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Supply from flow of streams.

Mean low-water as guaged, 1878, per second
Mean low-water as gauged, 1878, per day

For December, January, Febrnary, and March, 120 days-- -« ---- -«
Now this is all held back in Leech Lake, and we have only the l
water discharge of Mud and Bear Rivers, which at 75 feet per
endstor dmon Eha oot e i L

Three-fourths snow and rain. . ____ __....._
One-half rain, April, May, and June

Less evaporation, 90 days, at 0.1 ineh per day =9

GosMiBuRply e L e e
et e T PR R

Surplus

LAKE WINNEBAGOSHISIL
Capacity, with rise of 14 feet above hich-water, 1874:
Lake surface 74.11 square miles. y '
Which multiplied by 14 feet depth
Overflowed surface, 33 square miles..._..
‘Which multiplied by 8 feet depth,.__.
Overflowed on Mississippi River, between Winnebago-
shish and Cass Lakes, 2.2 square miles,....... T 60, 98
Which multiplied by 10 feet depth
Overflowed surface Cass Lake, 45.4 square miles......
Which multiplied by 7 feet dvizth

=28,924,71

), 84(

RECAPITULATION.
Capacity for 14 feet rise in Winnebagoshish Lake:

Lake Winnebagoshish proper
Marsh overflowed

Total capacity ......

Supply furnished reservoir at Lake Winnebagoshish.
1. From rainfall:

Average rainfall
Availablert e fin. o oA
Area of basin, 1,892 square miles
‘Which, multiplied by 0.7 foot
Total supply from one-third rainfall,
Total capacity at 14 feet rise

L e

2. From flow of stream:
Measured low-water flow =540 feet Per second, or per day
rl“nr ]_)0(:(»1!1];(,-)‘, J_an.uar_\', February, and Mareh, 120 days. ..
Three-fourths rainfall and melted SHOW, same period t
One-half rainfall, April, May, and June

Total supply

VERMILLION RIVER DAM,
Capacity if water is raised 10 feet above high-water 1
Sl}r!’:ice overflowed, 34.5 square miles...__. .____ BN
Which, multiplied by 6 feet depth
Supply from rainfall:

Aren fributary, 433 square miles
Which, multiplie

874

= 961, 804

INEHES . s csis ~oresvin

Cubie feet,
=290
25, 056, 000

Cubie feet,

weee 3,006, 720. 000

W=

vee =111 ,600::080

. 1,204, 346, 850
. 1,516, 584, 960

3, 498, 531, 840

360, 676, 200

_l:-I: 040
414, 400

252, 440, 640

e = 2,066, 050, 800 square feet,

1, 200 cubic feet,

= 919,987,200 square feet,
e S s = 1y o0d, S, 600 'eixhicdepi

1, 000 square feet,

), 000 enbic feet,
360 square feet,
520 cubic feet.

Cubie feet.
3,924, 711, 200
, 909, 897, 660

609, 840, 000
by 859, 755, 520

45, 754, 204, 380

25 inches.

3 inches=0.7 foof.

, 800 square feet.
960 cubie fdet.
)60 cubic feet.
, 080 cubie feet.

Cubie feet.

46, 656, 000

=5, 598, 720, 000

241, 401, 856

, 800 square feet.

..................... = 5,770,828, 8680 cubic feet.

3, 800 square feet.

942, 760 cubic feet,

APPENDIX 8.
Surplus: Cubie feet.

b T e e e rellenie s e R s e .. 236,966,480
%ﬁ&:neui‘ . 8,449,942, 760

— TR SR R e e e
Eiiiﬂﬁéﬂfff?f-ﬁfffffi?.-.--......-...-.......,.............._....___ 5,770, 828, 300

Surplus entering reservoir Delow..coe. coeciian cocnimnaiaenenes 2,916, 080, 360

Supply ealenlated from flow of streams: Cubic feet.

