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28, 1878, The needs of navigation and the damage resulting from the
ll‘ll.\:_\'.\'{l‘Iliili‘i\ii workings of the dams on the river and tributaries above
( hr_mu'-\\“.l Falls are fully set forth in those reports. The Court Oreille,
an important 'Li‘ii_:ul';u-.\‘: fiows in from the west above Chippewa Falls
as does the Yellow River from the east. Besides, there are a numlu-;-
of smaller tributaries, all of which are used, more or less, for logging
PUIrPOSES. ;

“i'\‘.‘:l’.'(;ll of watershed above the junetion of the Flambeau and Chip-
pewa 18 about 3,761 square miles, but, on account ot the formation of the
country, the narrow vallevs through which many of the streams flow for
long distances, with heavy slopes, &e., only a portion of this watershed
13\-('c_}1115*> available, as the choice of sites for dams becomes thereby lim-
ited. li:n:}.\‘ of great height can be thrown across the narrow \'::H;:I\. 8, to
pnm‘I up, above each, a few days’ supply of water, but the benefits to
11;»,‘-::-‘“{ therefrom would not warrant the expenditure of money.

The party for the examination of the sources of this i
charge of Mr. J. H. Dager, assistant engineer i 1
and W. W. Strong, assistant i_-Hs:iau-u'c.‘ The |
fﬂn“]‘ the force was increased by Assistants W. W.R
'_lln}vpm-t,\' proceeded by rail ‘to Fifield, on the
}':';z'ul, and =iu:§u.“v to an examination of the watershed Flambean.

he details of work and deseription of the country are to be found in
the appended report, and can be seen by inspecti n of the maps. The
1:;!1‘-.’}": after Iini.‘;]nmg the Flambeau. was to cross to the headwaters u‘f
the ;,c'lillat]lil\i']_ﬁ, an important tributary to the Wisconsin, which: they
Were i‘)(}_IHEL'-i'(:ti to reach early in October. They did not reach 1'111‘;
ground, however, until the middle of November—a severe dissappoint-
Tae to me. I immediately reorganized the party for the survey of the
Tomahawk. The area of watershed above the junetion of the Flambeau
and Chippewa is—
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Luest Lake reservoir, the next, to be created by a dam 25 feet high,
m__l} _hm'a- a capacity of 5,661,462,400 cubic feet : the supply heing
4.#:1!1!,-.[!:-(!,'_3-’;-1 cabie feet, i 5
i T4 £ +Ha SN . 2 3
] .l.” !Ul!lfl “’Ll Lii_\ examination thus far, covering only a very small
ortion of the basin. shows that there ea S, Y
}_«‘(;1-]- e 3 ](F]- )'(-l\lllu shows [1,11 the re can be supplied from the North
9 the Flambeau alone 887 cubic feet of water, for a period of 90
AVE TeT QLECO v ~ohala A Syl =l 1 f
days, per sec ond; while, could the surplos be retained, 1,412 cubie feet
per second could be maintained.

B T hi %\ a \ 1 1 1 1
Below Chippewa Falls are important tributaries also, viz, the Han
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Claire. the Menomonie, and Bau Gallé, from which additional supplies
can probably be drawn, although the Bau Claire and Menomonie are
controlled by private parties as seems to be the case with many of the
gtreams in Wisconsin and on the eastern slope of Minnesota above Tay-
lov’s Falls,

The drainage area of the basin above Chippewa Ialls is' about 5,600
square miles ; . total avea drained by the river being about 9,600
gquare miles. Assuming 10 inches as the available rainfall, we should
have, for the area above Chippewa Falls, a volume corresponding to a
mean flow of, per second, about 4,125 cubic feet; and, adding to this
the supply tributary to the river below, we should have a volume corre-
sponding to a flow of 7,060 cubic feet per second through the jetties at
the mouth. The area of watershed for the entire river, here given, is
taken from the report upon bridging the Mississippi River.

From observations during the past season it would appear that
when 3.200 cubic feet per second pass Eau Claire, and 4,500 cubic feet
per second pass between the jetties, a navigation of 3 feet on the
bars and crossings can be generally maintained, although from the
shifting nature of the bed and banks, defensive works, jetties, &e.,
will prohably be required in addition to a steady flow, supposing that
the latter can be maintained. Beet Slough, about 20 miles above the
mouth, draws off largely from the supply going to the jetties. To close
the entrance to the slough would undoubtedly benefit navigation
between this point and the mouth of the river, but it would injure the
Beef Slongh Company, which company uses the slough for booming
grounds. Any water diverted from the slough through the Jjetties
would add to the quantity passing down the Mississippi from the jetties
to the mouth of Beef Slough, of course not adding any quantity to the
Mississippi below the mouth of the slongh. As to the propriety of clos-
ing the entrance to the slough, much may be said pro and con. Navi-
sation would be benefitted by such a course. The slough, about 35 miles
in length, is a mass of sand bars and banks, between and among which
a considerable volume of water finds its way, ultimately discharging
into the Mississippi River about 10 miles below the Chippewa. Much
of the sand is undoubtedly carried into the Mississippi. The protectmn‘
of the Yellow Banks on the Chippewa River, referred to in my report of
December 28, would arrest, in great measure, the movement of sand
down tl stream, and [)1‘(?1):'[111_\'-‘;lﬂi"(_'t the supply going to the slough,
but to what extent further study and examination must determine.

