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SIGNIFICANT FACTORS GOVERNING
MUNICIPAL WATER CONSUMPTION

SECTION I, INTRODUCTION

HISTORICAL REBUME' OF DOMESTIC
WATER CONSUMPTION AND USE

Where no water exists, there can be no life, All
the members of the plant and animal kingdom depend for
their existence on a plentiful enpply of water, and it is
this neceseity that has greatly inflwenced man thronghont
the centwries since his creation. Air, which is needed
continnonsly for existence, has been smwpplied by nature in
bonntifwl gnantities almost any place man might eare to go,
bnt water, withont which man will die in three or four days,
concentrates in pools, lakes, streams and springs, and
forces man to develop these sowrces or to transport it to
his home in enouwgh gwantity for both present and fwinure
neede, 1% 1s this neceesity for a plentifwnl gwpply of
water that has bronght abonut changee in transportation,
etorage, and conswmption of water from ancient times %o our
modern times,

Anclent Times

When ancient man first appeared on the gcene, he
braved the wrath of other animale to get water from their
drinking placee whiech he instinctively felt were a sowrce

of safe water, It wasn't wntil sbont 10,000 B,C. that man



conceived the ildea of transporting water in gourds and
shells, or in folded animsl ekins from the water source

to his cave. This momentous discovery must have led to
the use of man-made pottery jars and bowls which were
uncovered as part of the archeological evidence of civili-
zations along the Euphrates and the Nile and in Greece as
early as 5000 B.C.

Precise times and places of the origin of verious
water developments in ancient history sre hard to find,
but records in history place the Egyptiane and Mesopota-
miane as leaders in the fleld of irrigstion. Both areas
show evidence of lasrge networks of canals, since eilted
in. The Egyptians are credited with developing the first
system of counter-balanced 1ifting about 3000 B.C. During
this same period, water vendors sold cupe of drinking
water along the streets of 0ld Egypt, and in Asis Minor
rain water was collected from roofe of houses and sgtored
in brick cisterns.

Probably, the first "public water systems" were
wells. History traces them through Egypt, Persia, Pales-
tine, Indie and China. From welle in Persia which were
80-300 feet deep, to one well in Chins 1500 feet deep,
and to Joseph's well in Cairo which is 297 feet deep and
cut into solid rock. Biblical references to welles are

frequent, especially in the book of Genesis i.e. 26:18-19.



Abimelech had foreced Isaac to abandon hie home and the
wells Abraham, his father, had dng and to move to the
valley of Gerar

"(18) And Isaac digged again the wells of
water which they had dlgged in the days of
Abraham his father; for the Philistines

had stopped them after the death of Abraham;
and he called their names after the names
by which hie father had called them,

(19) And Isaac's servants digged in the
valley and found there a well of springing
water, "

- ~

In the book of Exodne when Moses brought the people of
Israel from the Red Sea to the wilderness of Shur, he
fonnd bitter waters which the people conld not drink,
These waters were purified by a tree which God showed %o
Moges; +then in Exodne 15:27

"And they came to Elim, where were twelve
wells of water, and three score and ten
palm trees: and they encamped there by
the waters,"

-~

The firet mention of purification of waters may be
fownd in the second Book of Kings, 2:19-22

"(19) And the men of the city said wnto
Ellsha, Behold, I pray thee, the sitwation
of this ecity le pleasant, as my lord
geeth: bnt the water is nonght, and the
ground barren, i
(20) And he sald, Bring me a new cruse,

and pnt salt herein, And they browght 1t
to him k.

(21) And he went forth unto the spring of
the waters, and cast the salt in there, and
sald, Thwe saith the Lord, I have healed
these waters: there shall not be from
thence any more death or barren land,



~

(22) 80 the waters were healed nnto this
day, according to the saying of Eliesha
which he spake "

Anclent Egyptlian history pointe to methods of puri-
flcatlion using coagnlante, filtering wicks leading from
one vessel to_another, and distillation processee,

As popnlation inereaged wells conld not ewpply
the demand for water and it had to be bronght to the cities
from another sonrce, The Bible again is the first sounrce
of information in II Kings 20:20, Hezikiah _

“Made a pool and a condwit and bronght
water into the city of Jernsalem,"

In the 7th centuwry B,C, the mighty city of Babylon was
flonrishing wnder the rnle of Nebnchadnezzar who boasted
of his mighty deeds:
~ "That which no king before had done, I did...
A wall like a mowntain that cannot De moved,
I brilded,,.great canale I dng and lined
them with burnt brick laid in bitumen and
bronght abnndant waters to all the people.,.
I paved the etreets of Babylon with stone
from the monntaing.., Magnificent palaces
and templee I have bwilt,., Hwge cedars from
Hount Lebanon I cnut down.,,with radiant
gold I overlaild them and with jewels I
adorned them," (22, p.b)

A Jjonrney throwgh the rnwing of Babylon at the pre-
sent time wonld tend to belie the great eivilizatilon which
even inclnded air conditioning in the Hanging Gardens of
Babylon, From Nebuchadnezzar's boast it appears that
water had a great share in bwilding the civilization he

knew, From the rvwing of today it is egqmally apparent that
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the silt carried by water in the cansls 1s mostly respon-
gible for the destruction of & powerful city.

As water became more plentiful its uses multiplied.
People used water for cleanesing their houses and their
utensils--and even began to bathe in it! As water use
increased larger end longer aqueducts had to be built. In
Greece in 625 B.C. one of the firet hydraulic engineers,
Eupalmus, cut & tunnel eight feet by eight feet, 4200 feet
long through & hill to bring water to the town of Samos.
Nearly all the major cities of Greece by the 6th century
B.C. had water systems composed of squeducts, lead or
copper dlstriﬁﬂflon pipes laid beneath the streets, and
bathe and founteins of unsurpassed beauty.

The history of water supply in ancient times was
climaxed by the engineering and ingenuity of the water
engineers of the Roman Empire, whose work etill stands as
mute tribute. Fortunately the development of the Roman
water supply was recorded by Sextus Juliue Frontinus, a
surveyor snd weter commissioner of Rome in A.D. 97, in
his two books entitled, "The Aqueducts of Rome." These
books were translated into English in 1899 by an eminent
American hydrsulic engineer, Clemens Herschel, who spent
many years in & painstaking effort to reproduce the Latin
and make en authentic translation of the work. An outline
of the books could well be an outline for a water supply

report for one of our modern cities!



I. Source
A. Nemes of waters
B. By whom established
C. Year of establishment
D. Point of inteke of each system
E. Quantity and quality of water
II. Trensmission
A. Type of condult or aqueduct used
B. Elevation (plan) of each system
ITII, Storage
A. Number of reservoirs
B. Type of reservoirs
Iv. Distribution
A. Number of fountaine supplied
B. Number of private lines
C. Type of pipe
D. Quentities of flow at each point
E. Method of messurement of guantities
Y. Administration
A. Number of paying customere
B. Number of "favorite sons" of the emperor
C. Lawsg &nd rules of the water department
1. Pollution laws
2. Wworkmen's rules
3. "Eminent domain®

4, Public relations

D. Recordes and plans



Frontinues was well pleased with the gystem which
served the Roman people a falir quality of water in quan-
tities estimated by Mr, Herschel to be about 50 gallons
per capita per day. That Frontinue wae serious about his
work was evidenced by his closing remerk sfter his deserip-
tion of the aqueducts: "With such an array of indispens-
able structures carrying so many waters, compare, if you
will, the 1dle pyramide or the useless, though famous,
worke of the Greeks!" (13 p. 357) Perhaps Frontinus was
boasting as Nebuchadnezzar did before him, but even today
the Roman works are considered as the beginning of muncipsl
water supply.

It would be unfortunate to leave the study of water
in encient history with the thought that the only monu-
mental water supplies were those of Greece and Rome. The
anclent Peruviane had bullt aqueducts extending as much
as 450 miles in length. Geologists indicate thzt there are
evlidences of water works in New Mexico and Arizona that
were constructed long before Columbus! discovery of the
"New World." It 1s reasonable to assume that wherever
men lived together in cities, whether they be on one of
the continents or on an island, building and meintaining
an adequate water system was & primary problem if they

were to survive.



Middle Ages

With the fall of the Foman Empire in the latter
part of the fowrth centnry A,D, began the period often
referred to ae the "dark ages," tnder the rule of the
Goths in Ewrope and the Saxons in England it was a period
of retrogression of the civilization the Romans had known,
The agnednets were partially destroyed and the entire field
of water swpply wae neglected, Undoubtedly as the fenwdal
system developed and the fendal lords' castles became
emall elties, the problems of water swpply became increas-
ingly apparent; buwt the prevalence of pestilence and dis-
ease during the period indicated a gross neglect of the
problem, i 3

The fewdal citles had %o swpply their own food,
clothing, and other necessities of 1life and as a resvls
low-grade production technigmnes were set mp in the dyeing,
weaving and tanning indvwstries, Seaworthy boats had been
salling the seas for centwries, and when the indmwetries
prodnced more goods than the home popnlace eonld wse, the
enrplns wag shipped %o a forelgn land and traded for nsable
items. Thus the fendal cities were slowly transformed from
walled fortresses to trading centers., Ae the commercial
trend developed more water was needed and in the ninth
century A.D, new water works systems appeared in Spain;

in Paris in 1183 a small agwedwet was bwilt which supplied
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- - -

abont a grart of water per day per person, Small gnanti-
tlee of spring water were browght %o elitizens of London in
1235 through lead and masonry condwits,

The thirteenth centnry was probably the beginning
of the "Renalesance" in the old world, Shipping was de-
veloping rapidly, literatwre was again appearing, wniver-
sltles were being developed and the "Magna Carta" was
eigned by King John as a gnarantes of econetitwtional righte.
Howsver, it was not nntil the fifteenth centwry that major
improvements were made to start bringing the water snpply
field ont of the "dark ages", i

The first wse of pnmps wae probably for pumping
water ont of ships. From the ships the wse spread to wells
and mines, to city water systems, and to draining of low
lande, The firet puwmps were crunde Ppumpe with a wooden
plunger in a hollow log., Next came water-driven wheels
and windmill pwmps, All of these labor-saving devices were
in wee in England, France and Germany in the fifteenth
cantury, 5

tnder the London Bridge a pumping plant was bnilt
in 1582 wtilizing sixteen pwmps conneeted to water wheels
turned by the current of the Thames and enpplying water to
a2 dietribwtion system of lead and wooden pipe laid in the

streets, In 1583 Paris also boasted a pump howee on the

Seine with pwmps driven by water power, and in Hanover
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pnmpe had heen introdwced as early as 1527, 1% wowld be
nnpardonable to leave thig period withont a brief mention
of the great Italian artist Leonardo da Vinci (1452-1519)
who applied his genlws for a time to hydranlies and de-
veloped a nmmber of water-lifting mechanlsms and measnring
devices, the principles of which are gtill in wee in owr
present day hydranlice, If da Vinel had applied all his
talents to hydranlic strewctnres owr history stndy might
have been set ahesad a fuwll century or more,

Modern European History 5

Modern water works were lnangnrated in 1619 by
the New River Water Company of London when the newly in-
corporated company lald malns thronghont the city employ-
ing for the first time the i1dea of swpplying water to in-
dividnal honses on an intermittent basis, The obstacles
confronting the water worke indwstry at that time are
vividly portrayed by noting that no large diameter pressure
Pipe was avallable and as many as ten bored log mains had
to be lald slde by gide to meet the requirements of flow,

It was not nntil the advent of steam-driven pumps
in London (1761 and 1787) and in Parie (1781 and 1783)
that any other major changes occurred, The steam-driven
pump, thongh crndé according to present gtandards, gave
the indwstry a prime mover which conld pump the gnantity

of water desired withont the monstrons water wheel pumps.
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During the early part of the nineteenth century,
sanltation ceme to the forsfront., The developuent of the
water-distribntion system made practicable the nee of the
vater closet for disposal of fecal wastec. Frevionsly
most cltles were wneewered and the ones that did have
sewers forbade pwtting howsehold wastes into them, These
gewers were only for storm drainage, Water closets regnire
conslderable amonnts of water. This water carries fecal
matter, along with contaminating organiesme down the gewers
%o the streams and rivers, These streame snd rivers in
thelr twrn become contaminated, and any water enpply taken
from the river womld be contaminated. As a greater number
of water closets were bnt_into wee, contamination increased
to a point dangeromws to pvblic health, This pwblie heslth
danger wae probably the main impetns for the development of
elow sand filtration on the Seine in Paris, on the Thames
in London, and in parte of Scotland in the early part of the
nineteenth centwry. The firet slow sand filter was con-
etrneted by James Siupson in London in_1829. Robert Thom
near Glasgow, Scotland had also_constrneted a sand filter
and conelnded that partial failwre of sand filters wag dwe
to surface clogging. He deviged a sand filter washed by
reverse flow, tndoubtedly these men hsd done a great deal
of original research prior to the installation of the
first wnits,
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_ In Enrope gqnality of water seeme to take precedence
over quantity. In Paris in 1890 the swpply was abont 65
gallons per capita, per day sbonut one-fonrth (16 g ped) of
which wae drawn from springs for domesstic nse, The re-
mainder was taken from rivers for strset waching and other
pnublic nse, Abowt 1904 the London system was bronght wnder
mnnicipal management and served 7,250,000 people 46 gallone
per cepita daily. Since 1900 the progress in water enpply
hag run a close parallel in Eurépe and America, so0 the
gcene can be shifted to the development of the American
water works indmnstry,
United States History
That @he early settlers in America brought some of
thelr knowledge with them is evidenced by the appearance of
the Tirst water ewpply of Boeton in 1642, Water was piped
from a spring throwgh ;ooden condnits %o a wooden tank 12
feet sgnare from which people dipped the water in buekets,
The first instance, where machinery wae need was at Bethle-
hem, Penneylvanla in 1754, Here a wooden pwmp of 5 ineh
bore forced water to a wooden ressrvolr. Water power from
vater wheels was weed in grist mille as early as 1645, Oast
iron pipe came into wee as early as 1800. Bethleham, Penn-
sylvenia in 1764 wae the first city to inetall a steam-driven
pump with Philadelphis following in 1800. By 1840 steam
pnmpers and fire hydrants for fighting fires were in nee in
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all major cities., Only the larger cities hsd adequate
water systeme; the smaller ones were mainly limited to
well sweep and windlass on private wells or a larger town
well, Water use even in larger cities was confined mainly
to drinking and washing of utensils as is evidenced by a
Boston ordinance a8 late as 18566 restraining Bostonians
from bathing oftener than once a week, unless by doctor's
prescription, and a Philadelphia decree stating that none
of the citizens were to bathe between November 1 and March
15.

