
O05~ 

zso 

DEVELOPMENT OF 

SIMPLE AND ECONOMIC FILTRATION METHODS 

FOR RURAL WATER SUPPLIES 

THESIS SUBMITTED FOR THE DEGREE OF 

DOCTOR O F PHILOSOPHY 

IN THE FACULTY OF ENGINEERING AND TECHNOLOGY 

NAGPUR UNIVERSITY 

DEDICATED 

THE WORLD HEALTH ORGANISATION 

TOWARDS THE GOAL OF 

SAFE WATER SUPPLY 

IN RURAL AREAS 

BY 

J. W. BCABD8LE 

MAHARASHTRA ENGINEERING RESEARCH INSTITUTE 

]BiRiGATBOS\J DEPARTMENT, GOVERNMENT OF 5VSAIHARASHTOA 

Mosaic 

DECEMBER 1978 



( i ) 

5 5 £• H I I I _? ll '± i: • 

This is to certify that Shri.J.N. Kardile 

has carried out this work under my supervision 

and guidance during the period 1973 to 1978. The 

results presented in this thesis have not been 

submitted to any other University or Institute for 

award of any other Degree or Diploma. I find the 

"work comprehensive, complete and fit for evaluation. 

GUIDE 

(Dr.A.G.Bhole) 

Professor in Public Health Engg. 

V.R.C.E. Nagpur. 

Place % Nagpur. 

Date : 7th December 1978. 



( i i ) 

D E C L A R A T I O N 

This work was ca r r i ed out by me under the 

supervis ion and guidance of Dr. A. G.Bhole, Professor 

in Public Health Engineering, Department of C iv i l 

Engineering, Visvesvaraya Regional College of 

Engineering, Nagpur. The work was car r ied out 

during 1973-1974 a t Hagpur and fu r the r in the 

Maharashtra Engineering Research I n s t i t u t e at Nasik 

during the remaining period of 1974-1978. The woik 

presented he re - in has not been submitted to any 

other Univers i ty or I n s t i t u t e for award of any 

Degree o r Diploma. The papers published on some 

aspects of t h i s work during 1972-1978, as a p a r t 

of t h i s s tudy, are enclosed in the Appendix D of 

t h i s t h e s i s . 

( J .N.Kardi le) 
Research Officer. 

Environmental Engineering Res.Division. 
Maharashtra Engineering Research I n s t i t u t e . 

Nasik-4, INDIA. 

Place : Nagpur 
Date : 7th December 1978. 



( i i i ) 

ACKNOWLEDGEMENTS 

At the very ou t se t , I express my s incere 

g ra t i tude and indebtedness to Dr.A.G.Bhole,Professor of 

Public Health Engineering, Department of Civi l Enginee­

r i ng , V.R.C.E. Nagpur, under whoso ab le supervis ion and 

guidance the work in t h i s t h e s i s was carried out . In 

fac t Dr.Bhole inspired me to apply for r e g i s t e r i n g my 

name for Ph.D.study during the construct ion of the 

Ramtek f i l t e r . I have t he re fo re , no words to express my 

fee l ings for h i s encouragement and the help during a l l 

phases of t h i s work. 

I express my sincere thanks to Shri.S.T.Khare 

the then Chief Engineer(EHE) and Joint Secretary to 

Govt, of Maharashtra,U.D.P.H.,presently working as 

Advisor (PHE) Ministry of Works and Housing,Govt, of 

India,New Delhi , for encouragement and providing the 

necessary f a c i l i t i e s fo r const ruct ion of the prototjrpe 

new treatment p lan t s a t Ramtek,Yarangaon and Chandori 

v i l l a g e s as developed in t h i s t h e s i s . I a l so express 

my s incere thanks to Shri.M.R.Bodas,Chief Engineer(EKE) 

and Jo in t Secretary to Govt, of Maharashtra,for giving 

encouragement in the present s tudy. 

I a l so express my s ince re thanks to Shr i .B .S . 

Kapre,Chief Engineer (WR) and Jo in t Secretary t o Govt. 

