northwest.. ..
"Paposraphieal fentures, mala, of Monomines River ol e ivnen cnenas
"Lopegraphy and chavacter of the country in the Northwenlt cenverensnnn
Topography of the south sboro of Jake Suporior In Wisconshn...........

Town of Fergs Full, loeation of tho e aaiiminevrnisnisan,

Transportation faeilitivs of—
Baint Loads 1ivor oues tranesenatinn F O
Ll vogion of the Ted Riverof the North o ceea.. veeamanane .-
Tho valley of the Lower Fox river, .o, van

Tributavies—

Chiut, of aint Touls viver (1RLIO) . avvaeroairiaiianunne veveunmansans
Engtorn and westors, of tho Red Rivor of tho Novth, axplanation of
Aifleronee VOLWOUN cacnnv s eriias

“esansaeene

Of Lower J'ox 1ivor. ceeee. voriersnenan eteunerannasearan i aan
0Of NMenomineo river, longths, drainago avens, low-wator dlschargos,
and power of {TADIY) suacaririaeinarivaons Nunenmasstannanerannan

Qf the Menominee river.......
OF the Hed River of the North down to the national boundary

[T T R R AR R Y

(EADI0) chaivenvmvmnnanassnsunnacnsesssnnarsansnn ausancnnes [N
Of tho Red River of tho Norvth.. eeeeemmenetea AN sanane raannn
Of Saint Louds river, dvu(‘xiptwn nf ....... Cersesnatumanannnn PRV
OFf Upper Jfox river..... weameressansetnnn vaamnesuasmenr st aanarnns
OF Wol 11900 caenannnsssnmonsesnannes [, rumesmmiauvanTaeane

Tributary strenms, deafnagonrons, u\in fall, ato., of basin of the Red me

of tho North, taldes of ...
Twin falls of Monmvineo rivor..
Twin Taland rapids, Monomineo river...... [ PR [
Twofold hydrographical diviston of the basin of tho Rod River of the

Nortliessusecosnsnaan P PP
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Uniformity of flow of the—

Lower FoX Tiver.ceaeeevenses FEY TS preIPp—

Red River of the North in tlno hill country or water-power region.
Tnimproved power on Red Lake river above Crookston. .
Unugod power ag Tppor lovel 8t Applotonemmr cnameeronne-
Tppor and lower sections of thoe Saint Louis River basin
Upper dam on Menomineo Hvor eaceeainecesviirine
UpPOr FoX 1VOr.cacee cuvanscxmmmanaennnnnsreeaas
- Anoient course of. ...

Vhscievesvarsamsurraan

comrun

COtoff3 OI v overe e cinarnmnaaanasnsnsrernsraneonnsenns cannusran vernan
Millgon ...... tanasmssenanceannnoannn A rneeuamtasamm s s

Tribvutaries of.....
Upper lovel nt Applston. .
Damab ceeverrvnunas
Trall and powaer at...
Long plor nbvveana . on
Unusod poworat..
Worth-81or0 IO (h.eevenssmomsiannrarrnesasmressnnanvennennareenen
Ship-eannlnbe.ee.o.. Ve Neama e . qemmenaanan.
Uppor Mississippi basin ..... RN

emenwARLamuEEsnnnn

"Uppor Mississippt viver, deninage bualn, distribution of lales in {table).

Upper portion of the Red River of the North, comparvison of, with the
Bols do Slonx river.e. ccens [ Vresvesmsenermnrsirvasnaganan
Utilizod power on— .
Ofter Tadl tivol.eeeesenaan [ vremamesnraranaarae e, [P
Sheyormo river
Monomineo river

veemmMssatianapmrmesannen

‘Valloy, Fox river—

Glneial netion in the..auas.. veen

. Pootliarity of tho.vee.eurveeianvemmannncasiitiisvennemeanriioenes
Valley, Lake Winnebago and Groen Buy, gt.uluf,iuﬂ history of veeuusnns
Valloy of tho Lower Fox river—

