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INTRODUCTION

An estimated 170,000 million gallons of water
was withdrawn from the ground, lakes, or streams
each day on the average during 1950 and used on
the farms and in the homes, factories, and busie
ness establishments of the United States. An
additional 1,100,000 million gallons per day was
used to generate hydro-power. Water power 1is the
largest user of water; however, irrigation and
industry also are large users of both ground and
surface water. More surface water was used for
industrial purposes than for irrigation, whereas
more ground water was used for irrigation than
for industrial purposes (fig. 1). The total with-
drawal of surface water was considerably in ex-
cess of ground~water withdrawal, as shown by fig-
ure 1. Large quantities of water were used also
for purposes requiring no diversion, such as nav-
igation, waste disposal, recreation, and support
of wildlife.

Knowledge of quantity and distribution of with-
drawals 1s an essential part of any water-
resources study. However, very few attempts have
been made to estimate the total quantity of water

withdrawn for use In the United States. Some
investigators have made Inventories or estimates
for a single type of use. The U, S. Publlic Health
Service (1945), in cooperation with the sanitary-
engineering divisions of state health departments,
makes an annual inventory of publlec water-supply
systems, which includes the quantity of water
used. Guyton (1950) made sn estimate of ground
water used in the United States during 1945.
Langbein (1950), made an estimate of the quantity
of water used in the United States during 1946
for generation of hydroelectric power.

This report presents a preliminary estimate of
the quantlty of water withdrawn during 1950 from
ground and surface sources. Some water was withe
drawn from a source, used, and discharged into a
stream or the ground, only to be withdrawn agsain.
Each time the water was taken from the natural
source it was added to the accumulated totals of
water withdrawn; therefore, some of the water has
been counted several times. However, if water was
withdrawn and recirculated, so that it was used
several times in the same plant before it was
discharged into a stream or the ground, it was
counted only once. Although based on the best
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information avallable, the estimates in this
report are, in general, rough approximastions
of the guantity of water used. The estimate
for munlcipal use 1s probably the most accur-
rate and that for industrial surface water use
the least accurate. It 1s intended that these
figures be used as estimates only.

The compilation was prepared in the Water
Resources Division of the U. 8. Geological Sur-
vey by Kenneth A. MacKichan under the technical
and administrative supervision of R. W. Davenport,
Chlef, Technical Coordination Branch, and with
the advice of W. F. Guyton, ground-water hydrol~
oglst.

The U. 8. Public Health Service furnished estil-
mates of the quantity of water used for municipal
supplies in many of the states. These estimates
were based on the unpublished 1948 inventory of
water and sewage facilities. The Illinols esti-
mates for municipal use of ground water and for
industrial use of both surface and ground water
from private sources were furnished by the Illi-
nels, State Water Survey.

The quantity of water used for any purpose is
affectgd by many factors, the most important of
which are availability, temperature and quality
of the supply, and waste in the use of water.

Water may be used generously if a large sup-
ply of water 1is avallable. For example, 1f an
irrigator has plenty of water he will apply more
than the minimum required for his crop in the
expectation of reaping an increased harvest.
This 1s an advantage to him, although the addi-
tional water would produce more if it could be
applied to additional land. If a manufacturer
has an inadequate supply he can often reclaim
and reuse much of his process water, although
if sufficient water were available it would be
better to withdraw unused water. Coocling water
also can be reclaimed by the use of cooling tow-
ers, but this 1s usually more expensive than
withdrawing additional unused water.

Waste is of two types, temporary and permanent.
Temporary waste returns to the ground or stream,
where ususlly it 1s again avallable for use.
Leaky plumbing is the cause of great waste of
this kind. This 1s especially true in unmetered
areas because the householder does not pay in
proportion to the amount of water used. An ener-
getlc program in Chicago for the elimination of
leakage and waste in the public water-supply
system reduced the use from 1,059.4 mgd in 1930
to 972.4 mgd in 1949, although the population
served increased from 3,683,000 in 1930 to
4,118,119 in 1949 (DeBerard, 1950). This 1s a
reduction in per=-capita consumption from 288
gallons per day in 1939 to 234 gallons per day
in 1949.

