









































~o R pgitdtion of thr sand while wishing wae an advantige.
- The LRWrenoe EYPerimentRl Station.

_ The estRblishment of the Lawrince EinSerifnente.l BtFition by .the
MOsaachusetts 6tlte Department of Health in 1886 did much to ad-
vRnde the knowledge of water purification. Allen Hazen was In
-charge of the stAtlon from 18388 to 1893. The eerly reQorts of
this station were outetanding contributions to the development of
water filtrRtion. The Lawrence BtRtion placed slow BRnd filtrat- !
ton on a firm basls, and gave impetus to this type of filtration
whioh lastoa for a number of yters, The Lawrence I'xpcriments es-
tUblished great confidonce in water filtrRtion for the removal of
desoase producing bAQterlA,

Pravidence, ...

. Edmna B. Weston, Assistant Engineer of the WatOr DepUrtment
w0 of. ?rovidence, condUctPd test8 with Papid sen¢ and modified slow
. s8nt filters in 1893-94. These testl were rc o:%?d as 8n Appon¢-
B iY to 189% reoort or tho St8to Board of Hoalth (/7. The oxperi-
ments demonstratnd thP poeeibility of obtaining satleflctory re-
eults In purifying Wter of t}w Pawtu:et River hy mOens of rapid
sand filtration, ThO rtver water carrlea conslaerAnl0 color.
Fram 70 to 90 prroent of thP color wes :OmovOa €nd about 9cL 5 picr-
cPnt of the bActrria. The rapid sRnd filter WPO JO in, In diamrt-
Or and contained 2 ft, 10 in. of sand, A revolving rak0 was usea
in brokwHehing.

cincinnati, Ohio

Followtng tbf PX\C'_imOntR1 work et Loui8Ville, Fuller conl
ducted a sorics of tretP at Cincinnati in 1898-99. Tho object
waeg to obtain informition szs to thl relative merlts of slow Sfnd
ana repid Band n,Itr>tion In th, purlf:.cRtlon_of tho Obio FJvor
WAtrr.” Theee tedt9 weile conducted somcw.et diff,r«ntly from tho

Louisville tests in that J\tller used the type of equi:)m:-Hit most
appropriate for the tOsts, TOe conclusion wle thPt slow 'sand
filtration unaided by sedimentation was not setisflctory. _Coagul-
ation and settlement of the water prior to the slow sand filters
would be eltisfactory. 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 eereice in October,
1907. Ferrous sulfate and lime were used to coagulate the water.

) Allen Hazen conducted tests Rt Lorain on rapid sand filters
in 1897. The Lake Erie water carriel little sediment, but a IRrge
numblir of bAote:ia. $1: Jewell filters, each 17 ft. In diameter
weire used. The tilters were simihu to the filters ueed at Louts-

(7)  Edmuna B. Wrston. neport on thl Results OhtRinrd with
Il:porIlmrntal Filtrre. po, 1-162, Appcnal:, 17th Annual
Pcport, Rnoae Isllwd Strte' Bocra of.ECR]Ih, FrflemAn Rnd
Sons, ProvidOnco, 1896. .




ville. They produced average bacterial removal of 96.4 percent.

~“pittsburgh, Pa,

_ Mr. Hezen folleowed the Lorilan experiment by conducting a
‘geries of tests on the Allegheny Rlver water, a normally turbld
water, in 1898, Two filters, one Jewell and one arren, similar
“ta the ones used at Loulsville were operated from Janhuary to Aug-~
ugt, The rew water c¢arried s number of bacteria, Ag a rule the
water required more coagulant for bacterlal removal then for tur-
bldity, except In times of turbld viver water. Hazen found that
the amount of Sulfate of Alumina wasg more Iimportant than sny other
foctor in determining the bacterial efficiency. Durlng the six
monthe when the Warren filter was in overation, the raw water
contained 11,531 bacteria per ml, and the flltered water, 201
the average bscterial efflclency was 98.6 percent. During the
aix months operation of the Jewell fllter, the raw watér c¢ontained
11,481 bacterlia and the filtered weter, 293. During the game
»eriod & slow sand filter averaged 105 bacteria, Hazen destepted
Inferlior work of the filters for a short period after waghlng.

