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PAPERS ON THE CONSERVATION OF
WATER RESOURCES.

INTRODUCTION.

This volume is a reprint of selected papers on the conservation of
water resources, written by members of the United States Geological
Survey in response to executive order, for the report of the. National
Conservation Commission (S. Doc. 676, 60th Cong., 2d sess.). Nearly
all the information from which the papers are compiled had pre-
viously been collected by the Survey in the performance of its regular
duties. The remainder has been taken from the records of other
federal bureaus. The papers, therefore, constitute a simmation of
certain official work which has been in progress for more than twenty
years and whose results eventually must have been published in the
regular series of water-supply papers had they not been diverted to
become a part of the larger work on conservation. The printing of
the conservation report has furnished an opportunity to present these
reprints in convenient form and, as the demand for the larger report
will greatly exceed the edition authorized, this segregation of the
papers relating to water will prove useful.
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DISTRIBUTION OF RAINFALL.

By HENRY GANNETT.

The ultimate source of our water supply is rainfall, the chief
source of which is evaporation from the Pacific Ocean, while sec-
ondary sources are the Gulf of Mexico and the Atlantic Ocean.
Brought from the Pacific by the westerly winds of the north tem-
perate zone, the moisture in the air is carried eastwardly nearly across
the continent in diminishing quantities, varying at different times
of the year. The supply in the atmosphere is reenforced in the
Mississippi Valley from the Gulf of Mexico, whence it is drawn
inland by:southerly and southwesterly winds; and again east of the
Appalachian Mountains it is reenforced from the Atlantic Ocean,
from which it is drawn by easterly winds accompanying cyclonic
disturbances:

The areal distribution of the rainfall is in general terms as fol-
lows: The precipitation is very heavy upon the north Pacific coast,
where at several points in the States of Washington and Oregon it
exceeds 100 inches annually, but diminishes southward so that at
San Diego, Cal., the rainfall is very light and desert conditions
prevail. Inland, back of the Coast Ranges, the northern part of
the great depression separating these mountains from the Cascades
and the Sierra Nevada is well watered. The amount of rainfall
diminishes southward, so that in the southern part of the depres-
sion, which is occupied by the San Joaquin Valley, precipitation
is scanty and arid conditions exist. The high mountains of the
Cascade Range and of the Sierra Nevada are copiously watered, but
east of them, in the valleys and low plateaus and on the great plains
as far east as the one hundredth meridian, the rainfall is very light.
The mountains of this (the Rocky Mountain) region, however, enjoy
a more copious rainfall than the valleys, the amount differing with
the altitude and latitude, the more northerly and higher ranges
receiving the greater amount.

Continuing eastward, the small supply of moisture still remain-
ing from that brought from the Pacific Ocean is augmented by a
generous contribution from the Gulf of Mexico, and the rainfall
increases. Upon much of the Gulf coast it exceeds 60 inches an-
nually, but it diminishes northward, until in the neighborhood of the
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8 CONSERVATION OF WATER RESOURCES.

Great Lakes the precipitation does not exceed 30 inches yearly. The
Appalachian Mountains are abundantly watered, and the Atlantic
plain receives everywhere a sufficiency for agricultural purposes,
derived largely from the Atlantic Ocean.

The causes of these great differences in amounts of precipitation
in the various parts of the country are simply explained. All air
holds a certain amount of moisture, ranging from the amount suffi-
cient to saturate it to a very small proportion of that quantity. The
point of saturation is much higher in warm air than in cold air; i. e.,
warm air can hold a much larger quantity of moisture than can cold
air. Whenever air is cooled below the point of saturation, rain falls,
and it can only fall when thus chilled. There are several ways in
which air currents may be cooled ; the current may be forced upward,
as when it climbs the slope of a mountain range; it may be cooled
by intermingling with colder air currents; and again, by coming in
contact with a cold land.

The sea receives heat slowly and parts with it slowly; the land, on
the contrary, is rapidly heated and parts with its heat as quickly.
It results from these conditions that the ocean has a fairly uniform
temperature the year around, while the land is much colder in winter
than in summer.

Now, let us apply these principles to the United States. The pre-
vailing winds in the Temperate Zone are from the west. These winds
come off the Pacific laden with moisture and having the temperature
of the ocean. If they encounter land having a lower temperature
they are chilled below the point of saturation and some of the mois-
ture is deposited in the form of rain or snow. If, on the other hand,
the land is warmer than the air, the currents pass over it without any
reduction in temperature and with little or no loss of moisture.

During the winter the north Pacific coast is colder than the sea,
and hence the copious precipitation which it enjoys at that season
of the year. In the summer the conditions are reversed, and the air
currents, although containing at least as much moisture as in cold
weather, pass over the land with comparatively little loss from pre-
cipitation. Southward, down the coast, the land is progressively
warmer in winter, and consequently receives less rain, while in south-
ern California there is little rain even in winter, except upon the
mountains. Although the atmosphere at Los Angeles contains more
moisture than does that at Washington, D. C., rain seldom falls in
the former locality, as there is nothing to cool the air currents.

Thus it is that the Pacific coast has well-defined wet and dry sea-
sons corresponding to winter and summer in other parts of the
country.. In winter the country drains the air currents of their mois-
ture and they pass eastward as dry winds, while in summer these
currents carry most of their moisture over the mountains and pre-
cipitate it upon the Rocky Mountains farther to the east and upon






DISTRIBUTION OF RAINFALL. 9

the great plains. Hence, it is that in these two regions the greater
part of the year’s rainfall occurs in the warmer half of the year.

Going eastward into the Mississippi Valley the moist air currents,
drawn northward from the Gulf of Mexico by southerly winds, are
carried progressively into more northerly and colder climates, and
part of their moisture is deposited in a similar manner.

The Weather Bureau has furnished the Commission with data upon
precipitation from about 4,000 stations within the limits of the
United States proper. These data consist of records of the normal
yearly and monthly rainfall, and the study which has been made of
them is very illuminating.

In preparing the rainfall map (PL I), the data from all these
stations were platted upon a large-scale map of the United States,
and in the plains and level country generally isohyetal lines were
sketched at intervals of 10 inches of rainfall in accordance with these
data. In the mountain regions, however, but little weight was given
to the rainfall data, inasmuch as the stations are generally situated
in the canyons rather than on the ridges, and hence do not represent
well the rainfall of the region, but in such country consideration was
given to the relief of the land, its mountains, etc., and to the character
of its vegetation; it is known, for instance, that the lower limit of
yellow pine timber is not far from the isohyetal line of 20 inches.
The areas between these isohyetal lines were measured by planimeter,
and the average rainfall of each such area was assumed to be the mean
of the two isohyetal lines limiting it. The areas were then multiplied
by their average rainfall, the products summed up, and the total
divided by the total area of the country. In this way the figure,
29.4 inches, was obtained as the mean average rainfall of the United

States.

