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ABSTRACT 

In this study an attempt is made to determine the 

turbidity removal efficiency of a modal slow sand filter and 

the practical use of the results obtained from the experimental 

study was investigated. 

The first part of this study consists of the descrip

tion pf" the filtration mechanism and the related theories . 

hydraulics of filtration ,important factors effecting filter 

performance , efficiency of slow sand filters and properties 

of filter bed materials but only the model filter set-up and 

experimental results were presented here .In the experimental 

part of the study emphasis is given to the effect of sand depth 

and influent water turbidity changes upon filtrate quality. 

By changing the depth of sand layer and effluent water turbidity 

the experimental study was performed and after three different 

runs the most suitable filter depth is found.At each sampling 

x'me the corresponding head loss relationships for the particular 

bed is obtained. 

gXPEBIMEHJAL STUDY 

Objectives of the study 

The main objectives of the experimental work can be 

summarized under the following items s 

1. Maximum turbidity removal by slow sand filters. 

2. Eff- ct of sand depth upon filtrate quality. 

3. Effect of influent turbidity upon effluent quality. • 

4. Penetration of turbidity into the filter media and cleaning 

condition at different depths of the filter. 

5« Head l.rss variation along the depth of the filter bed as 

related to time of operation . 
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Description of the experimental set up 

Experimental study was performed by using a filter model 

consisting of a "box shaped filter with dimensions 60 x60 xl65 cm. 

The side walls of the filter is made of iron sheet plate and perspex. 

The model filter had an overflow weir par-t where flow control 

is accomplished and t̂ e "bottom drainage system.The drain system, 

of the model filter consisted of a grid to support perforated "bricks. 

A uniform withdrawal of the clarified water was posrible "by the use 

of this simple system.A slope of 1:200 was given to the filter bottom 

for easy removal of t1 e effluent.A valve and a graduated metal 

cylinder was used for checking the effluent flow. 

• Against shrinkage ofrhedia and short circuiting stepping * 

'- thefilter walls is provided by using additional three sheet 

p-.vces each of two milimeter t^lcknese" 

For head loss measurements two manometer tappings were 

provided , being at the bottos an(j near the surface layer of the 

media.Inside end of manometer tappings had a horizontal channel and •. • 

copper wire threading to allow sufficient water passage but preven

ted the entrance of fine materialsa 

Samples were drawn by stainless steel hypodermic tubing 

from filter at different depths of the filter bed.For sampling,on 

t' e perspex walls,tappings were made by brass gland collars. 

The biologicial film formed upon sand surface was prevented 

from destruction of direct water fall by an overflow weir placed 

after a ba;-in with dimensions of 30 x 60 x 60 cm.At t^is inlet struc

ture a levelling gage was put for precise control of the inflow. 
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In the preparation of turbid water a container with 

a mixer is utilized and this water is pumped to a constant 

head tank before given to the filter,The constant head tank 

and the filter inlet basin also were provided with two small 

stirrers for the nomogenity of the prepared solution. 

Preparation of media 

In the preparation of the filter media sieve analysis 

is made to find out the existing sand? an 3 bravel characteristics. 

The effective sand size of 0.35 mm. -ad uniformity coefficient 

of 1.8 were predetermined values of the filter media.Sieve 

sizes used fpr fine aggregate analysis were *f.76,2.38,1.19* 

0.59,0.297,0.1^9 mm. and for coarse aggregate sieVo sizes used 

were 38.1,25.^,19.1,12.7,9.5,A.76mm., After fifteen minutes 

shaking remaining material on each sieve was weigned and the 

obtained results were snown in the table. 



Grain size analysis for fine and coarse 

aggregate 

TABLE 1 

Coarfle aggregate 

Sieve s i ze 

(Inch) (mm) 

Rem&ining on Cumulative Percentage Cumulative 

each sieve (gm) Weight (gm) of remain- $ $ 
ing on each remain- Pass-

1 1/2 

1 

3 /4 

1/2 

3 /8 

No 4 

38 .1 

2 5 . 4 

1 9 . 1 

12 .7 

9 . 5 

4 .76 

P a s s i n g 

from Nc 

Sample 

> 4 s i e v e 

weigh t 

F ine a g g r e g a t e 

No 4 

No 8 

No 16 

No 30 

No 50 

No 100 

Pass ing 

No 100 

Sample 

4 .76 

2 .38 

1.19 

0 .59 

0.297 

0.149 

j from 

s i e v e 

we igh t 

275 

4629 

10938 

10133 

••2-690 

487 

100 

170 

618 

694 

582 

370 

110 

46 

s i eve . 

