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CHAPTER 11X
LITERATURE REVIEW

Baszd on th2 original studies of FULLEk (1898),
IVES (1960) confirmed that the average gravity flow rapid
send filter wes designed to function at the rateo of 2 gpm
per so ft. and opcrate a2t 3 gpm per sq ft. or 50 percent
overlecad was frequently used. In gravity filtration, the
dgposit of the floe particies fill upon the sand grains
anl the voids hetween-them.=~0Only few inches at the top
of sand bad serves-gs/fhe prineipal. filtering melium.
ARMSTRUNG (1935)-T ehgrtedl that \the upper portion of the
sand performed most of Ehe romoval of suspenlcd mat-orials
at the beginning of ths run,’ but as the upper voids
became clogged, the Yozdinmg wacs taken .successively by
the lower porticms—oi the filiery’) This incroasing -
penctration was [eenfirmed by DLINSSEN(1941) who concluded
that the entire'bed funeticned "in 'the recmoval’ of the

sucpended matorials.

The Work of Dual znd Mirod Mediag filters

The study of dual media was first carrioed out
by BAYLIS (1930) at Chicago. Becsuse of difficultics in
operation and maintonance, it was conecluded that the use
of antharcite-sand filter was not proven practicable. No

significant lcvclopmont of dual media was reported from
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1937 to 1960, until CONLEY end PITMAN (1960) concluded,
from a filter evasluation program, that the performance of
filtors ccntaining the propoer size and depths of antharcite
and sand together werc superior to the performance of
filtors using either mat~-rial 2lone. SHULL(1967)
successflly used 2 dual bad filter consisting of 20 inches
layer of antharcite coal with an effective size of about
0.90 mm. placing upon 6 inehes layer of sand having an
effective size of O.MY4 mm, HEZELSWAKRT (1966) obtained
improved performanec over sand alone by using filter bed
composad of 2 inehes/of/ anthareite coal with 0.90 mm,
offective size on top of 24 inches layer of sand having
an effoctive size of 0.55 mn,

To the duslmedig filter, CUNLEY (1965) added
onc more layor Of garnet ssnd having an effcective size of
0.15 mm. to previent the  breakthrough of turbidity when
the flow disturbance occured.  CULBREATH (1967) demonstrated
the feasibility of enlerging capscity of treating raw
wat ’r of tho Williams Crock Plants by changing from
convontional rapid sand filter to multi-media filtor with
better quality effluent. RIMER (1968) found that the
trimedia filtor resulted in hcedloss reduction approximatoly
50 percent with no reduction in filtrate quality as compared
with the conventional sand filter under the same cperating

conditions, but the trimelis filter required more yash
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water and higher rate to clean the bed effectively.

LAUGHLIN and DUVALL (1968) concluded, after thc investiga-
tions at thec municipal plant et Greenvilla, that a clearer
offlucent was obtained and less wash water was required in
mixed-mciia beds. He also said that the mixcd-media beds
could opcrate at a nominal filt:r ratc of 5 gpm per sq ft.,
and a pcakraté of 8 gpm par sq ft and 10 gpm per sq ft in
emergencices. MUHANKA (1969), indicated that the filter
coofficient wes an-inverse funetion of the filtration rate
anl the filt-r grein- size, anl the hecalloss constant varied
with filtering velocity and specific surfaca. He, agreed
with KIMBER that morc/ backwash wator was required and
indicatel that therewazs no surface headloss with flocculant
suspensicn. HARRIS (1970), aftor trisl of now development
in California, indicated that 10 gpm por sq ft was not

a limiting valuc for officient value and thz filter
demonstretol an sbility to filtsr 595 porcent more water

than another filtor operated at 4 times the rate, through
the samz amount of h~adloss. BEUNPA (1970) obtained z result
after six menth cobservations at Virginiay that an incrcasing
capacity of approximately 20 por cent filtrate as comparad
to an unmodificd unit was obtained and the addition of
polyelectreclyte applicd to tha filters during cold water
conliticns woull improve filter run. Bssed an the twelve