He found thet varying degrees of turbidity give substantially
equal bacterial efflclency with equal quantitles of sulfate of
Calumina, Within certain limite, turbldity was without influence
on the basterial efficlency of rapid sand filtere, The Jewell
filter had & settling time of about 15 minutes, in a tank located
underneath the filter, and the Warren filter has a separate set-
t1ling tenk of about one hour detention, The wate of backwashlng
was 5 to 7 gal, per min, per sq. ft, The fllters were equlpped
wlth mechenical rakeg to asglet In the wasghing, The Jewell fil-
ter wag 12 f£t. in diameter, and the depth ef sand wasg 4,75 ft.
The Warren filter was 12 ft. 8 in., in diameter with 2 £, 3 imof
gand, :

New Orleans, la,

Robert Spurr Wesgton conducted tests at New Orlsang on the
Migslagippl River water from December, 1900 to August, 1901, A
geven-chapter report was made describing the experimental plant
and feets conduoted, The work was under the Joint direction of
George G, Earl, General Superintendent of the Sewage and Water
Board, and George W. Fuller, member of the Board of Advisory En-
gineerg, The report furnlshed the beglc data for the design of
the large plent, The work included teste on subgidence, alow
§qii flltration, cosgulatinn and slow sand filters and rapid sand
filters, .

Oakland, Calif,

One of the early experimental plants decigned along linesg
to give & thorough investigation of water was constructed by the
Peoples' Water Company of Oakland, The ?é%nt wag deseribed in
1908 by 4,4, DeBerard and Langdon Pearae + The gtation wag con-
(8) W,%, DeBerard and Lengdon Pearse, The Tastling Statlon and

llter Plant Improvements of the Peoples! ater Company,

gggéand, Callf,, ®ng, Record, Vol, 58, pp. 97-4100, July 25,

.
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gtructed in 1907. It conglsted of two slow-send fillters and three
rapld eand filters, fed from common mixing coagulating tanks,
Mivxing and eocagulation weg separated from the filters so that
oxp@rmment varying the time of miving and perlods of sediment-
atlon could be conducted Diffevent typese of filter bottome and
retes of beckwsghing oould be compared. One filter wag equipped
for the air and water wash, and snother wlth perforated plateaq,

A surfacewash ayetem flxed so that 1t could bhe get any deglred
height above the gand also was used in the experiments. The plant
was well planned for conducting experimanta on those features of
which more knowledge weg needed et that time, Two careful re-
gearch workers were in charge of the exverimental station.

Milwaukee, 'Tis,

Another notable exeerimental plant wae congtructed end op-

- evated for a period of one year at Mllwaukee, conducting teste

on the Lake Michigan weater. The plent, placed in oweretion in
1919, consigted of wooden frame building 70 by 39.5 ft. in plan,
four types of mixing apvaratug, one aeftling apparatus, one set-
tling tenk, two filters, and a filtered water reservoir, The
capacity of the plant weg 300,000 gallong daily. J.W, Ellms de-
glgned and operated the plant,

The mlxing congigted of mixing channels, fish ladder, water
falling aver a welr, and & riffled flume, The mixing channel wag
of the afound«the«end type of mixing besin., The Tlgh ladder was
made by placing short ar-und-the-end baffles in a narrow but
rather tall vertical tenk, The water~fall mixing device consisted
of » tray in which the chemlcals were added and spilled over the
glde to an apron set at an angle of 45 degrees, Riffle strips
were placed acrosse the apron and the water fell on a p;lo of gtone
to give further agitetion. The flume was 28 ft, long, 2 £t, wide
and 1 ft, deen. It conteined 13 riffles, 6-1ln high and set 2 ft,
apart, The flume was get at an angle so the water had & drop of
b rt, The settling tank was 40 x 18,5 ft, in plan and 9 ft. deep,
It wae divided into & gectiong so that one or all of the sections
could be used, The filters were § 5.7 ft, 9 £t, deep., 0One
filter had wooden slat bottom and the oth@v had pemfovnted pipe
laterels, The chemicalg were hendled by golutlon feeds, The
fall mixer proved of no value, Later the flume wadg changed To a
hydraulic Jump,

Me, Ellme made a report of the overatien in 1920, Largely
due to oppasltion by loecal chemists, the construction of the large
plant waa not eterted until 1937, Some of the chemlsts had be-
come "Colloid Orazy" and advenced unesrthly reasons why the large
plant should not be constructed, They asucceeded in delaying
gterting of the plant fully 15 yeerg, until some wicrd svgumentsg
were dlsceredited, The writer is glad to heve taken part in thise
digerediting.

