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The cost of filter maintenance has been reduced and a better 
quality of wat6r ir obtained from fil tors kept in good condi tio11. 

I. M, �lace (i4) e�presses the f�011ng of many filter plant
operators when he states: 

"Cleanliness has been m0ntioned as a problem. This 
moans cleB..nline Els of rnA.ins R.8 above outlined, but 
alRo refers to the condition of filter sand or other 
media. For years, in fact ever since the installa­
tion of the first sand filter, the profession has been 
struggling with the problem of how to clean filter 
media thoroughly and effectiv�ly, but without any 
great success until the recent advent and common use 
of surface w�shes. Sand-washing machines, mechan1oal 
ralceis and high-rate wash have e.11 dumonstrated as 
only partially.effective. The e.uthor p6i'Sonally 
feels that this aoparatva----surface wash----has 
provided the most :trrmorte.nt advance in filter design 
since the ;f1rGt rapid sand filter wa.s placed in 
opere,tl on, insofar e.t 10as t as qual1 ty of we.ter is 
conoer�ed. u 

. Solution ... FuE;c1:,_ 
, .--��·• . �.<ON•I�' .. ,�- , .. , --�... ...,.-,-,t,, .. , ... ,.,,�·� .... , ....... 

Solution feed was the only method of feedini cbemtoals into 
wator prlor to ehout 1920. Many of thG ee.rly filtsrs wero of tho 
pressure type, �1ioh required adding the chemicals under pressure� 
The prevailing method of adding aium was to fill a pressure p� 
with crystal alum (potassium aluminum sulfate), with the.pot so 
arranged that the discharge would be a solution practically satur­
ated with the alum, The rate .of chemical feed was so arranged 
that the f1ow of a £Jmall strBatn of wa.ter thro11gh the pot was e.1 ... 
most in proportion to the flow of th0 wat0r through thE: filter, 

For·gravity filt6rs, the Bolutlon generA.lly was fed. into the 
water through orifices in the bottom pf small float controlled 
tanks. Line, if used, wt:,ts mH,ile into a fJlurry e,nd handled in the 
same general manner as tho other solution feeds. 

The chemical solutions were preparBd by dissolving weighed 
amounts of the chemicals in water. The strength of the solutioti 
usually wa.s some d0fini te percent e,gE: strength of the chemicaJ., 
such as 1 to 5 par cent. Two or more solution tanks were used 
for naoh chemical. The size of the tanks were such that the sol­
ution of on6 tank would last from several hours to a day or more. 
The tanks had to bo provided with meq.ns of agitatton for uniform 
strength of solution. 

(14) J.M. Glace. Prospects nnd ,romises of tht water Works
Futur.'e• Jour. Am. Wate,r Wor.·ks Assoc., Vol. 37, p. 4,4.5 .... 51, 
1945. 
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Dry Feed Machines ....... _, __ ·----- -··---·-... -� ....... ____ ..__ 

Dry chemical feeders first came into uee about 1920. The 
P1ttsbu�gh Fllt0r Company was one of the early manufacturer8 to 
enter the field.. The Sa.vage·-Gauntt and Booth feeders came into 
use about the same time. The Omega Ma.chine Company and the Inter ..... 
national Filter Company started the manufacture of dry feed 
ma.chines about 1925. 11.'he gravimetric types of feeders came into 
use about 19JO, but it was about 10 yea.rs Later before the use of 
such machines became extensive. The Wallace and Tiernan Company 
first used a machine similar t� the type developed by Booth. The 
volumetric machine now sold most extensively by this company has 
a racking arm feeding oone in which a ribbon of the chemical is 
pushed off a shelf by the rooking motion. The Omega machine is 
now manufaotured by the BuiJ.dera ... Frovidcnce, Inc. 

Liqu_id_ .. Alum _

Within the past few years, 11qu1d alum ha.s been ·used .by a 
few ot the largo industries, such as paper .mills, that A.re users 
of aluminum sulfate. The alum is prepared of such strength that 
it does not solidify. Some of the filtration plants m�nufaoturing 
their own alum, handle it in the solution form, The alum solution 
is abo'tit L�o per cent of the strength of the r�olid material,) If · 
the �ist�noe of haul 1e not greater than about 150 miles, the 
liquid a.lum can be delivered a.t a price that will show alight 
saving over the coat of the solid alum. 