Mean low-water flow below upper dams per second ......cooneenunaces 108
Mean low-water flow below upper dams per day seeeceeaceeoenaanz-ane 8, 640, 00

For December, Jannary, February, and March, 120 days..cccuveeenea-n 1,9:}6, ?0{), ()Og
Three-fourths melted snow for same period......... - 3, 2;}9,(2?;?, 8152
One-half rainfall April, May, and June s cenaanasoaan 4,104,257, ¢

Supply t0 JUIY 1oceeccmne rnnvacnammme e aac st mam oo oe sam e 8,400,321, 543
No evaporation allowed for here. 5
Surplus Mud Lake..o--e.seses asmessaccoessncsmmoss sosecnnnnr sonnos 252, 440, 640

ﬁ\-rg 00 1Q
Total supply 2, i_:;ﬂ, ng, ibg
Capacity as above..... - i b , 828,

[y i=g - f{.}
Surplus passing info Pokegama allS e o et i sl D BRI L ISEISER

POKEGAMA FALLS DAM.

Capacity if water is raised 7 feet above high-water 1874:

Area overflowed, 23.61 square miles.....cocceaneeanmnn- = ) 9:’? ?g{l), 23; ;(Elljgef&ait
Multiplied by depth,5.7 T e e et T e 5

supply fr rainfall:
= n?u\]\q:!t:ii:ﬂ:; rainfa - 4,990, r?,‘%i}', ‘390 Sq‘{)‘qrmff“it‘
31t1f1'1111ic1i by rainfall, 0.7 f00f. o coeniemcenioocoeienon-- 3, 493, 156, 520 cubic feet.

S“rl‘l““ : Cubic feet.
Bt S 080, 360

FIOM BDOVE. soncas snnmve maemmmsmo=azsemnassa=cocs - 3 493, 156,520

RUPPIY =~ s snmnomens Fuvins i shasiionssots son 52 BTG RO S Ceman -
6,409, 236, 830
3,751,791, 436

2 657, 445, 444

Potallsion o o S eI o oo e oo o2 s sl man ) S

T PR SR S T e b e

Surplus pouring OVer dall........---e-ccesmosooersons oo oot

POKEGAMA FALLS RESERVOIR. ok b

i1l sig 200
Mean low-water flow below Vemn'lh_nn Dam, per st{capd. Thpe t : - - 47 90100
Mean low-water flow below Vermillion Dam, per day.---------

’ 50 ART et s mian TSIE00, 10
Fd& December, January, February, and Masrch, 120 days----- 1 347 Sﬁ(},, 379

Three-fourths snow, &e., same months - oo 1o 676, 024
One-half rain, April, May, and June ... -- : :

.- 517,636,396

SUPPIT e oo enabacnad cosnos commerpnastnsti il LR IR

£ T el T st e e S e O S e .
it 7,999, 569, 784
.. 3,751,791, 436
Deduct capacity e

Surplus passing Over AATN oo cnememmm smmmmmmmmn s

e LT O 5T
Or for 90 days, per day =48
Or for 90 days, per second ... ----- .
] : ak g ithon
The above surplus discharge takes place W
way whatever.
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FLAMBEAU REGION.
Reservoir at Butternut Lake.

Area of watershed, 55 square miles. . .

Average rainfall, 30 inches.

One-third rainfall, 10 inches = 0.83 foot.
ATOUNTE 0F WALOL e ccee memmr camaae cnns cmomoecaasmesamnss 15 272,648,560 cubic feet.
Surface area of reservoir, 2.1 square miles.......c---s---- 4, 640 square feet.
Multiplied by depth, 10 feet 446, 400 cubic feet,

Cnbie feet.
Supply 2 1,272, 648, 960
Deduet capacity ..o ... A S L e e Al 585, 446, 400

1,533, 312, 000 square feet

T R A e S S B N O ST P SR TR - 1)1 21

e T T T e e o it e 1,272, 648, 960
Supply for 1 day 14, 140, 544
Supply for 1second 164
Capacity only.........o.. S R e T 4, LN 75
Discharge of streams as gauged, per second E

r

Reservoir at Rest Lake.
Supply :

Area of watershed, 212 square miles. . ...-....ceeeee-----. B, 910,220,800 square feet.

Average rainfall, 30 inches.

One-third rainfall, 10 inches—=0.83 foot.
Amount of water available
Capacity of reservoir, water-rise of dam, 25 feet.

Square feet.