In 1850 there were less than 100 water supply syetems
'in the United States asnd very few people realized the degree
of treatment necessary to make water safe for human con-
sumption. Citles were growing in population; industries
were concentrating in the cities; and as 2 result domestic
and industrial wastee were contaminating the streams adjscent
to the cities. It was becoming apparent that the popular
notion that "a river purifies itself in 20 miles of flow"
no longer applied ss pollution loads became high.

As the century drew to & close, Koch and Pasteur, the
famed bacteriologists, revealed their spectacular findings
regarding the spread of disease by pathogenic, or dlsease~
causing, organisms. Typhoid fever scourges which had taken
hundreds of lives both in European and American cities,
had been trsced to polluted supplies. It was found that the
typhold bacilli-~tiny but potent bsecteria which have their
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origin in the hwman intestinal tract--conld find their way
into the hmwman body either by direct contact with a dis-
eased person or by ife ingreses via water, milk, or other
food taken into the month, The bacteriologicsal need for
treating waters containing even glight amonnts of sewage
wag now established, Table 1 (41, p, 279) showe the de=-
ersase in typhoid cases from 1881 to 1937 and shows that
the decrease 1s dvwe in the main %o sand filtration, liquid
chlorination which came into general practice in 1912 or
a combination of the two,

Entirely apart from the health angle were other
factors calling for vast amonnts of water which only mwni-
elpal water swpplies conld adeqnwately furnish, Mre, O
Leary's cow, whose 1ll-placed kick had etarted the great
Chieago eonflagration of 1871, in whieh 18,000 bwildings
were destroyed, had also started a wave of modern thinking
regarding the need for lote of water for fire-fighting
pnrpoges 1f similar disasters were not to occwr in other
spronting cities, g :

| And, too, the plwmbing indwstry was dolng its bit
to provide American homes with modern conveniences, which
even 1f they do look somewhat ornate compared with today's
etreamlined fixtwres, did, nevertheless, nse jnst abont ae

mueh water,

-

Theee varlons factorg added wp to one thing, The

water works indwstry wae abowt to get a tremendoms impetns,



Typhoid Fever Death Rates (’ﬂ‘. 100,000 Population) in Certain Large Cities in ,“', United &dn. 1.1-1—7 |

AVERAGE RATE FOR FIVE YEAR PERIODS! AND LISTING OF SIGNIFICANT WATER WORKS IMPROVEMENTS

oany

S 15 1s%0 }:‘. '{,‘: l .'g ',',‘,‘. (] tmfmnu_u mu;mm 19511935 1906 17
New York 3.6 242 V0 180° 182 135 8.0¢ 3™ | 36 |13 08 ' 04 03
Chicago . B0 612 856 340 286 158 8.2 24 14 06 04 03 03
Philadelphia_. ®3 680 88 Us  OHAT (NI | 49 [ 23 |11 |09 0.7 | 1.4
Detroit 00 HY 200 212 28 154¢ 8.1 41" 13 06™ 05 03
Los Angeles 7.5 374+ 312 190 0.7 3.6 30 1.5 08 | 1.0 07
Cleveland 652 96 450 372 92 157 0.0 4.0 | 30™ (10 |12 |10 0.5
St. Louwis 24 306 H2Y 24 H8 M7 [ 121% | 6.5 39 |[2.1™ (1.6 08 1.1
Baltimore HS 56 22 350 356 351 2377 | 11.8 10 32" 1.4 09 1.2
Boston 522 392 312 308 224 16.0 9.0 2.5 22 (1.2 o6 0.1 04
Pittsburgh 124 1020 %92 %8 1268 650 159 77 | 39 24 09 | 07l07
San Franciseo 28 w8 $H4 242 248 263 136 16 | 2.8 iz.o (08" | 03 06
Milwaukee 26 34 (298" 162 | 182 270° (136 |68 | 1.6 (08 |03 0.3 0.0
Buffalo 70 322 4014 234 | 282 28  15.4% 8.1 | 39 |27 | ose 03 02
Washington 30 884 868 656 56.2' 367 17.2 | 95 | 5.4¢ |2.8" (26 1.6 | 1.9
Minneapolis 5.8 458 390 321 106" 50 | 1.9 o8 0.8 0.0 02
New Orleans 256 170 264 492 | 400 356" 29 (175 | 1.6 9.9 |96 6.5 |23
Cincinnati 550 768 480 386 | 556 30.1™ 7.8 34 | 32 |25 1.4 1.9 | 1.3

' Note: Rates for 5 year periods, IS81-1905, inclusive, calculated fromvhble 3, plgu_li—-lb.Wlm Works Prletua lln—:l,
A.-W.W_A_(1925). Rates for 5 year periods, 1906-1937, inclusive, from A. M. A. Annual Reports on Typhoid Fever in Large
Cities of the United States. g A

z (:ode for Water Works Improvements: N, New or improved source of supply for water; C, 100 per cent of water supply
ehlorinated; F, 100 per cent of water filtered ; F2, Second filtration plant put into operation; f, Part of water filtered.

* From Dept. of Health, City of Los Angeles.

k|
(9]
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And water works men, rising to the need, began getting to-
gether to compare problems, Seeing the neceesity for a
m=eting of minds they fownded the Americsn Water Works
Asscoiation and the New England Water Works Association
in %he years 1881 and 1882, respectively.

In keeping with the new developments the eity of
Ponghkeepsie, kew,!ork, lngtalled a slow sand filter in
1870; Hndson, New York followed in 1882 and S%. Johnsbnry,
Vermont installed a third filter in 1882, The Massachwsette
State Board of Health, established in 1887, set np the
Lawrence Experiment Station to test varionws methods of
Sreating water, Able men ench as George €. Whipple, Allen
Hazen, and George W, Fuller ran experiments which have
given mmeh of the data on eand filtration that is nesed today.
James B, Kirkwood of $%. Lowis had recently returned from
vieiting in England and Scotland where rapid sand filters
ngling backwash and swrface wash were already in wee. The
rmeh to the nse of glow and rapid sand filters, couwpled with
nge of chloride of lime or other hypoehlorites for disin-
feectante =nd almm for eoagnlatlonraGOOunte for the rapid

growth in the nwmber of water works as shown by Table 2.



Table 2 (36 p.38)
GROWTH IN NUMBER OF WATER WORKS IN THE UNITED STATES

Year Nnmber of Works Increase for Average yearly
period inerease for
period

BR. 1o [ —— 16

1810---—------26-----—‘---------10 -------------- 1,0
1820-—---—-—-20 ---------------- T 0.4
183 e 7 SRR o e 1.4
1840mccananaan S SO 20mmmm e 2.0
1850«=e- L I TR 19 e -=1.9
1855 —m e ee 100 N 4,6
1860——-—-----136 --------- ——————— T " gy §
1865 v~vnvsnw b | | RS S8
1870~~---—-—-243--— Blowemmemeaeannn16,2
1875-~~------b22-~------~---~--1?9— —-— -35.8
1880=mmcm e 598 176-caea- e 85.2
R 11 Pe— 1,013 ccmmaaa . e, 3 & S, -83.0
1890=mmeuaa 1,878-ccacaaa o - 865~ ~====173,0
1896-——-—-—3,196---~ ---------- 1318-cmmmcae o 219.6
1928 cnccaal B50—mmmme e -6 2#--—-~-~—---—23?.8
1935mwwnnc10,790-caamcaa St D a4 R ——— 104, 4
1939«=enacl2,760-cacmme e 1970=mmmae - -==Lg2 .5
1948-ccnnaclb, U 7mmmccc e *=3987—mmm e Lh3,0

The average yearly inereases which have been com-
puted by the anthor as a means of comparison show that the
number of water works ingtalled each year increased rapidly
from 1885 to 1924 then dropped off--probably dwe %o the
depresegion years of the early 1930's, 1In all probability
& good ghare of the incresse in the number of plante pnt

into gervice each year after 1935 ie dwe to the establish-~

- ment of gtate ganitary awthorities who are seriowsly enga-

ged in fighting pollintion of rivérs and in seeing that the

people have potable water =t all timee, An increase in
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interstate commerce also forced commercial carriers to re-
plenieh sgnpplies with water that met the United States
Publlc Health Service Drinking Water Standards. Cities who
wighed to have railroad or bws terminale had to comply with
these etandards and many of them were forced to Pt in some
form of treatment,

Man's Competition for Water -~ :

Thie brief historical reswme! hae led throngh
ancient timee, the middle ages, and modern timee %o show the
effect of water on civilizations of the earth, Many of the
anclent clvilizations were developed becawse there was gnf-
ficlent water avallable to promote so-called civilized
living., The ancient civilizations along the Nile, Ewphrates,
in Mesopotamia and at Babylon existed becanse water was
bronght to the cities and gnrrounding lande 1in the great
canals of the era, These same Ganals proved the nndoing of
the lands when their immense silt loads filled the canals
faster than they cowld be dredged. These lands and many
others are now virtmwal deserts dwe to man's congnest for
water and food, Dr, W,C, Lowdermilk of the v.S5, Soil Con~-
gervation service, after an 18-month tour of western Enrope,
North Africa, and the Mlddle East, set wp what he calle the
“Eleventh Commandment®. Thowgh his interests were on agri-
cnltnre and its relation to goil erosion, his commanduent
le the leceon we shonld learn from a historieal gtndy of

water supply. (22 p,38)
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"THOU SHALT INHERIT THE HOLY EARTH AS A
FAITHFUL STEWARD, CONSLRVING ITS RE-
SOURCES AND PRODUCTIVITY FROM GENERATION
TO GENERATION AND THOU SHALT SAFEGUARD
THY FIELDS FROM SOIL EROSION, THY LIVING
WATERS FROM DRYING UP, THY FORESTS FROM
DESOLATION, AND PROTECT THY HILLS FROM
OVER-GRAZING BY THY HERDS, THAT THY
DESCENDANTS MAY HAVE ABUNDANCE FOREVER,
1F ANY SHALL FAIL IN THIS STEWARDSHIP OF
THE LAND, THY FRUITFUL FIELDS SHALL BECOME
STERILE, STONY GROUND AND WASTING GULLIES,
AND THY DESCENDANTS SHALL DECREASE AND
LIVE IN POVERTY OR PERISH FROM OFF THE
FACE OF THE EARTH,®
In the present eivilization in the United States,
water is considered by the people as an endless resource,
and the demand for this resowrce is increasing steadily
each year, In many areas keen competition has developed
among the varions water neess snch as water pover, irri-
gatlon, recreation, indnstry, mmwnicipal, and rural. Qur
complex eystem of living which has built np since the
1890 period has ereated a eritical demand for water espec-
ially in the larger cities. As examples of this eritical
demand, the citiee of New York, Los Angeles, and Dallas
have held the attention of the natlion for the past few
years, 1In these cities the resonrce is almogt stretched
%o 1%e limit and something mwst be done to ent down on the
nee of the water within the cities, A nwmber of smaller
citles and towns in the United States are faced with the
came problem during drowght periods and they will have %o
find a solntion in conservation of water or they will

hever be able to develop.
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Flgwre I is a graphical representation of the
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water cycle beginning at the ocean, going into the at-

mosphere, down to earth, thromgh ite procecses on earth,

and back to the ocean, A gtndy of the diagram shows how

dependent we are on the vagaries of natwre and how diver-

gifled the clailms of earth are npon the life-giving water

that natvwre chooses to give ns,

set up in the snmmary of the United States Geologieal

A gnantitative evalwation of total water wse was

Survey Cirenlar No, 115 (23 p.13) in 1950 whieh ie gnoted

below:

‘Water nse is divided into two general
types, withdrawal and nonwithdrawal,

withdrawal nees can be evalwated in terms
of gnantity of water nged, The estimated

withdrawal nee in the tnited States
during 1950 i1s as follows:

Use Mllllon gallone

et Y o

Water power—-—~;-~—~--~-——~~—--~l,100,000
Rural (lot inclnding
Arrigationee—rrcucroncnce , 600
Munioipal--—o-:--w-—-----~——-~-- 14,000
Indnstrial (from private
BONICes ) mmmmc e 77,000
Irrigation-ceeecaaaoa.. ————— - 79,000

Generation of water powsr is the largest
use of water, Other nses total abont
170,000 million gallons per day which is
1,100 gallone per day for each man, woman,
and c¢hild living in the vnited States,

The estimate is very rough and represénte
only a general approximation of the gquan-
tity need, 1In this estimate a considerable
part of the water was mnsed geveral times
and for several different nsee, The
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ganantity wae counted each time it was
nsed,

The principal withdrawal nees are navi-
gatlion, recreation, waste disposil, and
conservation of wildlife, Althowgh these
ngee do not lend themselves to evalmation
in terms of gnantity of watera they are
of great economic importance,

Fignre I and the foregoing gwotation vividly
polnt ont the lnereasing competition for the water swp-
ply of the nation, Mnunicipal nee, the svwbject of this
paper, is only abont 1.1 percent of the total withdrawal
nee in the United States, but to water worke engineers
1% 1s one of the biggest probleme of the twentieth cen-
tory,

Municipal nse

Munlelpal water nee 1s generally divided into
Tlve classes (1) domestic nse (2) public nse (3) commer-
¢ial nse (4) indwstrial wse and (5) loss and waeste. Again
the competition 1s keen, The consnmption of water by each
of the five classes varies within individwal cities de-
vending on a number of factors sweh ae climate, gnality of
water, natwre of indnstries in the c¢ities, wealth and
hablte of the people, population, civic pride, pressnre of
water, water rates, and gnantity of water available economi-
cally, 3

Water le necessary for domestic nse primarily for

physical existence, but the average person drinks only a
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emall portlon of the three gnwarts of water needed each day
%o replenish his body losses, The rest is taken into the
body in foode, Even three guarts a day wowld accownt for
only a very small percentage of the 50 gallons per person
per day meed in the average American home, The remainder
of the 50 gallons is divided for washing of foods and nten-
ells, bathing, washing of clothes, disposal of wastes, car
washing, and 1irrigation. New mechanical devices for the
home have made the work of the honsewife easier and more
pleasant, bnt in so doing they have increased the demand
for domestlc water %o a point where it is diffienlt and
sometlnes impossible for citles to obtaln snfficient
enppliee to gatisfy the lnereased demand,

Demand for water for pnblic wses depends to a
great extent on civie pride. Water for fire fighting is,
of comrse, the primary pwblic wee, bnt the number of pnblie
bnildings in the eity, the fregnency of street waching and
the nwmber of parks, pnblic fowntains, or swimming pools
in the eity determine the amonnt of water that will be con-
snmed for pwblie nse.

