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pgit�t1on of thr sand while w�shing wae Rn advant�ge. 

The LRWrenoe EYPerimentRl Station. 
,.,... _ _____ _.,.._, ... �,, ....... -.,.,.,. ... ..,._,.., _.,,,. .. __ .,.....,,....,.. .. _...... • ..,.,.-,.,.....-,�·-•"-"''-...-••· �-·� ••Y••·•---·-•-

The estRblishment of the La.wri:>n-ce E:>nSerifnente.l BtFttion by .the 
M�saachusetts 6t�te Department of Health in 1886 did much to ad­
vRnde the knowledge of WRter purification. Allen Hazen was in 

· charge of the stAtlon from 1888 to 1893. The ee.rly re9orts of
this station were outetanding contributions to the development of 
water filtrRtion. The Lawrence BtRtion placed slow BRnd filtrat­
ion on a firm bas1s, and gave impetus to this type of filtration 
whioh lastoa for a number of ytt:e.rs, The Lawrence �'xpcrimen·ts es­
t�blished great confidonce in water filtrRtion for the removal of 
desoase producing bAQter1A, 

Providence H.I. ·�.-�···-·····-- --
.... ···�"� �······--···-. 

Edm�na B. Weston, Assistant Engineer of the Wat0r Dep�rtment 
of ?rovidence, cond�ctPd test8 with Papid sen¢ and modified slow 
s8nt1 filters in 189.3-94. . These test� were rcpo:r

(
. tQd as 8.n Appon¢l­

iY to 1896 reoort or tho St8to Board of Hoalth 7). The oxperi­
ments demonstratnd thP poeeibility of obtaining sat1ef�ctory re­
e.ul ts in purifying W{ll_.t er of t}w Pawtu:xet River hy m0e.ns of rapid 
sand filtration, Th0 rtver water carrlea cons1aerAhl0 color. 
F'ram 70 to 90 pr.roent of thP color we.s :r0mov0a €1.nd about 9cL 5 prc,r­
cPnt of the bActrria. The rapid sRnd filter WP� JO in, in diamrt-
0r and contained 2 ft, 10 in. of sand, A revolving rak0 was usea 
in brokwHehing. 

Cincinna.ti Ohio ......... -�-.... -...... ,.., .. �---1-.-.... -.. --·-

Fo llowtng tbf' PX\JC'_rim0ntR. l work et Loui 8V i lle, Fuller con� 
ducted a sorics of tretP at Cincinnati in 1898-99, Tho object 
WAS to ob'ta.in informi:ition o.$ to th·� relative mer1ts of slow SfJ.nd 
ana re.pid Band n.ltrJ:>tion ln th,· pu:rlf:1..cRtlon of tho Obio FJ.vor 
WAtr.r. �1heee ti�1:1t9 we:r.1e conducted somcw.he.t diff,:,r«ntly from tho 
Louisville tests in that JI\tller used the type of equi:,)mE-Hlt most 
appropriate for the t0sts, T�e conclusion w�e thPt slow ·sand 
filtration unaided by sedimentation was not setisf�ctory. Coagul­
ation and se·ttlement of the water prior to the slow sand filters 
would be e�tisfactory. The rapid sand type of filter was found 
satisfactory ana WRS preferred for the Ohio River water, A 112-
m.g,a. plant for Cincinnati was placed in eer•ice in October,
1907. Ferrous sulfate and lime were used to coagulate the water.

Lo;t:'ain, Ohio 
....... .__. ... _ ... _,_� ... � .. ·· � ............ ..._.,, ... ,., ....... .... 

Allen Hazen conducted tests Rt Lorain on rapid sand filters 
in 1897, The Lake Erie water carrie� little sediment, but a lRrge 
numb�ir of bAote:ria. $1:x Jewell filters, each 17 ft. ln diameter : 
wei1 e used. The t'ilters were simihu' to the fiJ.ters ueed. at Louts-

(?) Edmuna B. Wrston. neport on th� Results OhtRinrd with 
I�:xporlmrntal Filtrre. p·o, 1-162, Appcna1::z, 17th Annual 
Pcport, Rnoae Isl1:wd Strte" Boc-ira of' ]C'R]:th, Frf-1emAn Rnd 
Sons, Provid0nco, 1896, 
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ville. ThRY produced_average bacterial removRl of 96.4 percent. 