month stuly for the Sturgeon Point Filter Plant, WEBSTZKSOFF
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(1971) made concludsions that the mixed media filtors
oparating at filtrztion rate of 2 to 10 gpm per sq ft
consistently produced a lower filteoredwator turbidity
than the sand medisz filters cparating et filtration rate
of 2 gpm por sq ft and the mixed media filters operating
5 to 6 gpm per sq ft uscd a considerably lower proportion
cf washwator than the send filters operating at 2 gpm por
sq ft. He alsc found that the length of filter run was
mere dependent on total microscopic count than turbidity
and the total microscopic count was independent of

turbility.

Filtoring Melia

The physical @ifferences between the mixed media
and other types of filters bocomes apparent when the filtoer
crcss section in Figurs 1, 2, and 3 arc ccmpared. Figure 1
illustrates a cross scetion of & sigle medis filter bed.
This filt-r camc intc g:noral use around thc turn of the
century zsnl has little chzng-~d. Typically, sand media
having an offoctivoe size between O.4 and 0.5 mm., is
normally opsrated at sbout 2 gpﬁ p>r sq ft. anl is cleaned
by backwashing. In backwashing proccss, the roversing of
flow to flush cut the trapped floe particles czuscs the
hydraulic grading of the sanl particles tc occur. Because

the media is ¢f the same density, th- finest sand will
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FIG 3

CROSS SECTION THROUGH AN IDEAL FILTER UNIFORMLY GRADED
FROM ODARSE TO FINE FROM TOP TO BOTTOM. ;
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concentrste at the top of tho bed, with the cozsrsor send
particles lying bzlow. The bulk cf filtrstion will be
accomplished at the finest part of the bed, that is, in
top fow inches. wvace wne fluc particle hags passel this
top layor, its chence for penetrating the entire bod is
greatly increasad becausc the filter medis becomes ccarsor,
presenting less surface erea in the Jlirection of flow. If
finer sand is used, the filtor has greater resistance tc
breakthrough and prcdauces’a Cdpar»-r wat-r. On the othor
hanl, headloss incroases rapidly, filter runs shorten,
enl backwash wat T conysumption bccomes excessiva, Coarser
filter medis leeryzgys/ Beadloss 'and prclongs filter runs,
but at the risk of lowyar Tesistance to brezkthrough.

Flguras 2 peprdsents g dual-media or coal-sznd
filter, whor: the of£E0%1va dapth is increasad by placing
a layer of coarsgiccal ovar a lgyat of fino sand. The
work arca is cxtended, although it still does act includae
the full dcpth of the bed as there is fine to ccarse
stratification within ecach of the laysrs. Th- bulk of the

filtration is dcn:z in the tepmost inches of both the cozal

]
(]

that esgipes the top of

&£

bad and the sanl bed., & partic
the coal tends to pess all the wey through the coal, but,
if i1t is the prop~r si-e and condition, it will bo removed
by the top of th~» sandi. Whatev-r penctratss tho tcp of

the sand may well appear in effluent wateor. Care must be
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takeon in preventing breskthrough by not cxceeding optimum
filtration rate which ranges from 3 to 5 gpm per sq ft.,
by not applying turbiditics higher than 10 JTU.

In the ideal filter, the size of the particles
making up the media should decrcase unifermly in size
from ccarse at the top tc fine at the bottom in the
direcction of flow. Figure 3 represents such an ideal
configuration. Because the first media that the wat-r
reaches 1s the coearsest, gnd, the last is the finest, this
bed is sometimes callod an "upside down" filter. Also,
because void spaces between media grains decr:asc uniformly
in Airection of flow, th&ibed is eapable of filtering
in depth. In such /kad, any.partiCles that cscape the top
inch may be captured /in thoimext inch or furthor down in
the bed anl so on. " Begeause filt-ring with the ontire
daopth of the bedrallcw storage cfZlarge amounts of
particulete mattes in-the bed, this ability . rasults in
longer filter runs,; fastsr operating flow rates, the
acceptance of higher incoming turbidity loals, or a
combination of 211 thr=zec.