0.94 

15.80 

37.39 

34.64 

9.19 

1.70 

i n g i n g 

0.94 99.06 

16.74 83.26 

54.13 45.87 

88.77 l : u ? i 

97.96 o?.:.>\i 

. 9 -65 ° - 3 -

î  = '60 

27 f 

4904 

15842 

25975 

28665 

29152 

29252 

29252 

170 

788 

11#2 

2064 

2434 

2544 

2590 . 

2590 

The mniformit'y coefficient is given with the relationship 

________ where d, is the diameter of the grains by weight 

6.56 

23 .86 

2 6 . 7 9 

22.47 

14-28 

4 .24 

6.56 

30 .42 

57.21 

79 .68 

93 .96 

98 .20 

9 3 . 4 4 

69. 53 

42.7 J 

20.32 

0 ^ 0 - ; 

01 .80 

10 
at the 60 percent finer point and d is the effective size giving 

the di; meter of grains by weight at the 10 percent finer. 
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The useful par t of the st^ck sand i s determined from 

the formulas given by !Fair and Geyer (1956 ) and computation* 

a re shown in f igures 1 to 5 • 

P 3 = 2 ( P 2 - P 1 ) 

p = p - e . i p , 
4 1 ~> 

? 5 " P . + P 3 

where 

P = The percentage of stock sand that is smaller than 

the desired effective size ( d ). 

P = The percentage of stock sand that is !.;p-;%;̂ >?" than 

the desired d,0 value. 60 

P 
= Calculated percentage of usuable stock sand. 

P = The percentage that the stock sand i s too f i n e . 

P = The percentage tha t the stock sand i s too coarse 

The s ieve ana lys i s gave for P = 0.280 ,P = 0.620 and 

P_ = 0.342. The corresponding uuner l i m i t for sand i s obtained 

as 0.297 •'.''*! and sand p a r t i c l e s having a diameter g r e a t e r than 1 rrn 

are not used as f ine aggregate . 

The eoarse aggregate i s a l s o by making use of the 

f igure 1. 

The s p e c i f i c g rav i ty of sand p a r t i c l e s are cviputed by V 

using dens i ty b o t t l e s and the average value of three measurements 

was 2.63 gm,/cm. . 

The apparent spec i f i c g rav i ty of s nd based on wet 

measurements ( £f ) with a 39«8 percent voids i s computed as I .98 gm/ 
3 W 

cm. from the f o i l nving formula-
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y = G - f ( G - y ) 
w wt 

G = Real spec i f i c g rav i ty of sand p a r t i c l e s 

f = Poros i ty 

^ = Specif ic g rav i ty of water, 
wt 

The f ine aggreggte i s obtained by mixing equal amounts 

of 0.297 ,0 .59 ,1 .19 mm sized gra ins but fo r the coarse aggregate 

from the bottom to sand l aye r , p a r t i c l e s i ze s of 25.40 ,19.10* 

12.70 ,9 .50 ,4 .76 and 2.38 mm are used. 

The prepared media was plac-.d in to the f i l t e r a f t e r washing 

and drying. 

Prepara t ion of Turbid Tifeter 

The amount and charac te r of suspended mater ia l which 

i s present in the water defines t u r b i d i t y of t h i s water . 

P a r t i c l e s i ze of the dispersed mater ia l i s an important parameter 

for t u r b i d i t y of a water. 

Turbidi ty i s often expressed on the so ca l led " s i l i c a 

sca le " and t u r b i d i t y imported by one par t per mi l l ion of f u l l e r ' s 

ea r th i s taken as uni ty of t n r b i d i t y . 