Area of surface=9.58quaremiles ... ...........ccu--s = 264,844,800

To which must De added 10 SqUATE INILES . - .. veeenn cnnn sennne 278, 784, 000

Cubie feet.
Now 264,844,800 by 7 feet depth =1, 853, 913, 600
And27a el 000-by 10 feet depthivecnc. oo oo cnnccnasmnnnnen e — 2,787, 840, 000
4, 641,753, 600
Now :1_1;50 add for the 10 feet rise an area of 12 square miles = 334,540,800 square
feet, which averages 3 feet depth —1,003,622,400 cubic feet.
Cubic feet.
OB G by e e T e v aai e e BGT G SI
Tobal BRPPLY ool ool ieee i i lciciiesnenecmcesn navessen d, 005,483 Hod

Tixeesgiof capacibvisu s o ool on Lo il il e me s s oab 2 T09, BT

2 vOIT Whe 11l e ige rores £ o P .
Reservoir when filled can discharge for 90 days 730 cubic feet per second.

TURTLE RIVER RESERVOIR, PARK LAKE, ETC.

Area of watershed, 174 square miles
Average rainfall, 30 inches,

One-third of rainfall 10 inches=0.83 foot.

teeemaseisssaas----- =4,850, 841, 600 square feet.

: 2 Cubic feet.
Vo B4 IR 1T B BT T e) o e S SN U 4. 026, 198, 428
Total capacity with 15 feet rise at dam ’q;g(;';;‘;‘g 720

L T e b i e et e L R SR 3, 405, 415,703

This 1nsG 0 q |' P'n'-“. € r Ll . o . .
This must be sought to be retained above this reservoir by future examinations.

& s Cubio feet.

Jontents of reservoir for 90 days a0 TR TE

‘ nts of reservoir for days...... 620,782,720

Contents of reservoirforl day . ..o.. ..o . ...... 6. 807, 586

Contents of reservoir for 1 secend ... ___ SR i e YT
Thile fr: y ] 1v At Ba matatna 5 RS ey, Cee e

While from the supply, could it be retaing d, we could get per second 518

Tnetoadl S s T e e o d 005, B3 64 onhiodabiS .
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UPPER BAINT CROIX LAKE RESERVOIR.

Total area lake surface, 1.8 square miles............ ... 50,172, 400 square feet.

Which, multiplied by 12 feet depth....ocoooioanooia ... = 602, 068, 2800 cubic feet.

Overflowed area, 14.7 square miles .o _o. oo cooetnaaaas 409, 620, 100 square feet.

Which, multiplied by 10 feet depth. .. .. .o iamaan .o . =4, 086,201, 000 cubic feet.

Total capacity 4,698, 269, 800 cubic feet.
Supply :

Area of watershed, 290 square miles.. -oocceeecaeann ... = 8,084,736, 000 square feet.

Cubic feet.
Which, multiplied by 0.7 foot, one-third-rainfall o oo.cocoaa it iaaaa o °B; 659, 315200
Deduch CaPAcIEY «eeemsimmmnansammrooraccacmae e mre e naca 4, 698, 269, 800

1 T R e o e e

From reservoir full for 90 days we have per day ---ccecocecaneamnnnnnn 52, 202, 998
From reservoir full for 90 days we have per second. .cacaecccmeemean.n- 604
TOTOGATIC RESERVOIR.

Capacity :
Area of surface overflowed 7,635 square miles ..-.-. -ao--. = 212, 855, 000 square feet.
Which by various depths will give....c.ccccceaevaaccnenn 2y 831, 095, 000 cubic feet.
Supply :
Square feet.
Area of watershed, 330 square miles ... cocoae e iaeccmcaianaann 9,199,872 000

Cubic feet.

Which, multiplied by 0.7 foot, one-third rainfall..oeee eeeceaevneens =6, 439, 910, 400
Deduct Capacily .- --: aoaameacecessmmmmnsazeasaasonn e e e 2, 881, 095, 000

SUTPIUS . e e ces oo mnmmme mmn come smmmmeamomms o reomm oo e 3, 558, 815, 400

Which must be sought to be retained by further examinations. :
Cubic feet.
Capacity gives per day . 32,012, 166
Capacity gives per second .. y 370
Could the surplus he retained above we should have added per day 39, 542, 3?3
PO BOCON( . . - oen iene snmsasanmesasans aaemss somnsaamms caesmnazmnnieoonoss 457

UPPER SAINT CROIX REGION.