" Another use has been made of these data. The percentage of the an-
nual rainfall which was received during the six warmer months was
computed for each station, and the results platted (Pl. II), thus
showing the preponderance of summer or winter rainfall through-
out the country. Over most of the area the greater part of the
rain occurs in the warmer season, but upon the Pacific coast and
in the Rocky Mountains as far east as western Montana, eastern
Idaho, eastern Utah, and Arizona the bulk of the precipitation comes
in the colder season. The highest proportion, three-fourths to four-
fifths of that of the year,is on or near the Pacific coast, and the propor-
tion diminishes eastward. Again, in an area adjacent to the Gulf of
Mexico, winter rainfall preponderates slightly. The highest propor-
tional summer rainfall is on the plains east of the Rocky Mountains,
where it ranges from three-fourths to four-fifths of that of the year.
In the Mississippi Valley and on the Atlantic plain the proportion
which falls in the warmer season js but little more than half of the
annual precipitation.



FLOODS.

By M. O. LEIGHTON.

INCREASE.

)

A broad and comprehensive review of river-discharge records in
the United States indicates unmistakably that floods are increasing.
It is true that the opposite tendency may be shown on some rivers,
while the records on others may indicate little or no change; but,
taken as a whole, the rivers that reveal more intense flood tendencies
so thoroughly dominate the situation that the conclusion above ex-
pressed must be inevitable.

It will be well to consider at the outset just what index may be
used to determine the trend of flood tendencies. It is common in
inquiries of this character to select and compare the highest stages
attained in the several years of record, and because, perchance, higher
floods may be shown in early years, many really competent persons
have believed themselves forced to the conclusion that there is no
increase in flood tendency. The actual height attained by the maxi-
mum flood each year is, however, a matter of small consequence in
such considerations. A little reflection will show how this must be
true. The precipitation, which is the ultimate cause of floods, takes
three courses, only two of which are really important in the present
discussion, namely, the course along the surface of the ground di-
rectly into watercourses, and that into the ground by percolation,
with subsequent discharge into the rivers by seepage. In general
terms it may be stated that the water which causes floods is that pro-
portion of the precipitation which the earth does not absorb and
which, therefore, must flow along the earth’s surface. Now it is ap-
parent that when precipitation becomes so intense and long continued
that it practically saturates the ground the rain that falls thereafter
must take the direct route and floods must necessarily arise. There-
fore the height of great floods is fixed primarily by the intensity of
precipitation and, as the amount of rain varies from year to year,.
now bountiful and again scanty in what seem to be fairly uniform
cycles of years, the observation of an especially high flood -during
an early year compared with that of a much lower one during a
recent year can give no index to flood tendency in any river. The real
index is of more fundamental origin than the mere occurrence of
high floods.
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FLOODS. 11

When the question “Are floods increasing #” is asked, the consider-
ations involved are not those of height but those of duration and
frequency. In other words, the question means, Are floods of more
frequent occurrence and are there more days of flood than formerly ?

Reverting for the moment to the discussion in the foregoing para-
graphs, it is plain that floods will occur more frequently in response
to a given rate of precipitation, if there are in the drainage area in-
fluences that either inhibit or prevent the ready absorption of the
rain by the ground, than they would if absorption were ideal. Such
ideal condition assures complete absorption of all precipitation. A
rain of a given depth in a unit’s time—say 2 inches in one day—
would surely produce a flood in a drainage area which was nonab-
sorbent. On the other hand, the same amount of rain would not
change the river stage if the conditions enhancing absorption on the
drainage area were ideal. Between these two extremes there are
wide and varying conditions which tend to increase or to diminish
the resultant floods from a given rainfall. In other words, the ques-
tion “Are floods increasing? ” means, essentially, Are the conditions
of the surface of the ground in the river basins so changing that they
render the ground less absorbent? If this be the case, it is clear that
a much larger proportion of the precipitation would run directly off
into the rivers than that which was so conducted at an earlier period.

There are five classes of agencies or conditions affecting the flow
of streams. The first is climate, under which are comprised rain-
fall, evaporation, temperature, wind, and humidity. Although these
are exceedingly variable from day to day and from season to season,
the observations that have been recorded indicate that a period of
years embraces all conditions, so that the mean of them may be con-
sidered fairly constant. There is very little evidence, except in
special areas, that reveals any progressive and permanent change in
climatic conditions. The second agency is topography, and the third
geology, both of which may, for present purposes, be considered ab-
solutely stable. The fourth is surface vegetation, which includes
forest cover and cultivated land. This is subject to progressive
change, according to the demands, conveniences, and usages of so-
ciety. The fifth consists of artificial agencies, such as storage, reser-
voirs, and drainage, which produce rapid and marked effects on river
discharge.

Therefore, the consideration of river discharge and espec:1ally of
floods involves the appraisal of the effects of climate, vegetation,
and artificial agencies. The other two agencies, being constant, may
be left out of consideration. It is necessary to take account of
these conditions in connection with all studies of progressive flood
trend. This emphasizes the futility of many studies that have here-
tofore been made, in which not only have the extreme flood heights



12 CONSERVATION OF WATER RESOURCES.

been the basis of determination, but there has been a total lack of
consideration of climatic conditions, especially that of rainfall. A
river, for example, may show a progressive decrease in flood fre-
quency during a period of years. If that were taken alone it would
indicate a decreasing flood trend; whereas, if the rainfall be com-
pared progressively in the same manner, it might readily be shown
that the flood trend was increasing rather than diminishing, because
the precipitation was decreasing faster than the flood frequency.

The above considerations have been kept in mind in the study of
flood frequency here presented. The accompanying diagrams (pp.
13 to 20) are the result of appropriate studies made of flood oc-
currence on rivers on which gages have been maintained for a long
period, the longest, in fact, of which there are available and useful
records in this country. Examination shows conclusively the in-
creasing trend of flood occurrence and the cause thereof comes now
properly into question.

As already stated, the rainfall, which is by far the most important
of the climatic conditions, has been accounted for in these diagrams,
and we have, therefore, remaining only the condition of the ground
surfaces in the drainage areas and artificial agencies. For each of
these rivers artificial agencies may be eliminated. Our general
knowledge of conditions on the drainage areas gives assurance that
there has been no reservoir installation of extent sufficient to modify
in the slightest degree the normal conditions of flood discharge.
This is also true with respect to artificial drainage.