In the prepara t ion of t u r b i d i t y s tandards 5 S^- of l oca l 

F u l l e r ' s ear th i s added to 1 l i t e r of d i s t i l l e d water so a stock 

so lu t ion i s -.btained. By d i l u t i n g t h i s s tandardized stock suspension 

with d i s t i l l e d water t u r b i d i t y standards were prepared. 

A c a l i b r a t i o n curve i s drawn by measuring, def lec t ions of 

d i f f e r en t t u r b i d i t y standards a t sp,.ctrophot< meter which i s 

manufactured by Evans Blectroselonium LTD in England ,under wave

length 410 A°. 

>i . - . a - •' 
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Experiments conducted 

During the experiment f i l t r a t i o n r a t e i s taken as 

0.159 gpm/sq-ft and corresponds to a flow of 2.3 l t / m i n i n the 

experimental f i l t e r . T h i s flow ra te i s maintained by a l e v e l l i n g 

ga;<5 which had an ini t i ' - : l 1 height 35*93 cm. and cont ro l led by an 

in f luen t .£9e-'il.ep in te r .The height of water l eve l above the weir 

i s ca lcula ted by using formula (Water Measurement Manual,1953) 

Q = 3.33 H 3 ' 2 (L- 0.2 H ) 

CI - Discharge (cu- f t / sec) 

L = Weir length ( f t ) 

F = Height of va t e r above weir ( f t ) 

By t r i a l and e r r o r the height of water above the weir 

i s t.-.kon as E = -">.l cm. 

The uniformity of flow i s c lose ly checked by use of the 

i n l e t und ou t l e t c o n t r o l s . In the f i r s t week of the experimentation 

a lower flow r,--te,1.15 l t / m i n i s given to the f i l t e r to form a good 

bac t e r i a r i ch l aye r of schmutzdecke. 

A constant head of 40 cm water i s provided over the top 

. surface of f i l t e r bed and des t ruc t ion of the formed mud l a y e r i s 

prevented. 

Experiments were conducted i n two d i f f e ren t media a r r ange 

ments. In the fix- t pa r t a.sand l ayer of 30 cm- and a gravel l aye r 

of 30 CK i s used.During tha second and the t h i rd pa r t >f the expe

riments sand l aye r depth was increased to 60 cm. 

The prepared turbid water consis ted of a mixture of loca l 

F u l l e r ' s tvirth and t*p water with a t u r b i d i t y of 40 u n i t s ( s i l i c a 

sca le ) in the; f i r s t and the second pa r t of the experiments . In the 

t h i rd pa r t t u r b i d i t y M S 60 un i t s .Da i l y f i l t e r runs took e igh t hours . 

During the f i rv t and the rsecond par t of tb:- experiment 1120 l i t e r s 

and in the l a s t p a r t 1680 l i t e r s of tu rb id 'vater were f i l tered.* 

In each f i l t e r run samples were- drawn from d i f f e r en t 

l ayers of the media for t u r b i d i t y meg urements.During the f i r s t run 

12 



of the experimentation samples were co l lec ted with one hour .. 

i n t e r v a l s biv: in the second and the t h i r d runs samples w re 

col lec ted with two hours i n t e r v a l s . 

The head loss i s a l so recorded by using a manometer 

attachment.The f i l t r a t i o n was continued u n t i l a f i l t r a t e t u r 

b i d i t y of 19.5 u n i t s was reached. This took about 300 hours of 

operat ion with a head loss of 8 cm. 

After the f i r s t par t of experiments t ' e unper l a y e r 

of the sand was discarded then the remaining sand l a y e r i s r e 

moved and wasbad throughly.The gravel l aye r i s washed i n p lace . 

The new sand i s mixed with the old one and put i n to the f i l t e r . 

At tent ion was given to avoid the s t r a t i f i c a t i o n of the newly 

placed sand. 

Second pa r t of the experiments with 60 cm depth of 

sand took approximately 280 hours of operat ion.This pa r t of 

experiments was completed when ef f luent t u r b i d i t y was 19«5 u n i t s . 

At the biigiijiiinfc cf the second par t of the experiments i n i t i a l 

head loss '-as 4 cms.and a t the end of i t f ina l head lo s s was 24 cm». 