- F:t tt-e-burg h , :r a •
.... -- ..... � .... -..... ,. ............... , ..... -....... �,, .... - • 7 _,. 

Mr. He.z·en followed the Lori.�rn experiment by nonc:lucting a 
aeries of tests on the Allegheny River water, a normally turbid 
wa.ter, in 1898. TI,tO filter8, one tTeweJ.l and one 1v·s.rren, similaI' 

\ to the ones used at Louieville were operated from January to Aug-
ust. The rf1.w wP.ter OR.rrted. e number of bacterie., As a Pule the 
we .. ter required more eoagulA.nt for becterial removal the.n for tur­
b1di ty, except in times of turbid river WP t Pr. Raz (rn found tha.t 
the amount of Su1f ate of A1umim\ was more :l.rnportant than any other 
f�ctor in determining the bActerlal effic1Anoy. During the six 
month8 when the Warren f i1 t er �1ro.s in ODers,t ion, the raw 1•mt0r 
c ontRined 11,531 bR.oter:la per ml.. and. the f 11 tered WD.ter J ?01; 
the average baotPrial effia1enoy was 98.6 parcent. During the 
eix months operation of the Jewell filter, the raw water dontained 
11 J!81 bacteriR R.nd the filtered WPter � 29J. During the same 
period a slow sand f1lter averaged 1Q5 bacteria, Hazen detected 
inf'orior ·work of the t':\1 t0rs for a. short per.i,.od after washing. 
He found that varying degrees of turbidity give aubetantially 
equal bacterial eff1c\ency with equal quantit1ee of sulfate of 
alu�1na. Within certa1n limits, turb1dlty was without influence 
on the bRoterial effic1enoy of rapid sand filters. The Jewell 
filter h�d a settling time of about 15 mtnutee, 1n a tank located 
undernee.th the filter, and the Warren filt-er has f. separate set­
tling te.nk of about one hour detention, The na.te of backwashing 
was 5 to 7 gal. per m1n. per sq. ft, the filters were equipped 
w:t t;l;l mecnP.nicEi.1 r�l.�8$ to assi stl in the washing, '11he Jew.ell fil­
ter we,f.l 12 f ·t. in d:tame ter _, Rnd the a,1;:,pth of sand was l.J. 7 5 ft. 
Tno We.rren filter wa.s 12 ft. 8 1.n. in diamote;r with 2 ft. J 1n •. of 
sand. 

New Orleans, ·La. 
'""·--� ... �-·--�-... ---..., .. �-, .......... , .... , •. t. . ........ V><Y, I� .... � 

Robert Spurr Weston conducted tests at New Orleans on the 
Miss:Lse:tppi raver wc1ter from December, 1900 to Auguet, 1901. A 
seven-chapter report was ma0e descrtbing the experimental plant 
and tests oonduoted. The work was under the joint direction of 
George G. Earl, General Superintendent of the Sewage and Water 
Boa.rd, B,ncl.. G-Porge w. Fulle� ... , member of thJ) Board of Advl.sory En­
glnee:rs, rJ;1he Y'Aport ftirnished. the b��sic d8,ta for thA deBign of 
the large plant. The work included tests on subsidence, slow 

· sanrl f 11'tr1c1tion, coP.gulat:l.nn and slow sand filters and :rapid sand
f.i.lters.