A plotting of 12 sonnded areas, the soundings talen on 4 cnnsge:.zi;ve
davs on 3 cross-sections, the latter 100 feet apart a ad between the jetties,
shows to some extent the movement of sand, &e., forming the bed, and a
plo of synehronous caugereadings at Bau Claire and the :mputh
shows fAluctuations of water-surface mostly due to the working of the
dams. :

It is not assumed that any extensive deductions can follow the obser-
vations on the Chippewa and Saint Croix for a single season; ibnt the
system of observations begun will, it carried out thoroughly, afford the
means of drawing up, intelligently, plans for the improvement of the
streams. ;

A continuous survey of the river from Chippewa Falls to the mouth,
independently of the examination of the sources, is desirable.

EXAMINATION OF THE SOURCES OF THE WISCONSIN.

The party for the survey of the sources of this 1*1\'01.‘_‘\?;1}5 placed in
charge of Assistant Wanzer, who, assisted by Mr. R. T. Parker, com-
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pleted the survey of the Tomahawk Basin in about 22 days, locating
two dam sites, and obtaining, otherwise, information of value.

Below the Tomahawk there seem to be 1o snitable sites for reservoirs,
if we may rely upon information thus far obtained. Two good sites are
reported for dams, which will control the whole watershed above the
mouth of Pelican River, the drainage area being 830 square miles, the
reservoirs estimated to control 2,470 cubic feet per second for a period of
90 days. Of these two sites, Assistant Skinner says:

o ‘ : : :
I'wo dams have already been erected, one just above
and another 30 miles above, below the month of
known as Otter H:lli'ul\'_ The f shed

£ 9
of o

=
are as follows: The upper, or
i feet above ordinary level. !
lower, or Pelican dam, allows of
of 12 feet. This last dam, when the water i
miles, or within 8 miles of the Otter dam. The upperre

es are opened, requires from a week to ten w‘.;!‘\~ to empuy i
discharged its contents into the Pelican dam, below, the latter r¢ voir 1s raised t
height of 8 feet 10 inches, and when the eates of 1 re opened rise of 4 feet at
Jenny, 65 miles below, and a rise of 3 feet at Wans

: ' 4 : TS
ensues. These are the facts given me by the lumber:

lrw PF S athar B,
other 65 miles farther down,

Of the dams on the Tomahawlk, the first, or upper dam. to be 18 feet
in height, will form a reservoir of 2,000,000,000 cubic feet ecapacity, the
area of basin being 200 square miles, which, with an available supply
of 10 inches from rainfall, will give 4.627,714,400 cubic teet, and a sur-
plus of 2,627,714,400 cubic feet. The second, or lower dam, to be 14 feet
high, will afford a reservoir capacity of 1,043,516,3580 cubic feet, the
area of watershed being 380 square miles and the supply 8,792,847,360
cubie feet, giving a surplus of 7,749,330,480 cubie feet, which cannot,
probably, be collected at any point below. We have, then, on. this sap-
position, the eontrol of only 391 cubie feet per second for 90 days from
the reservoirs on the Tomahawk.

So large an area of the watershed of the Wisconsin above Waunsau
yet remains to be examined, that it is not possible as yet to express aiy
opinion as to the effect of reservoirs upon the navigation of the Wis-
consin or upon that of the Mississippi. The area of the Wisconsin River
watershed is, as given by (teneral Warren in his report upon bridging
tlw._:&h::sisxippi River, 11,350 square miles. Assuming for this area an
available supply from rainfall of 10 inches per annum, we have a quan:
tity of water corresponding to a mean flow of 8,730 cubic feet per second
-fw the mouth of the river. The flow of water per second, correspond-
ing to good navigation on the Wisconsin, can be given by the officer in
charge of the improvement of that stream. - :

It is to be hoped that further survey of the sources of this river will
not be impeded from lack of appropriations by Congress.

