





RESERVOIRS IN THE UNITED STATES

By

G. Earl Harbeck, Jr.

INTRODUCTION-

Man has engaged..in the control of flowing
water since history began. Among his early re-
corded efforté were reservoirs for muncipal
water-supplies constructed near dnhcient Jeru-
salem to store water which was brought there
in masonry conduits.l/ Irrigetion was practiced
in Egypt as early as 2000 B. C. There the
"basin system" was used from anclent times
until the 19th century. The land weas divided .
into basins of approximately 40,000 acres,
separated by earthen dikes.2/ Flood waters of
the Nile generally inundated the basins through
canals, many of which were built by the
Pharaohs. Even then the economic conseguences
of a deficiert annual flood were recognized.
Lake Maeris, which according to Herodotus was
en ancient storage reservoir, 1s sald to have
had an area of 30,000 acres. In Indla, the
British found at the time of their occupancy
of* the Presidency of Madras about 50,000 res-
ervoirs for irrigation, many believed to be of
ancient construction. 3/During the perlod 115-.
130 A. D. reservoirs were bullt to improve the
water-supply of Athens. Much has been written
concerning the elaborate collection and distri-
bution system built tq supply Rome, and parts
of 1t remain to this day as monuments to the
engineering skill employed by the Romans in
solving the problem of large-scale municipal
water-supplies.

For whatever purpose, whether it be irri-
gation, municipal supply, or power, man has
recognized the desirability of adequate and
controllable water-supplies. As man has yet to
control time and amount of precipitation ef-
fectively, he has long endeavored to overcome
variation in the supply of water by storage.
Water storage has contributed materially to
the development of the United States. The
successful agricultural economy in the semi-
arid sectlions of the West depends largely on
storage of a portlon of the annual weter supply
for use during the growing season. The growth
of our vast industrlal centers has .been made
possible only'by adequate year-round water
supplies for municipal and industrial use.
Industrial development in meny sections has
paralleled the.increase in available power
supplises. N

1/ Draffin, J. 0., The story of man's quest
for water, p. 119, Champaign, I11l., The
Garrard Press, 1939,

2/ Todd, J. A., in Encyclopedis Brittanica,

. 14th Ed., v. 8, p. 538.

3/ Turnesurs, F. E., and .Russell, H. L., Public
water-supplies, p. 1-12, New York, John
Wiley and Sons, 1908.

The interest of the Geologlical Survey In
the reservoirs of the United States may be
traced back to 1888, when the Sundry Civil
Appropriation Act of' that year provided:4/

For the purpose of investiga-
ting the extent t¢ which the arid
reglon of the United States can be
redeemed by irrigation and the segre-
gation of the irrigable lands in such
arid reglon, and for the selectlon
of sites for reservolirs and other
hydraulic works necessary for the
.storage and utilization of water
for irrigation and- the prevention
of floods and overflows,....tha work
to be performed by the Geological

- Survey under’ the direction of the
Secretary of the Interior, the sum
of one hundred thousand dollars.....

The Irrigation Survey was the first systemati
investigation of water resources conducted in
the Unlted States. During its 2-year life

much was done to evaluate the water resources

" of the arid West, and the need for comprehen-

slve investigations of reservolr sites and of
potential water suppllies and thelr utiligation
was clearly demonstrated.

’

Other leglslation affecting the construc-
tion of reservolrs in the West included the
Carey Act of 1894, which authorlzed grants of
publlc lands to the Western States on condi- .
tion that the granted land be irrigated. How-
ever, progress ln reclaiming the arid lands
was slow, partly because the size and cost of
many of the. necessary projects was beyond the
resources of the states and private interests. .

The great development of the arid West -
near the turn of the century was made possible-
largely by the construction of storage reser-
voirs. In regions where precipitation was
insufficient for agriculture, reservoirs were °
required to hold the spring floods from melting
snow or the flashy runoff from short, intense
summer storms. The.first reservoir of more -
than 5,000 acre-feet capacity for irrigation
is belleved to be French Lake in.northern
Callfornia, built in 1859. Not many large
deservoirs were built in the West prior to
1900, but after thé turn of the century their
construction proceeded much more rapldly and
from 1910 to 1920 the capacity of reservolrs
constructed for irrigation exceeded that for

4/ Follansbee, Robert, A history of the Water
Resources Branch of the -United States
Geologlcal Survey to June 30, 1919, pri-
vately printed, p. 33, (1939). N
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Fig\h-e 1.- Ussble ressrvoir cepacity in the United States, by decades.

any other use (see fig. 1). Total capacity folr
ower forged ahead of irrigation capacity in
he thirties, but irrigation ‘resgrvoirs have
kaintained a steady growth.