One of the early Axperimental plants d�rigned along lines 
·to give B tnorough inve 8t lgat :ton of wnt er WP.s construnt ea. by the
Peoples I T1/Rtcr Company of Oalclend� The pl�nt we.s desr)ribed in
1908 by W t 

1 ·.r. DPBerF.J,rcl end Langdon P0i:i.:rne t 8 J. Th0 stA.t ion was con ..... 
('if) .... ··�( 1:i�-·i);·Be;·

a
.;ci ·;:n-�i- i�;g·a.;;n --·?;·,;,;·�-� ........ ii�-�-.. --·r�-�ti�·ri····st;:1;1--�-�----·��·d ............ : 

Filt0r Pl�nt Improvements of the Peoples' �ater Company, 
O�kland, Calif.� �ng, Record, Vol, 58, pp. 97�100, July 25,
1908, 

,... 16 ... 

'i' 
i 

I 

Ii 
[! 
r: 
I 



'1: 

., 

r . , . 
L· 

t"·, 

fl 
Ii 
r __ 1 
f.,; 

11 
Ll 
i,·\ 
i: 

F 
T""l 

r 

e.tructed in 1907. It oono1sted of t,�,o slow-sPnd filters and three
rauid sand filters, fed from common mixing coagulating tanks.
Mi �1ng 0na. coaguJ.A.t :ion Wl·�.s sep2.rat ed. f!om the f i_l t ers so the.t
experiments vRry1ng the time of miYing and periods of sediment-
8t ion could. be cond.uot na.. Different types of f 11 t er bottoms and
r�tes of b�ckwPshing could be cornpRred. One filtAr was equipped
for the air Rn� wPter wash, and enot�er with perfor�ted plate0.
A surfaoewash syetem fixed so that it could be set any desired
height 10.bove the SR.nd. a.l so ��1ri.o used. in thC:� experiments. The plant
waG well planned. for conducting experiments on those features of
which more knowledge WR8 needed et that time, two cRreful re­
S.eR_rc,h T,rnrk,ere were :\.n charge of thr exn"'r:imentnl station.

Milwm.11\'.ce, T·JiB, 
•·--�••·- • ••...- , .... -....... �_.w,-... �"''-''•-•--••••-,...,. ... ,..,-

AnothAr notabl� experimentHl plant was coneitructetl. e.nd op­
er1R..t�-a. for a perlod of. one yoar a.t Milwaukee, conducting tests 
on th.0 Ui.ke M:iohigan wPt er. rrhe plr-mt, pl1::1.ced in opere,t :Lon in 
1919, oonRisted of wooden frame building 70 by 39.5 ft. in plan, 
four types of mixing apnRratus, one e�ttling apparatus J one set­
tling t8nk, two filters, and & filtered wnter rese�voir. The 
capacity of the plant �FB J00,000 gallons daily. J.W. Ell�s de­
signed and operated the pl�nt. 

�he m1x1ng oonsisted of mixing ohannels 1 f1sh lAdder, water 
fall1ng over a \\Jeir, a.nd a l'iffled flume. The m:ixing ohannel was 
of the: around,-the..,end typo of rn:i.xing be sin. �1he fish la.elder wrts 
me.de by plRoing chort ar·,u.nd-the-ent'l b9_ffles in FJ, ml.rrow but 
rather tall vert1cnl tnnk, The water-fall mixing device oonsisted 
of A. tray ln which the chemic.9..J,�1 were added. and spilled over the 
side to an apron. set at an angle of 45 degrees. Riffle stripe 
wore pla.oA<l a.cross the apron Pnd th('l water fell on a p:lle of stone 
to give fur·ther ag:l. tte.tion t The, flume was 28 ft. Jong J 2 ft, �.,.,ride 
and l ft, deeo. It contained lJ riffles, 6-ln h1gh and set 2 ft, 
apart. The flume �as set at an angle so the water had a drop of 
L1 ft. 1.rhe settling tanlc was 40 x J.8.5 ft� in plan e.nd 9 ft. deep. 
It war divided into� sections so that one or all of the sections 
could be uBed. The filters �PrP 5 x 5.7 ft. 9 ft, deep. One 
filter had wooden slat bottom and the other had perfor�ted pipe 
le,tereJs. The oh8rniofll8 were hD.ncl,lf;ld. by solution feeds, 11he 
f aJ.l rn;txer proved of no VE.�.lue. LPter the flume wa� che.ngea. to a 
h;y-ctr·A.ulic jump, 