Comuercial demand is extremely variable depending
on the type of commercial establishment, Probably the
most lmportant wse for water in commereial establishmente
ie for cleanliness, but in the past few years, air con-

ditloning hae come to the forefront as a major water use,
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In eome areas air conditloning is restricted to allow
other more neceseary nces to enjoy the nse of the water
available,

~-

4 Municipalities ordinarily fwrnish water to in-
dnstries located within the corporate limits, and the de-
mands of indnwetries oftentimes exceed all other demands
combined., The demand will vary considerably depending on
whether the indwstry is a pwlp and paper mill, a cannery,

a freezing plant for frnits and vegetables, a lumber in-
dnstry, or a mannfactwring plant, Predictions of demand

are difficwlt to make and often are nnderestimated,

Logs and waste nee is probably a mlsnomer and _shonld
be called nnacconwnted for water, In some c¢ities the un-
acconnted for water amonnte to as high as 30 to 50 percent
and ie a major part of water consmmption often consisting
of wnmetered servicee, leake in mains, intentional waste

at overflows, 1llegal connectlons, bad plwmbing, or worn

or improperly calibrated meters.
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SECTION II
SCOPE AND PURPOSE OF STUDY

Scope of study

In thils paper an analysis of the significant factors
affecting each class of municipal water nee is made from
avallable data in national literatuwre and from records ob-
tainable in the State of Oregon, The data and analyses
are dlvided into three basic categories: national, state-
wide, and city; with each catecory further subdivided into
domestlc, pnblic, commercial, indwstrial, and lose and _
waste depending on available data, Since a complete stndy
of each c¢lty in Oregon wowld be prohibitive, regarding both
time and financing, three cities, Corvallie, Engene and
Salem, have been chosen for detailed stwdy,

Purpoce of gtudy 5

The etate of Oregon is still a yonng and aggreseive
state, and it 1s Teeling the =ffects of "growing paing"
very decidedly in the water works fileld, Every new home,
every new commmnity development, every new bwsiness enter-
prise, every new indnstry increases the demand for water,
The primary purpose of this stnwdy is to gather enongh per-
tinent facts to point onmt how the competitive demands for
water have increased per capita water congmmption to ench an
eitent that 1%t has become a major problem in onr Oregon

clties,
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_A second, no less important purpose is to promote
better nse and conservation of water swpplies, The yearly
prodnction of water by nature does not seem_%o be increas-
ing, bnt the demand dwe to water-power, population incresase,
indwstries, irrigation, recreation, mwnicipal mnee and rural
nege 1s increasing at an alarming rate. In parts of Oregon
it has been necessary to limit the nee of water for irriga-
tion dnring summer monthe, In Eastern Oregon and on the
coast some Gtowne have found 1% necessary to stop nearly all
of the nse of water for irrigation and car washing dwring
the eritical swmmer months., Even in the Willamette Valley
where water stands on the fields for most of the winter
monthe, the.period of swmmer drouwght keeps the city water
works officlals busy trying to meet the demands of their
customers, Water as a resowrce has definite limitations,
and 1%s competltive nses mnet be wnderstood, so that proper
conservation measnree may be wndertaken to prevent curtall-
ment of nse in the near futnre with a probably slump in the
development of the state. 3

A third purpose of the gtndy is to provide data
for water worke operators who mwst predict from day to day,
month o month, and year %o year how mweh water their
cnstomers, individnally and collectively, are going to re-
gnire. It is hoped that thies paper will provide some in-
formatlion that will help the operators make their pre-
dictions,
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Since indwstrial demand may be one of the larger

demande in a city thet is favorably sitvated to attract
indnetry, 1% 1s important as a fourth pnurpoge to point

ont how mmeh indnetrial demend inflmences mwnicipal nse,
Some 1lndnstries settle only in areas where there is gnf-
ficlent water to swpply their demands, When the indnstry
movee 1ln, people are needed to rmn 1t; commerecial establishe
ments are nececsary to enpply goods and services to the
people; more pwblic bwildings =nd facilitles are reqnired;
and as & resnlt, the water demand for the mmnicipalities

receives a terrifiec impetns,
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BECTION III
METHOD OF STUDY OF MUNICIPAL WATER USE

Available Information

_As a preliminary step to the study, all available
literatwre pertaining to muniecipal water consmmption was
eritically read and was inclwded in the bibliography when
any part of the information was pertinent to the snwbject.
The literatwre inelndes varions water snpply béoks,
articles from the Jowrnal of the American Water Worke
Associatlion (AWWA), pamphlets from ttnited States govern-
mental organizatlons, reports from cities or organizations,
and magazine or newepaper articles, Nearly all of the in-
Tormation herein on the national and statewide level wag
taken from publighed literatnre, expanded and correlated
%o the problem, ‘

Individnal cities were the main sonrce of informa-
tlon for finding the relative effects of varioms factors,
Detailed recorde of total water prodnction, total metered
water, logs and waste, indmstrial nee, total number of
enetomers, and other similar factors for Varions periods of
tlne were taken from the files of Corvallis, Ewgene, and
Balem, These records were critically examined, plotted
and compared to national and statewide averages,

Detalled information was extremely diffienlt to
obtain eince it entailed a time-conenming search of yearly,

monthly, and daily records of water conswmption., These
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records had to be checked and reworked to fit this stwdy,
The national data were condensed and tabwlated from care-
nlly selected sonrces to obtain the most pertinent infor-
mation avallable, A thoronwgh egearch for statewide data
wag made throwgh variouws cities, the tnited States Public
Health Service, the Oregon State Board of Health, and the
Burean of Muwnieipal Research, Data from the Bwrean of
Munleipal Research for 1952 were chosen since fifty-two
citles were inclnded and a good estimate of per-capita
consmmption conld be obtalned by an expaneion of the data,
Dally water consgwmption charte for 1952 were plotted
together with daily temperatwre and precipitation for
Corvallis, Ewgene, and Salem, The year 1952 was chogen
becanse it ies the highest water-nuse year on record at the
three cities, Corvallis and Salem data were pieced to-
gether from avallable data and were expanded to obtain
reeldential, irrigation, commercial, indmetrial and pwblic
per capita nee as well as loss and waste.

Flnally national, statewide, and mwnicipal data
were compared on a per-caplta basis, Comparison had to
be made by the nse of a series of tables, charts, and
graphs rather than by a written analysie, Ae a resnult the
text content 1s brief and the najor portion of the work

and material 1s in the form of graphs, tables, or charte,
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The cities of Corvallis, Engene, and Salem were

chosen for the study for several reasons:

(1)

(2)

(3)

(&)

It wonld be impossible with the time and reeonrces
avallable to the anthor to cover each city in the
state, .
Engene and Balem are both within a 40-mile radins
of Corvallis, :
All three cities have fairly complete congmwmption
records which cover st least a ten-year period,
The gimilaritiee and diessimilarities as tabulated
below bring ont nearly all the significant factors
of water congnwmption:
Similarities X
Corvallis Engene Salem
Location Willamette basin
Topography Allnvial basin & hills
S0ll Classes £1il%, clay, cand, gravel
Climate Heavy winter rain--summer dronght
Water Treat- Chlorination Chlorination Screening
ment Coagnlation Settling Chlorination

Settling Filtration

Filtration

Flnoridation

State insti- 08¢ o of O State
tntions Buildings

Lnmbering High Predominates High
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B. Digsimilarities

Corvellis Eugene Salem
Source Filter-Rock Cr. FPFilter-Mc- Cravity-
Filter-¥illa- Kenzie R. N, Santiam
mette River
Water Urban-Metro- Metropol— Urban
distriets politan itan
Population 16,100 35,900 43,100
(1950)
Industry 8light High Medium

(6) Climatologlcal records are available for all three
cities.

Factors congidered in study

The foremost factor in the mind of sny water works
superintendent is the quality of his supply. He is respon-
gible for furnishing his customers with & poteble supply,
and when he does, they enjoy it so much they stert consum-
ing more. Unless there 1s an adequate supply available,
it might be necesesary to find a2 new one to augment the
first. Quality again becomee & problem, and a repetitive
contest between quality and quantity is under way.

Geographic location in the state is & prime factor
since water consumption is influenced by such factors as
climate (rain, snow, drought, tornadoes, hail, sleet,
etec.), topography and soils.

The tendency for city dwellers to squeeze into

multiple units in one part of & city, and single family,



32
large lot units in another sarea materially influences the
rates of water consumption. Population density, then, is
& very lmportant factor to consider if one is to predict
the action of a water system.

Residential, irrigation, induetrial, commercisl,
and public uses coupled with loss and waste account for
nearly all the water used in a municipality. In thie
paper an attempt has been msde to further subdivide these
categories and find the ressons for variationes and posgsi-

ble ways to conserve water in eriticsl supplies.
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SECTION IV

PRESENTATION OF DATA ON WATER CONSwMPTION

General
The data presented are divided into three basic

levels: (1) national, (2) gtatewlde, and (3) municipal,
Wherever 1% is possible to obtain a breakdown, each
level 1s fnrther swbdivided into domestic, publie,
commercial, indmnstrial, and loss and waste.
National Data 3 i

In seetlon I it wae polinted ont that nse of water
may be divided into withdrawal and non-withdrawal use,
and that mwnicipal use, which 1s discmesed herein, is
only a small, thongh vital portion of the withdrawal nee,
amonnting to abowt 13,600 million gallons per day. The
United States Geological Survey (23, p.4) in 1950 esti-
mated that there were 93.5 million people in the tUnited
States served by municipal water systeme an average of
145 gallone per person per day (gped). This estimate was
verified by the American Water Works Association in its
1954 eartoon pamphlet, "The Story of Water Swpply"
(5, p.2) in which the mwnicipal consmuption was estimated
at 140 gped, Thie wse was further swbdivided as follows:
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Uge Gallons
Reslidential 50
Industrial 50
Public 10
Commereial 20
Loss 10

Total 1@0

In 1945 and again in 1950 task groups of the
American Water Works Asscciation compilled water works op-
eration data and gwbeeguently a statlstical analysis was

performed on the data with the fellowing resmnlts: (30

P. 1334) :
2 1945 1950 % above 1945

Mean prodnction-gped 125 138 10
Mean sales--gped 99 110 10
Hean per cent gold 81 83 ; 2

The preceding data indlcates a2 trend toward higher
consnmption of water per pereon, This increase in per
capita conswmption conpled with an increace in the nwmber
of water ngers throws an overload on mwnicipal water sye-
tems. Table 3 shows the nwmber of homnseholds, the rate of
inerease in the nnmber of honseholds, and the nwmber of
persons per honsehold from 1890 to 1960. (2, p.904)
Estimates of residential water consmmption often asswme
an average of 4 persons per family (or "howsehold")., Table
3, however, shows that in the vnited States as a whole,
thie figure has besen decreasing since 1890, The c¢nrrent
fignre is probably below 2,60 and is expected to fall to
3.43 by 1960, Consideration showld also be given to
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Table 3-A (for 1940) whieh showe that the average varies

for different sectlons of the cowntry. Theee tables are
taken from data on pp 46-48, Statistical abstract of the
United States, 1948, (U.S8. Dept. of Commerce), which
defines "household" as comprising the occnpants of a
dwelling wnit (a howse, apartment or room constitwting
"separate living gwarters").

The following fignres show a trend toward fewer
pereons per honsehold, bﬁt they also indicate a umnch
higher average per capita consumption than the 100 gped
recommended in nearly all the older textbooke on water
enpply. Since the early 1930's a nwmber of analyses have
been ruwn, with emphasis on eastern cities, to deternmine
the lmportant variables of water congmmption, In one of
the ontstanding papers average consmwmption valwes (gped)
for citles in the united States and for cities in New Jersey
were plotted on log-log paper against population in
thonsande ae shown 1in fignre 2 (9, p. 207). From the
¢urves general eqnatlons, based on popnlation only, were
derived %o glve a reasonable estimate of per capita con-
emmption. Since these cnwrvee indicate an increase in per
capita conswmption with increased popnlation, it wonld be
well to check other articles to see if popnlation is a

complete criterion.



~

TABLE 3--Persone per Homsehold, 1890-1960
¥ Households

Date

1890
1900
1910
1920
19 o
1940

1941
1942
194
194
1945
1946
1947
1955
1960

(dnne
{Jnne
(Apr.
(Jan,

(Apr.

(Apr,

(July
(Jnly
(July
(Jnly
(Jnly
(June
(Apr,
(July
(Jnly

Number

12,690,152
20
ol , 351, '676
29 90& 663
3# 948 666
35, 850 000
36 usc 000
%6 875 000
37 100,000
%7, 500 000
38, 188 , 000
9,138,000
2,925, ' 000
ul 2 775,000

Annmal Inecrease
Over Preceding

Date
Nnwmber

327 ,381
34,371
blB 398
541 755
5ou 400
721,000
600 000
u25 000
225,000
400,000
711 000
1 151 000
uél 000
370, ooo

%

%

2. 02
1.5

2.06
1,67
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.
.
.
*
.
.
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Fersonsg
per

*

Honegehold

- .
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FFoo & EFPno~HFWwWn=aWw
WOW OO~~~ &0\

.

Forecast
Forecaet

% Obtained by dividing total popmwlation by nnmber of honse-
holde (members of armed forees exclnded 1941 to 1947);

hence not strictly average slze of honeehold becanse abont
2.5 per cent of total popnlation are members of gnagi

honseholds (hotels,

ingtitntions, ete.).

TABLE 3A--Regional Variation in Howsehold Popnulation, 1940

Region

New England
Middle Atlantic
Eagt North Central
West North Central
Sonth Atlantie
Eagt Sonth Central
West South Central
Monntain

Paeific

nited States

Number of Howseholds, 1940
tirban Rural
Nonfarm Farm
1,683,480 Lok , 840 133,260
5 702, 460 1 4195, 380 427,260
L 8?5 000 1 280 '560 % 161, , 780
& y 732,720 Blu 080 1. 159 640
1 854 260 1 189 300 Y. ,27h, 540
867 020 589 680 1, 173,000
1 449 160 760 520 1, , 195, 540
"513, 740 344,280 270,980
2,057,360 632 780 346 520
20 ?35 200 7,211,120 7,142,520

Peresons

per
Hehld *

("}
o

* o e e & * e 2 »
CON~I O - OVOND

% QObtained by dividing total popnlation by nwmber of honse-
holde; hence not strictly average size of howsehold becanse
abont 2.5 per cent of total popwlation are members of gnagi
honeeholde (hotele, institwtions, ete.),
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Domestic nee, 1n general, is determined by habits
of the people mneing the water. The American Water Works
Assoclation in 1953 estimated that each member of a family
for all purposee inclwding drinking, cooking, lamwndry, house
cleaning, toilet flwehing, bathing, and lawn and garden
watering vwses sbont 50 gallons per day. The estimate was
further broken down to individwal wees as follows:
Filling lavatéry--—lé gallong per day
Filling bathtnb----13 3 " »
Shower bathe-=eee-- 25 " " "
Flushing toilet--ee 7 % " "
Garden hose with
eprinkling nozzle--275-300 gall, per hr
Lawn gprinkler--——-- 120-150 "
In December, 1939, another estimate (28, p. 2004)
showg a basic per capita wee of 20 gallons per day plus one
or more of the following wuses:

Tnb batheeccm el - --= 25 gall, per bath

Shower bath-—eeee e - 5 gall, per min,

Additional toilet flmeh/person---- 6 gall, per day

Sprinkling lawn (5/8 inch hose)--- 7 gall, per min.