Water used by nonbeneficial evaporation or
transpiration is not available for reuse; it 1is
therefore permanently wasted. Phreatophytes are
plarits that depend almost entirely on the ground-
water reservoir for their water supply. They
usually grow along stream channels, canals, or
reservoirs. Most phreatophytes are of no econo-
mic -importance, therefore, the large quantities
of water that they use may be considered wasted.
For example, it has been estimated (Gatewood,
Robinson, Colby, Hem, and Halpenny, 1950) that
about 28,000 acre=feet of water was used by
bottom=-land vegetation in the 46-mile reach of
the Gila River between Thatcher and Calva during
the 12-month period ending September 30, 1944.
Part of the large quantity of water that 1s
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wasted by unnecessary evaporation from storage
reservoirs could be saved 1f more were known
sbout the physics of evaporation and 1if such
knowledge were used in the design and operation
of reservoirs.

Water 1s an efficient agent for the transfer of
heat, and accordingly one of its largest uses is
for cooling. Cooling involves the transfer of
heat from a machine or product to the water. The
amount of heat transferred 1s directly proportion-
al to the increase in temperature. If water is to
be discharged at a flxed temperature, the amount
of heat absorbed will be greater if the tempera-
ture of the entering water is low, which in turn
will require less water to carry away a given
amount of heat.

The quality of the water often affects the quan-
tity used. Sometimes poor quality encourages save
ing of water. If water as taken from the ground or
a stream requires extensive treatment it may be
more economical to reclaim and reuse waste water
from the plant than to treat raw water and use it
only once. The additional expense of treating the
water will encourage water-saving practices. On
the other hend larger quantities of water are
required for irrigation if the water contains dis-
solved salts. Additional water is required. to
flush accumulated salts from the soil, thus pre-
venting the soll from becoming alkalized.

TYPES OPF USE

Uses of water may be classified in several
different ways. Among them are withdrawal and
nonwithdrawal uses and consumptive and noncon-
sumptive uses. Withdrawal uses require that the
water be removed from the ground or diverted
from a stream or lake. Irrigation, water power,
and domestic, municipal, and industrial uses are
of this type. Nonwithdrawal uses do not require
diversion. Navigation, recreation, waste disposal,
and conservation of wildlife are examples of non=-
withdrawal used.

Water 1s used consumptively when it is incor-
porated into a product or 1is evaporated. It is
difficult to classify uses as entirely consump-
tive or nonconsumptive because in most uses only
part of the water is consumed. Irrigation is
consldered a consumptive use although 20 to 60
percent of the water may seep into a stream as
return flow. Much of the water used from public
supplies may flow into the streams as sewage
effluent. Most nonwithdrawal uses are noncon-
sumptive, although a: large quantity of water 1is
evaporated from bodies of water provided for
these uses. For example, evaporation from reser-
voirs and ponds in North Dakota is estimated to
average 170 million gallons per ‘day. This 1is
almost equal to all withdrawal uses in the State.
Cooling is usually considered a nonconsumptive
use, although a considerable portion of the water
may be evaporated.

Uses have been classified as withdrawal or non-
withdrawal for the purpose of ‘this report.

WITHDRAWAL USES

Withdrawal uses lend themselves to evaluation
in terms of quantity, as they require the water
to be removed from the ground, stream, lake, or
pond. The important withdrawal uses are (1) mmunic=
ipal, (2) rural, domestic, and stock, (3) irri-
gation, {4) industrial, and (5) water power. An
estimate of withdrawal use in the United States
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during 1950 is given in table 1 and is shown
graphically in figures 2 to 6. The estimates
are for the five types of uses by States and by
source of supply, ground water or surfsce water.

MUNICIPAL USE

Municipal water systems served 93.5 million
people In 1950, an average of 145 gallons per day
per person or a total of 13,600 million gallons
per day. Water for municipal use includes all
water pumped into the public-supply systems, This
Includes that used in fire protection, for flushe
ing streets, by business establishments, and by
gome manufacturers, as well as for domestic pur-
poses. Leakage also is Included, because the
water 1s measured at the source. Public-supply
systems include both those publicly and those
privately owned.

Most of the estimates of the water used by
municipal water-supply systems were furnished by
the U. S. Public Health Service. The data were
based on their 1948 inventory of water and sew=-
age facilities in the United States. Data on the
average dally use were avallable for approxi-
mately 80 percent of the population served. The
Public Health Service estimated the daily use of
the remaining 20 percent by developlng a per-
caplta factor for each of eight population groups
wlthin each state for which both population and
use were known, and extrapolating this factor
over the entlre population served within that
group for that type of supply.