Therefore we come down to the condition of the land surface, or,
as above expressed, conditions of vegetation. We are aware that on
all of these drainage areas there has been progressive cutting of tim-
ber and building of roads. The latter improvements, however, have
not been of sufficient extent to modify in any appreciable degree the
discharge. A computation of the actual road areas, including the
paved streets, etc., will show conclusively that, in comparison with
the total area under consideration, they are insignificant. The con-
ditions of cultivated fields undoubtedly have a marked influence in
modifying the rate of river discharge, and it is certain that some of
the effects in these areas are due to this cause. The cultivation of
fields has, however, improved markedly in recent years. The farmer
has learned to a considerable degree that it is more profitable for
him to cultivate his inclined fields by contour or terrace cultivation,
and a cursory view of the areas represented in the accompanying dia-
grams will show that to a very large extent improved methods of
cultivation have been put into effect.

Altogether, when the physical conditions on the drainage areas are
summed up, the one great change that has been produced in the
vegetative conditions is the reduction of forest area. On some of these
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FLOODS.

FLOODS ON OHIO RIVER AT WHEELING, W. VA,
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CONSERVATION OF WATER RESOURCES.

FLOODS ON ALLEGHENY RIVER AT FREEPORT, PA. 1874-1907.

1T
i
[
41)
> 7 o .
M M E i ] .#%
» m 905769
H T mEay e AW« Eadaan o=
o O 2 S isbionel - ——
BRI D S e s
BT f 5 S ! 3
Enjid : Eet it S —
& SHeos T I m_ Tt HHo _W. I . FiS
i 2 oer ) FREAEEEE: o S ST S {[re0reob T —— £
FRfut AN.w.uuhymruﬂnmu T Z 5 =R Cusyun - T T
Einarrases RaC] e SHEe 00 Tou L H M fimunmsrazane i
TZ ] T+ U e T T i
iy w“mm% g .NU -Hu$ roxanm H_”_an@l mw A_vmwi I%.W ;
s S loegrtin e il gz alb Sseeest )
m i, i 197999
K 0 1 F CITL L=
) MM N z HH 63289 e
i iz Lot
z ...EH”_” HEMWIWW.HV%ﬁ I 1
B oS He HWW_.W HEE o us
e — T = i o e
>
T _ e S =6t Ee G ——— O
99 O (1) It e
St o HEHeres . u
[O 988 [ nge Ry I APy R =
i i T e o —_C
Bt _ B Einn B i
puHege Lo = - 1 H> X Heetd . i
FZcbee o i Tl SHE S HZ L9707 pox
(Lo — m;ll T T o HH e pi HY |¥@mm\v 1
) o S 1 = 7 FreS Ta=
EreatyliaanL-uN n HZ Q9% T
Sty ui SREEyE] HO<rdcatdre O
oy I T Oy b
rire s - OHgid) g T
N} T e = POTaLE -
L W i Jf o ﬁv_l 1T L
o ) ol = i [ ST
b =2 A <7 T HT
HoNT 455 I + e mWnn __ 1 i
0 NOILY |03 Y AGE) { Yoo LY L[dTo3yd ¥
P
o
W W
=
I

14




15

FLOODS.

1886-1907.

FLOODS ON MONONGAHELA RIVER AT LOCK NO. 4, PA.
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FLOODS ON SAVANNAH RIVER AT AUGUSTA, GA.
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FLOODS ON ALABAMA RIVER AT SELMA, ALA. 1892-1907.
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FLOODS ON CONNECTICUT RIVER AT HOLYOKE, MASS. 1874-1907.

% :
T (
e 1
(2n L)
Rl
> ¢ 6 Ho
Hi 20 H e 20t S
=m0 roasH &.w \iv«&) 1
S t - QUCH LS kS
5 i it G e
Ho 2 w n H 5 b aros T 2 He
s = Ca T T ual
HH OO £ Ea e o
PR W06 s i m F o5 e,
H i ede rar H ‘W ] o o ; o
d » L] ] iy 5. 2 T | al
[Trad O, ] OO T :%m SR S)
i Ol.w g o H = Ml e 1 (SXo)
reH g s Ho e GarHobtess o
P = = Lo ] a
1T T H o 1 m)
o il Bl L
b fi St 1
s HE o
I = (| I il 2o
|m.uu| mEEN I B H AN
It A
u“m.m..“ 788 o H I ] .ﬂ.wu ; H uﬂv_
T % i W O
uDNrﬁlm = L Hbreeh H>E
I . T w_.u..mr THUTOBET %
- ] ) T e £ 068308 ALK
raro m% I ey O I T I, ++ @
[z (g TS COT] H H=] Z 62 3
+ - - H WGI 3 HH o)
Fes o Os HE A H e e e e
M.. =) [T I ] oy 0 ST T [ 11
el TS H S Y9144 EEE, H
= YA : | H ¥
I wa»m o O 3 i m
Eenrisis ] » (] )
Rk H REMEEyyenS S
s S Zh D
i . = & Bt
19 SO uls SRS !
= W o
Z
L8
T
11




FLOODS. 21

drainage areas it has occurred by slow progression and on others
more rapidly. It is certain that in some areas this forest cutting
has caused barren conditions, because the land was of such a char-
acter that, after it was relieved of forest protection, it eroded easily
and its productive portions were quickly swept into watercourses.

Summarily, therefore, it may be stated with confidence that the
increase in flood tendency shown so unmistakably is due in by ‘far
the largest measure to the denudation of forest areas.

Diagrams on pages 18 to 16 are expressions of progressive changes
in flood occurrence during the series of years indicated thereon.
They are all drafted on a uniform basis, the first expression in each
case being a record of the annual precipitation in inches; the second
gives the number of days in each year that the gage at the point
designated registered above a certain stage; the third is a combina-
tion of the first two and gives the relation of the number of days of
flood to the precipitation. Thus, there is given in one expression the
actual trend of flood occurrence in terms of precipitation. This form
of expression eliminates one variable in the conditions governing
flood occurrence, and the only remaining ones to be considered are
vegetation and artificial agencies, as discussed in previous paragraphs.

The second series of diagrams on each sheet gives the same relations
except that the amounts are united into progressive decades, or in
one case into progressive five-year periods. This form of expression
serves. to neutralize the variability that occurs in the successive years
and gives to the whole diagram a progressive trend which is more
comprehensive and more easily interpreted than the statement of
actual amounts. Thus, in the diagram on page 13, the first progres-
sive period covers the interval from 1885 to 1894, the second that
from 1886 to 1895, and so on, each period representing ten years,
and the total amount of rainfall and the total number of days of flood
for each decade are expressed, rather than the average amount of these
quantities.

-In interpreting diagrams of this kind it should be emphasized that
the amounts actually shown are not significant, save as they indicate:
the relative trend of the successive decades. In other words, the
diagrams indicate direction, and should be so interpreted.