Yellow Lake and River reservoir.

Capacity of reservoir: Bl
Lake proper, surface 4.664 square miles ..---. cozeanoe---- shilre iy = 129,913,344
Cubic feet.

‘Which, multiplied by 18feemept_h.._..._........--.'....-_.....--.___ —2, 340, 500, 000
Overflowed area, 3.936 square miles, which by varying depths, else- e
where computed, gives , Ub2, ez,

e semmmssmmmeS smmmes sammmEgE-a

Total CAPACItY -cen canesemmmr smaacocecmmnacees 3,402,712, 000

Supply : Sqnare feet.

Area of watershed, 321.5 square miles.... -ooc-oceenzzes i iiiesesose =8,962,905,600

< Cubic feet.

Which, multiplied by 0.7 foot, one-third rainfall g) %g, T[Ji}ggg
Deduct capacity.----u----- e T e 3,402, 712,
2, 871,321,920

g o PR B Lo e R e b

This must be souzht to be retained by farther examinations next year. :
] Cubic feet.

From reservoir full for 90 days, we can farnish per day 37, 807, 25615
Par BO0ORM. s s s e S o B s e S s SR s T o £e
Could we retain ﬁlll’}_lhls above we C'Jul(] add per (1:‘1}' S e PR e e 31’ 90'5’ éég

Bl Hebond. (obs il i b S R Ce e e = e SR S s S SRR
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TABLE D.—Discharge of the Mississippi and Leech Lake rivers,

Date.

1874.

September 8
Angust 22 .
August15 .
September 26 ..
September 2
October 12.
October 15.
October 20.
October 2
November 3

1878.

October 14
October 16..

September 21 ......

5 ! Below Grand Rapids . .
-..| Below Swan River . ...

| Height above

Station. low-water.

1
=] Above Cass Lake .cceeeveacascnans eeees Mean L W.
.| Below Cass Lake ..... ) 1. 855
.| First station Leech Lake River. ‘ 1. 536
-| Second station Leech Lake River. . Mean H. W.
3.

| Below junction Leech Lake River .
Above Pokegama Falls 5 2. 561
. Mean H. W.

--| Below Sandy Lake River..
| Below Willow River............

First station Leech Lake River

September 23 ...... .....

October 21..
October
October

Below Vermillion RiVeT - -..............l....

* Height of banks abont 8 feet at low-water.
Fridley's Bar.

FIRST SERIES.

1. ¢

2. 077

0. 965
0. 808

1. 696 |

2, 960
*2, 046
3,784

Height above Area of cross-
low-water. section.

Mean veloeity

of river.

Discharge in

cubic feet
per second.

3. 9627
3. 9056

32, 024
42,412
31, 630
30,917
30,190
29, 314
929, 354
29,159

BECOND BERIES,

June 22
June 23
June 24
June 25
June 26
June 28
June29. .
June 30

6, 044

. 00019398
). 00019398
L 00019847
. 00019398
. 00018049
. 00018949
0. 00018949

30, 6500

. 0540
. 0030
0927

ok ok ok ok ok 3 B

_Sa;
=R

3

" oo
=

=333 9000 9000
838

g

\

June 8. ..
June 10..
June 11.

APPENDIX 8.

Sauk Rapids,

FIRBT BERIES.

|Height above Area of cross-
| low-water. section.

Slope.

[Mean velocity

| Discharge in
cubic feet

of river.
per second.

Square feet,
6, 691

0. 00018998
0. 00018482

0, 00017
43

0. 00014568
0. 00015384

0. 00022247
0. 00027666
0. 00024333
0. 00022666
0. 0002100

0. 00019990
0. 00019990

30, 936
30, 339
98, 163
27, 243
26, 413
25, 359
24, 668

July 16
July 17.
July 19.

THIRD SERIES.

4, 379
4, 850
4,234

0. 00010063
0. 00009612
0. 000087093 |

1. 9305
1. BGG6
1. 7802

Brainerd.

FIRST SE

Date Height above |Area of cross-
i low-water. section.

Slope.

ity of river. |

| Discharge in
cubic feet
per second.