Washing antomoblle-—emeccmcanan. ~-150 gallons

From the preceding tabnlations it ie possible to

estimate the per capita demand for domestic wee; however
it mnet be kept in mind that modern homes contain work-
eaving garbage disposers, dlshwashers and antomatic clothes
washere which wee a large gmantity of water which mnst be

added to the basic gnantities listed above,
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Public use includes the water used for schools and
other public buildinge, parks, street sprinkling, fountains,
sewér flushing and the flushing of water mains, fire ex-
tinguishing, and a few other occasional uses. Unfortunately
few cities have completely metered public water =nd it 1ie
difficult to estimate since it varies greatly with ecivie
pride, but the studies conducted to dste indicate & con-
sumption for public purposes averaging about 10 gped.

Commercial use is extremely variasble depending on
size and type of establishment, which in turn depend on
hablts of the patrons. (Climaste may also have a great effect
since hot-dry weather ususlly lesds to some form of air
conditioning which requires a grest deal of water at the
time when the water gystem is aslresdy overloaded. It has
been estimated that commercial use amounts to sbout 20
gped, but in cities where air conditioning is prevalent
it has gone to as much as twice this amount.

Industrial use in some cities ie a2e¢ high as domestie,
ranging from 10 to 50 gped, and varles with the character
of the city, the type of industry, the quantity of goods
produced, and the methods of proc;esing. Practically all
industrial uses of water fall within one or more of the

claseifications listed below:

(a) Cooling (d) Ssnitary services
(b; Processing (e) Fire Protection
(c) Power (f) Miscellaneous (air con-

generation ditioning, washing, etec.)
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Tables 4 and 5 point ont how widely varied these

_ mses can become, The tables are the best information
avallable, but they give only a general gnide to ;ndns-.
trial vwse, All of the gix claselfications previomnely
listed vary depending mainly on the amownt of money indns-
try 1e willing %o pnt into water coneervation, Even sith
snch a wealth of data each new 1lndwstry becomes a separ-
ate, complicated problem to a mmnicipal water system,
TABLE &
INDUSTRIAL REQUIREMENTS

The quantities reported below are clearly those of water
intake--that is, the amownf which is piped into an estab-
lishment--rather than congmwnptive wee--the amonnt dis-
charged to the atmosphere or incorporated into the pro-
duets of a procees. Thws, the wide ranges sometimes given
reflect not only differencee in processes or prodnets,
bnt differences in the wse of water. In arid areas. where
even the most rigorons conservation methods are economi-
cally feasible, "intake" 1s only a fraction of what it
may be in areas where water is abuwndant, althongh “con-
gnmptive nege" ie virtwally the sanme,

CHENICALS UNIT WATER REQUIKED
gal

Aleohol, industrial, gal 120

(100 proor) '
Alnmine (Bayer process) ton 6,300
Amoninm gnlfate ton 200,000
Butadiene " ton 20,000-660,000%
Caleinm carbide ton 30,000
Carbon dioxide (from flwe ton 20,000

a8 )
thtonseed oil gal 20
Gunpowder or explosives ton 200,000
Hydrogen ton 660,000
Oxygen, ligwid 1,000 en £t 2,000
Soap (lawndry) ton 500
Soda ash (ammonia soda ton 18,000

procees) 58%
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TABLE 4 (continued)

§§NTHETIE FUEL
By coal hydrogenation 100 bbl

From coal
From natural gas
From sghale

100 bbl
100 bbl
100 bbl

CHEMICALS UNIT WATER REQUIRED
ga -

Sodium chlorate ton 60, 000
Sulfuric acid (contact

process) 100% ton 650-4,875%
FOOD
Ereag ton 500-1,000 #
Canning 100 cases #2

cans 750-25, 0004

Corn (wet-milling) bu corn 140-240¢4

Corn syrup bu corn 30-404
Gelatin (edible) ton 13, 200-20, 000#
Meat: ton live

Packing animsle 4,130
Packing house operation 100 hog unite 55,000
Milk and milk products:

Butter ton 5,000

Cheese ton 4,000
Recelving & bottling ton 9,000

Sugar:

Beet sugsr ton 2,160

Cane suger ton 1,000
PAPER & PULP
Ground wood pulp ton dry 4,000-50, 000%*
Kraft pulp ton dry 23,000

Soda pulp ton dry 85,000

Sulfate pulp ton dry 70,000

Sulfite pulp ton dry 70,000-1, 333, 000%
Paper ton 39,000
Paperboard ton 15,000-90, 000%
Strawboard ton 26,000
ETROLEUM
Gaso e natural gal 20

01il refining 100 bbl 77,000
Refined products 100 bbl 15,000-1, 500, 000%

728, 600
1,118,000
373, 600
87,300



TABLE 4 (continued)

TEXTILES

Cotton:

Bleaching

Dyeing
Rayon:

Cuprammonioum (11%

moisture)

Viscose

Weave, dye & finish
Woolens

MISCELLANEQUS
Cement, pertland
Coal & coke:
By-product coke
Washing
Electric power,
steam-generated
Hospitals
Iron ore (brown)
Laundries;
Commercial
Institution
Leather tanning:
Vegetable

Rock wool
Rubber, synthetic:
Buna 8

GR=-8

8teel (rolled)
Sulfur mining

UNIT

ton produced
ton produced

ton yarn

ton yarn
1,000 yard
ton produced

ton

ton
ton
kwhr

bed per day
ton

ton work
ton work

100 bbl
rawvhide
ton

ton
ton
net ton
ton

42

WATER REQUIRED
gal.

60, 000-80, 000
8,000-16, 000

90, 000-160, 0004

200, 000
15,000
140, 000

750

1, 500-3, 6004
200
80-170%

138-150
1,000

8, 600-11, 4004
6,000

800
5, 000

631,450

28, 000-670, 000%
15,000-110, 000%
3,000

¥Range from no reuse to mexlimum recyeling.
#Renge covers various products or processing involved.

Compiled by the American Water works Assn., New York

(Nov. 1953).



- For purposes of eomparison, a few of th
dnwet are presented below along with similar dats from other sowrces.
» E1ven only to indicate the considerable scope of the
ect received throwgh a guestionnaire.
ported for the same
acconnted for by more specifie

involved from plant to plant.

& preliminary tabmnlation
information on thie swb)
variations in figwres re

Prodnet
Aegarel and Textile
lscose Rayon _

Rayon Manunfacture
Rayon Yarn

Weave, Dye & Finish
Rayon Textiles
Cotton Goods
Bleaching

Dyeing

Bleaching & Dyeing
Bleach, Dye & Treat

Cotton Cloth Processing
Woolene & Worsteds
Woolen Cloth
Worsted Cloth

R e b el e et el el et e e e e e e e

ton

ton
ton
ton
ton
ton

M yds.

ton

ton

ton

M yds.
M yds.
M yds,
ton
ton

¥ yards
M yards

TABLE 5 (24, pp., 49-51)
WATER USE PER UNIT OF PRODUCT

e data on water nse per wnit of pro-

This is
Some of the

prodnet nwndonbtedly may be
ldentification of the mannfactnuring processes

Consumption

180-200,000
200,000

320

250,000
334,000
365,000
503,974

15,000

60-80, 000
8-16,000
55,000
1,000
10,000
15,000
10-16,000
140,000
40,000
77,000

Sonrce of Data

Chem., Engineer.-1948

Ohlio Water Res.Bd,

J . AWWA=1946

HAM~Coneervation Fdn,
H i ]

i # #
# H "
# L] "

Chem, Engineer,-1948
# i "

NAM-Consgervation Fdn,
# # #

f " i

W R #
Ohio Water Res., B4,
J. AWWA-1946
NAM~Conservation Pdn,

H 1 "

E4



Frodwet

Apparel and Textile
Woolene & Vorsteds
Woolen Cloth
Woolen Cloth
Raw _Wool %o finished Cloth
Wool Secowring

Sconred Wool

P e e e
b S Sl A

Chemicals and Drngs
Soap

Ice

Electrical
Stean generation of power

Food, Beverages and Tobacco
ane Sugar

Refining
"Condensing"
"Procesgsing"

yards
yards
yards
ton

1be. raw

ton
ton
ton
ton
ton
ton

el e

1M kwh
1¥ kwh
1M kwh
1M kwh
1M kwh
1¥ kwh
1M kwh

1 ton
1 ton
1 ten

TABLE 5 (continwed)
unit Consumption

146,000
510,000
8,335
2,520
31,000

.
9
'2#8

300
5,000
9,000

80,000
80,000
521000
68,000
80,000
90,000
170,000

1,000
4=~9,000
1,500

Sonrce of Data

NAM-Conservation Fdn,
i W "

J. AWWA-1946
HAM-Coneervation Fdn,

Chem,.Engineer-1948

NAM-Congervation Fdn,
# it

= =282 o

Ohlio Water Res., Bd,
NA¥M-Conservation Fdn.
#H

T 2 2 o=
S =2 ==
T =T ==

J,AWWA-1946
Chem, Engineer-1948
Chem, Engineer-1948

iy



Prodnct

Food, Beverages and Tobacco
Cane sngar Erefined)

Beet Sngar (refined)

Corn Syrmp
Beer & Ale

"Brewing"
Whiskey Mannfactwring
Mashed Grain

Distlilled Whiskey
Dietilling 100 Proof Aleohol
Processing

Cooling

Dairying

Milk, cream, bntter

TABLE 5 (continned)
Consumption

1

1 bbl,

unit

1 ton
1l ton
1 ton
1 ton
1 ton
1 ton
bn, eorn
1 bbl

1 bbl,
1 bbl,

gal,
100 1bs,

(50 gal,)

4,000
8,000
27,920
24,000
26,000
34,000

30-40
3,180
&73

29
362
527
2,500
470
80,000
600,000
3-600,000
70,000

8,400
120,000

5
11-25

§g_7_;ﬂe O£ Da Eﬁ

NANM-Conservation Fdn,
] ]

#
#
#
" H

Ohio Water Res. Bd,

NAM-Conservation Fdn.

J. AWWA-1946

HAM—Conaefvation an.
#

2 =2 = =
z = ==

Ohio Water Res, Bd.
J. AWWA-1946

Chem., Engineer-1949
Ohio Water Res, Bd,
NAM-Conservation Fdn,

Chem. Engineer-1949
# # H

Chio Water Res. Bd,
in Engineers Jt.
Connelil Rept. on
Nat. Water Policy,
1950%

St
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Prodnet

Food, Beverages and Tobacco

Canned tomatoes
Canned corn

Canned peas & corn
Green besans
Spinach

Meat packing (hogs)

Bteel
Highly finished
Rolled Steel
Cold rolled strip
gteel sheets and coils
Hot rolled steel plates

Cold rolled, high carbon,

etrip
Rolled steel
Rolled steel

Paper and Pnlp
Snlphate pulping

tnbleached sulphate pnlp
Bleached ewnlphate pnlp
Soda pnlp

S8oda pwlp & bleaching

1
100
100
100
100

1

100

-

TABLE 5 (continned)

Unit Consumption
1 bn, 60
ton corn on cob 1,000
cases (24-#2) 7,200
cases (24-#2) 5,000
cases 2,500
cases 16,000
ton live
animals 6,000
hoges (dressed
& by-prodncts) 24,000°
1 ton 65,000
1 ton 6,000
1 ton 13,000
1 net ton 15,000
1 ton 62,000
1 ton 80 000
1 net ton 110 000
1 ton 70,000
1 ton 6& 000
1 ton 35 000
1 ton 53,000
1 ton 85,000
1 ton 60 000

Sonrce of Data

Ohlo Water Res. Bd,

H # L] #
HNAM~-Conservation Fdn,
HNAM~Conservation Fdn,
Fed ,Res ,Bk, of Dallas

i # tH " ]
Ohio Water Res. Bd,
HAM~Congervation Fdn,

Ohio Water KRes. Bd,
NAM~-Conservation Fdn,
] # #

H # #
L # #

# #
# # H

Chem, Engineer-l938

J. AWWA-1946

NAlM~Conservation Fdn,
# " U]

J. AWWA-1946
Chem. Enginesr-1949

EL



TABLE & (continned)
Prodwet Init Consumption Sonrece of Data

Paper and Pulp
Soda pwlp, plain &

Coated book paper 1 ton 53,000 NAM-Conservation Fdn.
Snlphite pnlp 1 ton 60,000 J. AWWA-1946
1 ton 80,000 NAM-Conservation Fdn,
Paperboard 1 ton 7,692 . . .
1 ton 15,360 " " M
: : 1 ton 90,000 " " "
Fetrolewm Producte
0il refining 1M bbl, 770,000 Chem. Engineer-1949
1M bbl, 770,000 J, AWWA-1946
’ - 1M bbl, 770,000 Ohio Water Res.Bd.
Aviation gasoline 1K bbl, 1,050,000 Fed.Res.Bk.of Dallas
Refined Petrolemm prodnecte
(Procesged crnde) 1M bbl. 151,000 NAM~Conservation Fdn,
1M bbl, 260,000 . - .
1M bbl, 470,000 " " "
1¥ bbl, 2,100,000  * " "
1¥ bbl, 15,000,000  * " "
Synthetic gasoline 1¥ bbl, 15,834,000

(estimated) sStd. 01l of N.J.

Coal and Coke
Coal Washing 1 ton 200 Ohio Water Res. Bd,
Washed coal % 1 ton 30 HNAM-Conservation Fdn.

Chemlical Engine -ring, Jannary 1948, p.137

Chemieal Engineering, July 1949, p 119 3

Ohio Water Resowrces Board, Seventh Annnal Report 1948, (State of Ohio, Dept. of
Public Works)
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TABLE 5 (continned) &

Federal Reserve Bank of Dallas, Monthly Bweiness Review, Jnly 1, Ang. 1, 1948,
Water Resonrces in the Sonwthwess,

Standard 01l of New Jersey, The Lamp, (n.d.) i

Engineers Joint Couneil, Naflonal water Poliey, 1950.

National Associatlon of Manwfacturers-Conservation Fomwndatlon, Water in Indnstry,
Svrvey of Indnstrial Plant Water Swpply and Waste Disposal, 1950.

B

W



: k9

. Loes and waete 1s listed above as abomt 10 gped
or abont 7 per ecent of total mnwnicipal nse, Since loss
and waste in a metered city inclwdes only leaks, rlgéhu
ing, meter error, pwmp slip, fire wse, etc,, 1t showld
remaln low, Very often, however, public bwildings,
parks, and the like are not netered, and the wnaccownted
for water may range as high ag 50 per cent,

8o far, average consmmption is all that has been
considered, Variations from average conswmption ocenr
honrly, daily, and monthly, and these are the valnes
need in water worke deeign, To show the tendency for
nee of higher per capita conswmption valwes Table 6 has
been cset wp from varions standard_text books from the
water enpply fileld. For deeign puwrposes fire demand
mnet be added also to the conswmption for the maxlimmm day,
The Natlonal Board of Fire underwriters uses the formwla

6= 1,020 P (1-0,01 P)
where G is the necessary demand for extingwishing fires
in gallons per minnte and P ie the popwlation in :

thowsands, From this egmation, Table 7 has been set wp

to show fthe reguirements 1in cities of varions sizes.