The data given on the above-mentioned sheets relate to the upper
Ohio drainage area, and they show the relation of flood occurrence
on the three principal tributaries thereof—the Allegheny, Youghio-
gheny, and Monongahela rivers—to flood occurrence on the Ohio at
Wheeling. Tt will be seen that in each case there has been a marked
increase in the number of days of floods, and the four diagrams can
be consistently compared. At Wheeling during the period 1885 to,
1907, inclusive, the ratio of flood occurrence to annual precipitation
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increased from 0.38 in the first half of the period to 0.48 in the second -
half, and this relation is shown more distinctly in the similar expres-
sion with the amounts given in totals for progressive decades. The
gage records on the Allegheny at Freeport, Pa., show an increase in
this ratio from 0.86 in the first half to 1.04 in the second half of the
period 1874 to 1907, inclusive. The Monongahela record shows an
increase of ratio during the period 1886 to 1907, inclusive, from 0.49
in the first half to 0.55 in the second half, while a still greater diver-
gence is noted on the Youghiogheny, the ratio for the period 1875
to 1906, inclusive, increasing from 0.35 in the first half to 0.47 in the
second half.

Altogether, these diagrams are extremely significant in showing the
progressive increase in flood occurrence on a drainage area the de-
forestation of which has been constant and rapid for the past thirty
years. It began first on the Allegheny and the results are apparent
in the diagrams. Subsequently, timber cutting began on the Monon-
gahela and Youghiogheny areas and is occurring at the present time.

Similar results are shown on pages 17 to 19, which give the same
data for Wateree River above Camden, S. C., the Savannah above
Augusta, Ga., and the Alabama above Selma, Ala.

Page 20 illustrates a record of flood duration on Connecticut River
at Holyoke, Mass. This river basin has been subject to continuous
deforestation for a long period. Recent testimony shows that for the
last twenty years from 50,000,000 to 80,000,000 feet B. M. of timber
have been released over the dam at Turners Falls annually. Records
of private logging are not available, but it is known that the de-
forestation of the drainage area commenced some time previous to
this period.

There is one point of objection that may reasonably be taken to the
diagrams above discussed. It is that they draw comparison between
annual precipitation and the number of days of flood. A better com-
parison would be one between the number and depth of flood-produc-
ing rains and the number of flood days. Such a comparison has been

‘made on the Tennessee basin above Chattanooga. No other basins
are here dealt with in this way because of the enormous amount of
labor involved.

In addition to proving beyond controversy the increase in floods

- due to deforestation, the record is of interest because it shows how
futile and misleading is the attempt to derive conclusions from
flood records without taking into account records of precipitation.
Inspection of the Chattanooga flood record shows a decided decrease
in the number and duration of floods during the period of record.
If this were taken alone, it would controvert the forest-control idea.
A comparison of the precipitation records on the drainage area,
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however, assures us that the rainfall has decreased, even to a greater
relative extent than the floods. The final result is that the flood
tendencies have increased. :

The results for the Tennessee basin cover 24 years, from 1884 to
1907, inclusive. Although the records of gage height extend fur-
ther back than the earlier date, the number of rainfall stations
maintained on the basin previous thereto is not sufficient to render
safe any conclusions with reference to precipitation. It is appre-
ciated that a given depth of rainfall precipitated during the winter
months will generally produce a greater run-off than the same depth
would produce in August or September. Therefore an effort has
been made to eliminate this source of error. Summing up the flood-
producing rains for the 24-year period it is found that the total is
335, of which 313 occurred from December to May, inclusive, and the
remaining 22 during the other portion of the year. It is apparent
that the number of such rains from June to November is not sufficient
to afford a basis of comparison. Therefore only the December to May
floods will be considered. In making this comparison the ideal con-
dition would be to compare the rainfalls and floods during identical
conditions of climate, but such a refinement is impossible. On the
other hand, the multiplication of data afforded by the large number
of flood-producing storms in the December to May periods warrants
the conclusion that the varying climatic conditions in this period are
compensated, and the final conclusions drawn from the result must
be worthy of confidence. On dividing the period covered by these 313
floods equally, two consecutive 12-year periods are afforded, which
give a basis of comparison. The floods in the later period, resulting
from a given depth of storm precipitation, are clearly shown to be
more severe than in the earlier period. The method of presentation
further makes it possible to compute the increase in flood tendency
due to deforestation in the Tennessee.

The velation between storms and floods in the Tennessee basin during the
periods December-May, inclusive, 1884-1895 and 1896-1907.

Storms in inches precipitated.
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Period. N - A K R "

g 3 3 3 3 g

=3 k=3 =3 <o =3 =

=] < a =] =1 =]

@ pot . P . o . o . o . b

Ela | E|alE|lalB 2|8 |2 E|a

g B B 1 B 5 P 5 B 5 B

2 2 s 2 S 2 3 2 3 2 S

®n =] @® [=} 153} =] 5] a 7] =] 5] =]
1884-1895. ... ... ... ... 7 5 12 6 6 15 5 9 5 13 6 30
1896-1907. . ... ... 8 3 11 10 9 11 4 13 1 6




24 CONSERVATION OF WATER RESOURCES.

The relation between storms and floods in the Tennessee basin during the
periods December-May, inclusive, 18841895 and 1896-1907—Continued.

Storms in inches precipitated.
4t04.5. 4.5t0 5. 5to 5.5. 6 to 6.5. 7t07.5. 8 to 8.5.
Period. K K I N
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1884-1895.. ... .coeiaan.n. 1 6 2 17 2 18 [eeeiifennnn- 2 28 [oeeifoennns
1896-1907. ... .. ... ...... 1 8 3 20 foeiniifoanan 1 ) & N S 1 17

If we now divide the number of flood days by the number of
storms, the result will be the number of days per storm. Applying

this to each of the series in the above table, the following result is
reached :
Days of flood per storm.

Storms in inches precipitated.
Period.

1tol.5. | 1.5t02. | 2t02.5. | 2.5t03. | 3t03.5. | 3.5t04. | 4to4.5. | 4.6t0 5.

1884-1895............. 0.7 0.5 2.
1896-1907............. .4 .9 2.

~go

2.6 5 6 8.1
3.2 6 8 6.7

22 20 . 33\ —17

1.
2.

o o

Percentage increase. . —43 80

g

The algebraic sum of the above percentages is 149.00 and the aver-

age is 18.75, which sums up the effect of deforestation on run-off
from 1884 to 1907, inclusive. .

FLOOD DAMAGES.