Both ground water snd sSurface water were listed
as the source of many supplies. The data were
reviewed by the Public Health Service, and in
many areas it was possible to asslign the source
to either ground weter or surface water, Eight
and one-half percent of the water used could not
be definltely assigned to either classification.
It'was divided equally between ground-water and
surface=-water sources.

RURAL DOMESTIC AND STOCK USE

The rural population of the United States in
1950 was 57.5 million; (of this total 22 percent
was served by running water) and used an esti-
mated 3,500 million gallons of water per day.
Water consumed by livestock and poultry and water
used 1n all homes not served from a public supply
is included in this estimate. The estimates for
some of the states were made in the district of-
fice of the Geologlcal Survey. The remasinder were
computed on the basils of census figures and esti-
mated daily requirements. Estimates made in the
district offices were checked against quantities
computed on the basis of census figures,

The porulation used in computing the rural do=-
mestic use was estimated by subtracting the popu-
lation served by public water-supply systems from
the total population. The population served by
public-supply systems was furnished by the U, S.
Public Health Service and was based on its 1948
inventory. The total population was taken from
the 1950 census. The percentage of the rural popu-
lation served by running water was estimated to
be equal to that of the farm population served
by runnirg water, and was computed from the 1945
Census of Agriculture. The estimated quantity of
water used by those having and those not having
running water was computed separately by allowing
a dally use of 10 gallons per capita for those
without running water and 80 gallons per capita

for those with running water. The per=-capita

use of those with running water may appear to be
too high. However, it 1s believed that the total
use shown is about correct, because the popula=-
tion served by running water may have been esti-
mated too low. Many country homes built since the
1945 census have running water, and water systems
have been Installed in many old country homes.
Another reason that the estimate may be too low
is that it is based on the percentage of farm
homes having running water, whereas the percentage
of rural nonfarm homes having running water prob-
ably 1s greater. In many states the rural nonfarm
population was equal to or greater than the farm
population. :

The quantity of water used by livestock was
estimated on the basis of the livestock population
taken from the 1945 agriculture census and the
estimated per-capita use. Estimated average per=-
capita livestock use 1s as follows:

Livestock Use (gal. per day)
Horses and muleS=--c-m-cccecaa~ 10

Cattle (except milk cows)----- 10

Milk COWS-=----cmm e mmmmm e 15
Chickens--=--=w-=-- rm—————————e .02
Turkeys s=—---—--—=---co—cmmuauax .05
Hogs--------- B et L e 4
Sheep--=-~----cemceccncanaaa—o 3
Goats—---mmmm e 3

The division of rursl domestic and stock water
between ground-water and surface-water sources
was rather difficult. For some states it is based
on estimates made by the district office of the
Geological Survey. For the remainder of the
states, all domestic water and either three-
fourths or one-half of the stock water, depending
on the local water-resources conditions, was as--
sumed to be from ground-water sources.

IRRIGATION USE

At least four basis might be used to measure
the gquantltles of water required for irrigation.
Consumptive use, which 1s the water transpired
or evaporated from a cropped area, is one basis
of measurement. A second basis 1s the water de-
livered to the farms. This includes consumptive
use and seepage and evaporation from distribution
ditches. A third basis is the water withdrawn
from streams or the ground. In addition to that
delivered to the farms this includes losses from
the canals by evaporation, transpiration, seepage,
and waste back to the stream. The fourth basis 1is
the gross over-all supply. This would include
evaporatlion and seepage from reservoirs, as well
as diversions from the streams.

An estimated 100 million acre-feet of water was
withdrawn in 1950 from the ground and streams to
irrigate 25 million acres. Of this quantity, 80
million acre-feet or 3.20 acre-feet per acre was
delivered to Irrligators. In this report water
delivered to lrrigators has been used as a meas-
ure of irrigation water. Most of the figures
listed in table 1 were estimated in the district
offices of the Geological Survey. The remsinder
of the figures were estimated by use of census
data. The quantity of water delivered per acre
irrigated was computed from the 1939 census. The
acreage irrigated was based on the 1945 census
of agriculture plus an estimated increase since
1945. In the 29 states not covered by the irriga-
tion census the quantity of water used for irriga-
tion was estimated to be 0.5 acre-foot per irriga-
ted acre. The area irrigated was based on the 1%45



census of agriculture plus an estimated 1ncrease

since 1945. The quantity of water used equals the
product of acreage irrigated times the estimated

quantity of water used per acre.