·� CHLORI��ATiqN __

The first use of electrolytically .produced chlorine gas for 
water sterilization in America was by William M� Jewell in 1896, 
at Lou:t sv111e, Ky., in the experimental f'llter then und.er test .. 
After use for several weeks, chlor1natlon was discontinued because 
1t would not bo �air to the other filters under test� Jewell 
again applied chlorine gas to a test filter at Adrian, Mich., 1n 
1877, to bring up the bacterial efficiency of the filter. He 
also tried bleach. Fuller stated that the Jowell a�vioe used at 
Louisvlllo consisted of e. sot of sma.11 V-tubes in which cornmcn 
salt was decomposed by an electric current. Local pla.nt produc­
tion of chlorine g�s was not used extensively, and is now ueed in 
very few we.ter ·trea.tment plant.a. 

fiypoohlori te _ of.� Lime. 

Hypochlorite became the prevailing substance used for chlori­
nati,on up until a.bout 1915G c. A. Jennings, in 1912, estimated 
there were JOO to 350 cities using hypochloritc of lime at ·that 
a.ate. The use of hypochlori te we.A begun on a large sea.le at Boon­
ton Roservolr, Jei-sey City, a.na on e. smaller soalc at tho Bubbly
Creole:. fll ter plant of the Union Stock Yards, Chic.ago. The two
uses apparently were independent of each other, with the Bubbly
Creek installation starting a few days in advance of the Boonton
Reeervoir plant. Other o1t1es soon adopted chloripation as a
means of lessening tho bact�rial content of the water. :rough­
koepsie, N.Y., and Philadelphia, Fa., m�de use of hypoohlorite as
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early as i909 • .At that time a few cities manufactured their .own 
chlorine gas. � 

In 1910 Jennings· (Eng. Record, Vol. 62, p. J40, September 24, 
1910) in referring to the Bubbly Creek plant, stated: "It was 
the almost unbelievable wor.lt accomplished by hypochlori te at �his 
plant, purifying to a potable state the water from Bubbly Creelt, 
which receives from the intercept1ng sewer the sewage of 350,000 
people, that helped convince some 200 cities 1n this country that 
the hypochlorite of lime p:r,ocess 1$ the quickest, surest and 
cheapest method of disinfecting wate:r supplies known today". 

First Us�.of_ Li_g�J� .... Qh.lorine

Liquid chlorine wa.s first produced in 1909 s.s a commercial 
product and was used experimentally at F'ort Moyers, Va.., the se.mfl 
year. Application of the chlorine gas to water proved trouble� 
some. ?he first machine for dissolving chlorine gas 1n a small 
amount of water and then applying the solution to the water being 
treated, was developed by Georg Ornstein of the Electro Bleaching 
Gas Co., in 1912. He was granted U« s. Patent 1,142,361� The 
ria.llace and Tiernan Company, in 1917, became the sole licensee of 
the patent. 

Chlorine D_OS�?':�E.Jl.Sed 

There wa.s no set rule to follow in chlortne.tion.. The various 
wat.er treatment ple.nts, applied e. certain dosage ·to the water w1 th-­
out regard to the chlorine absorption of the water, consequently 
the chlorine we,s 9nly partJ.ally effective in some waters. In 1919 
Wolman e.nd. Enslow' l..1J recommended that water be tree.ted to a 
definite excess of 0.2 p,p.m� of residual chlorine. This estab. 
lishcd chlorination on a more intelligent �as1s. 

Rapid Extension of Chlorination 
__ _.......,,_ __ ...,. ...... , •. M-,,. _____ ,,...,_, ,.,...,_ __ ...... �---� 

Beginning a.bout 1911, there was re.pid extension o-f the use of 
chlorine in water treatment ., At first it was purchased le.rgely in 
the form of hypochlorite of.lime and later on as chlorine gas. 
The first permanent J.1qui.d chlorine plant was installed at the 
Belmont filters in Philadelphia in September, 191J. BEifore the 
end of the year, liquid chlorinating plants were installed in all 
of the other filtration plants. 