A complete census of flood damages for any year or series of
years has never been attempted. Therefore, it will be impossible to
present any figures for which precision may be claimed. The dam-
ages for particular floods in certain areas have from time to time
and for one or another purpose been assembled and, in a few places,
examinations have been made with great care by commissions and
boards especially qualified for such work. The results of such ex-
aminations may be taken to form a basis for an estimate; but, for
the present purpose, a better basis has been made available. During
the present year the Geological Survey has made inquiry of all the
railroads in the United States concerning flood losses during the
period January 1, 1900, to August, 1908. The railroads were selected
for this purpose because it is well known that they are, by reason of
their location and extent, subject to far greater physical damage than
any other single interest, and it was believed that from the figures
so procured a fairly representative basis of estimate might be obtained.
From previous-studies of this matter it appeared that the railroad
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losses resulting from floods amount to about 10 per cent of the total
physical loss arising therefrom, excluding, of course, the largest single
item of loss, which is the depreciation of realty values arising from
flood menace. The figures here presented will therefore exclude all
consideration of this kind of loss.

The proportion of 10 per cent was arrived at from three points of
view:

First, It has been the observation of the writer that, as a rule, the
reported losses to railroads from floods have amounted to about this
proportion.

Second. The actual investigations of flood losses, made by ap-
praisal boards, and individual property returns covering fairly wide
areas have approximated this proportion. Undoubtedly the most
complete and comprehensive investigation of this kind was carried
on by the northern New Jersey flood commission in 1903, after the
great flood that arose in October of that year along Passaic River.
The region comprehended in this investigation may be considered a
typical one. It comprised the usual proportion of farm lands, city
areas, highway bridges, railroad property, etc., and the proportion
of railroad loss there was almost exactly 10 per cent of the total.

Third. One-tenth of the wealth of the United States consists of
railroad property. This proportion was therefore used in the follow-
ing estimates.

During each of the periods above named the returns from the rail-
roads involved a varying percentage of the total mileage of the
country. The mileage involved in each yearly estimate has been
expressed as a percentage of the total mileage for that year, as given
in the reports of the Interstate Commerce Commission. The several
amounts were increased from the percentage that they represented
to 100 per cent, to cover the entire mileage of the country. Inspection
of the returns showed that this was a fair and reasonable method,
because the reports were well distributed and represented a true pro-
portion of that which might be expected to be the damage on the
total mileage. This figure was then considered as 10 per cent of the
total damage for the whole country and increased accordingly. The
results are given in the following table:

Percentage
Damage of total Total rail- Estimated

Year reported. | mileage re- [ road damage.| total damage.
ported.
$666,253 14.6 | $4,567,500 |  $45,675,000
958, 740 211] 454380 ' 438,
1,225, 468 22.2| 552,100 55,201,000
2,654,192 27.3 9,722,000 97,220,000
2,476,724 33| 7884100 |  78)841,000
3,286, 324 33.3 9,858,972 98, 589, 720
2,727,511 37.3| 7312400 | 73,124,000
: T 463106 30.1| 11823800 | 118,238,000
B S 6,517,577 27.4 23,786,000 | 237,860,000
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STORAGE OF FLOOD WATERS.

In the northeastern portion of the country there has been a large
installation of reservoirs and a consequent saving of enormous
amounts of flood water. The numerous lakes in that part of the
United States, irrespective of those that have been developed arti-
ficially, have a beneficial effect. Tt is probable that 10 per cent of
the flood waters that originate in New York and New England are
- saved by storage in artificial reservoirs, lakes, and ponds. In Minne-
sota, at the head of upper Mississippi River, practically the entire
flood drainage from an extensive area is conserved. In the arid
West there has been an extensive installation of reservoirs, some of
which conserve practically all the flood waters on their respective
basins. Considering the country as a whole, however, it is doubtful
if more than 1 per cent of the flood water is saved.

The storage of floods is effected by forests and similar surface vege-
tation and by artificial reservoirs. The amount stored by forests is
and probably will for a long time to come be indeterminate, since
the forest is merely an agent in assisting the ground to absorb the
water. The storage is therefore essentially ground storage and the
ability of the forest to enhance this is dependent absolutely on the
character of the soil beneath the forest. Therefore, to fully answer
the question, “ To what extent could flood waters be stored by for-
ests?” it would be necessary to consider minutely the absorption
properties of the various kinds of land surface in the United States.
It will be possible at some future time to give an approximate and
exceedingly useful reply to this question; but before that time
arrives we must have more long-term gage records on our rivers.
The diagrams presented with this paper (pp. 13 to 20) constitute
as useful records as there are extant in the country, and a short
consideration of them will plainly reveal the fact that, while they
are exceedingly useful in indicating the trend of flood duration and
frequency, they do not yet yield sufficient information to give even
the widest approximation of the amount of water or the proportion
of run-oftf that can be conserved.

The question is therefore one for the future, and our stream inves-
tigations should be carried on with this as one of the purposes in
view. '

The extent to which flood waters could be stored by reservoirs
depends on the available reservoir capacity in the several river
basins. As a rule, the more diversified the character of these basins,
especially in contour, the greater facilities they afford for reservoir
storage.

There is a great portion of the Mississippi Valley in which floods
are not subject to correction under the reservoir plan. This is also
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true of certain coastal-plain streams like the Brazos and Colorado.
It is probable that the streams draining one-third of the area of the
United States must forever be subject to floods, and the only treat-
ment that now appears feasible for these streams is the construction of
levee systems. For the remaining two-thirds of the United States,
investigations so far made indicate that from 55 to 60 per cent of the
flood waters can be saved by the utilization of maximum storage
capacity. Although the cost of such construction would be enormous
in the aggregate, it is apparent that the saving that would accrue
from relief from flood damages alone would soon return the entire
investment. A glance at the estimated flood damages in the United
States, page 25, shows the possibilities. In this connection it should
be stated that in by far the larger proportion of the basins a saving
of 55 to 60 per cent of the flood waters would insure practically
entire relief from flood damages. It is not necessary to prevent floods
absolutely ; or, in other words, it is not necessary to secure uniformity
of flow in any river in order to secure relief from flood damages.
The construction of the reservoirs necessary to prevent floods would,
under proper management, involve an increase in the water-power
possibilities of the United States equal to about 60,000,000 horse-
power. In the arid West the construction of reservoirs for flood
prevention would provide water sufficient for the reclamation of
many million.acres of now worthless land. All of this, together with
the assistance that such reservoirs would lend to navigation, consti-
tutes the saving that would accrue from their construction. We are
unable at the present time even to approximate the total figure, and
therefore it must be summed up in the term “ vast.”



DEVELOPED WATER POWERS,

Compiled by the Bureau of the Census, under the direction of W. M. STEUART,
Chief Statistician for Manufactures.

Discussion by M. O. LEIGHTON.

SOURCES OF DATA.

A special census of the developed water powers of the United
States has been made by the Bureau of the Census for the specific
purposes of the conservation report. Previous inquiries of the same
‘kind, made by this bureau, afforded a record of the names and loca-
tions of practically all the water-power developments that had taken
place up to the dates thereof, and this record was used as the basis for
the new census. Information concerning the developments that have
been made since the date of the last census was procured through the
Geological Survey, Forest Service, Burean of Corporations, Post-
Office Department, and many other agencies, both state and national.
Special inquiry, blanks were sent to all, including those that had fig-
ured in past censuses.