The mixed media bed approaches the ideal as closely
gs can be practically produced. Typically, such a filter
will contain 60 par cent ccal (1.0 mm. in size, sq.gr 1.5);
30 por cent silics sand (O.45 mm, sp.gr.2.6); and 10 per cent

F -

either garnet or ilmenits (0,15 mm, sp.gr 4.2 or 4.5),.
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Thus tho coarscst material is the lightest,; and the finest

is the heaviest. Propesr size snd density ratio between
matorials are cssentiazl, anl a carefully contrclled fine
fraction is includ=d in tho two heavier materials. During
normzl bzckwash, th- matorials mix to a degrze, and, once
so mixed, remain in that conliticn, The result is s bed
which has some of cach materigl at cevery level with no
sharp intsrfzce. The upper poertion of the bed is pre -
doninantly opal with traces of sanl and gernnat, Thc centor
is essentially send with som¢ eoal and garnct. The bottom
is primsrily gzrnet with small amounts cf the other two,
It is this medis mixture which forms the ccarse to fine
gralation in th¢ locwnward flow Zirection .

Because the bottom media is quite fine, very
high clarity wat>r can be proluced. This finc media cen
operate sucessfully without rapid clogging only becsuse the
cogrser material above it has remeoved most of the turbidity
before the watar rsaches the fine materizl, Investigators
in the wator trcoatment £iold hsve founl that th2 primery
machanism in particle removel by filtration §s the adhesion
cf the particles tc the surface area of the medis. Fine
send with sz rciatively large surface areca will be mere
effoctive then a coarse sand. Unfortunately, the use of a
very finz sanl alcne will give a rath:r high headloss

buildup and thorefore very short filter runs. However, it
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has baoen found that only a samll gmount of finely sized
matsrizl is nceled to nct only promote more efficiont
filtration, but alsc to provide grost r resistanca to flow
surges and greatly imprcvoed bed stability. Typical flow
rate, fcr such & bad gr2 5 tc 7 gpm per sq ft., although
in actual practice rates as high as 10 to 12 gpm p:r sq ft
ar2 used, Jdepending on water source, hydrzulic characteristics,
and end usc. The initial hecalloss is &slso reasonable, -
approximately 14 ft of wator at a 5 gpm per sq ft rata.
Filters bzds arc.cleancd by simplc water backwash at a

rate of about 15 gpm p2r sq ft.

The Scleoction cf Size ‘and Depth of Filt-r Molia

The bost/ motheod of s-locting the fitor modia for
a particular plant is by pilct plant tests on the wat r to
bz treated. BARMSTRONG (1931) concluded that, for sclecting
filter media, it'wes essentizl td considasr two facters: i)
From the standpeint of filtration, it was-desirable to have
media that would a) prevent any flcoe passing through the
filters, b) hol?l tho floc as loosely as possible in orile
to permit casy washing anl prevent the formsticn of mud
deposit, c) hcld as large a velume of floc as possible
without clogging. ii) From the standpoint of washing, it
was desirable to get the medis thet would a) cleanse itself
a nd be froe from adhering st the end of a wash, b) permit

the passage of wat~r at sufficient velocity to remove all
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the sediment without losing media.

MILLER (1967) suggested that in multi-layer bed,
the media sizes should be chosen with two criteria as
follows, 1) the compination oI media should give an
optimum filtration efficiency, 2) the laysrs should retain
their relative positicns during backwashing. Both of these
erit-sria arc difficult to define theoretically. The
optimum combination of media fcr flce removal will depend
tc scme cxtent on the raw watsr to be treated and the
chemical ccnlitions used, due to veri:d pattern of flce
removal. The only ecrtzin approach is tc carry cut pilot
cr full scale trials /on tha'water in questicn.

It was found that the most commcn multi-layer
unit includes 18 tc 2% inches of antharcitc coal over
6 to 8 inches of .sand. PITMAN (1961) rcccmmenied that the
total depth cf sand-ccal filter sheould be approximately
30 inches.