In 1914, the Treasury Depa�tment issued its first standard of 
quality for drinking water on common CRrr1ers, such as railroads 
a.nd steamships. This set a standard of quali.ty which some of tho
filtration plants could not meet without chlorination. Aleo many
cities without filtration pJ.ants were using water not up to the
bacteriological requirements of the stanaa.rd. This aided in 1;5till
more rapid extension of chlorine.tion.

(1.5) Abel Wolman a.na LinnH, Enslow• Ind. Eng. Chem., Vol. 11, 
Page 209, 1909. 
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At first some of the chlorine machine manufacturers used tif­
tusor blocks in which chlorine gas was bubbled through the water. 
I have memory of our effort to keep this type of equipment 
functioning properly in 1917 at the Baltimore filtratiin plant. 
Resort to hypochlorite hae to be made occasionally. Ntt until 
the solution feed. was developed, was there much prospect of liquid 
chlorine beoo�ing the prevailing method of treatment� 

Tho Solution Feed Chlorinator..... -.,---··--·-...... _ .. ,.......,_ .. ______ ..... -.---·-·-·-··,--�--- --

The Wallace and Tiernan Company, by controlling the solutio_n 
feed., soon dom:\.natod the manufacture of chlorinating equipment. 
Their machines _;for the control of the flow of gas a.t first oper­
ated under 25 lbs. back-pressure • .  It did not take long for the 
average filtration pl�.nt employee "to get a machine out of o:r.de:r 
1n some manner. If anyone ever opened the pre1,sure reguleting 
valve or back pressure valve of a 25 lb. oh1ortne machine and was 
e.ble to put it toge·ther a.gain w1 thout leaks, he had performed al­
most a miracle. Back ena forth these machines traveled to the
manufacturer's shop, until some of them were away for repairs
several percent of the total time, often enough to seriously in­
terfere with the continuous chlorination of the water. The
Baltimore ftltrat1on plant held a reserve of hypochlor1te on hand
B.nd cHd.· not dismantle the hypochlori te hand1ing e'quiprnent for a
few years.

_ Then came the vac1mm type of machine e,bout 1918, in which 
most of the troublesome parts of the machine could be reached 
merely by lifting a glass bell Jar. Well do I remember the relief 
when these new type mFJ.chines werE: installed. Our chlorine machine 
maintenance lessened about 75 percent. The Baltimore machines were 
said to be the first vrouum type installed in a watc� filtration 
plant. The Wallace and Tiernan Company have- continued to improve 
their machines, but the principle of operation undor a slight . .
vacuum haa been retained. 

Other M[mufacturers of Chlorinators �---.. -·----·-· .. --_..,._l!I' .• -..... -..... ""--� .. -... -·--·--,··-·-·-��,-

Although severil manufacturers have entered the chlorine 
machine field, the We,llace and Tierne.n Compe.ny continues to be 
the major producer. The Pardee Engineering Company entered the 
Chlorine.tor fieJ.d about 1930 and made a number of in�t�11ations., 
This oompa.ny was later taken ovE.r by the Wallace and T:ternan 
Company. The Paradon Company made a few chlorine installations� 
The Everson Company has long been in the chlor1nator manufe.otul"ing 
business. At first tho chlbrinators relied on the production of 
chlorine gas electrolytically at the filtration plants, howeve�, 
for a number of years· liquid chlorine has been used. Their 
chlorina.tors now are equipped with rotometero for measuring the 
flow of gas. Mo�c recently, the Buildere-Providertoe, Inc�, a 
company �ell known in the water worke field as a manufacturer of
Venturi meters and fl.lter re.te controllers, has started manufac ... 
tur ing chlorine, tors, · 
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Ammonia-Chlorine Treatment 
R ' ·�·-------�,--,.., ... -._,...,, ..... _� __ ._.., ... ,_.,..� ................................ ,� ... .-� •• ,,R ...... ,_,_