Mr. Ellms made a report of the operation in 1920. Largely 
due to opposition by looRl chemista, thA construction of the large 
plant wrq not nt�rted until 1937. Some of the chemists had be­
come II Col lo id Crazy II ana. a.dVflno ed une.o.r'thly re Hr ons why the large 
plant should not be conRtructed� They Rucoeeded in �elRying 
BtFi:rt ing of the plr-mt fully 1.5 yee.rs, unti,1 oom0 w�.ord g�,gument s 
were d:l,screditAd.o The writer :1.s gla.d ·to he.ve: te.ken pA:rt tn 'this 
discrediting. 

9.b_�OR.go, Illinois 
.............. ._ .• ,.,.., ....... .,-...... � ........ _..1'-, ...................... � .. ,�,� ... 

The Gh1cngo Experimental Filtration Plant wae placed in op­
Orll,t:lon in 1926, following a per;i.od of labo.rP.tory experiments to 
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d.etermin� the kind of pla.nt most suitable for the conditions at
Ohicago, · It consisted· of low-lift pumping Rtation, three mixing

·, ..--:;····--�-b-as.ihS.::,_Qne settling ta.nk. cti�-�A�d into four se?_tionn, two filters
each with 100 sq. ft. of filtering eurface, tan filters each with
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10�6q, ft i of filtering surface; a large number of glass tube fil­
t ere and 2 small olee.r Wt:tt er bf:l.sin s. 1rhe pJ.an,; wa8 designed more 
perme.nf;lntly thart mo st experimente.l plP ntj s, ui;·: j.ng re inf oroed con­
�rAt e for the mixing and settling tanks and th� two larger filters, 
ThA-10 ft. size filters were ��teel tanks mourn;ed on portr�ble plat-:
forms for moving about in making diff' erent S'�'t····UP8, Each of the

.· two ,larger' f :l.1 t P.T'8 had. e. caps.qi ty of 280, qoo ga.l. dcdly, and ee.ch
'of the 10 ft. filtere, hao c�.pR.city of 28 ., 600 gai. Wi.th All units 
in eervice et the 2-g�l. rate, ·the combined filter capacity was 
§58,000 gRllons.

One machRnioPl mixing bPe1n, a wooden horizontal conduit 
basin and a ve�tical flow ba�in were oonst�ucted, Later the hor­
izont.ctl conduit br-u:iin was removed i:ind meohe.nice,l mixers of the 
floooulator type installed. As expected, the mechanical basin 
was UBAd most be�AUBA of its great flexibility, It wae conetruot-

-�d in 8 eect1onR with mechAnio�l mixers in each sect1cn, OneJ
two, four or elght sections could be used. It wae pos�iblS to con.

duct in the nlant most any eet of conditions desired, such ae var­
iHtion in thti mixing time, the eettling time and the fil trA.ti<.m 
r?.t e • 

Mo e.t pro bl ems were attRc'kec f iret in the labornt ory which was 
equippAd with a 6-e�mple meohRnicnl stirring machine. If the test� 
indicAted the possibility of the treatment baing a euooesA, then 

. it w11.s trj_ed on a plant PCP.le. Tbls ha8tened greatly the progress 
·of the tePting. Tne conetruction of thP lRrge plant for ChioRgo 
did not get under WRY as soon aP anticipated, so we were �ble to 
conduct teats over long periods And to cover a wide range of con­
ditions in the tests. Much uae was made of the glass tube units. 