The Reclamation Act, or Newlands Act, of
f reservoirs. It stimulated the construction '
f reclamation projects by providing a way of
amortizing heavy initial costs over a period df
many years. With this legislation, the dewvelop-
ment of the arid West advanced in the early
years of this century in a way that it could
not have done otherwise. Numerous reservolrs
wvere bullt to assure an adequate supply of watier
for agriculture, and settlement of the West
proceeded rapidly.. As history shows, new
frontiers are established generally by those
peeking arable lands, and such settlement has
proven to be the basis for sound, permanent
fdevelopment of the reglon.

Reservoirs were -of course constructed for
water power long before the advent of hydro-
electric power, but 1t was after transmission
pf electric power was made possible that the
construction of power reservolrs began an extnra-
ordinary growth. The first hydroelectric sta-
tion began operation in 1882 in Appleton, Wis.5/

Daugherty, C. R., Horton, A. H., and Daven-
port, R. W., Power capacity and production

“ 1in the United States:. U. 8. ‘Geol. Survey
Wa ter-Supply Paper 579, p. 29, 1928.
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During the two decades 1890-1910, the most
rapid growth 1n reservoir construction for
ower occurred in New England. Since 1910,
ower-reserveir construction has continued ats
pid pace, with great increases in the Pacif
nd South Atlantic States-in the 1920-30 deca
t present, capacity of reservoirs for power
leads that of all other uses; over one-third
gf‘ the total reservoir capacity in the United
tates is allocated for power production.

Construction of reservoir capacity for

n the early twenties with the completion of
eservoirs in the Miami River Basin in Ohio
bullt in consequence of the disastrous flood
f 1913. Since thep, the ponstruction of
lood-control reservolrs or the allocaticn of
¢apacity in multi-purpose reservoirs for flood
gontrol has grown apace, and total reservoir

'{lood_control received its first notable impetjus

apacity for thls purpose is now surpassed
nly by power and irrigation.

The present compilation of reservoir
gtorage facilitiea in the United States is an
nventory of one of our most important national
esources. The purposeés of reservoir construct
-ion reflect the changes in the national
conomy since water storage began. In colonial

ys and the early years of the Republic, many
ow dams and small Btorage reservoirs were
developed for minor industries and for log
driving. Apparently the earliest recorded
effort to store water supplies of a substantial
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"Lake Mead, Ariz.-Nev.......

amount was made in New Hampshire, where records
show that a control structure, built at the
outlet of Massabesic Lake in 1738, increased
the storage capaclty of the lake by 19,000
acre-feet. This early development was made
originally to operate a gristmill and sawmill,
but most of the earlier reservolrs of signifi-
cant slze were bullt to insure adequate water
supplies for the canal systems in use during
the first half of the nineteenth century.
Although some of those 0ld reservoirs are still
used for canal water supply, many are now used
only for recreation and their original purpose
is all but forgotten.

The latter part of the nineteenth century
saw & great lncrease in reservolr conatruction
for municipal supplies. The water needs of
rapidly growing cltles of the Bast were out~
atripping their local supplies, and the con~
struction of storage reservoira was undertaken
as parts of systems to bring water over what
were then unprecedented distances.