In making the new census it was necessary to procure the data in
large measure by mail, and therefore it was necessary to simplify
the inquiry and to secure only the facts absolutely necessary to a com-
prehensive summary of the developed water powers. The inquiry
blank used for this purpose is reproduced below:

[Return this card to the Department of Commerce and Labor, Bureau of the Census,
‘Washington, D. C.]
"Water Powsm, 1908.

This office is engaged in the preparation of a report on the developed and
undeveloped water power of the United States. If you use water power, please
answer the following inquiries. If you do not use water power, please so state,
and give the names and addresses of any power plants in your neighborhood.
The card should be returned in the inclosed official envelope.

Name
Post-office _____ U State_.___________________
Location of plant: County_________________________ State.___________________
Name of river or stream on which plant is located—- . ___________________
Number of water wheels_______________ Maximum horsepower_______________
Horsepower actually developed during low-water season____»_________________

Additional power that may be developed at same point on the same river or
- stream, horsepower _________________
Auxiliary steam power used in same plant, horsepower, —____________

Character of industry- - ____ __
(Give name of principal product.)

Give names and addresses of other power plants in your neighborhood - ._____
28
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The character of the returns and the proportion of replies received
indicate that the census is fairly complete. It is known that a greater
number of the plants not accounted for in this census are of small
capacity There is, of course, some deficiency in the total; but
it is believed that this is compensated by the general tendency among
Water-pow er owners to return statements based on actual wheel capac-
ity installed rather than actual minimum power developed during
the extreme low-water season. In all wheel installation it is the prac-
tice to develop above the minimum flow, and it follows that in the
majority of power plants there must be a tendency to overstate the
power actually developed during the lowest water. The final figures
represent what is believed by those most conversant with the situation
to be a reasonably accurate summary of the water power now- devel-
oped in the country.

The material procured from the census has been arranged bydrain-
age areas and combined into grand divisions, according to the plan
followed in the report on undeveloped water power.

DEVELOPED POWERS.

Accompanying Table No. 1 gives a general summary of the horse-
power developed in the United States and the number of wheels used
for such development. It will be noted that this table gives results
according to States as well as according to grand divisions.

Some interesting facts are shown. The total development in the
country is 5,356,680 horsepower over 52,827 wheels, or an average
development per wheel of about 100 horsepower. In the Northern
Atlantic division there has been a greater water-power development
than in any other, the total installation being 1,746,303 horsepower.
The only other division that approaches the Northern Atlantic in
development is that covering the drainage area of the St. Lawrence,
including the Great Lakes, where there has been a development of
1,018,283 horsepower. The great power development in the Northern
Atlantic division may largely be explained by the fact that the use
of water power therein began at an earlier period than in any other
divison. New England and the Middle Atlantic States are and have
been essentially manufacturing in character, and water-power devel-
opment has followed as a matter of course. It is also true that the
presence of good powers in large numbers in this region has encour-
aged such development.

Comparisons of wheel capacities installed in various parts of the
country are interesting. While the total figures show that the aver-
age power per wheel is 100 horsepower, the units in the various dis-
tricts vary as follows:
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Unit Unitt

P capacity i capacity
Division. horsepower Division. horsepower

per wheel. per wheel.
Northern Atlantic..................... 80 {| St. Lawrence..............o.coooon.n 14
Southern Atlantic........... . 77 {| Colorado River...... 26
Eastern Gulf of Mexico...... et 42 || Southern Pacific. ... 51
Western Gulf of Mexico.. .. 47 || Northern Pacific. 29,
Eastern Mississippi................... 60 || Interior drainage 32

Western Mississippi................... 139 || Arctic Ocean....... ... ......_....... 12

The large number and small unit capacity of wheels in the easter
part of the country compared with the smaller number and large
capacity in the western portions, including, especially, the riverg
draining from the Rocky Mountains and the Sierras, may be ex-
plained : First, by the fact that in the eastern and central portions of
the country the power privileges are of smaller capacity; and second,
by the fact that in the eastern portions of the country a large number
of the powers were installed at an early date, when it was the rule
to establish small units. More recent practice has involved the estab-
lishment of larger units, and as the western installations are all recent,
this practice, taken together with the existence of larger power
privileges, gives the result that might be expected from a general
survey of the situation.

Table 1 shows that New York State has the largest water-power
development, the total being 885,862 horsepower. It is proper to add
that the Niagara powers on the New York side assist largely in mak-
ing up this figure. The second State in water-power development is
California, the total being 466,774 horsepower, over 1,070 wheels, or a
unit installation of about 436 horsepower. Water-power development
in California is comparatively recent. The third State is Maine, with
343,096 horsepower, over 2,797 wheels, or an average of 123 horse-
power per wheel. As the use of water power in this State is com-
paratively ancient, the contrast in unit capacity between it and
California is significant.

Among the other interesting points is the fact that, although, as
shown by the report on undeveloped water power, the Northern Pa-
cific division can be made to furnish about one-third of the total
minimum horsepower of the country, there is at the present time a
development of only 450,000 horsepower, which indicates clearly that
the most fertile field for power development remaining in the United
States is this northwestern country.

Table 2 gives the installations by districts and drainage areas,
special comment concerning which is unnecessary.

Census returns show that, out of a total of 31,537 powers reported
602 are of capacity of 1,000 horsepower or more. Recent progress
in water-power development has been marked by great installations.

-
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In former years the aggregate water power utilized in the country
was made up largely of small units, which, while useful for local
purposes and worthy of development, are not relatively important in
the great question of power economics. The following summary gives
the distribution of the powers of 1,000 horsepower and greater ca-
pacity, and it shows clearly that what was formerly believed to be an
uncemmonly great installation must now be considered a compara-
tively small feature.

Capacity distribution of powers of 1,000 horsepower and more.

1,000 to 5,000 __ 459
5,000 to 10,000______________ o 63
10,000 to 15,000 . 27
15,000 to 20,000 __ ___ 13
20,000 to 25,000 . . ____ . ___ e 17
25,000 to 40,000 11
40,000 to 60,000____ . 4
60,000 to 100,000 3
100,000 and over_______ K

Total 602

Number of water powers by States and Territories, 1908.