· Assume the test w�s sand size, ·B.number of the gla�a tube units
�ould be loaded with sands. nf variable size. After the trend
WRA established with the glass tube units, several of the small
plant filters were loaded with SP,nc:1. of variable size. The larger
size units produced more confidence in the taste,

A vAr1ety of subjects were studied, such ae removal of taste 
and odor from WA.ter with Ei.ctiv;:i.ted ce.rbon, the Ammonia Chlorine 
treatment, surface w�shing of filters, sand sizes, sand depths, 

.:r.•e.te of filtrHtion., method of we.sn.ing; vRrious ohemioRl treetments, 
mixing time > settling time, violence of Rgitation, water softening 
e.nd methods of strengthnning the coP.gulA.t:ion. The experimental
work was cHrried on from 1926 to 194-1.

SLOW SAND FILTRATION 

The writer founa. it difficult to prepare an arrangement of 
the developmAnts 1n filtration, The procAAure ta be followed on 
Alor,r sand filters 1s to describe severAl of the early filters that 
set the standnrd fo:r future designs, After construction of the 
AlbP.ny, N .Y., WArthington, D.C., Pittsburg 8.nd Philf'ldelphis, PP .• , 
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elo� eand pl�nte, there hns been very 11ttle change in tbe design 
of subsequent plR.ntf.;i, at leaet no major che.nge, 'l'o mention all of 
the instr-i.11Rt1ons deec:ribed in the tec,pnioi:il litera.ture would re­
quire entirely too mucih space. 

The oi ty counoil of }'l:1.ilad.elpbia in 185) directed the we.t ering 
comm;L tt ee tci inquire into the pr.s:i.otioabi11 t y o;f erecting a plant t c
filter all of the wB.ter dr�.wn from the qohuvlk111 River. A report
from the euperintena.(l)nt of wAt er 1-\Torks e.nd two chemists convinced 
the wAtering committee th.at filtration wi�.8 unneoeesPry, In 1860 
the WRter cornmiss:tone:rs of Chice .. go instr>uctea. W. S. Chesbrough to 
submit a report A.na. est :irnete of extend1 (lg thA inlet pipe so fr-tr out 
into the laltA as to obtain good water t ln 1861 he recommenc'1ed the 
consideration of construction of a filter bed, but advised post� 
ponement of construction until after further studies by the aid of 
chemical analyses. Slow sand filtration was proposed by Jamee P. 

Kirkwood for Cincinnati, Ohio, in 1865 and for St. Louis, No,, in 
1865-66. Ot�er cities proposed construction for filtrAtlon plante
·1n the per1od df 1865 to 1872,

· :Po ugh,� .. �.P.s!A.£.J .. Jt.J;._�_

Poughkeepsie put into service in 1872, the first slow sand 
filtars in America constructed along lines of the English filters. 
Kirk.wood is g(�nerally credited with designing the filters, though 
there is some doubt as to whether he or Chief Engineer J,B.G. Rand 
did the major portion of the d�si�ning. The polluted Hudson River 
w11.ter we.s the sou:roe of supply. The ple,nt con�1istod of a small in­
let b8.sln for sf.ldiment of' heavy part 1cl€H:1, two f11 ters, and. two
ernnll cl-eer T'7A.t er bP s1ns. EA.oh t: il tor had e.n area of one-th:Lrd
Acre. 'J;he depth of tho flltey,s �,,rf:'l.B 6 ft. with 2 ft. of sc1.nd and 
1.5 ft, of g:rPvel g�aded 1/4 to l in. in size: 6 iri. of 2 in. brok­
en etone. 8 1n. of 4.1nq size. In 1896, a larger un1t of two equal 
compe.rtmen1B was ado.ed, bringing the t otP.l f 11 t er a1"ea up to 1 • .3 
_aoT1eA. The Old filters were reconstructed and covered in 1905. Iri 
the new filters, 6-in. tile underdr�1na were laid and covered with 
broken stone, A l�yer Df graded gravel covered the stone, and the
81").nd bod wi1s 31 in. deep. Pref' il t B_rs ana, an aer(Jl tor were installed
in 1920, and enlarged in 1928, 

Hudson, N.Y ....... _.._,,.,._ .. �....__---� ..... ,.._ 

The second slow SA.nc1 plR.nt in Amerio11 w,o.:i.s constructed in Hud­
son in 1874. The source of supply WElS the Hudson Hiver. Mr. RR.nd 
was appointed Engineer for the works in 1873, One filter, 0,2 acre 
in s-;tze � we.s constructed, The design was slmiJ.ar · to the Poughke­
eps1p filters, A second filter, 0.53 aaree in size was constructed 
in 1'$88, Tho indiol'ltions werP thn.t the f il te-ri@ were poorly operat.., 
ea., and the typhoid fever rate continued high. A new source of wa­
ter w�s developed in 1905. 