: A few points suggest themselves before _:_m-'.nu' farther. If the water
be ponded up in reservoirs, the affinents below will contribute their sup:
plies-of sand, gravel, &c., as usual; the total quantity may be decreased
by that kept back above, althongh the quantities of water let out from
Fh!t reservoir may result in erosion of the banks, and restore, perhaps
{11(;;‘0u.«u,ﬂ|@ quantity of sand, &e., to be dealt with. Now, by disturb-
ing the usual flow, inereasing it during the season of low water, the rate
of motion of bars, &e., will be effected. The direction of the channel,
(.f?:'-‘lll'.l.'];l”‘\_' in the Mississippi River below Saint Panl, changes from high
to lx_n\' water, at, or just preceding, the latter stage, entting out a pzt-th
for itself :1!_:)1!)__‘,', in general, the lines of least resistance. '\‘\{ mean Or
tolerably high stages, the river, flowing through an alluvial bed, flattens
out the bars, so that an increase in depth does not always follow & rise
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on the gange. During floods, and just as they are subsiding, the river
bed is in a state of disturbance; bars move, banks cave, sediment is
prought in. Without coing into an analysis, which would trespass too
much upon the space proper for this report, it can be seen that eircum-
spection is necessary in the projection of any plan for improvement of
gand-bearing rivers.

To appreciate the subject fully, careful observation and study are re-
quired.*

The effect, upon rainfdll, by the der 1 of the country of forests,
and that upon the flow into the streams following inereased cultivation
of the eround, I cannot hazard an opinion about. The weight of evi-
dence colleeted by vari ers upon the subject of rainfall seems to
indicate that reforesting of extensive areas ot country is followed by
a more equable distribution of the rainfall throughout the year.

Information as to rainfall, evaporation, infiltration, &e., was sought
from all anthorities within reach. Buf, as every catchment basin has
i+s own data, observations on the ground for a period of years afford
the only safe means of accumulating st ch information.

In order to fully carry out the investigations ordered by Congress, at
Jeast 25,000 should be appropriated for the: purpose in addition, to the
allotment already referred to.

RIECAPITULATION.

For further examination of the sources of the Mississippi, Saint Croix,
Chippewa, and Wiseonsin Rivers, the sum of $25,000.

For the construction of the dam at Lake Winnebigoshish, to test the
system of reservoirs at the sources of the Mississippi and the eifect upon
navigation, the sum of $70,000.

I wish to acknowledge my indebtedness t0 the Surgeon-General of the
Army for meteorological records; also, to Lieutenant Maguire, of the
Corps of Engineers, for voluntary asistance rendered by him in eonnec-
tion with the completion of maps.

Full appendixes are forwarded concerning the Miss ippi River from
the sources to Saint Paul, for the reason that the examinations pertain-
ing to this portion of the river have been sufficient to warrant a recom-
mendation. y

Accompanying this report are the following appendixes, maps, and
plottings

Report of J. D. Qlinner, assistant e \erineer, Jannary 1, 1873,

Report of J. P. Frizell, assistant engineer, December 20, 1578, : .

Copy of meteorological records from office of the Surgeon-General, United States
Army.,

Seventeen tracings and maps, viz: One oeneral map of the system of dams on the
Upper Mississippi and four detail maps; one u‘mu»]':u_\ map of wate eds in \\'.mt’,ﬁu‘ém:
together with three progress maps and eight detail sheets pertaining to said watber-
gheds.

Nine plottings of gauge readings, soundings, &e.

In all, 29 inclosures.

Regretting that time has not admitted of my putting this report into
better shape for transmittal, N

I am, very respectfully, your obedient servant,
j CHAS. J. ALLEN,
Captain of Engincers, U 8. A

ot
D

Brig. Gen. A, A. HUMPHRE
Chief of Engineers, U. 8. A.