)

One of the earllest large reservolrs for
navigation was Cayuga Lake in New York, where
a dam was built about 1825 to raise the level
of the lske and provide supplemental water for
the Erie Canal. Also conatructed about the
same time was the outlet structure for Lake

Drummond in Virginia to provide water for slack-

season navigation. In the nineteenth century,
the growth of reservoir capacity for navigation
was slow, and in the last half of the century
many of these reservoirs were abandoned. During
the laast twenty years however outstanding
growth has taken place with the completion of
multipurpose projects having substantial allo-
cationa for navigation. Many reservoirs have
also been created by dams constructed specifi-
cally to maintain navigable depths on the Ohio
and Mississippi Rivers; they are not included
in this compilation because they are not stor-
age reservoirs in the usual sense of storing
water for later releass. :

The ten largest reservoirs in the United -
States are as follows:

Usable
capacity
(acre-fest)

Reservoir

cesesess 27,935,000
Port Peck, MOntesccesesceaeressasss 18,800,000

Franklin D. Roosevelt lLake, Wash... 5,118,000
Lake Texoma, Okla.-T6X.ecveeseeesss 4,505,000
Rentucky, Kyeeeeseroretoenseeesnsss 4,010,800
Shasta, Calif.cc.ccvvvvvennenecnsss 3,583,000
Norris, ToNMNececeecesesceaassnceses 2,281,000

lephant. Butte, N« MeX.....vveeeees 2,219,000

ke O' The Cherokees, Okla........ 2,017,000
McConaughy Lake, Nebr....eeeoe.s... 1,948,000

All of the above are dual or multipurpose res-.
t;voirs, and all are in public ownership. Of

e privately owned reservoirs, the largest is
lake Murray in South Caroline, completed in 1930
for power with a usable capacity of 1,614,000
acre-feet. Among the reservoirs used primarily
for municipal purposes, Quabbin Reservoir in
Massachusetts, completed in 1939, holds first
;ang with a usable capaclity of 1,279,000 acre-
eet. .

.

Since it is common practice in some
regions of the Unlited States 0 express reser-
voir capacities in units other than acrexfeet,
the following conversion factors may be useful:

‘1 acre-feet = 0.3259 million gallons -
1 acre-feet = 0.04356 million cublc feet

Several features are apparent in the )
accompanying chart showing number and average
capacity of reservoirs by decades. The great-
est increase in the number of reservoirs con-
structed during a decade was in the pericd
that ended in 1909, and was almost entirely
owing to the large numbers of reservoirs that
were built for irrigation in that decade,
following the Reclamation (Newlands) Act of
1902. Countless reservoirs of less than.5,000
fcre-feet capacity were also bullt during that
same period as the developers of the West
sought to utilize water supplies for irrigatiom.

Most of the multiple~use projects have
had their inception since 1930, and this
development has led to a major change in the
magnitude of projects. TFor the entire period
prior to 1930 the average capaclty of reser-
voirs exceeding 5,000 acre-feet was about
80,000 acre-feet, but for reservoirs built in

e decade 1930-39 it was 304,000 acre-feet,
d for those bullt in the perliod 1940-46 1t
was 382,000 acre-feet (see Pig. 2).
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Figure 2.-Constructian of reservoirs in the
United States by decades.
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Technical aavances nuve made teasible
the construction of large projlects which had
been long known to be desirable, but hitherto
had been considered impracticable from a
design standpoint. Thus as the number of
smaller reservoir sites aveilable for economiq
development became less and the demand for
storage capacity for various uses increased, it
was practical and necessary to resort to
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reservoirs of a much largerlsize than those
previously constructed.
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EXPLANATION OF COMPILED DATA

game~of reservolr and stream.- Reservoirs are
isted alphabetically by states and include only
those completed as of January 1, 1947. If the
reservoir is located on a boundary stream, it
is listed under both states. The duplication
in listings should be taken into account in
any summation studies. If the stream on which
the reservoir is located flows across a state
1line, &nd merely backwater from the dam extends
dcross the atate line, the reservoir 1s listed
uynder the name of the state in which the dam
or outlet structure is situated.

The name used is the latest legal name of
the rezervoir. In some instances it differs
from the name of the dam, which, if prominent.
is given parenthetlically. The water-supply is
generally derived from the stream on which the
reservolir is located. However, some reservoirs
are located on minor tributaries and filled by
3;veraions from the main streams. In such cases,

6 name of the stream furnlishing the main
dupply 1s given, and the off-stream location of
e reservolr 1s shown in a footnote. Occa-

lonally reservoirs are located on small unnamed

/ gtreams, and in this case the name of the stream

0 which the small.stream is tributary is given,
th an explanatory footnote.

%gcation.- The location shown is that of the dam
r control works, and is glven by drainage basin
«nd geographical coordinates.