Race (l6) , in 1916, tried. the addition of chloramtne to water
in a small subsidiary ple.nt at Otta:wa., Ca.nada. The UHG of chlora­
mine at the main chlorinating plant wae started in February, 1917 1
and is believed to be the first use of chloramine in the treatment 
� the water of a public supply. A solution of bleach was mixed 
with an ammonia solution. The treatment eliminated bacterial 
after-growths in the wat�r mains. The Denv�r Union water Company 
tried chloramine in the Denver water supply, mixing hypochlorite 
with ammonium hyd.rox5.de in 1918. Also in 1918, F � E. Ha1e tried 
chl oram ine in part of the New York O 1 ty wa:t er su ppJ.y" 'I1hesc 
trials of ch1orami ne, w.hile encouraging, a. id no·i:i start the use of 
ohlora..mine on a large scale. After enuourag1.ng reports of the use 
of chloramin� j..Q. the Lona.on, England water supply from 1922 to 
1926 1 McAmis�lJJ started its use at Greenville, Tennm, in 1926, 
to remove chlorophenol taste, feeding anhydrous ammonia c'U.rectly 
to the water. Charles R(I Spaulding began the use of ammonia. at 
Springfield, Illo, in 1928. Its use then spread rapidlyo The 
manufacturers of ohlorinators quickly began to supply ammonia.tors 
as an addition to their lino of products<) 

Investigations of tho ohloramine treatm�nt at Cleveland, 
Ohio, in 1929, and at the Chicago Experimental_Filtration in 1931, 
did muoh

( 
tQ

) 
es·tablish the ammoniation of water on a firm basis. 

Gerstein ltJ , in 19.31, reported that the experiments ·on the 
chloramine treatment at Chica.go was effEiotive in preventing the 
formation of chlorinous and chlorophen�l tastes and odors associ­
ated with the chlorination of water supplieso· For the same chlor­
ine dosage, tho bacterl.cldal ve1oci ty of ammonJ.a.-chl011 j,ne treatment 
is dooided.ly J.ess the f1.T'Bt twr'> hours after the treatment is ap-
plied than that obta:1.ned with cl:l.lorino alone� for periods of 
oontaot longer than two hours, the bactericidal effect of ammonia­
chlorine is greater� With the ratio of chlorine to ammonia of 
about 10 to 1, des true ti on of the residual chlorine ws.s noted 
( breakpoint chJ.orina:tiion) 11 While reported by Hav a.rd ev(:3n earlier, 
this did not attract attention for several yoars. 

{If 

( 16) Joseph Race. Chlorination and Chloramine. Jour.Am.Water
Works Association, Vpl. 5, rj. 6J-82, March, 1918.

( 17) J. W. McAm ls. :rrevE;Jn ti on of Phenol r;cras te wl th Ammonia..
Jour. Am. Water Works Association, Vol. 17, p. 341-50,(1927)

. 

( 18) H. H. Geretein. The Bacterl.al E;f1'icienoy of the Ammonia.­
Chlorine Trea.tmen t. J our., Arn .. Water Works Ass ociat :l, on, 23,
P• 1334-56, 19Jl.
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Th�
l§Qfumittee repor� on Chlorine-Ammonia Treatment of Water,

in 1941' J, gave a very good account of practice at that t:Lme in 
the use of ammonia� A few cities have aband.onea. the use of am­
monia, however, its use is still widespread.. There were fl.bout 
400 plants using ammonj_a·1n 19J8. In 1940 the number was reported 
to be 676, 

Free Residual Oh1orina tion 
-·· .. � . .  , ..... --.� .·-----.. ---.... -....-.� ..... -,.--..---------

About 1939, a n.ew concept on chlorination began to take place 
known as free residual chlorine.tion.. Delay in tho development of 
the full color when orthotolidin was used in testing the residual 
had been noticed at times in many waters, and practically all the 
time in a few supplies. Consequently a standing time of 5 minut.e a 
generally was allowed for full color o.eveloprnent. Several plant 
operators had noticed that when increasing amounts of chlorine were 
added to tho water, that the residual chlorine in the treated 
water increa�ed somewhat in proportion to the chlorine dosage to a 
certain point, and fu11 thcr s.a.a.1 tion of ohlorine not only did not 
cause an increase in the residual chlorine but caused it to de­
crease until a certain dosage was r�aohed,then the residual again 
increased, this t:i,me in proportion to the ohlorl,ne ad.o.ed . The 
phenomenon was callod tne 11 breakpoint n . 