i the report
, can be read

C(hapter No. 4, of General Warren’s report on the Wisconsin Rive
of Major Suter on the Lower Mississippi River, dated February 18, ]
with profit.
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APPENDIX S.
REPORT OF MR. JAMES D. SKINNER, ASSISTANT ENGINEI : s
year, under Mz, John MeCalman, assistant in charge, and Assistant R. Davenport had,
BNGINEER OFFICE, UNITED CTATES ARMY, as their duty, to make accurate detailed Hlli‘\'['l\':_ﬁlif llin- gites on which it had been pro-
Saint Paul, Minn., January 1, 1879 posed to construet dams, to sele I”ﬂn- 1_}:«1 Jocation ml'thx- dam, and, this done, to give
Ly ; an accurate (‘l‘n.\rr\':'l'lllnn on the line, followed by frequent horings and soundings, to
ascerfain the nature of the bottom underlying the proposed dam. This work was very
lahorious, requiring long and nnumerous transit and level lines, the country so abound-
ing in slonghs and ialands of timberthat were apparently the main land, that the country
for miles on either side the location had to be instrumentally examined, to make sure
that there were no passages back of either end of the dam that could connect the wa-
ter above the dam, when raised to the desired height, with that below. Indeed, these
examinations developed the fact, which would otherwise have escaped ordinary notice,
that short and low dikes will, in some cases, be necessary, The borings were made
through 2-inch gas-pipe, driven as the anger descended, and specimes of the material
passed through at different depths were preserved and sent to thisoffice. This portion
of the work was difficult and tedious. Field maps weremade as the work progressed,
3 ; - and on the vmm,‘lm;unm' any one survey a tracing was forwarded to this office ibi'm:spmz.—
TEEeTVOLIS 0n e » last-named Tivel e s10le, and Lo 2k such tion. The results obtained were most satisfactory. Blue clay of the best quality was
1[1‘1‘“:.'1':_ 3 i : B found tounderlie all of the dam-sites and to exist in the banks, and it is reasonably ac-
w'-”-? Tt L o8 D e s J e i P T . cessible for purposes of constroction. The rivers were carefully gaunged near each
Ihe 4 : duim-site, and the water, as well as all the lev referred to the levels of 1874, the
grou beneh-marks belonging to which were nunerous alone the river, These gaugings
work were in the close vieinity of those made in 1 and as the water during the whole
of that season was unusually high, and during this antumn as low as ever known, a
good basis of comparison was afforded. A referer o the table of discharges, marked
D, hereto appended, will vive the differences in height of water and discharge at the
points where the river s ganged. We have, what is muech to be desired, the high
and low water discharge of the rivers at various points ifrom actual measurements,
which enables us to estlmate the amount of water farnished by each reservoir in two
different and independent ways. The fipst method of estimating the supply was by
; . simply taking the area of the watershed tribntary to each re oir and multiplying it
to the parties by one-third of the mean annual rainfall. This was assumed for the distriet under
 in the way ot consideration at 25 inches, A glance at the table of rainfall at different points, hiereto
appended and marked A, will show that the mean annual ra infall at Fort Snelling,
Fort Ripley, Fort Ridgeley, and Saint Paul, derived from all the records kept up to
date, is 26.41 inches, while the mean observations at Forts Abercrombie and Pembina
is only 17.67 inches, from which it is to be inferred that the ainfall decreases as we
o0 towards the west. Indeed, on the Missouri River, the mean is still less than on
The Red River of the North, viz, 15.51 inches. Now, this distriet lying so much to the
westward of Forts Ripley and Snelling, it wounld not be safe to assume more than 25
inches as the mean. The second method of computing the supply is as follows: The
reservoir considered is supposed to he completely closed from De ber 1 to Jllly 10
before which time very low water rarvely oceurs. The measured low-water flow during
the months of December, January, February, and March is then taken as a factor.
Three-fonrths of the mean 11;-.-1-11&1'&1!'1011 (rain and melted snow) taken from the table
of monthly means is then added, it leing considered that—the ground being frozen—
at least that amount finds its way into the reservoir, and finally one-half of the rain-
1 fall during April, May, and June. These three added together give the amount on
JeTVOIrS, WELe hand July 1. ' 5 : SEec
il the re- The proportions abov assnmed have been él(lr;l)tctl after ’c‘arehﬁ u.x'ms}111:1‘f10!1_&11d
i dated consultations with persons most familiar with this subject. The results from these so
widely different methods agree Very closely in the total amount, thongh in one or two
and as instances they differ somewhat, as will be seen by a reference 1o the summary hereatier
in S given. ;
lating " The totals for the district above Pokegama Falls are:
entl l]L'l".
ings of By the first method ... ---
or second ab By the second method .. .. .- . SRt
an estimate

Magor: I have the honor the following report of exal ions and sur-
made by parti s my o, in pursuanee of your order ol August 16, 1878,
so consisted of de i 51 \ : y ont (i ites on the Upper Missis-

SHJ]I'! River above the i Crow ing River, e 3 ions and surveys of the
headwaters of Sai ix River a i I ke examinations and surveys

i s of the Chippewa River, a1 smilar wor the headwaters of the
1sin River ‘

ason at i tes could take ield g0 advanced (after the 20th

nst), the amount to be expen so small i ] with the vast and

difficult region of ¢ to he examined, th as le to cover the ground

.‘x‘]u‘t'i‘:"li 111 | 1

SR o lam-sites and

and one-h
The rest

I propose fo t up the
tioned, and, first, the Mis
mentioned, a very comp
line of tested levels was run from
the crossing of the Mississippi Riv
thence thre (ass and Winnebi
point of beginni ! eurate
showl :
were
resel