Railvoad system of tho. ... Cremans Lernetnenannaaeae [

Frangportrtion frcilities of tho . ceviiiernmene PR, vevenn

Waborwiys of the..... aremneasersreroacnassinsunnn
Vulue, apocial, of water-powor of Saint Touis rivor ...
Yalue of the watovpowers ol the Northwost ... Srvammmarens ..
Tolumo of Saint Louis river ,
Volumo of the Monomineo river and its POWOT cuvaenannne.
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Waterpower and flow of £ho Lower IPox TIVer. ceensavesrveecsrvaorannas
WatorPower Company, Kaukaunug, at Grond Kaukauns. .cceemva.
Water-Power Company, Saint Louis River ......... cennee wammsemars vanne
Power ownod By .eeeeenn ceenrsmnninen S vorsn
Water-powor, fontures fivvorablo to, on Lower Fox 1iver.aeen v ivaans
Wator-powers, goology of the region of the Northwest in its bearings on
100 caunn Camasnraararnannen PR .
Witer-powoer of-— ’
Gooso RAvor 2apidl cecaceervcnnss
Saint Louis river, spocial value of ........... wemmrteasassennennnnsey
Lowor Fox river, logal conditions of the weeseeenvriannen weemaream .
Lower Fox rivor, lognl Bty of thoeewevecmes cirerene cunnnaceas .
Northivestorn statos, gonornl romarks UPon tho.veraviencesavasaans
Water-powor region or hill couniry— '
Poscription of the Rod River of the North in the.....vaumeanaeene.
Distribution of £all of the Rod Rivor of the Northin the..
Tlow and power of the Red River of tho North in the ..... .
Uniformity of flow of the Red River of the North NANe. ceernrans
Water-powors along the Lower Fox river, descuptxon Of tho canirnaes .ee
Whator-powers of the Northwest— :
Character and distribution of the.cveresersneaeiiiiinonacareenne
Distribution of the

erimmmusneuue

N

Water-shod 1ine of tho Northiwest, alevations of tho.vrsnrnnn wana
Water-shod of the Northwaost, principal e of.ee.cceeeecasnan
Watorways of the valley of tho Lower Fox 7iver ......c.oue
Wost-shoro race ot Lower lovel ab Appleton. .coveaeves
TWostorn drainage aven of lnke Michigan. ... .
Distribution of tho precipitation on the..cewr-v-r
General remavks on the..
Records of precipitation and temparature for thoe (table).csesranass
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87

o1

30
1,73
05
54, 55
54

64

5d

55
28-30
45

20
29, 30
30
20
30

02

89
02
03

18
17
18

168
16,17
16
70,71
5

G
68, 69

20
30,40
75
75
23

6,7

85-87
70,71
19,20
18
1-18

87
a7
87
23-53

13-16
16
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Western drainago basing of lake Aichigan, areas of (table)
‘Waatern portion of lale Superior—
Goneral remarks upon vivers of the -
Streama of tho cveviimirriirmnonesiirciriiian et ae e
Westorn shioxo of Inke Michigan, digtribution of Jnkes on (fable) eavv..n.
Westorn tributarvies, aml eastom, of the Red River of the Novth, explana.

tion of difforance bebween.ccovsrenieans reemsamsinmsenorarerasinarsnmens
Wesat's canal ab Middle lovel at Apploton....... e iieniranrenenatinenne
TWhite rapids, Monomines river .. .viniiaansns Crenares Crenrenrrganennny
Width of the Red Riverof the North, .oveviieveiiiionnn Ceeniemaann haaen

‘Winnebhago Inke— .
Degeription of .......... [P, [N [ ) revieans
Effect of froshets from the Wolf and Upper Fox Rivers o1t v.vanns
Orlgint ofs caaeasinecinnnins Ceeaeneaecien .
Springain .o veanes Crresmrnneian Cerientuea senranns
Btorago onpacity 0 ava i essansiarmenmsininacinevarinsuenaerinaes
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Withont inlets, lakes of the Northwest
WOlL BIVOr coveinaanncannnns

Wisconsin river—

Dischargo from . .coveeserieeas verresnaran weasraresunnvatatrennrinne
Overflow fTom cccvvvvaniaieaas

Alove Shawano ..

Below SHAWANO .« eivmvtriinsnanesianstotsaannansovonstoarnnnss

B 13 (O S DN Vevren .
Geological history of the ancient valley of thewceeiaviniiiannis .
581 1 aerenutainaanrruany
Surrounding COUNY vvecireanacirursasnanscansssonsassiasssmarnans
TriDATIeN OF vuiiacicrrvnnetetiasvonenacsrnsrsoreruanarren PRI

Woondiand, action of, on the flow of strenmg of the Northwest .. ccovvvun

Wooden bulkhends of Hyde and Hamiman ennal at Lower level, Ap-

pleton i nsiinacacnenn et th T maastauaeevekeAEdNans hmam eyt rans
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