Chigego, Illinois

The Chicago Experimental Flltration Plant was placed in op-
eration in 1928, following a period of laberstory experimente to
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© geterminé the kind of plant most sultable for the conditions at
Chicago, It conslsted of low-lift pumplng statlon, three mixing
hagling. one settling tank divided into four sectlons, two filters
each with 100 sq., ft, of filteérling eurface, ten fllters ecach with
10-8q, ft: of filtering surface, a large number of glaes tube fll-
tere and 2 emall eleer water basins. The plant was designed more
permanently than moet experimentsl plentg, using reinforced con-~
orate for the mixing snd settling tanks and the twe larger filters,
he-10 £t. sike filters were steel tanks mounted on portsble plat-:
formg for moving about in maklng different sszt.-ups., Bach of the
" ywo larger filters had a capsclty of 280,000 gal. deily, and each

‘of the 10 ft. filtere had chpselty of 28,600 gali With all units
in gervice a2t the 2-gsl, rate, ‘the combined fllter capaclity was

858,000 gallons,

: One machanlcsl mixing besin, a woodern horlzontal conduilt
basin and a vertiesl flow badgin were construoted., Later the hor-
izontsl conduilt besin was removed end mechenical mixers of the
flocoulator type installed., As expected, the mechanlcael baslin

wag uged most because of ite great flexibllity, It was construct-
—ed in 8 sectlons with mechenicel mixers in each secticen, One,

two, four or eilght gections could be used., It wag posglible to con-
duet in the nlant most any aet of conditlong degired, such ae vear-
intion in the mixing time, the settling time and the filtration
rate,

equlpped with a 6~sample mechenical stirring mechine, If the test:
Indlcated the possgibility of the treatment being a guccess, then
1t was tried on a plant ecesle, This hastened greatly the progregs
of the teeting, The construction of the large plant for Chiocsgo
did not get under way as goon ae anticipated, so we were &bhle to
conduct tests over long periods and to cover a wide range of con-
ditiong in the tegts. Much use was made of the glags tube unitsg,

" Aggume the test wee sand slze, -2 number of the glars tube unite
would be loeded with sands.  of varieble size. After the trend

wag establighed with the glass tube units, several of the small
plant filters were loaded with gend of variable size, The larger
glze unite produced more confldence in the teste,

A variety of subjects were studied, such ae removal of taste
and odor from water with activeted carbon, the Ammonla Chlorine
treatment, surface waghing of filters, sand sirzes, sand depths,
rate of filtratlion, method of weshing; various chemical trestments,
mlxing time, gettling time, violence of agitatlon, water softening
end methode of strengthening the coesgulation. The experimental
work wasg carried on from 1926 to 1941.

SLOW SAND FILTRATION

The writer found it difficult to prepare an arrangement of
the developments In filtretion, The procadure to be followed on
rlow gand filters 1ls %o describe several of the early filters that
get the standard for future deeigns, After conatructlon of the
Albany, W.Y., Wamrhington, D.C.,, Pittsburg and Philedelphis, Pa.,

Moat problems were attacked first in the laboratory which wae




glow nRand pPlantg, there has been very 1little chaenge 1n the design

of suksequent plantg, at least noe major change., To mentlion all of
. the lnsgtallatlong described in the technloal literature would re-

guire entlrely too much space.

The olty counocll of Fhiledelphis in 1853 directed the watering '
commlttee to inqulre intc the pragticabillity of erecting a plant te
fi1ter all of the water drawn from the “chuvlkill River, A report
from the superintendent of water works and two chemistg convinced
the watering committee that filtration wae unnecessary, In 1860 E
the water commiggloners of Chleago instructed W.5., Chesbrough to i
gubmit a report and estimete of extendlng the inlet plpe so far out i
into the lake as to obtain good water, In 1861 he recommended the g
conglderation of congtructien of a filter bed, but advised pogt- :
ponement of construction untll after further studies by the ald of 4
chemical analyses, Slow sand flltration was propoged by Jameg P.
Kirkwood for Cinclnnatl, Ohio, .in. 1865 and for 8t. Louls, Mo,, in
1865-66, Other clties proposed construction for filtretion plants :
In the period of 1865 to 1872, | 2%
%

-Poughkeepsle, N.Y,

‘Poughkeepgle put into service in 1872, the flrat slow send :
¥ filters in America conatructed along lines of the Engllieh fllters, 1
2 Kirkwood 18 generally credited with designing the filters, though i
g there 1s some doubt as te whether he or Chief Engineer J,B.G. Rand
did the major portion of the designing. The polluted Hudson River ]
water was the smource of supply, The plant consisted of a small in- !
let basgin for sediment of hsavy partlcles, two fllters, and two ¥
small clesr water beging, Fach filter had an area of one-third - . ﬁ

