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in New England and New York to assume the annual evaporation from water surfaces
equalto the annnal rainfall, which is probably in excess of the fact. Table 2 contains
results of experiments made by Mr. Charnock, at Holmfield, Erl}gland. They are 'de-
tailed in the Journal of the Royal Agrieultural Society, Vol. X. T hese results‘al:e takep
from an abstract in the Minutes of the Proceedings of the Institution of Civil Engi-
neers, Vol. XXT. The evaporation from drained ground appears excessive. Iconjecture
that 1t was determined by observing the discharge of the drains and deducting this
from the rainfall. If so, it includes the flow from the surface as well as the quantity
absorbed by plants. The evaporation from water surfaces in England is not on an
average equal to the rainfall.

TABLE 2.

| Evaporation from soil—
|
Rainll, e —
| Batura =
iwit-hwater. Drained.

26. 11 30. 02 21. 56
24, 49 31.19 20. 11
19. 00 37.85 15. 40
28.18 | 3L09 23.26
25. 94 33.28 18.38

24. 60 32.68 | 19.74

Inches. i Tnches. TInches.
i

These results indicate that large losses from evaporation are to be expected in the
drainage grounds appurtenant to these reservoirs, consisting as they do largely of
swamps and morasses.

The water taken up by plants constitutes a large deduction from therainfall. Plants
draw up water through their roots, and reject it at their leaves, retaining organic and
mineral matters held in solution, water being necessarily the medium through which
the plant obtains its nourishment. Many experiments have been made to determine
the quantity of water transpired by plants. Not to mention the interesting labors of
Woodward, a learned English physiologist, in the latter part of the seventeenth cen-
tury, we will notice those of guite recent date, M. E. Risler, at Caléves, near Nyon,
in the canton of Vaud, Switzerland, has recently given his attention to this subject.
He operated both in the laboratory, and by observing the flow from the drains of a
field placed in favorable conditions for such observations. He states the daily con-
sumption of water for different kinds of crops as follows:

Inches. : Inches.
Lucernegrass..._...__._ 0.134 to 0.276 Vineyard.. ...c......... 0.035 to.0.051
Natural meadow 0.122 to 0.287 Wheat ..o ... .. ..... 0.106 to 0,110
OBtel-cous o st 0114 6000498 “Ryo 0. it o 0.091
Beans 0.118 Potatoes 0.028 to 0.055
i LT 1 L P st oV R S 0.020 to 0.031
e e SR R e [y 0. 020 to 0.043

. Schleiden, at Jena, found for a mixture of clover and oats grown in earth contained.
In an iron hox, which was weiched at intervals to determine the evaporation, a
consumption of about 0.0984 inch per day from the time of sowing till the time of
harvesting, a period of 129 days. Very careful experiments upon this subject have
been in progress for several years at the Observatory of Montsouris, in France. The
graim Is grown in earth contained in metallic hoxes, and similar boxes without grain
are used to determine the evaporation proper. The earth in some experiments has
been carefully dried and weighed before sowing and after harvesting. The results
* have not heen essentially different from what precedes. To produce a pammd of wheat
requires the expenditure of from 800 to 2,400 pounds of water, the quantity being
small with highly manured earth and large in the contrary case. In the case of
wheat, the maximum consnmption of water oceurs at the period of flowering, from
which it diminishes till the grain ripens, when it ceases altogether. It will ho seen
from the above that a field of grain—wheat, oats, or rye—may absorb between seed-
time and harvest as much as 15 inches of water, and a field of grass still more, This
fact will go far to explain the difference observed in the yield of different drainage
ground, and even of the same drainage ground in different years. These results
appear also to fhrow some light upon other obscure questions in hydrology; for
instance, the prevalent belief that the destruction of forests diminishes the Alow of
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streams. It appears that the quantity of water required by cereal crops is greatly
in excess of that required by forest trees, from which it would appear that the clear-
ing and cultivation of forest lands actually does diminish the quantity of water
carried off by streams. They enable us to understand, also, how lands, rich in the
chemical constifuents of certain grains, produce large crops with a small rainfall
like the north of Dakota and Minnesota, where with a rainfall of 17 inches, 30 and
35 bushels of wheat to the acre is no uncommon yield.