I r r i g a t i o n Department, and Shri .P.K.Nagarkar ?Director , 

Maharashtra Engineering Research I n s t i t u t e , N a s i k - 4 , f o r 

t h e i r encouragement and providing necessary f a c i l i t i e s 



( iv) 

in connection with the experimental work in the Mahara­

sh t ra Engineering Research I n s t i t u t e , K a s i k - 4 . 

The ove ra l l performance s tudies on f u l l s ca l e 

p lan t s as developed in t h i s thesis,would not have been 

poss ib le but for the p a r t i c i p a t i o n by the Environmental 

Engineering Organisation of the S ta te of Maharashtra in 

t h i s work. I am thankful to the Superintending Engin­

eers Sarvashri G.M.Alkutkar (Retd.) ,P.V.Bhootkar,W.D. 

Bhide, and M.M. Ghatpande, the Executive Engineers 

Sarvashri A.P.Chaurasia,D.N.Joshi,S.D.Armal and S.V.Deo, 

and the Deputy Engineers and Junior Enginers on the 

respec t ive works in the Environmental Engineering Orga­

nisation,who have taken keen i n t e r e s t in these new t r e ­

atment p lan ts and rendered a l l the necessary he lp during 

the period of construct ion of these p l a n t s . 

I am thankful to Sarvashri • V. R. Chaudhari ., P. K. 

Mungi,D.D. Ozarkar,R.N.Pathak,B.R.Pati l ,A. G. Deshmukh, 

V.S.Thakar,S.T.Kulkarni, T.Z. Phangal,C.M.Tribhuvan,S.R. 

¥aghavkar,N,J.Bakre,and R.A.Salve,for t h e i r help during 

the p i l o t p lant and prototype p lant s tudies . Thanks 

are a l so due to Sarvashr i . S.T.Kulkarni and N, S.Chavan 

who helped in drawing work and Miss .S .S .Lele , for neat 

typing work. 

Final ly i t w i l l be an omission i f I do not 

acknowledge the encouragement and a s s i s t ance from my 

wife,my son Shir ish and daughter Shubhada for success ­

ful completion of t h i s work. 

Nagpur 
Date : 7th Dec. 1978. (J .N.Kardi le) 



SUMMARY. 

1 . BACK GROUND . 

A mass scale programme of providing drinking 

water supply f a c i l i t i e s in the rura l and semi-rural 

areas i s under implementation in India and in most 

of the developing countries. The United Nation's 

Water Conference has declared that 1980 to 1990 

should be designated as the "International Water 

Supply and Sanitation Decade" to cover 100$ popula­

t ion of the world by community safe water supply and 

sani tat ion. 

For vi l lages where the assured ground water 

sources are not available in the near v ic in i ty for 

safe drinking water supply schemes surface water 

sources are required to be tapped. Adequate treatment 

has to be given to such waters i r respect ive of the 

size of community to be served. Naturally the capaci­

t i es of these water treatment plants in the vi l lages 

wil l be generally very small. The costs of const­

ruction of such small capacity conventional water 

treatment plants , such as slow sand,rapid sand and 

pressure f i l t e r plants are seen to be disproportiona­

te ly high. Moreover skil led supervision which i s 

necessary during construction and maintenance of the 

conventional plants will not be available generally in 

most of the rura l areas. Hence, in many rura l water 

supply schemes water treatment f a c i l i t i e s are seen to 

be deleted part ly or completely, even though these 
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are essential for supplying safe drinking water. 

There are number of problems in the design, 

construction and maintenance of the conventional 

water treatment plants, particularly for the small 

capacity rural water supply schemes. There is 

therefore,an urgent need for the development of simple 

and cheap water treatment facilities for the rural and 

small capacity water supply schemes. This is one of 

the basic factors in the improvement of the community 

health in the rural areas. 

2. AIM OF STUDY. 

The aim of the present study was to carryout 

experimental pilot plant as well as prototype plant 

study, on the various water treatment processes, based 

on new and unconventional techniques, so as to try to 

solve the different problems in the development of 

simple and cheap water treatment methods suitable for 

the rural and semi-rural areas. 

3 . ACHIEVEMENTS DUE TO NEW METHODS. 

During this study it was possible to develop 

three simplified and unconventional water treatment 

plants as constructed, first at Ramtek,second at 

Varangaon and the third, which is under construction 

at Chandori village in the Maharashtra State. The 

designs and actual performances of the pilot and pro­

totype plants are discussed in details in this thesis. 