Between 1874 and 1899� several alow sand filters were construc­
ted. Baker oredlts St. Johnsbury, Vt. as the third o1ty to oonstr­
uot f11ters, in 1882 and Ilion, N�Y. in 1892 as the fourth o1ty •

.,.. 19 ..... 
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AlbA.ny, .� Y.: 

-··-··-The Albfl.ny fi1t'�rs (9 )were oornp10ted :i.n 1899, with the Hudson 
· f{iver i:

i

s·--the source of st1.pply. "Albnny went through a. long period 
of agitation for a better water �upply. A Cholera epidemic is re­
ported to .have caused hundreds of deaths in 1830 before a w�ter 
works was constructed. A gre0t fire in 18�8 that swept over 37

acres and destroyed 600 buildings, spurred the city to action. 
Reservoirs on two Eltreams delivered through wooden log p:'Lpo led 
to masonry cisterns looated 1n various parts of the city, The 
wooden pipe£ later were replao0d with cast-iron pipe, The city 

·took over the works of the prd.vate oompe.ny in 1851. Kirkwood wa.s
employed in 1872 to rnake pla.ns fot' pumping water from the Hudson 
River. Professor Charles F'. Chandler of Columbia. Univers.t ty in 
)8'?2 approved the que.lity of the polluted Hudson lUver WEi.ter. 
:@'aker s�vs it was a supply destined. to ot\use thousands of' ens es 
and hundreds of d.eaths. from typhoid.. H11w wn:ter from the Hudson 
�iver WRS f1rst pumped to the reservoirs in 1875. The Albany 
Board of Health �mployed William P. Mason of the nensselaer Poly­
technlo Institute to make an investigPtion� His report WftS dA.ted 
April 23, 18854 Mason found. the river wta.t.er was bD.a_ly polluted 
with sewage from Troy, N. Y, He e,dv ised sedimentA-ti on and. f iJ. tre.,­
t. ion of the Bud.Bon WPte '.r>, Af't�r the considerAtion of many reports 
m�de on how to solve AlbRny 1 s water problem, offers by manuf�ctur­
ers to const�uot rRpid BRnd filters were m0de, Allen Hazen then 
was employed to mRke �n inve0tigeti0n Rnd report t He rPcommended 
filtrP.tion of the Hudson River WR.ter with slow sr-ind filters. Hc1.­
zen was &pDointed chief engineer of the f iltrt�.tion works on June 
1, 1897. Tho plRnt w�e oomplotef

f 

�nd pl�oed .in opPrRtion in 
stages from July 27, to SeptPmber 6 1 1899, . 

There were 8 filt�rs, enoh 0.7 Rcr�, �nd constructed of con­
crete including oonorete v1.:i.ul ted covers. Wl th one fil t E'lr out for 
clesming, the capR.city i,\TP .. S lLr·.7 m.g.d, The WHter WR.8 rtElt'BAiied and 
settled in R rPeervoir before filtrRtion. ERch filter hAd a cross 
collector JO-in. in diRmeter and 6-in, tile lAterRl collaotors, 
1I1here was 12-in� of grad.ed grrwel .and Lt. ft. of sand.. 1:f.1his pl8.nt 
for years wr.i.n rogr.rded. f1.s a model of slow Sf\nd f ilt:rA.tion :i.n Am-­
erioa� SixtBen prefilters we�R piaced in sarvioe in 1908. The 
w�ter was coagulated and settled for various periods each yeAr 
when :it would. be difficult to ha,ndle with tho slow-s8,nd filters 
alone. The Hudson River was Rhandoned as a source of supply in 
1932, w�.en a. new J2-rn�g.d, rt=tp.ld sa.nd plant Wf'.S plc1.ced in opere .. -
t ion. IJ:he sou.roe of supply i 8 two ere �,ks with a 11-bi 11 ion gal­
lon impounding reservoir� Albany hRs furnished one of our most 
interesting chapters ;Ln wA.tcr pu .. rification literature. 