TABLE 6

AVERAGE CONS"MITION ESTIMATES FRUM STANDARD TEXT BOOKS

Source Yearly
Average
- : -c‘ N——
Water Swpply Engineering, 60-85
Folwell, First Edition,

1900

Waterworks Handbook,
Flinn, Weston, & Bogert,
Third Edition, 1927 50=400

Public Water Swppliles,
Tnrneasnre and Rnseell,
Fourth Edition, 1940 110

Water Supply and Sewerage
Steel, Second Edition, 1947 100-120

Public Health Engineering,
Phelps _ 110

Water Swpply Engineering,
Babbitt and Doland
Fonrth Edition, 1949 110

Water Swpply and Sewerage,
Steel, Third Edition, 1953 135

Monthly Weekly Dalily
Ratlo Ratio Ratio
115-130 e 150-200
125 135 150

150

125 150 175
------------ 150-200
140 —————  150-180

128 148 180

Hownrly
Ratio

i e

(1.40) (150)
(1.50) (175)

200-300

250-350

(1.50) (180)

0§



TABLE 7
NATIONAL BOARD OF FIRE UNDERWRITERS FIRE DEMAND

Population Regnired Fire Flow for Duration

Average City hr.
GPM

1,000 1,000 L
1,500 1,250 5
2,000 1,500 6
3,000 1,750 7
4,000 2,000 8
5 000 2,250 9
6 000 _ 2,500 10
10, 000 3,000 10
13,000 2 , 500 10
17,000 , 000 10
22,000 b , 500 10
28 000 5 000 10
Lo, , 000 6 000 10
60 000 7 000 10
80 000 8 , 000 10
100 000 9 000 10
125,000 10,000 10
150,000 11,000 10
200,000 12,000 10

————— — -~ - —— . o - - — - —

For citliss over 200 ,000 popnlation, 12,000 gpm
with 2,000 to 8,000 gpm additional for s gecond
fire, for & 10~hr dwration,




5¢
Mr. Herry E. Jordan, Secretary of the American
Water Works Aescociation in an addrees before the Water
Works Management Short Cowrse, Monticello, Illinols on
September 30, 1953, smmmarized on a national basie "The
Fntnre Neede for Water Swpply":

-

"The magnitude of water prodwction
for wee in the tnited States in 1950
and, as estimated in the 1952 report of
the President's Materials Policy Com-
mission in 1975, 1e ae follows:

" b 1950 produc- Percentage
tion, bgd of total
Municipal Rnral 17 9

Direct Induetrial 80 L
Irrigation 88 bg
Total 185 - 100
C 5 1975 prodnc- Percentage
tion, bgd of tot
Mnunicipal Rural 25
Direct Indnstrial 215 62
Irrigation 110 H
Total 350 100

The growth of water prodmwction in the
25-year period is esfimated at 50 per
cent for mmnicipal enpply, 170 per cent
for indwetrial, and 25 per cent for ir-
rigation., The growth in popwlation for
the same period is estimated at 49
milllon persons or 33.1 per cent, This
contemplates a per capita lncrease in
water nse at more than 1} times the rate
of popnlation inereace,

This is coneistent with the experience
of the indmetry over the past 60 years.
In 1890 public water smpplies were wsed
at the rate of 90 gallons per capita daily
and in 1950 at the rate of 140 gped. The
commiesion's estimate amownts to a per
capita wee in 1975 of 155 gped. The rate
of increase in per capita rates from
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1890 to 1950 1e 0.83 gped per year, The
commiseion'e estimate is at the rate of

0.6 gped per year, It is conservative.
A higher eetimate might be based wpon the
potential incresse in water demand for
honsehold eanitation and air condition-
ing. Sweh an estimate wonld be predi-
cated npon an expanding economy with im-
proved economic statns for the average
person and increased ability to provide
for the famlily the comfort and conven-
lencee that adeguate domestic water swp-
ply will afford,

The increacsee forecast by the Presi-
dent's commigeion prophesy that the city
of 10,000 in 1950 will be a city of
13,300 in 1975 and, whereas the average
daily conswmption of water increasged rate
per person, the c¢ity mwst meet an average
conewmer demand of 2 2,067,000 gallons,

It meane simply that any city in the
7.8, can--by 1957--expect a combination
growth in population and consnmer rate
of nee that will reguire it to provide
142 per cent of today's swpply for to-
morrow's elty. Thie, mind yon, is an
average--not a peak-day,.

_Asgvwming that 1975 peak demand will co-
rrespond to the 19573 record, we can com-
pnte that the average city will need %o
provide facilitles to meet a 1975 pesak

day reaching 235 per cent of its 1952
average day."

The preceding data are swmmaries of the infor-
mation available on factors affecting mwnicipal water
consmmption, Nearly all of the data are based on water
nee 1n eastern cities and to the awthor's knowledge
has not been checked against records in the west. 1In
the next article, some Oregon data has been expanded

to cheeck the date from eagtern cities,
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Statewlde Data £
Publiehed per caplita conswmption data for the
Btate of Oregon ies limited to a few city reports, How-
ever, nearly all the eities in the state have records
(varying wildely in degree of completeness) from which
Veetigates of conewmption can be derived. The Burean

of Mwniclpal Research and Service graclomsly consented

1-6) of

-

to allow the awthor to expand Table 1 (27, pp.
their 1953 stndy on water rates and practices. Tables
8 and 9 are a reenlt of the expansion, The last sgix
colwmns of the tables were compnted to find a popnla-
tion factor, which is approximately egnivalent to the
nmmber of persons per honwsehold as shown in Table 3-A;
to find average dally per capita conemmption for the
year; to find the gped for the maximwm month and for
the minimmm month; and to find the percentage variations
between the average and the maximvwm and minimwm.

The data for the fiscal year 1951-52 is valmable
becance that period was one of gevere snmmer drought
in Oregon and the data would show an average per capilta
nse whiceh wonld probably be higher than that normally
enconntered, Thils condition is good from a design
etandpoint since it wonld be more on the congervative
glde,

~

The enthor feels that a statistical analysis
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on & one-year record doesn't give adegnate resnlte, bnt
an attempt was made %o plot the Oregon data on_a log-log
enrve similar to the ¢nrves sghown in filgwre 2 wnder
national data. The enrve is shown in figwre 3 with 50
cities plotted ehowing geographic locations, Points
conglderably to the right of the cwrve were checked re-
garding metering and it 1s apparent from the ceurve that
a_lack of metering tends $o allow higher per capita con-
ewmption, It might also be noted that according to the
data the national average per capita consmwmption esti-
mate of 140 gped might possibly it Oregon cities with
a popnlation below 2,000 persons, bmwt wonld be inadegnate
above that popnlation,

; Forther breakdown of the factors in statewide con-
gnmption was not attempted thongh some interssting infor-
mation showing the consmmption by lanndromate and drive-
in theatere in Portlapd and vieinity was furnished by the
Oregon State Board of Health, Their survey indicated that
antomatic washers in a lawndromat prodnced 1 batch of
clothes each per honwr and ran 10 hours per day for 6 days
a week nsing 35 gallons per machine per batch, The three
drive-in theaters checked showed a wse of 5 gallons per
car with 28% being wsed dwring the 10-15 minute lntér-

mlesion. Other stwdles are being made at the present

time to try to find the conswmption at pwblic schools,
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i SR ; FISCAL YEAR 1951 - 52 WATER CONSUMPTION ESTIMATE FOi OREGON
” 'i“;‘.- Popnla. tion - Gﬁs’comers Water usagé in thousands of gal % metered - Population Per Capita Consumption, gal/day Max Month Min Mon'tﬁ
INo0° - Tokallv” Total city Max Month Min Month - Total {Approx) Divided by « - Ave. Year — Max Month Min Month Divided:by Divided by
? gmgus . : ; Residential City customers Ave yr Ave yr
Portland 373,808 WB,521 109,967 i e 10,043,406~ 100 3440 I8 25 e il e
~ Bugene ' 4 35,879 1h,450 9,437 G387 - 161,870 .t 2,978 29; 100 3,50 227 Los 150 1.78 0.66
Salem 43,140 13,375 11,987 178,259 115,175 2 70,,,) 100 _ 3,50 172 370 89 215 i e b2
Albany 10,115 3,216 3,118 108,950 45,600 803,670 . 9% 3.2 218 359 150 1.65 069
. Gorvallis 18,207 lyyli8 3,803 . 102,616 L1 4813 hl,199 100 1426 125 211 83 1.69 0.56
Springfield 10,807 3,348 34318 18,187 16,368 *,200,&‘9( 5 326 305 548 236 1.87 0u77
Hillsboro . . Belia2 b, 710 2,239 73,487 27,6265 - 569,67 100 S A 30k L6 179 1457 0459
Lebanon 54373 1,942 1,861 . - XQG3069 - 2283 612,193 25 3416 : 286 585 123 2,04 Coit3
MMinpwille - 6,635 C%R50" v 2,N28 7&&69. zzx,aéﬁ bB0,69% 98 3.12 198 316 122 1,90 0.62
Oregon City = 7,682 2,903 2,721 79,&1 : m,aau 695386 - ' 30 2.82 218 30l 180 1.39 0.72
Dallas . a3 ontip00 o ¢ 1650 55,838 32,000 73,360 100 2.90 27 388 222 143 0.82
 Forest {}rmre T Ly3i3 1,580 - 14300 U3,075 - 9,887 267,321 99 3.3k 169 331 R 0wt
L (el < S XTEET 3,089 1,181 - Ra 09l 15,39, 5,930 109,396 100 2479 99 168 AR - SRR S
500 Nedberg. . 0 4 35946 3,803 T360 - I3a362. 7 9,508 1 1,209.958. 200, - 2,90 ARG M2 N B0 L TR 0455
SV, Sweet Home . 0 . - 3803 BR135: . 100 29,029 16,5 210,820 100 360 L a8 SO - B o 083
i Wemt Bamn o0 s LIR0 L 1,087 o %,hohsu 15,508 o zaﬂ,369':~ RN T o 287 gL T3k 0.81
b e e e R T peieaett e 68,505_ ST 112 258 51 e 0.6
~ oaglhm, ? it T ol S RS AT S Ve SN 7. S i 1%k L O s 190 71 1.78 0.66
PGhadatone. o bRl (968 992 L TSRE 29,108 2453 679 1030 100 G ) 0.59
Jdndependence 1,987 e 598 LT At A00 . L Bl 156 291, 36 1,38 0,23
o P Ay g R B9 Lok Vl},ﬁ%‘ 8,976 3463 160 - 253 129 1,58 Gedl
Sl RS 418 359 8,613 ‘25222 3.29 Yk b GG <O 56 Teo8 05l
SHRelaan oo L el Y 770 o 11,70l 3,393 2,60 RS . G Y 194 056
Woodburn . 2,395 . 1,100 1,000 22,092 L,59% Sul IS A son BT L g SO 2.50 0u51
: jerd‘qmu QS $ 5 Do S L 2,052 976 Ll B R SR T O N 1e56 0,67
- e B ‘.610‘ i R - ) R 183 h3,334 . | 15,953 i WS 13 237 et ) N 3 0e65
SRS e ¢ LC e R W Oy AR O R T T T Pt o 205 0.55
SRR e 86T L el R R 651‘ o R0gT59 1100 T S ek A 59 1als3 0.7k
’ L , : iy s | : | : "‘ ; s i : : * Water Consumption Estimate
Sl BV e it ' : S ees S : ' & for Oregon, 19562, Willemette
SO e | ‘ Fon ‘ A | oy » ‘ Table 8



Size
Range

10,000~
25,000
54000~
10,000
2,500~
5,000
1,000~
2,500
500-
1,000

10,000~
25,000
5,000~
10, 000

1,000~
2500

500~
1000

10,000~
2% , 500
5,000=

10, 000

2 ' OC=

4000

# Speclal count oy Secrctary of Siat

COAST

City

Astoria

Coos BsyeNorth Bend

Newport
Florence

Bastside -
Gearhart

SOUTE

Klamath Falls
Medford
Ashland
Grants Pass
Roseburg
Central Point

?Myrile Creek

Merrill

CENTRAL AND EASTERN

Bend:
Penaleton
Baker
La Crande

31168

L\T.’ Lario

Prineville

Redamond

Boardman

sl ~
Wasco

Population Customers :
1950 Total Total city
census
12,331 6,500 3,31
12,322 14,687 119373
3,241 1,400 1,200
1,026 340 340
890 272 270
565 L33 L2l
15,875 75938 L4953
17,305 75622 L5607
157139 2,6U9 2,516
@,1L6 35230 2,985
8,350 . L2956 s
1,667 540 514
1,781 627 613
835 2l 229
11,409 3,681 3,507
12,218 39458 3,350
;‘.-'c?l B,L-u:' B,LJO
8,935 23 530 AP A
Bl TS 1,830 3,030
et E5 1,402 1,387
34233 1,055 1,055
2,956 1,173 1,032
320 £2 59
335 126 126

FISCAL YEAR 1951 - 52 WATER CONSUMPTION ESTIMATE FOR OREGON

Water usage in thousands of gal

Max Month Min Month

;06,9&5
70,115
20,000

1,500

17,483
5,51

22L,186
334,805
136,299
£1,253
113,100
12,428
9k, 776
52,667

157,980

16,921
112,555
223,200

28,977
62,9L5
€77

J\.,J.\J‘"

62,369
53,704
11,000
1,498
9,49k
608

81,ully
115,956
28,1001
195371
42,086
34635
75,304
16,662

42,950

10,629
86,500

lT,L32
1h,3812
iy

1,00k

Total

9hs3, 746
738,317
170,000
17,988

152,250
27,988

1,460,692
2,705,237
179,236
505,562
750,821
78,533
1,019,737
37,404

% metered

(Approx)

Residential City customers

100
100
100

100
95

100

100

100

10
98

100

0%

100

Population .
Divided by

3.72
2,62
2.70
3.31

3.30
1.35

3.21
376
3407
212
3e2l
2.91
365

Per Capita Consumption gal/day
Max Month Min Month

Ave Year

210
16

L8

L69
134

252
L28
276
171
248
129
1,570
1L

212

233

116
110
3L2
107
118

289
190
206

L9

655 -

32k

170

587
33
150
248
1,770
211

1462
580
L35
970

194
710
188
121

168
1L5
13

L8
359

171
223
121
80
167
71

1,410
66

125
1.! a"
377

78
167
68

a1l

57

Water Consumption Estimate

for Oregon,

Max Month Min Month
Divided by Divided by
Ave yr Ave yr
1.38 0.79
115 0.68
1.43 079
1.02 1.00
1.40 0.76
2442 0.27
1.87 0.68
a g% 052
2413 O.lly
1.96 Oes7
1.682 Q.67
1.92 Ce35
1,13 - 0,90
1.85 0.58
l.721 0s52
1.57 « 57
1“":4 4 Co;‘é
1,67 0.57
2000 O.‘;']
1'?6 0.\%
1.04 D96
1952, Cozst, South,