INDUSTRIAL USE FROM PRIVATE SOURCES

Water for industrial purposes es used in this
report does not include water taker from public
water systems. The estimates given 1in table 1
were made in the various district offices. Usu-
ally the estimates were based on a partial sure
vey of industries and data on manufacturing and
business., Even though the use by some industries
may have been overestimated, the total for all
industries probably tends to be tco small because
many small industries remalin unknown. However,
the figures are probably sbout correct,

Brackish water has been included in the estl=
mates of industrial use. It would be very 4iffi-
cult to assign some of the water used to elither
brackish or fresh sources with any degree of accu-
racy because it i1s from tidal streams, where the
salinity maey vary during the year from nearly
sero to that of sea water.

WATER POWER

An estimated 1,200 million acre-feet of water
was withdrawn during 1950 for generation of water
power. The greater part of this water was used to
generate electricity. However, appreciable quan~
tities of water were used to develop mechanlcal
power to turn the machinery in small factorles
and mills.

The quantity of water used was estimated from
a tabulation furnished by the Federal Power Com-
mission showing the net generation during 1946
for all hydroelectric plants in the United States.
The plants. were sssumed to have an efficiency of
80 percent. The estimated quantity of water used
in 1950 for all water power developed was then
computed by multiplying the 1946 estimmte by the
ratio of (1) the estimated 1950 water power de=-
veloped to (2) the 1946 hydroelectric power de=-
veloped. The eatimated 1950 water power developed
includes both electric and mechanical power.

NONWITHDRAWAL USES

In contrast to withdrawal uses, nonwithdrawal
uses do not lend themselves to evaluation in
terms of the quantity of water used. These uses
do, however, have a very large economlc vslue.
The most important nonwithdrawal uses are navi-
gation, waste disposal, recreation, and conser-
vation of wildlife. Log driving was formerly ime-
portant, but the practice 1s falling into dlsuse.

NAVIGATION

Water~borne commerce is an important factor in
our economy. In 1947 almost 22 billion short-ton
miles of commerce was carried over our rivers (U.
S. Dept. Army, 1947). This 1s exclusive of com~
merce carried on the coastal waterways. The fol-
lowi tabulation shows ‘the tonnage carried dure
ing 2347 on the more important inlaend waterways
(U. S. Dept. Commerce, 1949):

Short tons

St. Marys' Falls Canal ~----- 110,732,000
Mississippl River --------- - 51,427,000
Ohio River ----- —emmceem——-- 41,397,000
Monongahela River =-eeeecac-- 31,742,000
Columbia and Lower William--

ette Rivers ---wcccceceem-- 15,938,000 -
Hudson River --------ece----- 10,849,000
Illinois Waterway -~--===--- - 10,165,000

WASTE DISPOSAL

Streams have long been used to dilute and
carry away waste. The capaclty of a stream to
receive sewage and other organic wastes depends
on the quantity of dissolved oxygen in the water.
The greater the flow the more dissolved oxygen .
the water carries and, therefore, the larger the
sewage load that can be safely handled. It is
difficult to assign a dollar value to the abil-
1ty of streams to dispose of wastes. However, -
the kind and degree of treatment - and 1its cost -
required to control pollution by sewage and ine
dustrisl waste 1s dependent on the volume of
water available in the receiving ztream to die-
lute the entering waste. For example, pulp and
paper manufacturers on the Williamette River in
Oregon have been discharging their sulfite lig-
uor waste products into the river. In July 1950
the State Sanitary Authority ordered them to proe
vide, by May 1, 1952, other means of disposal of
these wastes or to suspend operations during
periods when the flow was less than 7,000 cublc
feet per second. At other plants liquid wastes
are frequently stored temporarily in ponds and
allowed to discharge at a variable rate that de-
pends on stream flow. The discharge rate 1is set
low enough that the oxygen in the stream can
properly handle the wastes and, therefore, treate
went plants are not always required.