Wc\sh1ngton, D, C. 
·--�, .. -, .... _____ h ...... � . -, .. ____ ...... h.,� .... --..... h ... 

The Washington slow ss.nd fil trR tion plfint WPS placed in oper­
ation in 1905. It consists of 29 filters each of ona aare effect-

(9) Allon HBzAn: The AlbAny Water-Filtration Plant. Appendix
11. .rrhe fj_ltrR:tlon of Pu.blJ.o ;·Jpter Suppliers > Tl1lrc1 
Edition, John Wiley & Sons, New York J 1908. 
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1ve area. The filters h�ve inverted cuncrete groined arches, In 
many respects the filters are similRr to the ones at Albany. The 
first winte:r after the f:iltcirs were plAcE�d. in operB.tion, high tur­
bidity in the Potomac River wntPr pvertRxed the three sett11ng re­
servoirs ancl. the filters, with the result that the JanuA.ry, 1906 
turbidity of the f11te�Rd water Rveraged 12� After a per1od of 
experimentation, provision WRB made for coagulation to atd the 
sattling and filtration. 

tl°t� sbuygp-_l
.,

,_P�. 

The Pittsburgh filtrAtion plant was com�leted in 1907. It 
consists of 4� filters, ORoh l acre in size, with capacity of 100 
rn. g, d, One sm0.ll and two lArge . settling bas ;i_ns with cor:1binea.. cRp� 
Rcity of 150 m.g.d. were oonstructad. The water is passed first 
thrpugh the SP.mll bR.r in, then through the two lnrge ones. The 
filters have invertPd groined arch concrete floors, end groined 
aroh roofs with earth cover. The e�nd depth is 4 ft. There are 
four lP.yers of gr,r:,vel totP.1ing r;i.bnut 1 ft. :l.n thictne s s. In 1909 
ten e.a.a_:i. t ionR.l f i 1. te!'s of l acre area �,rrirR oonst rue tea, mating e, 
total of 56 filters. 

1:hl). [\ d e J
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PhilRdelphia oonst:r1.:i.c tAd 5 f il tr;;i.ti on }:)lnnt s bet we en 1900 e.nd 
1911. A chnrR.oterlstio of the Phll.l:'.1.relphin. fiJters is the pre-
f 11 ters. Tgble 1 give 8 tnf ormat ion on the const�uot :i.on of the 
filters, In 1928, twPlve rRpid s�nd filters with total capacity 
of 36 rn.g.d, werP constructed, The filters could be us8d as pre­
filters for the glow sand filter, or th,� wator. could be sent dir­
ect to the city. An ozone plPnt wAB plAced 1n ope�Ation at the 
Belmont plR.nt. Only the water going to the rapid f1lt8r8 is ozon..:. 
A,t e<l. 

':JAgFq;_u.G __ SL01J �.BANI) �_F'IL��R�

Slow sand filter beds �t first .were filled with Rn excess of 
s0,nc1 eo thR.t top 1,�.yers of the sand ooul<l b(.:i removed from the f il­
ters from time to time as the beds becAme clogged. This sand 
could be discP.rderl or washed P,nd m.nde rf.n.dy to be returnecl to the 
bods at some later date, The top layere wer0 scraped, usually 
with shovels, Rnd hauled from 'thB filtE;rs in wheelbarrows or hand 
02rts. T•1is proved expensive. Sand ejectors were instnlled 1n the 
Lawrence, Mn.ss., and Poughkeepsie ) N,Y., filters in 1895, Wc,.ter 
under f:rnfficient pressurr-'wfls passed through n portable hopper with 
the ejector Rt the bottom� Workmen shoveled the t�p layer of SRnd 
into the hoppPr and :tt wns E;ijected to a sand WA.sher oi.i.tside and 
Rbove the filter 9 The dirty wo,ter W,<'.\.S drained away and the washed 
snnd piled in� stor�ge bin or box for returning to the filters Bt 
some J.ater date. 