Central end Eastern
Teble 9
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eepeclally where there is city water and only a septic
tank for sewage disposal,

Since the Oregon State College Agricuwltwral
Experiment Statlon was established in 1888, there has
been a great deal of work done on soil and water con-
eervation., The college staff estimates (31, p.24)
that at the present time there are about 80,000 acres
of land mnder irrigation in the Willamette Valley and
that becanee of our knowledge of sprinkler irrigation,
water storage, and ntilization of power, 1,200,000
acres covld be irrigated. The amownt of water needed
for irrigation wonld depend on the type of erope raised
and npon the type of soil and its capacity for irriga-
tion water, Thie accelerated program of irrigation is
moetly rural, bnt it ie carried on in wrban areas algo
&g more people tend to ralse larger gardens or lawns.
Lawne and gardene regnire a lot of water depending
mainly on the type of so0il in the area,

The foregoing data give a reasonable estimate
of average per capita conswmption in Oregon, show the
variation between average and maximwm or minimmm monthly
values, and show that popwlation is a big factor in 5
water conemmption, It also shows the effect on congwmp~-
tion of non-metering, In the next article data from
Corvallis, Engene, and Salem will be analyzed to deter-

mine other factors involved,
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Mnnicipal Data 3
Since the clties of Engene and_Salem have

approximately the same 1950 censns popnlation, it
seemed logical that they might be similar in water
consmmption. A bar graph (figwre 4) showing the com-
parison of water conswmption for Engene, Salem, and
Corvallie for the years 1940-1952 was plotted. The
graph shows a striking dissimilarity betwe=sn Ewngene

and Salem, and a similarity between Corvallie and
Selem. The rapid inerease in conswmption in Eugene can
probably be explained mostly by the metropolitan atti-
tnde of the Enwgene Water and Electric Board., The _
board sells water to a nwmber of large districts ont-
side the corporate limits of Engene, gSalem, on the
other hand, is etrietly wrban and maintains a poliey
of selling water only %o people within the corporate
limits, Corvallis algo hag a limiting policy on ont-
of-city connections, thongh water is so0ld to Philo-
math and to a few ontelde cwstomers.

In a previons section it was noted that the
three cities are eimilar in locatlion, topography, soil
type, and climate and lend themselves to comparison
neing any of these factors as eriteria. A comparison
of rainfall showing accwmnlative percent of annmal
ralnfall by monthe wae plotted in 1939-40 in a senior
theslie (39, pp. 11,12,14,19) under the direction of
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Professor Fred Merryfleld. Figuwre 5 ls a composite
enrve from the foregoing analysis comparing the three
citles and also comparing them with Riverslde, a city
in sowth-eastern Oregon, Corvallls, Engene, and Salem
ghow almost ldentical cwrves, This data swbstantlates
the previone agsnmption that climatic conditions in
the three cities are similar, 2
_ A Turther suwbstantiation of this assgumption

wag fonnd by plotting in figwres 6, 7, and 8 the dally
water conswmption, daily meximwm and minimwm tempera-
tures, and the dally preciplitation for each of the
cities for the year 1952. 1In all three cases July and
Angnet are shown to be maximwm-nuse months, In these
two months, maximmm temperatures also oceur and there
are_only small amonnts of precipitation in the month of
Angnet which immediately reflect on the consnmption
chart as well as on the temperatwre chart. Fignre 9 1is
an enlarged portion of the Salem chart for June 5 to
July 10, 1952, December, Jannary, and Febrmwary are the
minimmwm-uge monthe and also have the largest rainfall
and lowest temperatnres recorded for the year,

In the month of April the conswmption enrve be-
gins 1ts wpward climb aes a few warm days ocenr. The

firet part of May a few of the hardy gardeners begin

thelr summer watering program and the cnrve begins a
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decidedly steeper climb, paralleling closely the max-
immm temperature cnrve and dipping sharply at the
glightest rainfall, Dwring the last of May and the
firet of June, 1t remained warm and dry. Gardens and
lawne were watered, and conswmptlon lncreased. On
June 10 heavy ralne began and lasted with two short
rests for the entire month cansing conemmption %o dip
to the winter valwes, Then from Jnly 1 to_the latter
part of Angnst the rains ceased, Temperatnres soared to
the 90's, and water conemmption linereased to maximmm
valnee. The year of 1952 was wnigwe in that the fall
rains held off, except for showers, nntil October 20,
and the water consmmption cwrve remained high wntll that
date, making 1952 the maximmwm water-nge yesr on record in
Oregon, ,

The three charte also show that variatlions ocewr
on certain days of the week, On eaeh chart Sundays
have been marked with small erosses and in nearly all
cagee, except very hot days, the crosses correspond wilth
a definite dip in the congnmption ewrve, Thie trend pro-
bably indicatees that the people in these cities whether
dne fto lassitnde or for religione reasons refrain from
gg&dening, washing, cleaning, or even lawn watering on
Sundaye. Part of the Snunday decrease 1lg probably also

dnwe to people leaving the college, the wniversity, and
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the state offlce bwildings for weekends at the beach, in
the mowntaine, in Portland, or their home towns,

Another factor in mwnicipal wse ie browght ont
in Table 10 in which metered readings of weter conevmp-
tion in Corvallie' fowr grade schoole and the high
echool are tabplated. Monthly conenmmption per student,
average, maximwm, and minlmvwm has been compwted for the
gschools for the years 1952 and 1953. From this data a
rongh average valwe of 4 gallons per stwdent per day
wag obSalned, Maximnwm conswmption wag 20 gped and min-
imwm 0,3 gped. The average and maxlumm valnes compare
favorably to valmwes published in July, 1953 Publiec
Works magazine (40 p.98).

"The following 1s a ewmmary of the ranges in
per caplta water wse of the growp of schools surveyed:

(1) 31 grade schools without cafeterias

and showers varied from 2,36 gallons per

caplta per day to 14.6 gallone per capita

per day.

(2) 10 grade schoole with cafeteriss

varisd from 2.62 gallons per ecapita per

day to 11,07 gallons per capita per day.

(3) 16 Junior high schools with and with-

ont cafeterias and showers varied from

2,27 gallons per capita per day to 8,92

gallone per capita per day,

(4) 30 high schools with cafeterias and

showere varled from 2,63 gallons per

caplta per day to 20,92 gallons per capita
per day.
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In order %o resolve thess variations in-
to msefnl information graphs were made on
normal probabllity paper. The mean water
nee, the 90 percent probability and the
97.9 percent probability, all in gallons
per pmpil per day, are shown in Table 1
for the gronps listed in the preceding
paragraph,

TABLE 1 - SCHOOL WATER USE

Group Mean 90 % ; 97 %
Nvomber Use Probability Probability
Gallons per pupil
per day
i 6.0 10.25 12,75
2 6.25 10,50 13,00
B 5.5 .75 A2 o235
9.0 _ 15.% i’ 19.25

These evwmmaries of water wse will
aeelst the planner in decliding vpon the
gnantity of water needed, or the guan-
tity whieh mwet be disposed of at
schoole "

2 The article continnes in an explanation of pre-
cantions to be observed when nesing the above valnes.
The main precantion was to increase gnantlties if the
school algo serves ae a commwnity hall or a hall for

other evening meetings.
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The‘year 1951 was chosen for a study of honrly
variations since peak days occnrred in Jnly, Angnst, and
feptember, and clear charts were available for the peak
days, The three days chocen were Jnly 11, Angnst 20,
and September 14, Figwre 10 1e the 1951 Corvalllie water
congmmption chart and showe the flowe for these three
days ag 5.6, 5.0, and 4,5 million gallone respectively.
These total consmmption sstimates are the swa of three
recordings: (1) Adams Street main line meter chart,
(2) Harrison Street main line meter chart, and (3) the
prmping chart from the Willamette River filtration
plant, Fignres 12, 13, and 14 are photographs of the
July 11, 1951 charte; fignree 15, 16, and 17 are the
Angnet 20, 1951 charts; fignres 18, 19, and 20 are the
September 14, 1951 charte, Fignre 11 is the combined
flow chart showing howrly variations for each of the
three daye, HMinimwm and maximmm temperatnres plotted on
figvre 11 indicate high temperatuwres for all three days.
Temperatnre records for days preceding and following
the three days are tabnlated below:

July 9----78 F Ang, 13---86 F Sept.10--79 F

10~==~90 15---94 11en72

1le===99 15---98 12--82

12====96 16~==91 13--95

13----78 17---93 14--92
18 ===90 15--90
19-~~99 16--88
20=~-=-98 17«92
21-~~98 18--83
22 --85

23---79



73

FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

10

JANUARY

10 15 20 25

5

10 15

-

5

10

5

10

-3

10

-]

S

10

5

5

S

20

15 20 25

10

16 20 25

|
| USRS S = > -
| H
| {
| SRS IR SRR SPLISWRL el S Sl Sah SR SEE R
|
- + b by -
bt 5L b e
i 7
§ &
.......... i i tih o S RSSe SARS 8
n LB AR
F s 8t i s S bt 2
Yol I SHSIS S PR AR RS e
W

1 1
o b i e

5 B Rl 2 &
| 1 “
....... 3 ; WS - .
| §
— 4 hE EEREA RSN BLHLEnE K e ARTNEE WS
| SIRS 1182 R BT ES e
i i
S8 B34 o e bl d s SSEOS SN
! o1

il SIS

ERES

10 15 20 25
DECEMBER

Figure 10

i
5

118 fa R g

15 20 25

10
NOYEMBER

5

A

s $ax 71 75

BEBEEE & b b SRS L BES SRS SESES Dl 8 S SR - e et e S
- SE
¢ { | 1
........ - LS BEE i A5 WSl S BUALS RS ms | HERS SeE IR D e o S S

Corvaellis Water Consumption,

15 20 25
OCTOBER

10

24 1dd

sy |

t

i
:f
(B
!
1

1
.. ;
g
St

259

......... 4 i & - i T R e w‘.%f,,mr 3 Tgugmarc ey gt Egns I.Ajf_ 0
! i i | ! \
ERSRRERA SRR SR T E° JBEL 3 JN.I
¢ 1 b 4 32 0
S 333 .t EERmu S s T S e S i ’-.w.r: ¢ Ezceyiegoe prssny . opd M
0 b - : EET : TL ok
: 4 EISERREALR K k! R HESAT S A i O i
IEEEE LHaad 8] FEeEERLY Fﬂ : i | . ; Stk ! ; im& zm
14 #% RS LAkl S 5 g 0 A GERRG 2 e PR W i % e s B8 oerl B w.l-f‘G.! wn
! : i A N ! ¢ 1 gL = fRatieeting , a
il e - R SRS S o ” a.t,.. e = 4,..! diTEaran w RRa it 3 R REEgR e RE R e ns W 4 ‘“
S AT A AR 913 il -~ gt i D NI A N
{ ! f | ! } ; &2 306 55 i B8 o ¢8|
- T ' ¢ s s g ? . w | e
P i1 53! ! ] ELTEEL : | -~
! t 1 A & ! ez NETRE RS rRn e~ + 4 : $ N1 0
..... HEAIRE RN ISITEEI0AR ARNRUONRE SRR LS ¥ — R
W s B EERAEREORE 2RSRY LRI N
iR FRak: L2588 MRl RS 0051 310200 Seand - W\.{ 1 o
BEAE SR ERDUE EESESSENNS EEEET H5n) : 0 Shcri e N mw
B ; g 9
<

10

15 20 25

i
i
=
!
-
Hs
s

3
i
0 IAB0 =24

i
ot

AT

GATE] HOUSE

3
) i
[
t
¥
H

15 20 25

JULY

1S 20 25

-ﬁ?“f@

i
s

15 20 25

10

15 20 25

G ‘ SEEE i iyhgkiray
[EgasERa-E5E: B gn i
L9 R a e
T nnm i - it Vﬁ%iw%ﬂﬁ.ﬁﬁl CH
SECECSEIRRIICRRNaT.. LERSEAEE] JES0RRELa dhae s SB8E1 ESEA R AR e i_!l%,wum : -ImJ nZ
-1 S ST R i RS i T iS558 (5100 1SSR0EREE IR RRTbiRS _Mw.s : o’
i “ £ i § u i ._w@ “ m
- \r...D ...... - « ................. 17 ” ,IMC... ‘M‘|.il'. .‘molffvv» ..v”
i34 R AN § , : . 1
g

10 15 20 25
MAY

-.h B ok e

mm i

88 B i

Z i e
BERESEL- 4 i :
IiR, + ‘ bl ,., S o !
i.x”.ﬁw_.. =i 2 = R B il % ,_

ilusl

B8 ¢4

gesedssas

16 20 25
APRIL

10

5

15 20 25

10

15 20 25

the s i 58BN

8 9
SEERS SRENE !

ISR RS BB 0 &

WATER CONSUMPTION, CORVALLLS, 195/

15 20 25

MARCH

10

TfiW i L :

seEERBE

¥

e S

!
-
4]
1
f
—
'
!