The uncertainty of the rainfall as an indication of the flow of streams, has led ob-
servers, latterly, o seek for a surer indication in the quantity of water which enters
the ground to a depth sufficient to be secure from loss, this being the portion which
goes to maintain the ordinary dry-weather flow of streams. Tt would be more instruc-
tive to refer to records of such observations made in this country, did any such exist,
which, unhappily, is not the case. Ourhydraulic engineers have not hitherto realized
the necessity of inquiring so closely into the operations of nature controlling the supply
of water. 'Such observations are made by a percolation gauge, or Dalton gauge, asit is
ordinarily called, from Dr. John Dalton, who first directed attention to this subject,
near Manchester, in England, in 179629798, This gange, as recently used, consists
of an iron vessel, not less than 3 feet deep and 18 inches to 3 feet or more in diameter.
It is sunk in the ground and filled with earth, its rim being at the surface of the
ground. A pipe leading from the bottom of the vessel enables the water to be drawn
off and measured. The surface of earth in the vessel is even with the general surface
of the ground, and is usually covered with grass or herbage. Dr. Dalton’s average
monthly results for the three years 17969798, are given in Table 3.

TABLE 3.

Percolation.

January ...
Febroary
March ...
April

November ...
December

Mr. E. Risler; before alluded to, made observations upon this subject upon a larger
scale, by noting the drainage from a field some three acresin extent, underlaid by
drains some 4 feet deep and 33 feet apart. He gauged the water discharged by these
drains during the years 1868-69, at the same time observing the rainfall. Hisaverage
monthly results are given in Table 4. >

TABLE 4.

|
.Rain.  |Percolation.

Tnehes.
0.914
1. 603

November .
December

i 11.08

X i re been kept at Hemel Hempstead Herts, England, since
18]3?(:}(1;%3.1?; Egggﬂgﬁg(geﬁg;(f b;cﬁr. ].I)jickjnson, a;paper manufacturer, and continued
after his death by his partner, Mr. John Evans. Table 5 gives the results obtained
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by Mr. Dickinson, being the averages for eight years, 1836-1843, inclusive, with a Dal-
ton gange filled with the ordinary soil of the district, a sandy, gravelly loam, and
grassed over. ; ST e :

The apparent anomaly is presented in table 5 of an infiltration in excess of the rain-
fall for the month of December. This simply indicates that the influence of rains oc-
curring in November extended into the following month.

TABLE 5.

Month. Rainfall. | Percolation,| Per cent.

Inches. | Inches.

January : 3 1.847 | 1307 70.

February | 1547 78.
March... 1. 077 66. 6
April .. 0. 306
ay . 0.108
June 0. 039
nly... 0, 042
iuguat- 02 036
September. . 0. 369
Qctober. ..
November
December

00 BO PO BI PO BE e

Table 6 contains resnlts obtained by Mr. Evans since 18 His observations ex-
tended to the kind of ground known in England as chalk, as well as the ordinary soil
of the district, The results are presented in half-yearly periods, viz, winter, commenc-
ing October 1, and summer, commencing April 1. A column is added giwing the num-
ber of wet days in winter, and a column giving the number of days in the yearin
which more than one-half inch of rain fell. '

TABLE 6.—Results of observations made by Mr. John Evans, at Nash Mills, near Hemel
Hempstead Herts, England.

in

‘ Winter eommencing Octo- ‘:Sununer commencing April
| - :

of wet days

| Percolation, inches. Percolation, inches.

Rain,
inches.

r

Soil. | Chalk.

1855-'56
1856-'57
1857-'58
1858-'59 - -
1859-'60 -
1860-'61 .
1861-62 . .
1862-'63 .
1863-'64
1864-'65
1865-'66 -
1866-'67 .
1867-'68 .
1868-'69 .
1869-"70 .
1870-'71 .
1871-'72 .
1872-'73 ..
1873-'74 .
1874-'75
Averag 20 years .....
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stated that Messrs. Dickinson and Evans wer ation, soil, 5.852; chalk, 9.511. It 1S
at Messrs, anson and Evans were enabled by these observations to fore-
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tell the quantity of water available for their mill several months in advance, and that
orders for the summer are largely regulated by the quantity of infiltration observed
during the preceding winte

Mr. Charles Greaves, engineer of the East London Water Works, in a paper recently
P]‘C.‘Ii‘ll‘ll'll to the Institution of Civil Engineers, London, details the result of observa-
tions made by him during more than twenty years past. He observed the quantity of
water delivered by Dalton gauges, a rain-gauge, and an evaporating gauge, A sum-
mary of his results is presented in Table 7. The rainfall is very near what may be
expected on the Upper Mississippi. ;

TABLE 7.

|
| Percolation, inches. | g vapora-
Rainfall, tion from
inches. water-sur-

|
| In ground. | Insand, face.

-
00 i 1D b 2

5. 008
. 332

. 266

. 640
20,124
8. 821
20. 061
26. 933
19, 062
20, 396
19. 583
22. 916
. 120 20. 395

SHWwwmMme W

bt et

—

Average, 22 ye : 37 | . 8 et Sl P VRS 5 AR T
_\wr:\;_f:-_ ye a3 25.72 7. 58 21. 406 20. 613

These results appear to indicate that streams like the Chippewa, issning from sandy
regions, may be expected to keep up better in dry weather than those coming irom
clay regions, like the Red River of the North or the Upper Mississippi; and that, since
the function of reservoirs is to store up the flood-water for use in times of drought,
they promise less benefit to the former class of streams than to the latter.