Ee.ch scrAping lowered the filter 1evel 1/2 to 1-1/2 �-n, After· 
the baa d 0pth is lowAred to thR minimum thickness cons1dered es­
sent lnl for good f iltrPt ion, sand ,,vr.s 8,ddecl to the filter to re,... 
store it to the originAl level. SRnd, thArcfore, had to be moved 
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of tr�nAportetion soon ware Rdopted. In the design of the slow 

. i 
RAnd filtArB for Ne� HRven, Conn. in 1902, the �irty BAnd wRe to

A be -r•Amov_13d from t=i. f:i.ltF.r by nor-table ejector -Rnd. d.ischnrged into
11 e, e,F).ncl wP.sher. F'rom t'h.G ln et hopp,�r of the Bame wr-1 8he.:r tho £mnd 

· I 
wAB transported by water to Rnother filter which WRB being refil-

.' 
1ea with SRnd •. The Pittsburg dt1sign for SA.nd hA.no.ling w1�s simil-·

d ar to the method used Rt Ne� Haven. 
·� .· -� The Nic.hol rs method of f<Ancl trPnBportnt ion and washing cA.me
� into uee in· 1909 at PhiladelphiR. This cons1Bt8d of a movable 
I ejector hopper artd sepRrRtor, both of which were moved into the

·( filter. The Blaisdell method WPe first tried in Yum�, ArizonRJ 
(< 8..bou.t J.909. It W.'1.s instr-i.lled .in the \'li.lmington,. Del. slow snnd
l plant in 1910. The 3l�iadell machine consists of an inverted box
i::1 r,Jhioh ls sun� under th0 wr,i.ter in the f :i,lter· 'to tho filtering sur ..
f� f £.1.ce. The box contained a rElvol ving ht1 1low axle 1-1.nd heRd f'rom, 

i
"� T•cthich perf 01·r�t ed teeth project in-to tho f ilt r1r {).ny de n:Lred depth j 

J.· 
The box WFI.S moved slowly over th8 f'iltey, while the tec�th were

� . mE1.d.e to revolve slowly, i'le.ter under pressuiie- we.s introduced 
, f;'l, through the Fl.xle. Fino streRms of w1:1.ter pn.e.sed into the holes in

: . � the teeth� A centrif1.J.gr.l pnmp ocmne0ted with the top of the box 
•;. drR.ws r.way P.. li tt1�' more WHter thP.n iA supplied through the. teeth,

i 
1-1.nd dlache.rged it to e. drAin,

I 
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On my visit to the filtr:::itlon PlP.nts of :Phile.delphia P.t the
t j_me of the F-1.nnual Confer 0 nce of Americrn Wi=i.t er Wor>ks Assooir1.tlon
in .19 50, e. Nichol's SP.nc'.1 wP.eher WP s obAet•vea in u·se, Any desired
thj,.ck.ne s s of the t OD of the beo. ;f'rorn About ?. in, to 1.0 tn. could 
be �ashea. The width of thP strip w�ihed was f�om on0 row of
niers to another, 0xceut for the �idth of the p1ers 4 

I 

Spiral conveyors on ea.ch etc.le pu<::(hed the Slll.nd to ·the center 
wbe:r0 j_t WR.8 r.,ject1-d to the 1,rp_�her1. ThP. wi:iAhPd ea.nd t,.re.e returned
to the filter a few feet behind the machine,

(To be onntlnued ln the nex:t ise.ue of 11 Vure Wa.tcr 11 )
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