RECREATION

Recreation 1s becoming more and more Important
because people have more leisure time than fore-
merly. Water sports, such as swimming, fishing,
and boating, are a popular form of recreation.
Obviously, the recreation value of water is ime
portant in coastal states or in stetes having a
great number of natural lakes, where a sizable
percentage of the tourist trade 1s attracted by
water sports. However, water also has a great.
recreational vaelue in many inland areas where
reservoirs, formed by dams, are ideal recrea-
tional and vacation spots. For example, accord=
ing to data furnished by the Iowa Conservation
Commission, there are 73 natural lakes and -34
artificial lakes in the State. During 1949 the
total attendance at lakes for which a count of
users 1s avallable, was over 3% million people.
The population of the State 1s about 2% millions.

According to the Tennessee Valley Authority
there are an estimated 10,000:craft, ranging from
small fishing boats to cruisers, on the Tennessee
River and its tributaries. It is estimated also
that the total count of visits to reservoirs in
the basin may have been as high as 10,000,000
person=days. According to the Tennessee Fish and
Game Commission, well over half a million fish-
Ing end hunting licenses were sold in 1949.



TABLE 1.--ESTIMATED WITHDRAWAL USE OF WATER IN THE UNITED STATES, 1950

Rural 1/ Municipal Industrial 2/ Irrigational For water-
State _ (1,000 acre-feet power (1,000
Ground water{Surface water|Ground water|Surface water|Ground water|Surface water Grouﬁﬁr n.E;uxs'gace water ;:?e;‘:g?
{mgd) (mgd) (mgd) (mgd) (mgd) (mgd)

Alabama 30 10 50 110 100 1,200 | Wegligible | Negligible 120,000
Arizona 30 6 40 35 35 10 3,200 2,000 8,300
Arkansas 35 5 35 30 65 40 760 280 5,000
California 250 30 550 750 280 é/45 10,000 13,000 49,000
Colorado 30 20 20 150 25 45 660 9,000 2,000

Connecticut. 15 7 9 180 40 -5-/1 ,500 1 Negligible 5,900
Delaware 6 2 8 15 5 &/ 90 | Negligible do 0
District of 0 0 (o] 180 10 600 0 0 110

Columbia

Florlds 45 10 140 30 280 e 160 250 2,500
Georgia 55 10 45 105 240 4 1,300 | Negligible | Negligible 27,000
Hawail 55 10 35 8 30 9 550 710 650
Idahe 20 10 50 25 50 15 350 15,000 34,000
Illinois 120 20 140 1,070 260 8,300 Negligible Negligible 12,000
Indiana 80 30 140 160 230 1,800 do do 5,300
Iowa 120 30 85 70 120 1,200 do do 39,000
Kansas 65 15 75 60 100 95 180 70 - 1,400
Kentucky 50 6 10 110 60 900 | Negligible Negligible 45,000
Louisiana 40 7 55 95 340 1,600 450 660 0

Maine 9 9 8 70 15 8 970 | Negligible | Negligible 44,000
Maryland 50 2 15 240 50 2/ 1,500 1 do 20,000
Massachusetts 40 1 75 320 100 250 3 3 16,000
Michigan 140 10 160 590 300 4,700 6 20 62,000
Minnesota 80 20 50 95 140 10 | Negligible Negligible 23,000
Mississippil 45 10 55 15 25 20 do do 0
Missourl 60 30 25 260 30 590 do do 14,000
Montana 15 20 20 70 15 200 45 5,300 34,000