Mean veloe-

@ | Square feel.
4, 467
4,402 |
4 496
4,409 |
4,437 |
4471 |
4,586 |
4 690

$0 900000 00 00 00 O

S 5D T e £ e B2 L
= e e

SECOND BERIES.

3.62
3.48
3,32
2,98
2,82 |

ED =1~ &3 oo

BO 19 19 B3 b
s =13
[ SRR TR R

0. 00015752
0. 00015123
0. 00014492
0. 00018232
0. 00014492
0. 00013862
0. 00013232
0. 00013862

13, 084
12, 819
13,206
13; 089
13, 082
13, 205
18, 441
13, 444

0. 000070588
0. 000064052
0. 000083660
0. 000083660
0. 000070588
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Discharge of the Saint Croiz River and tributaries, 1878.

Station.

i i
1 Dﬂlll-‘;liomsoution;la‘ township 24, range 13.| Low-water..

Beltn\l‘ Crooked River

Below Keftle River
do

O
Three mile

Ao

Deowmmmoo=1=amor

above

of river.

=
@
%
-3
=]
—

Mean velocity |

i
=]

|
|

.--s=o| Low-water..
|ee..do.

F-water..

0. 00132

* These large discharges were ¢
height above low-water will show

:tlll'fed by the opening of Snake River Dam at Chengwatana. The
115.

APPENDIX 8.

Discharge of the Saint Croix River and tributaries, 1878—Continued.

Tributaries.

¥

Station.

Height above
low-water
Area of cross-
section.

Mean velocit

of river.

Discharge

in

per

cubicfeet
second.

Station.

Above the Ye

14 | At mouth...

Turtle River
Butternut Creek
Flambeaun River.

t Channel. .

t Channel.
Yellow River
Eau Claire River
Menomonee River.
Aux Galets

Mean L.W..|
(0. 800 |
.| Mean L.W ..

ABEs it

e
.

e e b
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TABLE E.—List of the elevations above the sea of different poinls on ‘Hn'- .Ui_.\'.\'i.vj»aippi Liver
from Cass Lake to Saint Paul, Minn, The low-water surface of river is given,

Station.

Cass Lake..
Lake Winne
h and Miss|

ite Oak Point..._ .., ..

it of Pok
Head of Poke
Foot of Pokegama Trallg _
Head of Grand Rapids .. .
Foot of Grand Rapids

Crow Wing
Fort Ripley
Head of Little
Foot of Little E
Platte River
Watab
Head of

Foot of Sauk

1) !
Baint P

REPORT OF MR. JOSEPH P. FRIZELL, ASSISTANT ENGINEER.

UNITED STATES ENGINEER OFFICE,
Saint Paul, December 20, 1878,

SIR: In reply to your request of the 13th instant, for my views as to the quantity
of water that may be expected for filling the proposed reservoirs on the headwaters
of the Mississippi, and other scientific questions involved in this project, I have the
honor to submit the following: :

_:'\ll’h('mg']l the flow of streams depends upon rainfall, and every considerable fall of
a1l 18 usually followed by a greater or less increase of volume in streams, the portion
of the rainfall finding its way into the streams is a matter of great and perplexing -
certainty, .‘iml_nn province of engineering stands so much in need as this of extended,
accurate, and intelligent observation of the various circumstances which affect this
result.

Observations have been made for some 25 years past at Lake Cochituate, from svhich
the city of Boston has, until recently, derived its supply of water, of the rainfall on,
and discharge from, a district some 19 square miles in area. I am in possession of the
results from 1852 to 1875, inclusive, a period of 24 years. The average flow is about 45
per cent. nt_ﬂw rainfall, which has averaged some 50 inches. To show the extreme ui=
ECTTHIUT}' "_l' f']l‘l.‘-\'l‘- results, it may be mentioned thatin 1357 the rainfall was63.1 inches,
74 per cent. of which was represented by the discharge. In 1866, the rainfall was
nearly the same, viz, 62,3 inches, only 25 per cent. of which appeared in the discharge.
The latter was the lowest percentage shown during the 24 years, The highest was I
1859, being 7€ per cent. on a rainfall of 49 inches. The highest rainfall of the period
wa i_ﬂ'J inches In 1863 ; the lowest, 35 in 1855, In other \E:]-d.-. the variations 10 the
rainfall are as 2 to 1. " The variations in the discharge with the same rainfall are as &
to 1. I_n 1857 the aggregate discharge was equivalent to 47 inches on the entire drain-
age-basin. In 1871 it was 15 inches,