The vast deposits of unsolidified material overlying the solid rocks are all more or less
permeable to water. Pure sand contains, when saturated, 30 to 40 per cent. of its
bulk of water: gravel, some 25 per cent. The ground at a certain depth is always
found saturated with water, which rises after large accessions from rain SOmetimes
nearly to the surface of the ground, and falls, when not so replenisped, sometimes so
low that the deepest wells are left dry. In a region of sand or gravel, a fall of 6 feet
in the ground-water implies the discharge into the streams of 40 to 55 millions of cnl‘J%c
feet of water per square mile of ground. The water so held constitutes the greatreserve
which goes to maintain the dry-weather flow of streams. It is, in fact, a subterranean
reservoir, filled by infiltration from above, and exhaunsted by fhri_;rradn al escape of water
to thestreams through intervening strata. The ground-water, like the water of Htl‘(‘:{:l-‘.ui%,
i3 in constant 111()\'r‘|'m=m', though 1Tumn-.*em_vu1‘.‘ as compared with r.h-.u_' of streams, 1\5;,:?::—.
ceedingly slow. Tlu-qnmlrir§'«_)i’\\';1tl*r!ii)\\'lltf:lﬂﬂh 0]:1,-1‘1('-_11:-111110._1 IOUtcuth}e nu,dhr]:';'t
deep, with a fall of one foot in a mile, is I:ﬂmut 1,000 n'ullwr!s of gallons per Ellzi}*i .119
quantity flowing through a channel of the same dimensions and .51[)!‘.1(‘, fi lec ﬁ\tl]r il
gravel would not exceed 600 gallons a day. This extreme slxv_:\\'n_ess W 1th]\\hl1.f. “m
ground-water moves serves, in'snu;c :];rgrm;,_ as a regulating-sluice to the subterranean
Teservoir, securing it against ra id exhaustion. 5

The preceding facts and (:omi:l!cmi'i(ms, rague and 11100131ple-1e as t-hc},: ml'(.-, e‘uialél_e usi to
rendera more iilfeﬂigih]s- account than would otherwise be 1)0.43;11)1(: fui_ the rela 110‘1} be-
tweenrainfall and the flow of streams. The absolute amount oj precipitationis ‘L‘h:&,]:!-].nlh—
portant than the cirenmstances which affectitsloss by evaporation. T]lllls a.ge?_cj, \f 1:: ;
1s nearly dormant during the three wintermonths becomes activein Ma-r'c ;,)am I?CIr["ade?
through April aswell from the increase of temperature as frm_n ﬂ'm prfe\:_» ane-n win: bi
In May the demands of vegetation are added fo thqse of C\ﬂfpm ahon.p[opetr‘, ‘()t{l:
contributions to the ground-water become very sm:ﬂ], in some years ceaﬁng en )IFLb‘\i- .
During the three following months evaporation is at 1ts maximum, and innumerable
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rootlets are active competitors for every drop of water that enters the ground. \ eg-
etable absorption ceases in September, but evaporation proper does not materially
abate till October. Heavy and long-continued rains, occurring between le}" and Oc-
tober, occasion a temporary rise of the streams, which 51:(‘501111}' return to their normal
condition, as governed by the supply of ground-water. To 1|11(_1L'1'st:1.nd how a rainfall
of an inch or more ean oceur at this season without c(nlh‘1hpt|ng :m_\'th_m,'_c _c:mhm- to
the ground-water or to the volume of streams, we must {-.m_a:sule.r 1_11!: t‘:l}ll”:t]'lll_\' of the
ground. The latter, like all porous bodies, is capable n}‘cgniun}mg a ('mlr.ildl'l‘:ﬂllt.‘
amount of moisture which will not escape by gravity. This moisture, dm'l;lg long
periods of drought, is gradually reduced by heat and the demands of vegetation, and
in that condition a rain of considerable magnitude is expended in }'uﬂhlfmg the u:lpll-_
lary moisture without bringing the ground to a condition admitting of the escape of
water by drainage. What precedes will, perhaps, justify the suggestions 1 have to
make as to the meteorological and other investigations required by the reservoir project,
viz:

1. While observations of rainfall, evaporation, temperature, &c., in the several
reservoir distriets will have great scientific interest, and if continuously ]\'.u}nt x.nll be
of great utility in the future management of the reservoir system, they will afford us
but little aid in our present inquiry, viz: the quantity of water to be expected for
the supply of the reservoirs. The aftempt to infer this result from such data would
lead us into a bewildering maze of speculation and conjecture, promising, so far as I
«can perceive, no practical issue. i - ;