Cubic feet.
71,522,027, 920
69, 890, 543, 635
Saint Paul,

of the cost of construet

1, 631, 479,285

g A difference of ==
yoir, and showi i on for each: ol it L ont e Evaporation has been allowed for only in Leech Lake; in all the others ‘t]‘u‘:_supp_}l\r
‘ : ations on evaporation; ¢ m.ML from rainfall from July 1 to November 1 bheing more than sufficient to compensate for
il the Missis i er 1o Ln’ls all losses from lh:li. SOUTCE while in the case of Leech Lake it is but half the loss by
H-m-"--“l A 510, ! | BoIEol evaporation, owing to its :-'m large .~‘|1l'i'=1f“‘ ""‘ﬂ the very slig ]t ]}e.lghthto \\'}1.1(':’]11..11}1[-1
2 i water can be raised. In this connection, it will be prop to refer to the qbs_u ations
taken for determining the amount of evaporation. Thege were t:ﬂ_.(g-n dzll_}g_ ab moriuug
and evening. The evaporator used consisted of a_duuhlc pan 6 md}‘un( I113 t}(f}:t 1,1::({
The dam-sites above Pokegama Falls were, in 1874, necessarily 1 upon t1 1: map ;mhm.:(\fl that the bottom and "'.hL“mﬁ.wm‘“ ofdhe Ull'lt‘-f' 1.]311..\"921}32: Hl; “’1‘:;1&2?1;‘};‘:‘
H S e e \\'n!'}?w-lllm. r.n'ﬂ“.\f. 74, necessari d upon the m 1 y 9 inehes of water. Three of these were used: one was (n\p?n il 1“;1 ¢
were made, and all work done { ; of the sun, one was placed in absolute shade, and the third was sung to evel 0
i g the water in a marsh exposed to the sun.

of elevations al
Lake to Saint Paul;
ings for both years, ar

DESCRIPTION OF THE WORK.

at and below the I ull detailed suveys
t was necessary prior to constr
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The readings and means derived from them are given for each pan in the table hereto
appended, marked B. From these observations, though only taken during August,
September, and October, it isinferred that the amount of evaporation from April 1 to
November 1 will average at least one-tenth of an inch per diem.

EXAMINATIONS OF DAMS ABOVE POKEGAMA FALLS.

Before enumerating these dams, 1 would remark that all the details on which the
results here given are hased, and the caleulations by which they are arrived at, will
be found in the “Table of details of reservoirs,” hereto attached and marked C, and
deseriptions of the kind of dam recommended will be given under the head of “ Cost
of construetion of dams.”

The rise of water mentioned is always to be taken as above the high-water of 1874,
The table before referred to, and the aceompanying detail maps, will always show
what this was. These maps will also show the locations of all the dams,

LEECH LAKE DAM.

This will be 3,300 feet in length, but will be calenlated for a rise of 4 feet. The
water could indeed be T wet. but it would be entirely useless to do 80, as ifs
capacity at 4 feet is larg ] ¢ss of any probable supply.

Cubic feet.
Capacity at 4 feet rise 22, 567, 564, 800
Supply by first method 19, 534, 394, 220
Supply by second method .. .. 15, 460, 977, 021

MUD LAKE DAM.

Chis is of moderate length, its length on top being less than 1,000 feet, and will be
easy to construct.
Cubic feet.
The capacity, with arise of § feet, S i aeo. 2,885 414,400
Supply by fi method =2y 2 3. 122, 380, 300
Supply by second method 855, 040
Surplus by first method... ... coieoi o ieeieiaaee oee x , 966, 400
Surplns by second method ... ; 252, 440, 640
1 i =y 22U,
Nors.—This surplus is counted in total surplus for Vermillion Dam.
LAKE WINNEBIGOSHISH DAM.
This is the dam of the pri neipal reservoir. It is 1,114 feet long, and is caleulated
for a rise of 14 feet.
Cubie feet.
Capacity at 14 feet
Supply by first method
Supply by second method

leaving :Hn.ll]tl'. room for unusually high water. To raise or lower the surface, when
the reservoir is filled, one foot, will require 4,312,701,360 cubie feet, This dam hacks

up the water into Cass Lake. (See Colonel i“;|1‘(11!1t;1i"h report, 1875.)

VERMILLION RIVER DAM.
This is situated on the Mississippi River, just below the mouth of Vermillion River
(see map). It is ealeulated for a rise of 10 feet.
Cubic feet.
5,770, 828, 800
8. 449, 942,760

Capacity at 10 feet ...
Supply by first method
Supply by second method . ... 8. 400, 321,448
Total surplus by first method. ;175)1(11 080, 360
Total surplus by sécond method. ... ‘ 1‘ 933, 388
A
This surplus is counted in total surplus for Pokegama Dam.
POKEGAMA FALLS DAM,

This is the distributing reservoir, and is situated at the head of the Falls. If iscals

culated for a rise of 7 feet.
¥ : : Cubic feet.

Capacity at 7 feet rise
Supply by first method
Supply by second method ...
Total surplus by first method
Total surplus by second method

This last surplus gives for Y0 days the quantity
cubie feet; or per second, 547 cubic feet. :

APPENDIX 8.

Summary to supply of water to reservoirs above Pokegama Falls.

Name of reservoir. ‘ By first method. | By second method.