The flow of the west branch of the Croton River, which has a drainage ared of
about 20 square miles, was observed for a period of six years by Mr. J. J. R. Croes, a1
engineer of the New York water-works. The aggregate flow was 63 per cent. of theTail

APPENDIX . 1937

fa,'ll. From data nl)t.@ille(i in my professional experience I find that the Concord River,
in Massachusetts, which has a drainage arvea of 375 square miles, carried off during a
period of 34 months, in 1874, '75, '76, about 41 per cent. of the rainfall, i

Mr. T. G. Ellis, under authority of the United States Engineer Department, deter-
mined the flow of the Connecticut River, at Thompsonville, Conn., for a period of 47
months, commencing February, 1871. The results are detailed in the Report of the
Chief of Engineers for 1875, The aggregate flow, after making a slight correction
which appears necessary, amounts to 25 inches per annum, rather more than 50 per
cent. of the rainfall. 7

Whether these results can afford us any guidanee under climatic conditions so es-
gentially different, is very doubtful. It will appear that even for the localities to
which they relate, they form a very unsatisfactory basis of caleulation. If, for instance,
we attempt to predict the product of the Lake Cochituate drainage district for any
given year, knowing the area of the district, the average rainfall, 50 inches, and the
average percentage of flow, 45, the second element of our calculation is liable, for
any particular year, to vary between the limits 35 and 69, and the third between the
limits 25 and 78. So that it appears within the limits of possibility that the flow might
be as low as 8% inchesor as high as 54inches. According to the theory of probabilities
both these results might be expected in the course of 576 years, i. ¢., assuming every
succeeding period of 24 years to present the same variationsin rainfall and flow as the
one embraced in these records, the lowest rainfall might be expected to oceur in the
course of 24 years,.and in 24 periods of 24 years each, it might be expected that the
year of lowest percentage would coincide with the year of lowest rainfall.

Of the quantity of water which falls upon the drainage ground of any stream, a por-
tion flows directly into the stream. It doesso, at least, when the rain falls faster than
it can be absorbed by the ground. A portion may or may not reach the stream indi-
rectly by sinking into the ground, and reappearing at a lower level. A portion is
evaporated, from the ground, from foliage, water surface, and morasses. A portion, at
certain seasons, is taken up by plants. Still another portion, in some localities, passes
under impervious strata and flows for long distances, often never reappearing #ill it
reaches the sea. Of this character is the water of artesian wells.

The determination of the proportions in which the water of rains is thus distributed
has latterly, to a large extent, engaged the attention of hydraulicians. I present a
brief summary of their labors in this direction, rather to exhibit the extreme uncer-
tainty which “prevails on this subject, than in the hope of deducing conclusions of
practical value. Evaporation is one of the most active causes of the waste of waters.
Water surfaces are constantly exposed to it, and the water which enters the ground is
not safe from it till it has reached a depth of 2 or 3 feet. The most extended series of
observations of evaporation from water surfaces in the United States was made by
theofficersof the Lake Survey, in 1861-67, at different points on Lakes Superior, Michi-
gan, Huron, and Erie. The average monthly results are given in Table 1. A second
column, headed “New York,” gives the results obtained by the engineers of the New
York water-works at one of their receiving reservoirs in 1876. The evaporation was
observed by means of & wooden box, filled with water and imbedded in the earth of
the embankment. The results are given in inches of water evaporated from' a water
surface,

TABLE 1.

Month. | : New York.

<January

ki
February .
March .-

October. ..
November
December

W00 = LS
P TR -

Mr. J. J. R. Croes, ahove mentioned, observed the evaporation at one of the storage
reservoirs of the New York water-works, from 1866 to 1870. He made the average
annnal evaporation 24 inches, which is about half the rainfall, Hle‘t.'iunks his result
entitled to more confidence than that given in the table, which, if it el{_ﬁbrach th‘e
whole year, would show about 39 inches. 1t is customary among hydraulic engineers