. The basin index number, méde up of figurer
d letters, refers to the drainage area sub-
vision as shown in plates 1-6 which are

In general the data were obtained

’

taken from plate 2 of Water-Supply Paper 558.6V
The figures refer to one of the major areas
that form the great drainage basins of the
country, as classified by the Geological SBurve
at the time Water-Supply Paper 558 was published
(1926). Since that time, Part 12, originally
the North Pacific basins, has been further
subdivided into Part 12, Pacific slope basins
in Washington and Upper Columbia River Basin,
Part 13, Snake River Basin, -and Part 14, ’
Pacific slope basins in Oregon and Lower
Columbia River Basin, for reporting the annual
surface water supply, but the original deline-
ation of Part 12 has been used in this compila-
tion. .

The primary drainage basins are aub-
divided as follows: "Bach major area is
divided in%o intermediate areas conforming to
its dominant drainage systems and designated
124, 12B, etc., the number in the designation
being that of the major area and the letter
referring to a specific intermediate area within
it. The intermediate areas are further divided
into minor areas, each designated by the number
of the major area, the letter of the inter-
mediate area, and a final letter distingulshing:
it from adjacent minor areas, as 12FA, 12FB. ., .
Bach drainage division 1s lettered in order
from the upper reaches of the basin to the
lower."7/ Plates 1-6 show only the major
areas and the intermediate areas{ the minor
areas were omitted for greater clarlty.

Location of the dam is also given by geo-
graphical coordinates. In States east of
Mississippl River and 1in Texas, locations are
shown to the nearest minute of latitude and
longitude. In states west of Mississippl.River
(except Texas), locations are glven by township
and range. The reference meridian is not '
given, as little confusion should result by
reason of the omission. In the unsurveyed
areas of the West, location by townshlp and '
range are shown, based on approximete extension

.of existing survey lines.

4,

%rainage area.- The drainage area at the dam 1
en where available and significant. In off
stream reservoirs the drainage area is omittec

as not significant, since the diversion into

the reservolr does not necessarlly bear any
relation to the flow of the main stream.

ggad storage.- Dead storage is the volume below
the loweat controlleble level. For some res-
ervolirs, the dead-storage figure shown (and
generally footnoted accordingly) is the dead
storage volume under normal operating condi-
tiona. Many power dams have sluiceways well
below the lower 1limlt of drawdown for power
production. While in & strict sense this
dtored water is controllable and is available
or release, it would not be released under
normal operating conditlons. Control structures
have also been erected at the outlets of many
§7 Jones, B. E., and Helland, R. O., Prelimi-
nary index to river surveys made by the
United States Geol. Survey and other agencies:
U. S. Geol. Survey Water-Supply Paper 558,
pp. 2-3, 1926. 8Soon to be revised and
published in Water-Supply Paper 995.

7/ Idem. p. 3.
4



natural lakes. Volumes of dead storage for
such reservolrs are usually unknown, and of
1little or no practical interest.

Total storage.- Total storage is the volume
below the maximum controllable level and it
includes dead storage. For a dam with an un-

gated overflow spillway, it is the total volume -

below spillway level. Obviously when there is
flow over the spilliway, the total volume of
stored water exceeds the total capacity, but
the uncon'trollable excess is excluded from con-
sideration in this compilation. Many dams have
been designed to allow temporary detention of a

. considerable volume of flood water above the

ungated spillway level. Although such storage
capacity 1s of great value in reducing flood
peaks, it 1s not considered in the volumes of
total storage listed in this compilation, for
1t 1s not controllable, to be held or releassed
according to the desires of the operator. For
a dam with a gated spillway the maximum con-
trollable level may be considerably above the
spillway level, and may be dictated by consid-
erations other then any ‘physical feature of the

‘dam, such as & judicial decree.

Usable storage.- Usable storage is the volume
normally available for release from a reservolir
below the stage of the maximum controllable
level. For power and irrigation reservolirs,
this definition 1s adequate. For a flood con-
trol reservoir the surcharge or superstorage

is excluded from usable storsge although rec-
ognized and allowed for in the design of the
dem and reservoir. For multipurpose reservolirs

the volume available for release may be dlctated

by allocations- for various uses, but such com-
plications have not been considered in this
compilation. .If flashboards are used, the
volumes with and without flashboards are+glven
if the figures are avallable.