Cubic feet.
15, 460, 977, 021
3,1
Take Winneb

Vermillion ... = : st & i
Pokegama Falls ....oovverienn. SR 3 son 5117 630,126

Total SUPPIY-neovecvoramameaonntnsaranceneoa- e 69, 890, 528, 635

The second method of caleulation has been adopted, so that we may say that, in
round numbers, we have a supply of 70,000,000,000 cubic feet on hand on the 1st of
July.

Now. it is believed that the lower river, above Aitken, ean take care of itself before
July 1, as its watershed is upwi rd of 2,500 square miles and its affluents numerous ;
but let us suppose the worst case possible, viz, that after May 1, the earliest date tha
navigat .oins, we have to supply the lower river as far as Aitken. We know
from careful observations, in 1874, that 2,500 cubie feet per second discharged at Poke-
gama Falls gives llent navieation as far as Aitken, and, it is to be presumed, for
a much greater distance down, as the river is deep, except in a few instances; where
obstructions, such as small rapids, &e., exist, to below the mouth of the Crow Wing
piver. Now, from May 1 to November 1, months, or 180 days, will require, at 2,500
feet per second, in round numbers. abont 37,500,000,000 cubic feet, leaving us with
29 500,000,000 cubic feet in store to supply the lower river in addition, for a period of
120 days, from July 1 to Nov ember 1, which gives us 3,135 feet per second.

But we have, further, a constant supply from Pine and (ull Lake Rivers, as shown
by the surveys of 1574 (see Colonel ¥ har's report, 1875), of 1,062 feet per second,
which being added s o total supply of 4,197 enbic feet per second, and this while
9500 cubic feet per second bemng added to all the resources of the river below
Pokecama Falls, Mille Lacs might possibly furnish a small further supply, but I do
not think it safe to count it. Further, in the case under consideration, were the dams
opened on May 1, in order to supply the 2,500 cubic feet, there would be no surplus, as
it would not have collected. We are. therefore, entitled to add the amount of that
surplus, viz, 547 cubic feet which gives us a total of 4,744 cubie feet per second. :

Now. from aceurate gauging, in 1875, of the Mississippi River above the Falls of
Saint Anthony, and the Minnesota River at its mouth, we know that we can set the
low-water discharge at Saint Paul 00 cubic fect per second. Now we can add to
this 4,744 cubic feet from the rese naking a total amount passing Saint Paul at
extreme low-water of 10,544 cubic feet per second.

Tt must be borne in mind that the case supposed on which these estimates are based
¢an never oceur, as the river below the Falls and above Aitken musi always have some
water running. I think it would be pexfectly sate to add one-half of the amount

1L

allowed (2,500 cubic feet per second) to the foregoing estimate. We would then have—
Cubic feet.

Former amount
Added

Total amount passing Saint Paul at low-water, cubic feet per second .. 11,794

There is still further reason, qmounting almost to & (:(.‘I.‘i':-llnl_t}', for the beliof tbat the
Mississippi River below Pokegama Falls ¢an be s_upphell {mm its own \va..tersiied‘
with auiple water for all purposes of navigation prior to July 1, and 1613 absolutely
cerbain that before that time the river below Aitken 18 entirely independent of the
discharge at Pokegama. L o -

The character of the two distriets is entirely different. Above the falls the whole
country is, in a certain sense, & reservoir., It receives :,11_1:1 retains vast 411]zmhtms of
water, which drain off slowly. Large lakes, with very slight differences of level, and
immense marshes hordering them, retain the waters from the higher _pm'r.mln‘s of the
basin and part with them Slowly. There are 1o {reshets, no sudden rise or fall in the
surface of the lakes or streams. © Al changes are sO gradual as to be searcely percepti-
ble. The extreme ranee of Lecch Lake is only 1.7 feet, and this is only the grmi_l.ml
change from n very wet son to a very dry one, and is due largely fo evaporation.