In the t h i rd run with 60 u n i t s in f luen t t u r b i d i t y and 

60 cms. depth of sand,was completed when a f i l t r a t e t u r b i d i t y 

of 20 un i t s was reached. Length of the run was I84 hours and the 

maximum head los r obtained was 7.5 cms. 

In three rims of the experiment,temperature and pH values 

of in f luen t water wore recorded a t each sampling t ime. 

13 



Evaluation o f r t hu l t s 

The f i r s t experimental run i 

During the f i r s t week of f i l t r a t i o n flow r a t e was very, 

low >only the maturation of f i l t e r was achieved and t u r b i d i t y remo

val was very l i m i t e d . Obtained maximum removal of t u r b i d i t y was 4-0 

percen t . 

After formation of the §efe?a^£&?'~? l aye r e f f luent t u r 

b i d i t y was near ly 20 units.Removal e f f ic iency was 86.25 percent 

a f t e r 4>4 hours working period.The maximum removal observed was 96.25 

percent .Percent removal of t u r b i d i t y versus operat ion time curve 

tends down a f t e r 96 hours of operat ion f i g . 6 . At the end of 132 

hours working neriod percent removal of t u r b i d i t y dropped to 

86.25After t ha t tjme t u r b i d i t y removal decreased with a slower 

ra te .The beginning turbid water condit ions was a t t a i n e d in the 

e f f luen t a t the end of 200 hours working per iod. 

When the f igure (7) for the f i r s t experimental run was 

examined i t i s seen tha t minimum eff luent t u r b i d i t y was 1.5 mni ts . 

To have such a lower t u r b i d i t y 80 hours f i l t r a t i o n was requi red .This 

maximum ef f ic iency value continued for a period of 16 hours f i g u r e ( 7 ) . 

Var ia t ion of head loss with time i s shown in f igure X^)» 

The s i g n i f i c a n t increase in head lo s s was seen a f t e r $6 

hours of operat ion.Nearly 75 percent of the head loss was developed •: ,r-

during the l a s t 72 hoursa;In the f i r s t bO hours of the f i l t r a t i o n head 

los s development was almost 8 to 10 percent of the maximum value . 

During the f i r s t and f i n a l days of the experimentation t u r 

b i d i t y removal was very low.Miniraum t u r b i d i t v obtained below the schnute-

decke l aye r was 5*5 un i t s a f t e r 104 hours working period^ifeximum value 

of t u r b i d i t y was determined as 23.5 un i t s a t the beginning houcs of 

operat ion per iod. A s i m i l a r trend was observed a t other 

14 
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sampling depths .By examining the turbidity values of the fourth 

sampling point a removal efficiency particular to the gravel 

layer can be estimated.Turbidity removal within the gravel 

layer changed from 0 to 6~ units and most of the time an 

average of 2 units removal was observed. 

The ssio id experimental run : 

The filter was operated at a very low rate for three 

d ys at the start of experimentation as described in the 

first run. 

At the begining and at tne end of the filtration 

period 50 percent removal of turbidity was observed.After bk 

hours filter operation period,the removal efficiency reached 

VMS 86.5 percent which corresponds to an effluent turbidity 

of 5.5 units .The maximum removal of turbidity was 96.25 

percent and this value was attained between the 120 th. and 

the lf'.; th. hours of operation.While filter was clogging a 

dwerease of percent removal of turbidity was observed.A 

86.25 percent removal of turbidity wns reached at the end 

of 200 hours of operation.(Figure 9).Table (2) Appendix. 

The minimum filtrate turbidity was 1.5 units and 

the value was obtained between 120 and 185 hours .Increasing 

r~>te of removal of turbidity was nearly equal to the declining 

rate of turbidity removal fig.10.The maximum turbidity was 

19.5 units and this value was determined at tne beginning 

of tile filtration period.Also a similar turbidity value was 

observed at the•end of the operation period.The filtrate 

turbidity values equal or below to 5.5 units were obtained 

from samples which were collected between 6k th. and 232nd.. 

hours of operation. 