Nebraska 65 15 80 30 40 30 600 2,000 6,400
Neveda 6 5 20 25 6 10 160 1,500 7,40
New Hampshire 15 1 7 20 10 75 | Negligible Negligible 21,000
New Jersey 65 2 170 340 260 lg/ 1,500 35 1 760
New Mexico 30 1 50 19 10 5 600 3,100 750
New York 160 10 250 1,640 280 11/ 16,000 30 1 130,080
Morth Carolina 70 1 25 145 80 1,600 2 Negligible 28,000
North Dakota 30 7 7 8 5 95 | Negligible 75 200
Ohio 95 60 110 620 400 8,000 1 1 990
Oklahoms 50 20 40 100 25 7 50 130 3,000
Oregon 30 25 50 150 20 160 100 2,200 75,000
Pennsylvania 89 70 100 970 300 5,500 4 4 51,000
Rhode Island 7 1 15 50 15 80 | Negligible | Negligible - 780
South Carollna 35 15 20 80 30 40 7 do 50,000
South Dakota 30 20 20 6 15 15 6 75 270
Tennessee 45 35 85 75 180 2,200 | Negligible | Negliglble 110,000
Texas 240 35 260 190 450 22/ 3,300 1,800 3,000 17,000
Uteh 20 10 65 20 25 50 250 3,200 2,600
Vermont 15 2 10 20 5 60 | Negligible | Negligible 16,000
Virginia 65 9 30 190 200 2,700 1 3 16,000
Washington 65 8 110 , 300 130 360 170 3,700 64,000
West Virginia 40 4 20 | 45 50 3,300 | Negligible | Negligible 18,000
Wisconsin 100 10 120 170 75 1,600 2 3 56,000
Wyoming 15 10 25 9 9 9 20 3,200 2,200
TOTAL 2,858 | 706 3,584 10,056 5,525 71,691 | o 20,204 68,486 1,247,310

%/ Not including irrigation. 55 mgd was brackish.

2/ From private sources. 130 mgd was brackish.

3/ An acre-foot 1s the quantity of water required to cover 190 mgd was brackish.

an acre 1 foot deep; 1,000 scre-feet per year equals
0.89 million gallons. . per day.

Only a negligible amount was brackish.

1,000 mgd was bracklsh.

[g{

SSESSS

1,100 mgd was brackish.
500 mgd was brackish.
8,800 mgd was brackish.
860 mgd was brackish.
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AREA OF CIRCLE
DENOTES AMOUNT
OF WATER "USED
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10 million gallons
per day

Y

50 million gallons
per day

100 million gallons
per day

Total use
1,300,000 million gallons per day

Figure 2.-Water used for rural domestic and stock supply, 1950.
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Flgure 3.~Water used for municipal supply, 1950.
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AREA OF CIRCLE
DENOTES AMOUNT
OF WATER USED

100 million gallons
per day

1,000 million gallons
per day

10,000 million gallons
per day

Total use
1,300,000 million gallons per day

Figure 4.— Water used for industrial supply from private sources, 1950.
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AREA OF CIRCLE
DENOTES AMOUNT
OF WATER USED

%)

100,000 acre feet
per yeaor

1,000,000 acre feet
per yeor

5,000,000 acre feet
per year

Total use
1,400 million acre feet per yeor

Figure 5.-Water used for irrigation, 1950.
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o DENOTES AMOUNT

OF WATER USED
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| million acre feet
per year
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10 million acre feet
per year

100 million acre feet
per year
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Total use
1,400 million acre feet per year

Figure 6.-Water used to develop water power,

1950,




FISH AND WILDLIFE

Conservation of wildlife 1s closely related to
recreation, but it is important also to the com-
mercial fishing-industry. For example, the salmon-
canning industry in the Pacific Northwest 1s en-
tirely dependent on the spawning areas furnished
by fresh-water streams., Conservation of wildlife
is important also in inland areas, such as the
Tennessee Valley. The Tennessee Fish and Game
Commission estimates that 300,000 waterfowl
(600,000 pounds) and 10,300,000 fisn (11,000,000
pounds) were taken in 1949, the estimated value
of which, at 50 cents per pound, is $5,800,000.

SUMMARY

Water use 1s divided into two general types,
withdrawal and nonwithdrawal. The withdrawal
uses can be evaluated in terms of quantity of
water used. The estimated withdrawal use in the
United States during 1950 is as follows:

Million gallons

Use per day
Water power 1,100,000
Rural {not including

irrigation) 3,600
Municipal 14,000
Industrial (from private
sources) 77,000
Irrigation 79,000

Gencration of water power 1is the largest use
of water. Other uses total about 170,000 million
gallons per day, which is 1,100 gallons per day
for each man, woman, and child living in the
United States. The estimate 1s very rough and
probably represents only a general approxima-
tion of the quantity used. In this estimate a
conslderable part of the water was used several
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times und for several different uses. The quan-
tity was counted each time it was used.

The principal nonwilthdrawal uses are naviga-
tion, recreation, waste disposal, and conserva-
tion of wildlife. Although these uses do not
lend themselves to evaluation in terms of quan-
tity of water, they are of great economic impor-
tance.
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