1o to the weneral map on file in Washington will show the character of the
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region, and it will be seen from the sheets of gange-readings he :
that at and above Grand Rapids the gauge current 1s practically an wnkroke
l!lli‘. Below Grand Raids the \\'hu]m-nugrn is different. The river becomes a iJ'H‘:
river, \\_‘i:h defined banks, and is fed by numerons tributaries, while aboyve there 'H':-
only a few small streams that lose themselves in swamps before they join the rivep
Three miles below Grand Rapids is Prairie River, a rapid streamn, which at times ui‘
IJ]:‘"Ilv\\':lll'l' discharges large volumes and is subject to freshets. It produces s i
eifect on the river at Grand ]:.‘I]lili.\l, that when 1‘]11- canee above the Falls .\!]u\\':-‘dlq
sl:-:nl_\' decline the gauge at the foot of Grand Rapids has been known to I \ Tl ‘L-
of a foot. The Split Hand, Wild Swan, Sandy Lake, Rice, Mud, and Willosy Hi\'n:-(
are important tributaries. This last drains a very large area, as will be seen from the
map. A reference to the gange-readings and a comparison of the curves above and
below will show plainly the wide difference in the character e two porti :
the river. The upper are almost unvarying : the lower ]
‘ date set, July 1, it is not too mueh to say that low-wat
ore that time. It will be seen, by a reference to Table A. t
rgest rain-fall in the y and that June is notably the m
Fgest mean. It is, '”i'h:tlj"\'. universally known as the high-water montl
to low-water by the 1st of July is almost impossible. It has at least nes
“‘1' have a fair right, therefore, to conclude 1!!1;11 July 1 will never find the 1
'»\"!Fli:rlli sufficient water for purposes of navieation,
~ There is only one place at which any continno
kkept in this district, and that is at Saint I
tend over a period of seven years, from 1
very low water, and the hizghest does not
low water. The mean reading for Julv 1 ( 2
:"u_n' ol { n on July 15 was 74 feet above lo
said th 6 the area of the ershed below Pokegama and al
mi Now, using the second method of [‘:;]][Er,’:n]}nil hef
parisons given wonld seem to establish as just, this will fur
uu:l.:l‘\1 up to July 1, 4,362 cubic feet per second. ‘whi];- in 1874 ;
at the same place of 3, feet per second oave mneh more
n_i water required for navigation., Tt \\ni_;li[ seem. then
lished that we can shut off the entire Yiver above Pokes
oul interfering with navigation below,
;}1:1(1“;‘_]:] j-iu'i:i(}-wf!{u:w(f-]-”-‘l-T‘») be illH("l‘ 1'.' .iflf- \ulm:n\- !r:fn'.'..‘ which wo ild r-u::‘gh- us to
i 5 > teet per second to the last amount before viven as passine Saint Panl
viz, 11,704 cubic feet per second, makine the totaliamonnt otthio Teat b
ond, or, ‘E{‘-‘I'!U”Il.‘i the low-water flow at 'T\‘;li].l 1>-l1'-,1' 5 80) '\!
a 1]’1“:;(1;(!1!(;}_ lt‘;*;;lnlllzlj\'i;:;;(_:J.'id‘l'ljll\l'bl‘.llm\b Pokegama Falls 7,244 cubic feet per second for

ore deseril

Aitken, contin-
wrge (measnred)
than the necessary dept
that it is abund:

ove Pok a Falls up to July 1 with-

cubic

COST OF DAMS,

There _ha»; been no time as yet to make de
dams. Careful estimates have heen maide
been able to find nothing to lead me
in the ease of the Leech Lake dam.
'I_'ln} cost of this our examinations this ven
estimate as corrected would stand— a0

tailed drawings and plans for the different
L from the different cross-sections. and I have
to s : . :

to alter the estimates made by me in 1874, except

> enables me to reduce to 855,000, The

iR RS e e T T L $00, 000K
Lake Winnebigoshish

Vermillion River ___. __

Pokegama Falls (masonrs

Pine River.... ;

Total cost of system of dams. .___

Should only sufficient money he ADPLopriated
4 i 2 Prelate
be advisable to erect that at Lake Wing ;
containing more than half of the water

for

"‘}’lw-i""ili*!l first, Itisthe pring

Pib s P b : ) ' 10 he

in a very favorable position as far as timber, convenience fo helteri el i d
) 1CE TOor sheltering men, ai (es

withheld above Pokerama Falls.

livering supplies, and for the s:

livering supplie ; & same amon, A OR e e T T thel

illnstrate the working of the proposed .L;\-\,:;!. of money would hetter than any Ok
Wk in,

mi e 1 e ]'H"I'I'II:'I'Y FROM OVERFLOW,

) 'l‘f‘“‘ I:]ll}ld m-'tr-ll:liirw.-'nfl is :]llnmes{ entively ¢, the'Tndian resarvati bove thie Ver:

nitlion Dam, iTe 18 : 11§ e ’ StLYALION IR0 0

~;|1lm1--w..d!l-lm.l1IH-IL~¥;I‘(]]“.)-.,““I m,“l}'] Cultivation, hut some hay-meadows wonld be

= erged, and the wild rice, on which the ( *hippewas largely subsist, would for a few

as largely subsist, would tor aie

But in that case we should have a surplus of
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seasons be drowned onf. This, however, woul probably find its way to the surface
in time and be as luxuriant as ever, Below Vermillion River are extensive meadows
along the river owned by lnmbermen, from which they derive annually their hav foi‘
their sfock during their winter logging operations. This, after the erection of the
dam at Pokegama Falls, would be cut off and the meadows ruined. Hay, however.
could be.obtained elsewhere, thongh with less convenience. Of course prm'lsim,l
would have to be made for the passage of logs throngh the several dams. This is all
the damage that could be sustained, the country being entirely given up to Indians
and lumbermen. i

Before leaving this parf of my report, I would express my conviction of the entire
feasibility of the proposed system, and also that efficient aid would he given to the
navigation of the Mississippi River at least as far as the head of Lake Pepin. Iwould
also acknowledge the intelligence and zeal “with which Assistants MeCalman and
Davenport discharged the duties assigned them.