R. D. Scott(ZO) 1 in a paper published in 1929, repDrted: 11It 
was observed in both natural water� and waters dosed with phenols 
that up to a certa:Ln point, progressive increases in chlorine dos ... 
ages often resulted in an actual decrease 1n r<;lsidual ohlor1ne 11 

•

. By 1940 1 breakpoint chlorine.ti on, or sup0rchlorination, was
being practiced. in a few cities.throughout the country, princi­
pally for taste and odor remova1. Howard a.t Toronto early noticed 
the relatlon between the ammonia' content of the NJW water and the 
amount of ohlor;i.ne :requ:tred, At the;: South District Filtration 
Plant of Chicago, ammonia resulting from pollution has been found 
to be the major factor in determining the chlCrine dosage, 

Treatment of water until it contains a certain amount of f'ree 
residual chlorine i.s b5coming tha practice in many cities, Use of 
sodium arseni te in the residual ohlor:\,.ne detEmn ination, developed 
a few years e.go, enables the free and combined ohlor1ne to be de­
tormined by la.boratory test. AmperomEitric ti trators for use with 
the sodium arseni te test aJ:ie now available, ene.bling the test to 
be mad.e qu1ckl1 and accurately. 

A new test fo� residual chlorine has been developed and is 
being tried in some of the we.ter treatment pla.nts. This is ltnown 
as the phanylarsenoid test� It gives the free chlorine, the mono­
chlorine, and the dichloramlne, 

( ]_ 9) 

( 20) 

Chlorine-Ammonia Treatment �f Water. Jour, Am.Water Worts 
Association, Vol. 33, P, 2079-2123, 1941,

Research on Removal of Phenol Tastes in Public Water Supplies.
Eighth Ohio Conference on W�ter Purification.
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!---"·-----·------ ------�----l 
MONTHLY WATER QUALPI1Y REPORT ------....... _,.......�-� ... - . -----·-.. -·�----------·-··--·---

South District Filtration Plant 
. --- -�---..:::::::.-.; ... ---.. ......... ... :,;__,.;:;;:;-� ,-.-.. - . -· ; .... -- ' .... ��-=-=�----�..:; ... -=:;'i;�-::.'":;::;:=::..� ..... � 

Colifcrm Bacteria 7 Percent of Tubes Positive 
Presumptive Confirmed 

-----·- ................. ___ _. .... ----�_.____,1,, ... -.--...i --· 1"'"" __ , .......... -.... �-............. _.. ... _._._.. ........ ___ ·---- -,. -· ,_,. _______ -- .. .,.. .... __ " ... --� _ .... _ .. ____ _ 

100 ml. 10 ml. 100 ml. 10 ml. 
_____ .. � ... -.... --... -............. ------.--·-----·· 

Filtered Watfir, 
February, 1952 

-.. ... .------------.... -·---·-,,.·-----·---

Monthly Average 
(Jan. -Feb, , Inch.) 

Ch1oago 1 s Standard 
. ---.s-..__.__.,_.,_... .... .... _.. ....................... --.... �-------.··--

4.57 0,23 

U.S. rublic Health Service Requir0ments 
(Must be lees than) 

* * * * * * * * * #

,,_.. ... \';z,�-""....,._·�----: ....... --

60.0 

[----------- ----------·--�---- ,---·--- -----] CHEMICALS APPLIED FOR TRENfMENT OF WATER 
...._�--- ... --. . ............ -.-...-��-·-...,_� .... ·-----··-·-·-, ..... , ... -·�, .. -... �.,.,. ..... -�-----

o.o

o.o

10.0 

South District Filtration Plant February, 1952 
i+=.::c==-.. ::=:;.Y,�··,--�--.- .-·-· -�-:;;::-.... _., · .. %·--,- ... ...:..i-· .-�----t·.._-..... �_..:,.-·_,-_ -' ..... __ ,... -.. ---��-··,q-� ·,_. · ............ · ..... - --- .............. -�-·-·--- .