15 20 25

FEBRUARY

T,

I : | :
pii XN i
s e B e 22 o I N b - ")
U8 i 5 { ,.pr.. I | b ¥ : i
2 L
) : ! 0
08§73 1 w : v 8
i ! i e >
Sestisss b : ¥
pies : ! <
& RS i3 W B v B0 ESha w2
-t e e — Im
t i by i !
{ , 1 (88 W 3
ﬁ.h rt*..L‘..f.LL.XT. i o e ,¢JT.IA.T: — “ & e & .O.. -
i f Sititreg
i | ! k3
1 : ESESSIEEEA Rgreos H o~
= =~ 3 H piti¥ad
TN H



T

¢ : (lod

The ftemperatnre record for the July 1l peak
shows only three days of hot weather, This short perlod
of increased temperatwre following the Independence Day
hollday is responsible for the sharp peak, The second
peak comes at the owlmination of a prolonged heat wave
end the flow eurve remained high dnring the heat wave
except for natural Swnday lows on Angnet 12 and 19,
"Indian swmmer" is the term often wsed for the nun-
- geasonal heat wave in September., It is interesting to
note that the heat wave corresponded with the first
facnlty meeting at Oregon State College, Undoubtedly
mnch of the increase in conswmption conld be attributed
%o increased irrigation cawsed by faenlty members who
retnrned to Corvallis to find their lawns withering in
the heat, ¥ p

The charts of figwres 11 throngh 20 show a great
deal abont the hablts of people who nse the water. For
example 3% may be noted on the Jnly and Awgust cwrves
of fignre il that people start wsing water _abomt 6:00
a.m, and continuwe at a failrly steady rate wntil abont
10:00 a,m, when most homsewives have sent their hmnebands
to work, their children to school, and have completed
their dishwashing and morning cleaning, During this
tlme aleo_the college starts its lawn watering and water-

neing indwetries start thelr dally wse, Probably the

10:00 a.m, drop ie dwe mostly to domestic wese, Homnse
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wiveg do their morning shopping, vacmming or other
chores and do not wse mweh water wntil 11:30 or 12:00
when they realize lunch mnst get on the table. Even
the lwneh period gshows some variation when it is
etndied on the individnal charts. Following the luwnch
period there seems to be a rise which can probably be
attribnted to irrigation of lawns. A% 5:00 p.m. the
ehntdown of indnetrial establishments and the college
is reflected, but the drop 1s only momentary ae home-
loving citizens start all the sprinklers they can muster
to keep their lawns green in the blistering heat. The
consumpiion reaches its peak abowt 8:00 or 9:00 p.m.
and by midnight the ewrve is once more down almost %o
minimwm nee where 1% will stay wntil alarm clocks ring
the following morning,

The September 14 cwrve shows a rapid climb from
2:00 a.m, to 3:00 2.m, which is easily traced on fig-
nree 18, 19, and 20, and ie fownd to be dwe to the
Willamette river filtration plant being etarted at 2:00
a.m, to £ill the reservolr on Monnt Baldy., Aside from
this early pwmping the ewrve is similar to the other two
except that evening peak is reached at 5:00 p.m., prob-
ably dvwe to shorter days and cooler evenings dnring

September,
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The individnal charts are more engceptible to

variatlion than the composite and show some rather inter-
esting phenomena, Figwres 12 and 13 show small momen-
tary peaks between 6:00 a,m, and 7:30 a,m,, which are
dnplicated in figwres 15 and 16 between 3:00 a.m, and
5:00 a,m, and are fownd again in fignres 18 and 19 be-
tween 4:00 a.m. and 6:00 a,m, It 1s belleved that each
of these peaks represents a filling of the street
flnsher and indicate the approximate area of gtreet
washing, The filter plant chartes fail to reflect small
variatlione since they are pmmp charts and are not as
ensceptible to small ewrges or changes in flow,

Slnce each of the three charts for a glngle day
reflects the flow change in the other two, 1t 1 impera-
tive %o check all three charts for comparison of any
factors at a particnlar Slme. It wae asewmed for this
8tndy that the maximwm hourly flow rate ocourred on the
day of the maximwm dailly nse. Uelng this assumption, the
following fignres were derived: 5

Maximnwm Maximwm Max., hourly

Daily (mgd) Howrly (mgd) divided by max,
y daily (100)

July 11, 1951 5.6 9.2 164
Ang. 20, 1951 5.0 8.1 162
sept, 14, 1951 L.s 6.5 144
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The average daily flow for the year ie abont 2.7 mgd. 78
The daily ratio ies 207 gallons for Jnly 11, 186 for
Augnsf 20, eand 167 for September 14, These fignres

show an howrly ratio of (1.6) (187) or abowt 300 which
correlates closely with the top limite of textbook data
shown in Table 6,

Conswmption charts for the eity of Corvallis for
the period 1947 throuwgh 1953 are shown in the appendix
(figrwres 21-26) to point owt how the total wee and daily
peak have varied throwgh those years. (1951 chart is
inclnded as Fignre 10 in the foregoing analysis.)

The city of Salem was chosen for a detailed an-
alysls of water nse becanse data were avallable for a
thirteen-year period from 1540-1953, with nese divided
into residential, irrigation, commercial, indmnstrial, and
mnniclipal nse, The irrigation »nse listed is only for
epeclal lirrigation meters. Other irrigation is combined
with residentlal nee. Loss and waste was also _acconnted
for dwnring the thirteen-year period. Dailly finctnations
in vwse as shown in fignres 6 and 8 follow about the same
ag Corvallils, ! e

Table 11 wae eet wp nsing Salem water department
records and cenene popwlations as a basis for expanding
the data to obtalin a popnlation factor (abonut 4 pereons
per family) and average dally per capita wse (150-160

gped,) These valves correspond closely to the wpper



Adems Street Flow Chart
Corvallis, Oregon
July 11, 1981

Figure 12



/
~
- & o Xy {\)'
- / “\\ 4 .
~ ‘l [/ & ¥, )
L/ | B Ny ‘<
L \/
) ¢ NS .. LN
/ QX T~ A
. ) / ] X <
/ 4 K T \\\
LY /]] [ o) N ;
/ W W
. 7~ WRNLNE g o \

A
: A (g 19 %
t _"IL ‘—/_(/ e
‘ S = [ v v - 4 +
g - L ~ 1
4 T 24 [éog t
- i T
dhik mn O, 2&eee  _ FH
\ — —— Y .

= o 1 ' 'x _ % % y 8 4
U A 3 & LT
- A X 2, -m
\ —\\ l‘ \ X \ ) ’1‘?\,0 ,a}bo X
w AT L AACNX TAuZING ~ L
VAT AKX ~ MWW

. \ \ \ \, /X ¥ e

aX\\\ L] O
. W N\ ) . LA \
o T ”
N ‘
. AN v N,\‘“ I O
e SN _
.‘ L 14 4 =
* & —— i
ol / ' #
. ~— — 2
i
E = X

W

“ IHOIN o

Harrison Street Flow Chart
Corvallis, Oregon
July 11, 19583

Figure 13

80



81

Rgmm -

6 DAY =—y, 7
5‘.“ — \‘- M,

MIDNIGHT
12

‘V'd
4 W 1H3INg

Willamette River
Water Treatment Plant
Flow Chart

Corvellis, Oregon

July 11, 1981

Figure 14



»
g - %0
*° ‘ s ’
>4
& /_//
g
NALVME 3
25 ’oﬂ“ @ )
‘&

& Y \
; Lo BT 4 A\

—e2 0= 2730/
Ldams ) 42§
Zoenr
. - —
2 o = g
N P s

~ ToraviznG = <S> X 7N
\\‘—4— X S . >
\ A > \\X

X N/
L \ \ ) N
| \\\ XX
\ VU
/ LA
by =i \ \ \<
2 -~ J/
"~ \
< 7 == °\
.

“ IHOIN o * W’
Adams Street Flow Chart
Corvallis, Oregon

August 20, 1951

Figure 15

82



o M= Y
Y A
o.\° S *
™ <
- i
o N\
»
¢
* i 140
® \
y p OO
/ P4
10,90 4

/
. /]
l‘»'ﬂ'ml .‘," », X . .\
] b . %’ E \
2 R X \
’9’ 1" X X A
. & ) AN
il - £éo 43 1% i -
o T‘: 2L -5/ £LFag)" AL+
. P Lrarl, ) IS0 Tt
2. 3p 7 11 1 T
% T e e allEy = S
-\ 7 Sy
- ‘\F l ] 7\\ /i\/ q'(‘_')A 09“) - 2 »y
AT o [308] LS
L LY ,\\/ ) TOTAL1Z\NG~ :
AN ses'e .
. \ \ \, '\ X < \4\\ RS,
\ \ AN % &, VX
“\\ \ \ < ></ ,>‘\/ T\ N
S\ & ¥4 A \ X \
NN \\’1 b 40P, 4 T~ A .
LA KO (J [T i N |
\ T, | A
% ’/’1_ /.'/ / /] \ e 7 X 3
. e 4 T \ A
\.\ D / / y \ //"
¢ N o ' | \ A A X
. - x Y gia [ 1 A @
o : S, ‘ « X
- # ! ¢ >
3 v / ! ~
e \ ey —1 1 ‘/’,/‘//) " »
e S ——— — 9
£ 7 7 7 3 o%

L= HOIN = * W’
Harrison Street Flow Chart
Corvallis, Oregon

August 20, 1951
Figure 16

83



84

- [ 7%
i l" I II;‘,///[{’{/%/'/? /]

7 .

/ //// "¢
l 8 \;
i x‘g‘s

itimer s

%
i
aiﬁ ”g;f/@%

s

DNIGHT
M 12

e
\;

o\ 5 b"nn! “"6"7
N\ . L7178
\ , if< jg?ig
{\ﬁvilf"n§§§? S5
X ',"";" f

Willamette River
Water Treatment Plant
Flow Chart
Corvallis, Oregon
August 20, 1951

Figure 17



85

“ TIHoIN o °

Adame Street Flow Chart
Corvallie, Oregon
September 14, 1951

Figure 18



86

NIGH T
. . ’

WYY e

R .
N by
7 ONI21 Y, I A
T B0 NN

0°0€

Harrison Street Flow Chert
Corvallis, Qregon
September 14, 1951

Figure 19



87

I\
W
i

A\
\\

\\\\\\\\\\\\\\\\\\\_\\\\\\\\

I
RTIL

AT

%,
7%
%
%,

RN

LI
\ \&&&\\\\\\\\\\\\\\\\
TN // //,/ ;
0,
4,
W

%@

%%
2,

v )
TR
¥ LA
CRUMRRERR
RN

UL \\
.\*\\\\\\\\\\‘\‘\‘\\ W
VN&\v
N

%
%
44,;27
4%

7%

Y
)

o RN
I TR
N
NIRRT
q§§§&§;§§5
NN
N

Willamette River
Water Treatment Plant
Flow Chart
Corvallis, Oregon

September 14, 19651

Figure 20



i 88
1imite of natlional averages, and fyrther division of
data wae attempted in Tables 12 throwgh 16, In these
tables, average nse per person for residential, irri-
gation, commerclal, indmetrial, snd mwnicipal wae fownd,
Table 17 shows the five wees (Colwmns 51-55) listed in
percentages of total water billed., The percentages
were close enowgh dwring the thirteen-year period that
average valnee are reasonably close estimatee. The
averages determined are: (1) resldential 39.6%,

(2) irrigation 0.4%, (3) commercial 28,2%, (&) indns-
trial 25.4%, and (5) mwnicipal 6.4%. Since these per-
centage fignres are percent of total billed, they are
also appllcable to per capita daily nge fignres; and if
it 1is assnﬁed that the average daily wse in Salem ie

160 gped, the divided wee is: (1) residential 63,5
gped, (2) irrigation 0.6 gped, (3) commercial 45.1 gped,
(4) indwetrial 40.6 gped, and (5) mwnicipal 10.2 gped.
These fignrés are based on metered water only and do not
take into acconnt the 20% to 38% wnmetered water that

i1s part of the net prodwetion listed on colwmn 2 of
Table 11. The fignres presented are based only on net
prodnction and do not inclnde intentional waste at the
reservolr overflows, If the foregoing valwes are com-
pared to the national averages as reported by the

American Water Worke Association (5, p.2), 1t may be
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eeen that the Salem valnes are in general higher, The

following tabwlation compares the consmmption estimates:

G National Salem

goed % gped %
Averagze dalily wse 140 100 160 100
Loge 10 T+2 —— e
Residential 50 35.6 63.5 39.6
Irrigation —— ———— 0.6 0.4
Commercial _ 20 14 .4 bs, 1 28,2
Indnetrial 50 35.6 Lo.6 25,4
Mwnicipal (public) 10 7.2 10,2 6.4

Each of the categories listed above conld be
further swbdivided by a thorongh search of meter records
of individvwal cnetomers, bnt enwch a search followed by
a resnlting statistical analysie ie beyond the scope of
thie paper,



Time Period
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(1)

1936 - 39
1939 = Lo
1,19h0
1,1941
1,1942

Jan
Jan
dan to
1,19L3
1,190k
1,19L5 1
1,1945

1,154L7

Jan to

Jan to
Jdan
Jul
Jan
1,19L7
1,1948
1,1948
1,1949
1,1950

4,1951 1o

Jul 1,1952 teo

Salem Datat bulumLs4(1),(2),(3),(u)?(6),(
Computed: Colums (5)s(8)e(9),(11),(13),( 1L
# Column (8) Population figured as straiont

Jan
dJdan
Jan
Jan
Jan
Jan
Jan
Jdan
Jul
dan
Jul

Jul

Jul

Jul

Jul

1,190

1,1942
1,1943
I,19kk

1,19L5

1,1946
1,1547
1,1948
1,19L8
1,1949
1,194L9
1,1950
1,1951
1,1552

1,1953

Net
Production

(2)
gallons

2,182,792,650
2,251,153,255
25l46,097,380
2,506,284 ,140
2,753,197,800
2,456 ,0L5,805
3,699,760,255
2,u53,876,391
2,289,094,315
2,217,608,510
2,352,138,430
2,8L2,911,865
3535C,67h4L45
3,&2i;5}0,»92

35794 ,856,075

12)

Water
sold
metered

(3)
gallons

1,710,798 ,000
1,778,360,350
1,909,601,050
2,122,582,201
2,209,336,995
1,911,638,035
3,125,637,56k
2,12k, 704,320
1,703, 009,400
1,847,119,095
2,008,1%7,217
2,157,372,630
2,210,158,200
2,385,000,10

2,514 ,239,315

SALEM WATFER CONSUMPTION ANALYSIS 1938 - 1953

YEARLY AVERAGES
Water -

unmetered

(L)
gallons

L71,994,650
473,072,905
536,096,836
363,701,939
543,860,805
547,407,770
570,122,391
329,172,071
586,084,915
370,439,415
343,961,213
685,539,085
870,430,535

801,237,300

. 14,280,516 ,760

g€ ba

5ed on

Z

unmetered

(L)=(2)

(5)

%

21.0
21.9
15.3
19.7

21..9

33.8

L

1540 and 1%50

.uA . g s CTE

Total No. Ave No.

of Popula-

of acc'ts Customers tion
billed
(6)<12
(6) (7) (8)
91,353 74613 30,960
9L, 360 7,865 30,9008
96,431 8,036 32,120
98,215 8,165 33,3L0
99,587 8,300 3k, 560
99,921 8,327 35,780
101,014 &,L18 37,000
103,101 8,675 38,220
106,510 8,876 39,440
112,701 9379 40,660
iy o 141,000
119,745 9,979 141,860
122,435 10,718 13,100%
139,452 11,621 Lk,320
13,211 11,93 15 540
147,130 12,260 46, 750
msus populalion

Popula=-
tion
factor
(8)=(7)
(2)

L.05
3.9
L0
Lol
Le2

Total Pilled

(10) (
cu It

143,531,760
159,819,980
166,962,708
199;793,350
208,9Lk,876
227,417,610
241,747,840
225,815,722
268,907,840
267,628,040
31,086,141
361,710,150

331,618,320

11)