SAINT CROIX RIVER.

We come new to the consideration of the Saint Croix River, and the practicability
of constructing reservoirs on its headwaters, with a view to beneficially aiding the
navigation of the Mississippi below their junction. The party engaged in making the
surveys necessary to determine this was under the charge of Mr. H. S. Treherne, as-
sistant engineer. Their duty was to select the most suitable dam-sites, to make a
thorough instrumental examination of the country each side of the proposed dam, to
Tun a line of levels sufficiently far up-stream to determine height of the dam, if not
limited by natural features at the site, to make a detailed survey of the latter, to estab-
lish the flowage line and contours of the whole reservoir, and to gauge the streams in
the vicinity of the dams and at other points. He was also instrueted to obtain as
mueh information as possible as to the location of lumbermen’s dams and their oper-
ations, the general features of the country, and the character of streams which the
limited time would not admit of hissurveying. It wasmnot possible to run a connected
line of levels, but a datum was assumed for each locality surveyed and numerous
benehes left in prominent and accessible places for nse another season, when the whole
system could be conneeted and the levels carried down to the Saint Croix River and
eonnected with some point on the Saint Paul and Duluth Railroad, thus reducing all
elevations to the sea-level. Before enumerating the different localities examined, if
would be well to give a description of the country throngh which the Saint Croix
River and its tributaries flow, both on the Wisconsin and Minnesota sides. This last
was not examined this year, but is well known to me.

DESCRIPTION OF THE COUNTRY.

The Saint Croix River rises in Upper Lake Saint Croix, a sheet of water about 4%
miles long and a half mile wide, lying at the foot of the ridge that divides the waters
flowing into Lalke Superior from those reaching the Gulf. This ridge is 1} miles wide
and its lowest summit elevation is 14 feet above Lake Saint Croix. Ii is full of springs,
the two principal ones being 25 feet apart and their waters running in opposife direc-
tions. The banks and bed of the lake are also filled with springs. The tracing of
progress map No. 3 will show its course and direction. Its nm'mtrih:}taries_ are on the
Wisconsin side—the Bau Claire, Totogatic, Namekagon, Yellow, and Clam Rivers; and,
on the Minnesota side, the Kettleand Snake Rivers. The country through which the
two latter pass is very different from the Wisconsin side. It is a heavﬂy-wopd@d d}s—
trict, white and Norway pine alternating \}'ith ]_Lm'd-wc_wd t-uuber._ The soll_ is of a
much better character than on the other side. Extensive lumbering operations are
sarried on on both these streams, and on Snake River large dams are erected for mill-
ing and log-driving purposes. On i:hn_ Wisconsin side numerous (111-!@ :_ch_bul]tf(Jl}} th]a
river proper and its tributaries for driving purposes, a ful[_ ]1st,anr1 dc‘scmptm‘u of w 1%:311
is given in the report of Assistant 'l‘rehemg on [u!e in this office. There also is on 8 e
a full list and description of these dams, with thmvr d‘lsulmrge mu} the effect on t‘he Tes-
ervoirs on opening the gates, given by Mr. A. \\ (_,haSte_, Supcl‘u]’(em_len!‘- Ot: d_.lmsf OTl
the Saint Croix, to whom I am under great uhhgut-umsrim‘ valuable mforma;tl.o‘n_]ulv
nished the party before taking and while in the field. These dams are all mdé]_l\e(n?l-l
the progress ]11::[”‘ and lettered a b ¢ in red. The three located dam-sites and reser-
voirs are marked A, B, and C on the progress map. : =

Of the \illllnli( ((]af.\ihlg “:'Il-itlf Croix A:‘\Hih‘l&l]? Treherne says: “Tn the bed and on t{i
banks of Lake Saint Croix there are numberl springs. The banks on the east and

3 5 feet high; on the north is ;‘1-};:}‘;:5= l];i‘\_" meadow, north of \\fhl{;-}& Jsa._
vy large cedar swamp, extending over the dividing ridge Imt-weeil. t?l(:- S:!unt (41011%
River und the Bois Brulé River, and for some n}1lﬂ;—3_d:)\\'n the lat‘gm shjjnm. _The
Saint Croix Riverabove its junction with Moose River 15 m:E very _}';1-1?111. Ll?tn L-‘ll}:p.e_r
Saint Croix Lake to half a mile north of the junction of the Saint Croix and Eaun Claire

r

T B