CONLEY and SHIUNG (1969) suggested formular for

proportioning the diffeorent media as follows:

d d d
—_— e =3
X X X
i ) 2 3
and x + x + x = 100 %
1 2 3
where: d = cffective diamecter of media
X = percentage of medla used.
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EUNPU (1970), in the testing of high rate filtra-

ticn in Fairfax Ccuntry, Virginia, used antharcite coal
18 inches placing ov-r sand of 7 inches and th- lowest

media wes 3 inches of ilmenite.

Tho 8rrangemont cf Grains

In orler tc provent the abrupt changes cf
headloss betwecn 2ach laycer of media, CUNLEY (1965)
suggostod that specificativns for the materials should be
sct tc insurs thet cach matarial would not lic in a distinct
layer, but wcull mix with adjeining laycrs. The idea 1s to
have a mecre unifcocrm taper dn the number of media grains
from the top of the filter tc the bottom, thoen would be
possiblz with a stratified bad. That is a filt-r, in stead
of being mades cf thrcee materials lying in distinct lalers,
which consists, from top to bottom, ¢f a layer cf coal, a
layer cf mixed sand and coal, a ‘layer cf rclative pure
sanly a lay~r of mixed sanl and garnet, and a layer cf

rclstively purce garnct.
001842
Charactoristics cf Influeont Water

The charactceristics cf raw wator affects the
design of multi-media filter plants. It s=cms pcssible to
avcid coagulsticn and sedimentation prior to the filtratien.
RUBECK, DUSTAL, and WOLDWAKD (1964) suggested that wheon the
wator was relatively clear (less than 25 JTU), the
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flocculation and sadimentsation steps of conventional

troatment design could be ocmitted if ccerse media were
placed on top of the sand. According tc the report cf
MOULTUN, BEDE and GUTHRIE (1968), one cf th2 largest
dircct filtroticn plants scrved the Crown Zellerbach

Corporation at Wsauna, Oregon. This 50 MGD plant cobtains

i1ts raw water from the Cclumbia hiver. Kaw wator turbidities

are normally 2 tc 15 JIU althcugh rare pcaks cof 100 JTU

or more oceur., The presénce of industrial wastes nakao

coagulation diffieuwlt. 'There are nc pretreatment facilities

for flocculation énd/scttling. The Taw water treated
with chomicals, passes thrcugh a flash-mixer, and spplied’
directly to the”/filtar cperating at 5 gpm per sq ft. The
media ccnsists of /3.inches. cf garnct 9 inches of sand and
oly inches of snthareite ccal. The result filt-r cffluent
turbiditics are 0.2 tc O0.% JTU.

SHZA, C4T*E and ARGAMAN (1971), investigeting
the possibility of producting a filter water by ccmbining
the steps of fiCicuiabioiy veagurablon, end filtration
directly in tho filter bed, "concluded the results that
it was satisfied when the suspended scolids ccnecentration

of raw wat - r was low.

Surfacg Loading
In the past, grest reliance has baen placed on

the usec of low rates filtraticn in thc range of 2 tc 3 gpm
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per sq ft. tc insurc a safe water. Lecording to BAYLIS

(1950) and othors, it is believed that the filtraticn rate
is noct the mest significent factors. It was found that
a given filtor may cpcrats entircly satisfactery at 8 gpm
per sq ft on a watzr prcperly preparcd, yot fail tc prcduce
a satisfactory coffluent at 1 gpm per sq ft with water of
pcor filtrability. With proper attention tc these other
factors in filtor design, MILLER (1967) claimed that
increasing in filter rates ¢f a mixed modia could be
oxpeeted to provide greater econcmic gain than coxpanding
in filter run woulds

4t a progont time, the selection of the optimum
filtraticn rato betomes a matter of economics ratheor than
a quostion of safcty. CLEASBY and BAUMANN (1962) after
3 years of pilot scale rasearch, suggestod that *he rate
that results in a watcer of acceptable clarity with the
maximum overall cconomy in initial investment and operating
costs, shculd bec selected. ~The operating costs are partially
dependent on the water production per run and cn the
percentage of product used in backwashing. The cptimum
rate is a rate that results in maximum producticn per
filtor run anl thereforo in minimum backwash percentage.
Capital and labecr costs have not been included in this
optimization. THREERA (1968) found that, by using sand-

coal filtar, the filtration rate could be cxtended to 4
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to 6 gpm per sq ft (10 to 15 m/m-hr) while that of rapid
sand filter was only sbcut 2 gpm per sq ft. At the South
Lake Tshal PUD Plant, surface lcading of 2 mixed media bed

of 5 gpm per sq ft is used as the standard rate.