Chemical Total Pounds j Ave, Lbs. per M�G.

Aluminum Sulfate 498,184 64.o 
-.. ·----.... ...,, ... -�-····---�--------+---•----'--"-�·+· -.---., .,....--,...-.... ___ .... __ ....-i:-,· ···--"'·----- - - ---·. --··----.... ---- ·-

Lime 386,822 -�---.-.--,,. ____ ,.,.,_..., . .,.,.,......,.---�--...-----... ·--··-----·-- -- --- - _. ... - .. -......... -q•·-·-.. ---··-·-·-·,...-.. ,·.--.... -· ...... 
Chlorine 12J,896 13.7 

... ,, __ ,__ __ ,,..... .  ... . ..... '"'I;---�-... ··--, ......... ______ ,_..,.....,._ ..__ " __ ___._t"-_'"·- ____ .......... _ .. ____ ............. ---�-�···-·""·of-'�• ____ ..,_,..,., .. -..... .....--............... -...... _,_._ ___ , .. --,•·�·-.. ··--·-... 

Carbon 258,318 ± 28.6 

-
- -

-;ilioa to ( S10z_ )� 
-

50,091 -
5. 5 . . . 

. ��==�� .. � ...... �-=. .. ::=:= .... .:=-��7-.:'Y--=a:-:.:t..:.::.=-'" -=-==··#�.... · ··-· .. -·- --« -r;:� .... ,--..- .. z;-:;.---... .. �-·--�-��\�=�•� 

* * * • * * * * * * 

·-,-----·-·--··· . -----·--·----·-·--· .. ·--.......... _ ..... ,_ ... , ... ._ ....... ,..,,.­
--, .. ·---·-..-� .... ---· �------.... -·----·--------�·---"'-' 

----.,........--- -----------.--*-·-·--------.------- · ·-·--�---�-............ ._ ....... .,.......--�------.,.-,�.,......,......�--"·�-·---·----.--·--· .... ----....----' ------·,..-.:""--·---·...--.,.-�--�·-·· ... '"'· .. , .... _ ............................ ._._.--..�---..-·-·-.. --� ................ ......_,._ .... _,.,._�-· --------��-------.....---_...... ........ �:-............... ··--':".-....... -___,....__...__..,... . 
... __ ,.__. ...... .--. -··-·-. �-"":'""' .. -�-.... ··-�-·· '*"''""· 
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=�(8I:_F_f.\Lf_G_D Y f 
Charlie, the fall guy, accounts for

1 out ot' 6 ocoupat1onal accidents , • 
J,000 Charli6S were killed. tn industry 
last yeart Poor Cha.r1ie? Maybe - - ... 

1 A-=-�� 
ii( ·"''--:".7-;���;.... Poor house.keeping tripped. Charlie. 

!' !2: _
hia fault? Did he , , , 

· Was it

-.. ·.·.··.··

.
��.

/;
-.• ! .. �·�· * Keep things off the floor 

() ·. '-:'"") * Olean u-p slippery spots right away 

�- � · 
* Ma.�e sur6 tools were put where they

{.Q:YJ,(� · * �:!
;n

f tslea free 

l1if' Stfl.ire'l Charlie was in a hu,rry. He didn l t 
have to tr:lp •••• Didn't use the handrail, 
Someone left a·bottl& on the stairs • 

. , Inoident{:tllY,. Charlie should know t.hat any 
11 stair 11 steeper than 4.5 degree$ ts not a. 
· stair but a. ladder and the. t like a. ladder

should be faced gotng up or down� 

Charlie ran • • • to the hosp! talo 
Wall{, don·•t run� - it's quicker that way,

Charlie tripped • , by his own ·shoelace .•
Good footwear means- good footing - dd not·

take chances wi:th rundown heels, untied 
laces, flapping soles or dragging pants
cut'fs. 

Maohtne�y, boxes, pipes 9 • � 

aren't laddorso If you ne.cd one ,.

use onel 

.... 

Just ask ole Oharlie; 

* Take your time 
* Look where you step 

hgu.sekeep-

equiprnent 

·.(.;r .
t 
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