United States __________ 31,537 | Missouri _____________________ 277
—=—— | Montana _____________________ 94

Alabama - _________ . ________ 1,382 | Nebraska ____________________ 157
Alaska .. ____________________ 31| Nevada ._____________________ 32
Arizona ___________ __________ 29 | New Hampshire _ ___________ 876
Arkansas _____ . ___________ 203 | New Jersey .. _._.________ 560
California ___________________ 559 | New Mexico..__________.______ 48
Colorado .. ______________ 230 | New York - __________________ 3, 148
Connecticut _______ __________ 893 | North Carolina______________ _ 2,614
Delaware .___________________ 119 | North Dakota________________ 9
District of Columbia__________ 1|0Ohio 480
Florida - _____________________ 166 | Oklahoma _________ __________ 25
Georgia - _____________________ 1,596 | Oregon _______ .. . ____ __ 345
Idaho - __________ __________ 199 | Penngylvania _____ S 3,721
IMinois . ___________________ 155 | Rhode Island _____ . ________ 191
Indiana __.____________________ 222 | South Carolina__________ S 846
Towa - ____ o __ 207 | South Dakota_.____ ___ _______ 45
Kansas - _________________.___ 118 | Tennessee - ________________._.__ 1,793
Kentueky .- ________________ 691 | Texas - _________________ 147
Louisiana ____________________ 64| Utabh . ____________ . __ 200
Maine - ____________________ 1,222 Vermont .____________________ 1,148
Maryland - _________________ 496 | Virginia _____________________ 2, 243
Massachusetts ________________ 1,370 | Washington__________________ 322
Michigan - __________________ 657 | West Virginia________________ 525
Minnesota - _____ SN 195 | Wisconsin__ . ______________ 580
Mississippl - - cce o 273 | Wyoming . ___________ 33
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UNDEVELOPED WATER POWERS.

By M. O. LEIGHTON.

The surveys and examinations necessary to a thorough and accu-
rate report of the water-power resources of the United States have
never been completed. In certain parts of the country the facts are
sufficiently well known to make it possible to present a tolerably
accurate statement. In other parts the information is fragmentary,
and therefore power estimates must be considered approximate.
Taken as a whole, however, the schedule here appended will be suffi-
cient for the purposes for which it was prepared.

In order to present the information in a systematic way, the drain-
age areas of the United States have been united into groups accord-
ing to geographic distribution. These group boundaries have been
arbitrarily determined according to what seems to be the most con-
venient arrangement for the purposes of this report. The grouping
1s as follows: Atlantic Ocean, Pacific Ocean, Arctic Ocean, and in-
terior drainage. TRese groups have been subdivided into 12 principal
divisions, as follows: I. Northern K Atlantic; TI. Southern Atlantic;
ITI. Eastern Gulf of Mexico; IV. Western Gulf of Mexico; V.
Mississippi River (tributaries from the east) ; VI. Mississippi River
(tributaries from the west); VII. St. Lawrence; VIIL Colorado
River; IX. Southern Pacific; X. Northern Pacific; XI. Great
Basin; XTI. Hudson Bay.

SOURCES OF DATA.

The data used in this report have been obtained from the following
sources : ‘

The records of flow are mainly from the reports and files of the
water-resources branch of the TUnited States Geological Survey.
As the period over which these records extend varies in length, a
seven-year period, extending from 1900 to 1906, inclusive, was taken
as a basis and all values of flow are the mean for these years.

The profiles and elevations have been obtained as follows:

(@) River surveys made by the United States Geological Survey,
U. S. Army Engineer Corps, and others.

(&) Elevations as given by railroad and other levels.
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(¢) Dictionary of Altitudes, Bulletin No. 274, United States
Geological Survey. ’

(d) United States Geological Survey topographic maps.

(e) Miscellaneous maps and reports of various State and other
organizations.

In the use of maps the following preferences have been given:
(1) United States Geological Survey topographic sheets; (2) special
detailed surveys; (3) General Land Office maps; (4) United States
post-route maps; (5) Rand & McNally Atlas sheets.

WATER POWER.

The schedule presented in this report gives the amount of avail-
able water power according to three classifications—(1) that which
may be produced by the minimum flow; (2) the assumed maxi-
mum development; and (8) the additional power that may be
recovered by developing the available storage capacity in the upland
basins and using stored water to compensate the low-water periods.
The data as a whole have been considered without reference to
present practicability of development or present market. For the
purposes of this report it has been assumed that all the power in
the United States will some day be required. Such an interpretation
is the logical one when natural resources are being considered. In
other words, the schedule here presented must be interpreted for the
future rather than for the present. The reader should not assume
that all the power here shown is economically available to-day.
Much of it, indeed, would be too costly in development to render
it of commercial importance under the present conditions of market
and the price of fuel power. The schedule shows therefore what
will be the maximum possibilities in the day when our fuel shall have
become so exhausted that the price thereof for production of power
is prohibitive, and the people of the country shall be driven to the
use of all the water power that can reasonably be produced by the
streams.

Consideration has been given to all the conditions that determine
the possibilities of power production on the various rivers of the
country. Especially has the slope of the stream channels been scru-
tinized. Theoretically, of course, the energy developed by the vari-
ous rivers is that produced by the total fall of the water from
source to mouth, but it has not been assumed that, even under ideal
conditions of market, all this power will ever be commercially
" available. The flatter portions of the river channels can never be
profitably developed for power and they have not been included in
the schedule. The rivers have been divided into sections of varying
length, determined by channel slope, and the fall and flow of each
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section have been obtained from the best available source of in-
formation. The records of stream flow collected by the water-
resources branch of the Geological Survey have almost uniformly
been the only available resort, although acknowledgments should be
made to the state water-supply commissions of New York and Penn-
sylvania; the state engineers of New York, Colorado, California,
Oregon, and Nebraska; the territorial engineer of New Mexico;
the state geological surveys of Maine, New Jersey, North Carolina,
Virginia, Georgia, and Wisconsin; and various other bodies and
individuals, public and private, who in the past have maintained
measurements in cooperation with the United States Geological
Survey or independently. Use has also been made of certain river
gage records of the United States Weather Bureau and of the Corps
of Engineers, U. S. Army.

~ In determining the flow for the various sections the data of flow
per square mile, procured from the sources above enumerated, have
been applied. The drainage areas above the upper and the lower
limits of each section have been determined and a mean taken for the
whole section. This has been used as a factor along with the flow per
square mile in determining the minimum flow for that section. This
figure, together with 90 per cent of the total fall from head to foot,
has been used to determine theoretical horsepowers, according to the
usual formulas. It is obvious that in practice the entire fall along
any stretch of river or at any power privilege can not be effectively
utilized. In few places can even 90 per cent be utilized at the pres-
ent time; but, inasmuch as these figures are supposed to cover future
as well as present practice, and inasmuch as it may reasonably be
assumed that future practice in water-power installation will im-
prove, it is believed that 90 per cent of the fall along any particular
power privilege or section may eventually be realized.