E  core. The depth of the filtere was 6 ft. with 2 ft, of eand and ik

& 1.5 f't, of gravel Evaded 1/ to 1 in. in slze; 6 in. of 2 in. brok- i

£ en stone,8 in. of &4 in., glze., In 1896, a larger unit of two equal :
compartments wag added, bringing the total filter area up to 1,3 i
acres. The old fllters were reconstructed and covered in 1905, In I
the new filters, 6-in. tile underdrains were laid and covered with i
broken atone, A layer of graded grevel covered the gtone, and the il
gnnd bed wee 31 in, deep, Prefllters and an aerator were ingtalled
in 1920, and enlarged in 1928,

Hudson, N.Y,

The gsecond slow gand plant in America was congtructed in Hud- 5
son in 1874, The gource of supply was the Hudson River., Mr. Rand J
wag approinted Engineer for the works in 1873, One filter, 0,2 aore i
“1in elze, wae constructed, The design was similar to the Poughke- !
eépale fllters, A second filter, 0,53 acres in gize was oonstructed ;
in 1888, The indiocations were that the filters were poorly operate r
ed, and the typhoid fever rate continued high. A new gource of wa- |
ter wag developed ln 1905.

Between 1874 and 1899, several glow sand filters were construc-
ted. Baker credits 9t. Johnsbury, Vt. es the third olty to constr- _
not fllters, in 1882 and Illon, N.Y, in 1892 as the fourth clty. i
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Albeny, N.¥. S
The Albany filters<9)were completed in 1899, with the Hudson

““River & the source of supply. Albany went through a long weriod

. of agitation for a better water supply. A Cholera epldenlc ls re-
ported to have caused hundreds of deaths in 1830 before a water
works wag constructed. A great fire in 1848 that swept ever 37
acres and destroyed 600 bulldings, spurred the city to aectlon,
Reservolirs on two atreamg delivered through wooden log pipe led
to masonry clsterns located in varilous parts of the city, The
woocen pipes later were replaced with csst-lren pipe, The city
took over the works of the private company in 1851. Kirkweood was
employed in 1872 to make plang for pumpling wabter from the Hudson
River, Professor Charles F, Chandler of Columbia University Iin
1872 approved the quality of the polluted Hudson River watev,
daker says 1t was a supply destined to cause thousands of cases
. and hundreds of deaths from typhold, Raw water from the Hudson
River was first pumped to the reservoirg In 1875, The Albany
Board of Health amployed Willlem P. Mason of the Rensselaer IFoly-
technlec Institute to make an investigetion, Hig report wes dated
April 23, 1885, Magon found the river water wag bedly polluted
wlth sewage from Troy, ¥.Y, He adviged sedimentation and filtra.-
tion of the Hudaon water, After the consideration of many rerorts
made on how to sgolve Albany's water problem, offers by manufsctur-
era to construct rapld sand filters were mede, Allen Hazen then
wag employed to make en investilgetion end report, He recommended
. f1ltration of the Hudson River water with slow geand filters., Ho~
zen was apnointed chief engineer of the filtratlen works on June
1, 1897, The plant was completed and ple¢ed In operation in
gtages from July 27, to September 6, 1899,

There were 8 filtere, each 0,7 acre, and constructed of con-
crete including conerete vaulted covers, Wlth one filter out for
cleaning, the capacity was 14,7 m,g.d, The water wag aerested and
gettled in a regervoir before filtration. Fach fllter had a cross
collector 30-in., in diesmeter and 6-1n, tile lateral collectors,
There was 12~in, of graded gravel and & ft. of sand. This plant
for years was regrrded as a model of slow sand flltretion in Am-
erica. Sixteen prefilters were placed in service in 1908, The
water wag ocoagulated and gettled for variousg perlods eech year
when 1t would be difficult to handle with the slow-gand filters
alone. The Hudson River wag abandoned as a source of supply in
1932, when a new 32-m,g.d., rapld sand plant wee pleced in opera-
tlon. The gource of supply is two creeks with a 11l-biliiion gal-
lon lmpounding reservoir, -Albany hasg furnished one of our most
interegting chepters in water purification literature.

Wﬁgh;ngton, D.C,

. The Washington slow sand flltratlon plant wes placed 1in oper-
ation in 1905, It conslstes of 29 filters cach of one scre effect-

(9} Allen Hazen: The Albeny ¥Water-IFiltratlon Plant, Appendix

11 The Filtration of Public Weter Suppliers, Third
Edition, John Wiley & Sons, New York, 1908.
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ive area. The flltere heve inverted cuncrete groined arches, In
many respects the filters are gimilor to the ones at Albany. The
first winter after the filters were placed 1ln oweratlon, high tur-
bidlty in the Petomac River water overtaxed the three settling re-
gervolrs and the filters, with the resgult that the January, 19054

R T T

turbldity of the filtered water everaged 12. After & period of
oxperimentaetion, provision was made for coaguletion to ald the
gettling and flltratlon,

| pigtsburgh, Pa.