The he'd loss increased gradually from the beginning 

of tile experimentation to l8k th.hcur and during the remaining 

part of the filtration a rapid increase was seen figure 11.The 

turbidity removal at different depths of the filter bod is 

sht/wn in figures(12-l8),The minimum turbidity observed just 

below tne schmutzdecke was 9.5 units and this was maintained 

between the 112 th.and 192 nd. hours 
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of the operati . . ' ; time.The ijte.ri?nuic value :>? -fê ia t u r b i d i t y was 23.5 " : : 

u n i t s and i+- «•••:• abc :TV••.!•$. darirjg -he f i r s t 8 h u r s and the l a s t .'" " •'::v • 

12 hours of the- f i l t r a t i o n per iod. 

In .-•• f.j?r t r i p l e s only 4 unj ts removal of t u r b i d i t y in the 

gravel l aye r w&v&ei-zr "iiriedand in rooct of the time removal of t u r 

b id i ty within tKe -cravol l a y e r changed fro.ii 0 to 2 u n i t s . 

The t h i r d experimental run : 

After tbo second run of the f i l t r a t i o n ?.. 5 cm of the 

upper send l aye r .-.no removed and the remaining sand v»as v.ashod 

i n place and cleaning of f i l t e r was completed. A force days of 

r ipening period war u.red a t a very small f i l t r a t i o n r a t e . 

The ef f luent t u r b i d i t y a t the beginning of the exporir-er.-

t a t i o n wa. 7 u n i t s and the correspondi:^ roraoval ef f ic iency wa.o 55 

percent.When f - l t r a t e t u r b i d i t y •.vas 5«5 un i te tb? t u r b i d i t y rcnov.il 

as percent waa 90.83 f i g (l 9 ) . This* value was obtained a t the end cf the 

112 hours working period.The maximum removal of t u r b i d i t y was 94-16 

percent with a 3 .5 i;.nit'. of e f f luent t u r b i d i t y . A f t e r 144 th .hour 

of operat ion periou ef f ic iency of the fiJ t e r decl ined rapid ly and 

f i l t r a t e t u r b i d i t i e s became higher than 5» 5 u n i t s . 2 0 u n i t s of 

f i l t r a t e turbid it;.-- -.ma observed a t the ond of the 184 th . hour 

working period f i g . (20).The r e l a t e d percent rsmov 1 of t t i rb id i ty 

was 66.66. f i g ( i y ) . 

In t h i s pa r t of the experimental study Lea? losses were 

measured a t each sampling point depth and s i x head loss versus ope

r a t i o n time turves were obtained f i g . 2 1 . 

The low*rt curv-? in f igure (2l)ehow the head loss change 

with operat ion time a t the depth of f i r s t sampling point.The r a t e of 

increase of hear! l o s s was very small and t o t a l change of i t was 1.5 cm. 

At the second sampling depth the head loss development was higher 

than the f i r n t one and i t e value v tided from 2 cm, to 4.1 cm.The gradual 

increase cf bead losr.es?. wore observed upto the four th curve and the 

l a s t two curves tended upward, r ap id ly . The maximum change of bho^d 

los s thorugh- the- var ious depths of the f i l t e r was observed a t the 

?9 

http://fro.ii
http://rcnov.il
http://losr.es


l a s t sampling depth and the difference 'between the f i n a l and the 
i n i t i a l head losr< values was 5 cmi 

After the f i r s t d-iy of the experimentation 50 percent 

removal of t u r b i d i t y was obtained in the schiamtzdecke had a mi~ 

nimum t u r b i d i t y of.16 un i t s .Th i s value was obtained between 

the- 86 th and 96 th . hours of :>pe:r.'ition .At lkhe end of the 

op«.r.ition time observed t u r b i d i t y bolow the upper s-anfllayer w.\s 
29 u n i t s . 
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C O N C L U S I O N _ 

In the experimental par t of t h i s study by using a f i l t e r 

s e t -up ,slow sand f i l t r a t i o n performance was inves t iga t ed as 

r e l a t e d to the f i l t e r bed depth and in f luen t water t u r b i d i t y 

changes. 

The maximum t u r b i d i t y removal i n the slow sand f i l t e r 

s e t - up was 96.25 % ,which indica ted a very high e f f i c i ency . 