The results of calculations of theoretical power on 90 per cent
total fall have been reduced 10 per cent to allow for inefficiency of
wheels. It is recognized that 90 per cent efficiency is too high to be
used in calculations of power at the present time, 75 or 80 per cent
being the usual installation maximum. Here again, however, we are
computing for future conditions, as well as present ones, and it may
confidently be expected that, with the improvement of turbines, a
greater percentage of the theoretical power will be realized on the
shaft and improvements will before long render possible a 90 per cent
efficiency.

In determining the minimum horsepower, the minimum flow for
the lowest two consecutive seven-day periods in each year was de-
termined and the mean of these values for the period of record was
taken as the minimum flow. It is obvious that this is somewhat
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higher than the absolute minimum, but the latter is usually of so short
duration that it does not equal the practicable minimum that may
profitably be installed.

The assumed maximum economical development has been deter-
mined on the assumption that it is good commercial practice to
develop wheel installation up to that amount the continuance of

-which can be assured during six months of the year, on the assump-
tion that the deficiency in power during the remainder of the year
can be profitably provided by the installation of fuel power plants
as auxiliaries. In many parts of the country it has been shown con-
clusively that it is economical to develop up to that amount which
can be had continuously during the highest four months of the year,
and, while it is probable that there are parts of the country where
the limit should be the highest eight or ten months, it is believed that
the period used in these schedules is a very conservative average. The
minimum weekly flow for each month of the year has been arranged
according to magnitude, and the sixth value has been taken as
the basis for estimating the power, the mean of these values for the
record period in each case being that used in the computations.

An endeavor has been made to determine the maximum power that
might be produced if the practicable maximum storage available on
the drainage areas were established. Surveys on many of the basins
make possible a fairly close statement; but, inasmuch as fully three-
fourths of the country has not been surveyed in a manner suitable for
this purpose, only rough estimates can be given for the entire area.
There are two methods by which an approximate estimate of total
power can be made.

The first is to consider the power on those drainage areas for which
suitable surveys are available and to increase the amount by the equiv-
alent of the proportion left unsurveyed. An examination of the facts
will show that the amount obtained by this method will be too low.
It is apparent from a review of the index map showing the areas cov-
ered by such surveys that a fairly large proportion, probably one-
third, comprises country in which good reservoir sites are either lack-
ing or are uncommon in occurrence. Such portions include large
parts of the Dakotas, Nebraska, Kansas, Oklahoma, Texas, and
Louisiana, together with great areas on the Atlantic and Pacific
coastal plains. Therefore to increase the total available water power
from storage that may be computed on surveyed portions by the ratio
of total surveyed portions to the entire country would hardly do jus-
tice to the situation. Nevertheless, the figures are here presented.

It is found that the total power available in the surveyed portions,
including storage, is about 53,000,000 horsepower. If this be consid-
ered as one-fourth, to correspond with the portion of the country

86407—1I1rR 234—09——4
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surveyed, the total power of the country, with practical maximum
storage will be about 212,000,000 horsepower.

The second method of computation involves consideration of the
increase of power available from storage in the several portions of the
country in which surveys have been made, and applying the ratio of
increase to unsurveyed and similar country in those regions. The
topographic surveys, while they cover only one-fourth of the total-
area of the country, have nevertheless been prosecuted in all sections,
so that the storage data are applicable to all physiographic types
that are comprised within the United States. Applying the informa-
tion in this way, we obtain a grand total of 230,800,000 horsepower,
which, it appears to the writer, is a more accurate figure than that
obtained by the first method.

In any case, therefore, it may be assumed with confidence that,
were all practicable storage sites utilized and the water properly
applied, there might be established eventually in the country a total
power installation of at least 200,000,000 horsepower and probably
much more.

In the actual management of storage for water power or for any
other water utilization the stored waters are released according as
needed, and they must be distributed according to the condition of
the river and the length of the dry season. Therefore, water from
storage is required for a varying number of months, according to
the climatological conditions governing the river discharge. Some
assumption in this matter has been necessary, and it is believed from
the experience that has been gained in the study of rivers throughout
the country that it will be fair and conservative to assume that, if any
given storage be considered as released uniformly during six months
of the year, and the natural flow from the unconserved areas be con-
sidered as sufficient to maintain at least an equal flow during the
remaining six months, the results will not depart too widely from
the actual conditions as regards total power that may be achieved in
practice, unless, indeed, they are too conservative. It is well known
that on some rivers an economical use of stored water would involve
a shorter period of total release than six months to insure the most
uniform distribution of discharge. This would provide for a greater
power development than the six months of distribution. Neverthe-
less, the latter has been considered a fair average, and has been used
in the accompanying schedule.

Summing up the whole country according to the divisions thereof
_heretofore discussed, we obtain the general summary given below.
Especial mention should be made of the fact that the results here
given do not include the State of Pennsylvania, the figures for which
had not been furnished up to the date of this report.
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Estimate of stream flow and water power in the United States.

>

Horsepower.
Drainage | Flow p?r
. . area in [|annum in
. Principal drainages. squ billion ) rﬁz;.s:s:uultlxlgﬁl
miles. |cubic feet.| Minimum. develop-

' ment.
North Atlantic to Cape Henry, Va.............o......... 159,879 8,042 | 1,712,050 | 23,186,600
Southern Atlantic to Cape Sable, Fla.... 123, 920 5,560 253, ,957, 800

Eastern Gulf of Mexico to Mississippi River_.............. 142,220 6, 867 559, 000 y
‘Western Gulf of Mexico west of Vermilion River.......... b433, 700 2,232 3 822, 600
Mississippi River (tributaries fromeast)................. 333, 600 12,360 | 2,619,590 | a5,344, 600

Mississippi River (tributaries from west, including Ver-

milion River).......... e eeae e 905,200 9,580 | 3,948,970 7,085, 000
St. Lawrence River to Canadian line. €299, 720 8,583 | .6,682,480 8, 090, 000
Colorado River above Yuma, Ariz. ... 3 521 | 2,918,500 5,546, 000

Southern Pacific to Point Bonita, Cal 70,700 2,193 | 3,215, 3
Northern Pacific....................... 290, 400 15,220 | 12,979,700 | 24,701,000
Great Basin 223,000 |.......... 518, 000 1,000
Hudson Bay.. 62,150 614 75,800 212, 600
Total .. i 3,269, 490 72,672 | 36,916,250 | 66,518,500

. @ Not including area in Pennsylvania.
v Includes Rio Grande in Mexico.
¢ Includes drainage in Canada.

It will be noted from the foregoing that the region furnishing by
far the greatest water-power possibilities is the northern Pacific,
which comprises essentially the basins of Columbia and Sacramento
rivers, the power possibilities there being about one-third those of the

whole United States.

The following schedules give in detail figures concerning run-off
and potential water power over the various drainage areas included

within the several districts:
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UNDEVELOPED WATER POWERS.
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CONSERVATION OF WATER RESOURCES.
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