% The Pittgburgh filtration plant was completed in 1907, It

: congists of 44 filters, emch 1 acre in size, with capacity of 100
m.g,4. One gmall and two large settling basins with combined cap-
pclty of 150 m.g.d. were congtructed, The water 1ls wassed firet

2R e WY

= through the samll bagin, then through the two lerge ones. The
filters have. lnverted grclned arch concrete floorg, and groined
arch roofs with earth cover, The gend depth 1ls 4 £, There are

SHFE R

. four layers of gravel toteling about 1 ft. in thickness, In 1909
: ten edditlional filters of 1 aore ares were conatructed, making a
E total of 56 filters.

% Philadelphia, Da.

EEM

ol

Philadelwhla conetructed 5 filtration plante between 1900 end

©1911. A characteristic of the Philedelphin fllters is the pre-
filters., Table 1 gives information on the congtruction of the

o filters, 1In 1928, twelve rapid gand filters wlth total capaclty
of 36 m.g.d. were congtructed, The filters could be used as pre-
filters fer the <lew sand filter, er the water. could be sent dlr-
ect to the city. An ozone plent wee placed in operstion at the
Belmont plant, Only the water going to the rapid flltersg ie ozon-~
&t e (3. °

;LS R N e

e

8low gand Tilter bede at first .were fllled with an exeess of
sand se that top layera of the sand could be removed from the fil-
? ters from %ime to time ag the beds became clogged. Thleg sand
‘ goula be digcerded or washed and merde ready to be returned to the
i bedg at some later date, The top layers wers gcraped, usually
wlth shovels, and hauled from the fllters in wheelbarrows or hand
certs.,  Thilg proved expeneslve, Send ejectors were installed in the
Lawrence, Mass,, and Poughkeepsie, N,Y., fllters in 1895, Water

74

i

@ under gufficient presgsureswag passed through e portable hopper with
% the ejector at the bottom, Workmen shoveled the top layer of sand
1 Into the hopper and 1t was ¢jected to a sand washer outside and

2] above the filter, The dlrty water was drained away and the washed
2 gand piled in a storege bin or bhox for returning te the filters at
g gome later date, _ _

% Eech soraping lowered the filter level 1/2 to 1.-1/2 in, After-
b the bed depth is lowered to the minimum thickness considered es.

@ sentlal for good filtretion, sand was added to the filter to re-

i store it to the origlnal level. Sand, therefore, had to be moved

1-" ; '
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from the gtorage plle back into the filtera, Hydraulle methods
of treneportation gocon were adonted, In the deslgn of the glow
gand filteras for New Haven, Conn. in 1902, the dirty asand was to
be removed from a filter by vortable ejeotor and dlscharged into
2 gand wegher, From the laet hopper of the same washer the sand
wag transported by walter to another filter whlch was belng refil-
led with gand, The Pittgburg deslign for sand hendling was simil-
ar to the method uged at New Haven.

The Nichol's method of eand trensgportation and washing came
into uge 1n 1909 at Philadelrhia, Thie conglsted of o movable
ejector hopper and separabtor, hoth of which were moved into the
filter, The Blaiedell method weg filrst trled in Yums, Arizons;
about 1909. It was lnatalled in the Wilmington, Del. slcw sand
plant in 19106. The slelsdell machlne conslets of an inverted box
which ls sunk under the water 1in the filter to the filtering sur.-
face. The box contalned a revolving hollow axle and head from.
which perforaeted teeth prolect Into the filter any deslived depth,
The box wag moved slowly over the fllter while the tecth were

-made to revolve slowly. Water under presgure wag introduced

through the axle, Fine gtreams of water pasged into the holes in
the tseth, A centrifugal pump connected with the top of the box
draws away & 1little more water then is suppllied through the teeth,
and disgcherged it to a drain, :

On my visit to the filtration plantg of Philedelphia at the
time of the annual Confersnce of Americen Weater Worke Assoclation

“1n 1950, a Nichol'g gend wesgher wes observed In use, Any deglired

thicknesa of the top of the bed from sbout 2 in, to 10 in. couyld
be washed., The width of the strlip washed was Treom one vow of
nlers to another, excent for the width of the plere,

3piral conveyors on €ach gide pushed the send to The center
where it wes ojected to the wasgher, The washed gand war returned
to the filter a few fest behind the machine,

(To be continued in the next iscue of "Pure Water!)
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