Between the three experimental runs the bes t c leaning of the 

raw water i s achieved i n the second run when the in f luen t t u r 

b i d i t y was 40 u n i t s and the f i l t e r bed depth was 90 cms.The 

t u r b i d i t y removal e f f ic iency reduct ion wa? observed when the 

raw r water t u r b i d i t y was 60 u n i t s and the f i l t e r bed depth was 

60 cms.Therefore i t can be recommended tha t the minimum sand depth 

should be 6,i cms and the t u r b i d i t y of raw water must be equal T 

lower than 40 u n i t s fo r such f i l t e r ? * v n order to increase the 

e f f ic iency of the f i l t e r in pr^fence of high raw w . t e r t u r b i d i 

t i e s some pretreatment i s required.The p la in sedimentat ion , s t o 

rage and i f necessary for algea removal mic ro-s t rn in ing combina

t ion can be recommended. 

Also by taking samples a t d i f f e ren t depths of the f i l t e r 

bed and measuring the head losses a t the corresponding depths . i t 

i s determined tha t the impur i t ies in the in fu len t do not . .penet-

r a t e i n to the lower layers of the f i l t e r bed as being an advan -

tage of such slow sand f i l t e r r , . 

Since in p rac t i ce the sand l aye r depth preferably i s around 

one meter so several times scraping of th,e upner sand surface 

can be done .When the f i l t e r e f f luen t t u r b i d i t y passes beyond the 

ma±imum permiss ib le l i m i t of the dr inking water s tandards (TS 266) 

the upper sand l aye r should be scraped out.Experimental r e s u l t s 

(TS 266) s Turkish Drinking Water Standards. 
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i n d i c a t e s t h a t t h i s procedure can be repeated u n t i l the remaining 

sand depth becomes 60 cm for the common tu:rbidity ranges of 

raw water .At t h i s time removed sand l aye r must be replaced 

by, the clean and washed one. 

"hen the f i l t e r i s continuously operated ,according to 

the second experimental run ' s r e s u l t s , i t wi l l be working e f f i 

c i e n t l y for. 12 or 13 days. I f the f i l t e r sand.depth i s taken 

as 105 cms, a t every-13 days by scraping of 2.5 era o f "the 

upper s 'nd l aye r ^washing and replacement•of the t o t a l f i l t e r 

media wil l be necessary a f t e r seven or e ight months of opera

t ion time. I t i s seen tha t the used wash water quant i ty i s l e s s 

i f compared to pressure or rapid sand f i l t e r r . A l s o i t can be 

e a s i l y ooficrludbdfrom the experimental study tha t ,when t v e 

raw water t u r b i d i t y i s l e s s than 4^ u n i t s , washing and r ep l ace 

ment i n t e r v a l ">f sand wil l be longer than seven or e ight month. . 

I t can be recommended tha t aome pretreatment must be appl ied 

to raw wator i f i t ' s t u r b i d i t y i s high cr i t i s the flood time. 

During the experimentation due to sun l i g h t t ' e r a was 

.some .algae growth u^on the sand surface and on the s ide v a i l s b? 

the f i l t e i . ''his algea formation did not produce any coLor or 

odor i n the e f f luen t water. Therefore i t i s proved thr,t c e r t a i n 

amount of a lgae growth do not br ing any de l e t e r ious ef fec t a t 

slow sand f i l t r a t i o n process . 

The author suggests t ha t fo r ru ra l areas and comr.unitioo 

slow sand f i l t r a t i o n i s a very convenient-water t reatment method-' 

Because in most pa r t s of the country f i l t e r bed mate r ia l s ire 

ava i l ab l e and l e s s s k i l l f u l l operat ion and l e s s close supervis ion 

a re needed during operat ion than fo r rapid sand f i l t e r s , jow labour 

and land costs a re being another-ddvant-ge of slow sand f i l t e r -

app l i ca t ions for ru ra l areas in t h i s country. 
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Tho ddsign d e t i i l s of the slow sand f i l t e r s are much l e s s 

c r i t i c a l t>ir.n t ' ;e oiiier type of f i l t e r s so the minimum s k i l l e d 

supervis ion i s required during const ruct ion period.Also t h i s 

.vanscn.lnf. sup-sorts' tnc app l i ca t ion of slow sand f i l t e r s fo r small 

communities. 
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