Surface area.- The surface &res 1s the area of

"the reservoir in acres at the elevation of the

meximum controllable level, generally without
flashboards. ‘ .

Storage ratio.- The storage ratio is defined
as the ratio of usable capaclity to average
annmual runoff. It 1s expressed in years, and
represents the time required, assuming average
runoff, to impound a volume of water equal to
the usable capacity. Conversely, the storage
ratio also shows the time required to empty a
full reservoir if average rates of flow are
maintained and there is no inflow.

The storage ratlo concept was introduced
by Hazen8/ in his analysis of storage capaclty

.’ required for reservoirs for municipal water-

supply. When the storage capacity is based on
the maintainable yleld, 1t was found advanta-
geous for certain purposes to express the

‘capacity in units of time.

In order to compute the storage ratio it
was necessary to estimate average flow at the
dam. Where long-term gaging station records
of outflow at the dam are avellable, computed
storage ratlos are reasonably accurate. Where
such' records were unavailable, estimates of
average annual flow were often made on the

8/ Hazen, Allen, Storage to be provided in im-

pounding reservoirs for municipal water supply,

Trans. Am. Soc. Civ. Bng., v. LXXVII, pp.
1539-1640, Dec. 1914.

basls of comparison with nearby gaged.gtreams.
Such estimates may be considerably in érror,
but they are considered adequate for the pur-
pose of computing the storage ratio, which is
generally given to only one or two significant
figures. Estimates were not made when the
paucity of data precluded even rough approxi-
mations of average runoff, or when the storage
ratio would not be significant, as in the case
of an off-stream reservoir filled by diversion
from the main stream.

For many reservoirs, particularly those
on the larger rivers, the total volume of water
that may be stored is but a small fraction of
the total runoff. A lower limit storage ratio
of 0.05 years, or about 18 days, was chosen,
and storage ratios of less than this amount
are shown as "<0,05" (less than 0.05 years).
Reservoirs having storage ratios of less than
0.05 years might well be considered "run-of-the-
river",  for their effect onegimen of flow 1s

slight.

The storage ratios shown are intended only
as indicators of the storage capaclty of the
reservolir as compared with average flow of the
stream, and are not to be considered as esti-
mates of the annual runoff per se.

Date completed.- The "date completed" is the
year in which construction of the dam was
completed. Often storage began during con~
struction, and the beglnning of effeet of the
reservolr on stream flow therefore antedates
the completion of the dam, partlicularly the
larger projects. When two dates are shown,
the first is the date of completion and the
second the date of completion of significant
changes, such as raising of the.dam. In & few
cases many changes were made and the date of
only the most important change has been glven.

Use.~ The followling classifications of use have
been arbitrarily adopted: .
C - Conservation and wild life
Flood control
Irrigation
Log driving
Municipal
Navigation
Power
Recreation
Industrial

VoI ttHT

W

For multipurpose reservoirs, a cods letter for
each ma jor use was- 1isted in alphabetical order,
not in order of importance. Many of the older
reservoirs no longer serve their original pur-
pose. For example, some reservoirs originally
built for log driving are now used only for
recreation or have had power generating equip-
ment installed. '

Owner or operator.- The name of the owner or
operator is shown. Often the owner and opera-
tor are the same, but many western reservoirs,
for example, that were built by the Bureau of
Reclamation are operated by water users asso-
ciations. The name of the owner or operator
may prove of assistance in obtaining more data
on any particular reservoir-than are given in
this compilation. ’




Storage records published.- If records of
storage are pubIEsheH, the name of the publl-
cation in which they appear is shown. As is
generally kmown, the’ Geologlcal Survey pub-
lishes Water-Supply Papers containing stream
flow and reservolr storage data at almost
6,000 locations in the United States. The
majority are stream-flow statlions, but many
records of reservolr contents are published.
Data for each water year (October 1 to September
30) are published in 14 parts. each part’being
a major drainage basin. Storage records for

many reservolrs are avallable from the opersa-

tor but have not been published.

-~
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TABLE OF RESERVOIRS IN THE UNITED STATES. COMPLETED AS OF JAN. 1, 1947,
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