Characteristics of Efflucnt Water

The turbidity cf the effluent from a properly
operating filter -§hould be less than 0.2 JTU, according
to WHO standards, With the proper pretreatment filtered
water shculd be essentially free of ealer, ircn and
manganecse. Large micre-organisms, including the algae
and amacbic cysts arc readily remcved, and the percantage
remcved cf bacteria chould bedcve 99 per cent but never
100 per cent. The watzr must alsc be chlcrinated for
satisfactory disinfecticn. More than 98 por cent of the
polic virus is removed by flocculaticn and filtration at

rate cf 2 to 6gpm per sq ft.

Headloss
The loss of head through a filter cffors several

clues to the condition of bed and to proper‘operation of
the unit. An increase in the initizl loss of head for
successivo run ovar a pericd of time may indicate clogging
of the undrrdrain or gravel, the need for auxilliary scour,
or in sufficient washing of beds. The rate of headloss
increasing during a run yielde considcrable infcrmation.

concerning *h~ <Iliciancy both of pretreatment and filtration.
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The simplest form of hcadloss device for gravity

£iltors is cne made up of twc transparent tubes installed
side by sile in the pipe gallery with gage bcard between
graduation in feet. OUnc tube is connceted tc the filter
influent linc, the cthors te the cffluent line. The heallcss
is the obscrvod Jiffercnt in water levels in bcth tubes.

In U.S.h., a survoey of 50 plants showg. a median
range cf 68 hcurs as the length cof filter runs. Of these
plants 62 per cent washes at about 8 ft. loss ¢f head.
Experiments by HULBAEHT eand FuBEN (1933) at Detroit resulted

in the follcwing formula:

27 {dr (73-p)
VA= P ‘
Tab s (t+20.6)
=/1oss of ‘heoad in fect.

where 1

4 = depth ¢f sand in inches
r = rate ef flew, mgd per acre
p = pcrosity (% vcids by Jackson
Turbidimeter method)
g ='gsand 'size in mm. (50% cf median
siove size)
t = watcr temperaturec, OF
HOPKINS and BZAN (1966), sail that headloss
varied dircetly with rate ¢f flow and depth cf bed and
inversely with the porosity, tempeorature, size, unifcrmity

and rcundness of the grains. MILLEK (1967) found that
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hezdloss was mcre affected by medla sizes than by water

quality, especially when a filter aid was uscd, however,
ccarsc media were more susceptible tc pcor performance

during scveral changes in influent quality.

Backwashing

Since the entire depth cf bed is used tc remove
anl stcre particles removed from the water, the backwash
process of the multi-layer filter will be more difficult,
especially in case of the tri-media filters, than that ¢t
the conventicnal rapid gravity sand filter. To achieve
gcol results, backwashing is done in steps recommended
by MOHANK& (1969).  The first stop is fluidization cf
each layer successively, te allcw ceffective clcaning of
that laycr. Thce secon? is an cver cxpansicn of the bed
to permit flushing out ¢f depesits, If mud balls cr
heavy, tough alum floc present at the surface of beds,
surface washing by air scour cor othaer methcds may be
required.

CONLEY (1965) stated that the consumption of
backwash watcer was usuelly 1 tc 3 % for plants with
settling basins and 1 to 6 % for those without settling
basins. THABKE (1968) found that the wash water rise was
required for effective backwashing of antharcite-sand
filter ranged from 32.1 to 57.3 metres per hour at a water

0
tempaeraturc of 30 C .
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