Millon
gallons

1,100
1,155
1,265
1,490
1,560

1,700

2,510

billed
(12)

cu ft
2,229
2,417
1,541
1,639
1,710
2,015
2,085

2,223

- 2,270

2,004

2,3L9
2,252

25526

2,27

MONTHLY AVERAGES
Average monthly Ave. use Ave use
use per account per acc-

(13)
gallons
16,700
18,000
11,500
12,200
12,800
15,000
15,500
16,600
17,000

—-——

17,500
16,900
19,000

17,100

ount

(13)+30
(1)

gal/day

557

600

363

307

329

587

563

- 633

570

Salem Water Consumption

Analysis 1938-1953

Teble

11

90

per/per-
son
(1L)+(9)
(15)

gal/day
137
154

96

75



Time Period

(1)

1338 - 35
1939 - LO
Jar 1,1540
Jan 1,15L1
Jan 1,1542
Jan 1,1%43

Jan 1,19LL to

Jan 1,1945
Jul 1,i%L5
Jan 1,194L7
Jul 1,1947

Jan 1,1948 ¢

Jul 1,1948
Jul 1,1549
Jul 1,1950
Jul 1,1951
Jul 1,1952

Jan
Jan
Jan
Jan
Jan
Jan
Jan
Jan
Jul
Jan
Jul
Jul
Jul
Jul
Jul

1,1941
1,1942
1,1543
1,1940
1,1945
1,1946
1,1947
1,1948
1,1948
1,1949
1,19L9
1,1950
1,1551
1,1952
1,1953

No. of
Aocommts
Billed
(15)

81,608
8,258
85,862
87,211
88,204
88,271
89,056
89,285
92,385

=
J0 a1l

1031108
110,330
119,748
123,143
125,739

SALEM WATER CONSUMPTION ANALYSIS

RESIDENTIAL USE

1938 - 1953

Ave nc. of

Customers
(16)+12
(17)

6,601
7,921
1,155
7,267
75350
75356
7,421
7540
7,698
8,176
84617
9,194
9598k
10,262
10,482

(13)

cu f£t/mo

829
86k
803
763
736
800
919
993
1,012
877
1,011
1,037
1,090
1,231
1,116

Table 12

(19)

gai/me

6,200
6,400
6,000
54700
5,500
4,000
6,900
7 ,«‘4‘:’0
7,600

-

6,500

-

7,600
7,750
8,200
9,200
8,350

(20)
gal/day

207
213
200
150
133
200
230,
27!

53

220
253
258
273
306
278

Ave use per
person

(21)
gal/day

it
27
L1
Lé
L9
50
113

62
70
63

16



Time Period

(1)

1938 -39
1939 = 4O

Jan
Jan
Jan
Jan
Jan
Jan
Jdul
Jan
Jul
Jan
Juk
Jul
Jul
Jul
Jul

1,1940
1,941
1,1942
1,1543
1,194k
1,1945
1,3945
1,1947
1,194L7
1, 1948
1,1548
1,1949
1,1950
15195k
1,1952

1o
to
to
to
To
to
to

e
to

to

Lo
te

Jan
dan
Jdan
Jan
Jan

Jan |

Jan
Jan

Jul 1

Jan
Jul

Jul 1,

Jul
Jul

Jul’

Ne. of
Acoounts
Billed
(22)

157
ik0
128

98
170
195.
213
273

. 236

R et

235
259
296
382
337
il

Ave No. of
Customers
(22)

(23)

13
12
11

8
A1
16
18
23
15

3.

-

-

oL

32

28
37

1938 ~1953
IRRIGATION USE

Average Use per Account

(24)
Cu ft/mo

3,621
3,923
2,502
2,909
2,260
1,900.
1,847
2,625
2,819

-

29529

3,950
6,137
5,615
612l
h,995

‘Teble 13

SALEM WATER CONSUMPTION ANALYSIS

(25)
gal/mo

27,100
2941400
18,700
21,800
17,700
14,200
13,500

19,700
- 23,100

-

18,500

-

- 29,600

45,800

142,000

b5,700
30,300

(26)
gal/day

903
980
623
127
590
L73

657

703

630
- 987
13527
1,400
1,523

1,010

Ave use per
person

(27)
gal /day

C.2
(2
02
042

o

Quli
Ol
T3
0a5
Ce9

09

1.0
0.9

26



Time Pericd

(1)

1938 - 39
1537 » J/0

Jan
Jan
Jan
Jan
Jan
Jan
Jul
Jan
Jul
Jan
Jul
Jul
: JU}.

T::

LR

Jul

1,140
1,194
1,1942
1,190L3
1,19L4
1,1945
31,1945

S () PR
1,1}):.;

1, 1947
by 1ons
i 198
Ly 045
-'——319114‘:7'
4 3950
241951
14,1952

to
to

&

(V19
to

to
to

to
to
to
to
w
1o

Jan 1,.

Jan 1

Jan

Jan 3

Jan 1,1

T

Jan

Jul 1
dan 1

Jul

Jul 1

Jul

Jul 1

T
v

uan 4
Jan. |

Noe of

Aceounts

Billed
(2%)

8,237
8,607
9;‘30)4
93024
9,121
52395
5,735
11,603
12,064
12,596
li-i,:?vii
1€,090
17,103
17,520
1E,574

SALEM WATER CONSUMPTICH ANALYSIS

1938« 1953
COMMERCIAL USE

Ave No. of

Cuetomers

(28) 12
(29)

686
769
750
752
760
783
815
966
1,005

R

{30)
cu £t/mo

14 0L8
Ly3Ll

Table 14

(31)

gal/mo

30,200
32,400
33,600
35,200
36,200
38,300
41,800
111,200
42,500
L1,400
42,000
L€,000
42,800
42,100
37,500

(32)
gal/day

1007
1080
1120
1173
1207
1219
1393
1340
1530
1380
1400
1500
27
1403
12563

Ave use per
person

(33)
gal/day

26

20
28
31
35
37

35
10
it
L6

L2

£6



Time Pericd

(1)

1938 =39
1939 - 40

Jan
Jan
Jan
Jan
s dan
Jan

il

dan

Jul 1
I,15u8

Jan
Jul
Jul
Jul
Jul

Jul

1,19L0
1,194
*319h2
,*41&3
1,19hL
1,1945
;1945
153967
o 1IL7

151946
1,159
1,1950
1,1951

b W53 ol

EESEEEBEEEEEEEE

Jan
Jan
dan
Jan
Jan
Jan
Jan
Jan
Jul

Jamr

Jul 1

Jul

-

Jul

Jul 3
Jul ;

No of

Accounts
Bilied
(34)

834
837
856
767
175

15

139
130
658

-

62l

-

612
713
383
178

780

SALEM WATER CONSUMPTICN ANALYSIS

1938 - 1953

INDUSTRIAL USE

Ave No of

Custonmers

(3) 12
(35)

69
70
gt
6y
6S
65
61
61
55
52
51
58
i
€5
65

Average Use per account

(36)

cu ft/mo

110,312
127,113
33,270
48,731
60,931
RE, B2l
82,836

&,404
93,307

8 ,2c8
104,733
104,861

73,566
116,502
101,533

Table 15

(37)
gal/mo

826,600
953,000
29,000
365,000
455,000
65{),

620,000
662 000
698,000
660,000

B

785,000

78»,ﬁ

552,000
872,000
760, 200

(38)
gal/day

27,530
31,770
8,300
324170
1,670
u,J?O
22,070
23,270

22,000

26,170
26,170
15,070
29,100
25,300

Ave use per
person

(39)
gal/day

3545

EC



SALEM WATER CONSUMPTION ANALYSIS
1538 = 1953

TUNICIPAL USE

Time Feriod Ne of ve No. of Average Use per account Ave use per
Accounts Customers persen
Billed (Lo) 12 '
(1) (L0) (in) (L2) (L3) (Lk) (45)
‘eu ft/mo gal/mo gal/day gal/day
1738 - 39 517 L3 © 19,497 156,000 Li,870
1939 = LO 538 g 20,426 150,000 5,000
1,1540 to Jan 13,1941 581 48 16,393 138,000 L,150 7
1,19h1 to Jan 1,1942 LB7 Ll 27,080 202,000 6,730 IS
1,1942 to Jan 1,1943 507 2 25,400 169,000 6,300 é
t 1,1943 to Jan 1,154k 517 143 25,:59 155,000 6,500 8
1,194 to Jdan 1,1945 L33 34 2L, 812 1@» 5000 6,170 )
1,1945 to Jan 1,1946 }426 35 22,81 1"1,400 5,700 5eh
1,18h5 to Jan 1,;947 129 36 35,087 263,000 8,77 8
1,947 to dan 1,148  ~=- -— - — e -—
1,1947 to Jul 1,1948 Lo2 733 Ll 4661 334,000 11,330 9
141948 %o Jan 1,19&9 -~ - - - — -
14,1948 to Jul 1,1i949 379 31 L8 ,6L9 36k ,000 12,130 9
11,1949 te Jul 1,1950 410 3k Ly, 070 330,000 11,000 2
1,3950 4o Jud) 31,1951 . 518 43 3L,539 263,000 8,670 8.5
14,1951 to Jul :,¢;;2 603 50 32,177 215,000 8,170 G
31,1952 to Jul 1,1953 634 K 30,11 226,300 75530 5
Teble 16

66
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SALEM WATER CONSUMPTION ANALYSIS

1938 - 1953
WATER USE COMPARISON
Time Beriod AMOUNT BILLED IN CUBIC FEXT PER YEAR # OF TOTAL BILLED
Total Residential Irrigation Commergizal Industrial Muncipal Res rp Corm'l Indust. Municipal

(1) (10) (L6) (L7) (L8) (h9) (50) (51} = " (B2) . (B3) I ai)rce (55)
1936 - 39
§2291‘lg§0 to Jan 1,194 148,631,750 66, 746,410 320,300 10,395,300 28,179,120 10,486,330 16s2 . .02 2742 1242 Te2
b Lyt v <+ - £ ’ S ‘ 7~ ~ y
Jan 11941 to Jam 1,19h2 159,819,960 86,522,370 285100 12 ;143,260 37,376,490 13,167,750 L] Cuf 22.5 23,h 8.2
Jan 1,152 to Jan 1,1943 168,962,708 59,035,720 320,000 Lli,358,190 52,4900,030 12,131, 7% 35:8, 0e2 O 2'5
Jan 1,1543 to Jan 1,194L 199,793,350 70,5 75060 370,5L0 L& ,075,200 67,28(,220 13,472,330 30 00,2 2l R Y s
Jan 1,194l o Jah 88)s 208,944,575 81,876,170 393,486 ° Sl , 728,460 61,252,520 10,593,940 39.1 02 2§3 2953 ?.1
Jan 1,1945 to Jan 1,1945 227,417,610 8t ,615,130 715,590 63,628,680 6l 5531, 550 3,319,6§o 37,0 .3 g;.é gg.g | g.g
Jul 1,1945 to dan 1,147 241,767,840 93,045,550 665,3h0 69,233,010 63,370,160 15,052,h¢0 SEET | SR N O
Jan 1,1947 to Jan 1,1548 - - --e e e i o Ao | R a
Jul 1,1947 to Jul 1,1548 225,815,722 86,037,452 591,140 69,502,190 51,317,760 17,952,880 30s1 = 053 - 30.9 2f°5 Z:f
Jan 1,1946 to Jan 1,1949 ——- - - 4 i T S B
Jul 1,19k5 to Jul 1:19u9 266,907,840 10k, 503,340 1,023,130 8C,723,3L0 611,219,979 1§,g4g,o§9 36,8 9.2 3:,; ;2'§ ?.2
Jul 1,1549 to Jul 1,1950 267,622,040 107,625,560 1,816, 750 93,945,180 63,11335C50 17,80k ,420 37.9 - G 2 2.5 2
Jul 1,1950 to Jul 1,1951 31,066,141 134,984,183 2,1k, 761 57,967,151 67,007,251 17,942,795 BT .7 - 31.2. 23.3 57
Jul 1,1951 to Jul 1,1952 361,710,150 150,672,550 2,033,740 98,601,240 90,630,300 19,78kL,320 il | GOSGRERRTHE & 20wl T Seu
Jul 1,152 to Jul 1,1953 334,613,320 1,808,720 9l;,007, 590 195213,500 19,199,580 L S LA T N Sy

140,421,930

Salem Water Consumption
Anglysis 1938-1953
Water Use Comparison

Tabie 17
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SECTION V CONCLUSIONS

General

Factore affecting municipal water consumption are
80 varlasble that an enalysie would have to be made for
such city to obtain an accurate picture of the particulsr
cities water use. It behooves a city, therefore, to set
up and maintain sdequate records from which an estimste
of per caplits use can be made and projected into the
future., A study such as the foregoing thesis may serve
ae a guide for the type of records that should be kept,
but it does not answer the problem completely.

Factors affecting Oregon's Munlcipal water use:

1. Per caplita water consumption in Oregon cities
varies with population according to an ex-
ponential curve such as that of figure 3 for
the year 1952,

2. Water consumption varies directly with
temperature change and ies also affected by
precipitation, whether it be in the form of
rain or snow. Most of this veriation 1is
undoubtedly due to irrigation since maximum
points occur on the consumption curve during
high temperatures wvhen no precipitation ie
recorded.

3. Habits of the people within a city determine



fa

) : i O
the time of ocenrence of the maximmwm honrly
variations for that city.

Indnetrial wse in Oregon at the present time is
low, but 1% shonld be ecarefwlly inveetigated
for esch city becanse this state is not fully
developed and ie capable of snetalning large
water weing indwstriee in areas along the
major rivers,

Coumercial nse is higher than that listed for
the eaet coast for larger citise probably
becansze Oregon citles have smaller nnits which
regnire more water for operation, Air con-
ditioning is not a major problem at the

present time in Oregon cities, althongh its
nge ls spreading, ;
Publie nee for street flnshing, parks, play-
grownde, pnblic bnildings, fire fighting, and
other nses correlates with the national average
and may be asswmed ae 10 gped,

Lose and weete is a major factor in water con-
swption nnless water ie cheap and plentifwl,
The only way to combat this factor ie to in-
stitnte within the ¢ity concerned a progranm

of conservation to locate and repalr leaks and

to keep wnaccownted for water at a minimwm,



8.

9.

99
Unmetered citiees in Oregon, figure 3, tend to
show a higher per capita nse, &

Records of moet clties are lnadegqnate for s

detalled etndy of water nse,

Recommendations 3

&

N
.

Wherever possible a conservation program shonld
be established for mmnicipal water systems.

All systeme shonld be metersd wherever poseible
and records shonld be divided into residential,
Commercial, indwstrial, mmwnicipal, and loss and
wagte 1f 1t is at all practicable to do so,

A further etwdy shonld be carried ont for the
Pacific Northwest area to determine whether

the entire region hae a gimilar problem that
can be golved or partially solved by a detailed
investigation, k

More instrwmentation ie needed for measuring

and recording flow of water,
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