2. Daily measurements of the flow of a stream of known drainage area in each of
the several reservoir districts would, it appears to me, afford better guidance on this
point than any other data obtainable at equal expense. The results so obtained could
usually be taken as a standard for the entire district. Such measurements are not
necessarily very expensive. A weir can often be made at a slight expense, and a daily
record of the height of water, which is all that is necessary to determine the flow, can
be kept by any intelligent person resident in the vicinity at a very moderate expense.
Where a series of accurate current measurements, accompanied by gauge readings,
are made upon a stream covering considerable variations in volume, the height, as
shown by the gauge, becomes thereafter an approximately aceurate indication of the
flow. Of course, streams must be chosen not liable to artificial fluctuation. Meteor-
ological observations, as collateral and explanatory of such measurements, have great
value.

3. Accurate records of the daily stand of the several rivers intended to be benefited
by these reservoirs are indispensable, and I would recommend that permanent gauges
be established for this purpose.

4. An important question will arise in regard to the reservoirs on the Upper Missis-
sippi, viz: Admitting that they can be filled, can a sufficient quantity of water be
drawn from them to materially affect the Mississippi? Suppose, for instance, that it
should be necessary to draw temporarily at the rate of 4,000 cubic feet per second from
Lf}ké Winnebigoshish, which it is proposed to raise 14 feet, and which lies some 65
miles by river above the Falls of Pokegama, the river falling some 23 feet in that dis-
tance. The outlet of Lake Winnebigoshish for some 20 miles has a high-water volume
of not over 1,000 cubic feet per second. The increased quantity can only be carried in
virtue of an increased slope and cross-section. It appears from the measured discharge
of the river in 1§4-'78, that an inerease of volume from 541 to 891 cubic feet per sec-
ond corresponded to a rise in the lake of 1.85 feet, from which it appears that when
the lake is not more than 1.85 feet above low-water it cannot discharge more than 900
cubic feet per second. Although an increase in volume does not involve a proportional
increase in height, it is fair to presume that a discharge of 4,000 cubic feet per second
would involve a rise of 6 or 8 feet in the outlet, and that the reservoir could not be
drawn upon at that rate after it is more than half emptied. The difficulty will be
11:91‘@;15(:‘1 I]}.' the dams across the Mississippi at Pokegama and the month of the Ver-
Jmlh‘““;_ which reduce the slope of the riverfhetween Winnebigoshish and Pokegama,
and by the discharge of the Leach and Mud Lake reservoirs. This is a subject to
which futnre inguiries should be directed. The difficulty will tend to correct itself
by the gradual enlargement of the channel in consequence of the inereased discharge.

It appears to me that the cheapest and readiest method of solyving the several physi-
cal questions connected with the project is to proceed immediately with the construc-
tion of a cheap dam d‘l one of the reservoir sites on the Upper Mississippi. A dam,
for instance, at Lake W innebigoshish, consisting of an earth embankment with wooden
Hlll]_(:l;:s could be constructed for $40,000. If the operation of the reservoir is found
sufficiently encouraging, the system can be extended from vear to vear as the govern-
ment furnishes the means. i R

Very respectfully, your obedient servant,
i Ty g
CHARLES J. ALLEN, JosePH P. FRIZELL.
ST A h .
Captain Corps of Engineers, Brevet Major.
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Means.. ....
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{ i
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FortsRidgely, Minn. Fort Winnebagoy Wis.

April.

| October.

| November.
\ungust
November.|

‘ December.

0. 80
4. 24
0.39
0. 96

e et b S0 O
S ok

Ve

Mean:..oivsesn 0T [ 2.8 4.24 | 4.21 | 3.01 | 3.62 | 2 2.01 | 1.09 | 27.43

21. 00 119.

. 00
.30
.40
2.05
j. 66

16. 91

RAINFALL RECORDS FROM OFFICE OF THE SIGNAL

Saint Paul, Minn.

| 1.42
.26 | | 0.40
0.82 | 4.04 | ¢ : .80 | 5. ; § 5
1.36 | 0.36 | 410 | 1.62 | 0.57 | 1.40 [ 0.62 | 0.70 | 1. ! Total .13 | 6 5. ( . 2 .05 | 5.90
1. 50 .15 | 4 2,20 | 0.22 | 0. |

2.00 | 2,20 | 3.65 | 0.92 3 1 0, 4 5 1 0. ? (1 Mean: . ....oone

0.70 3 2 : { |
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1.50
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21. 61
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oo I T £ L) X 2. 28 221 3. 9.79
e - —- .. 0.67 | 0.61
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2.63 | 1.66 | 0.96

7 15.13 [15.10 | 6.89 |167.46
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