In addition to this the experimental pilot plant 

study for the development of non-mechanical and 
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continuous type f loccu la t ion systems as discussed in 

Chapter 4 i s an i n t e r e s t i n g one and may have a cons i ­

derable impact on the future developments of unconven­

t i o n a l as well as conventional t reatment p l a n t s . 

3.1 Ramtek Treatment Plant % 

The Ramtek p lant constructed in the year 73 

for a capaci ty of 2.4 mid, i s mainly designed for the 

treatment of average low t u r b i d i t y water sources from 

the s torage r e s e r v o i r s , canals and the upland waterss= 

However i t can t ack le occasional higher t u r b i d i t y 

loads even upto 1000 JTU. I t has been s p e c i a l l y d e s i ­

gned to s u b s t i t u t e the conventional slow sand f i l t e r s , 

which are l i k e l y t o be choked up even by a s ing le high 

t u r b i d i t y load. In the Ramtek p l an t gravel bed p r e -

f i l t e r s have been provided in place of the conventio­

na l pretreatment works, and s implif ied dual media 

high ra te f i l t e r beds have been adopted in place of 

the conventional rapid sand f i l t e r beds. Only hard 

backwashing has been adopted for the f i l t e r beds,while 

the p r e f l i t e r s can be cleaned by g rav i ty desludging 

operation as well a s , by backwashing when requ i red . 

The ac tua l plant performance showed very good r e s u l t s 

fo r an observation period of t h ree years . This may 

perhaps be the f i r s t of such simple and cheap small 

capaci ty water treatment p l a n t provided f o r v i l l a g e 

water supply scheme. The Ramtek p lan t i s a very 

simple and compact u n i t due to the unconventional 

design as explained above, and the ac tua l cost 



S-4 . . 

(Rs. 1,25,000/-) was l e s s than 1/3 of the cost of the 

conventional t reatment plants of the same capacity-

constructed in the same year. 

The crushed coconut s h e l l has been used as a 

top coarse media over the f ine sand in the dual media 

f i l t e r beds a t Ramtek fo r the f i r s t time i n the 

world,and the au thor has received a patent ( No. 

134979) fo r i t s use in India in '1974 . The author i s 

of the view tha t t h i s i s one of the best media a v a i ­

l a b l e in the world a t present f o r the use of high 

r a t e f i l t r a t i o n . The author i s happy to s t a t e t h a t 

the patent r i g h t s for t h e use of t h i s new media have 

been donated to the Indian Water Works Associat ion. 

3.2 Varangaon Treatment Plant ; 

The Varangaon p lant having a capaci ty of 4® 2 

mid i s constructed during the year 1977? for a r e g i o ­

n a l r u r a l water supply scheme, f o r supplying water to 

f ive v i l l a g e s . The plant i s s p e c i a l l y designed for 

t he treatment of high turbid water sources . In t h i s 

unconventional high r a t e t reatment p lan t , baffle mixi 

ing channel, two u n i t s of grave l bed f loccula t ion , two 

u n i t s of tube s e t t l i n g tanks and th ree uni ts of dual 

media f i l t e r beds have been provided in place of a 

conventional rapid sand f i l t e r p l an t . The gravel bed 

non-mechanical type f loccula t ion u n i t s and the tube 

s e t t l i n g tanks are the spec ia l fea tures of t h i s p l a n t , 

which may have been provided for the f i r s t time for a 

r u r a l water supply scheme„ PVC square tubes of 50 mig 

x 50 mm s ize were s p e c i a l l y got fabr ica ted fo r the 
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f i r s t t ime in Ind ia , and tube modules were fabr ica ted 

of required s ize to cover a l l the s e t t l i n g tank 

a rea . 

The other s p e c i a l f ea tu re i s the dec l in ing 

type r a t e con t ro l l i ng arrangement provided a t t h i s 

p lan t . Due to t h i s arrangement, i t i s poss ib le to ace 

ommodate- the pure water pumping machinery in the 

con t ro l room. The alum solu t ion aid dos ing tanks 

alongwith a small labora tory are provided in a che­

mical room over the cont ro l room, while the wash water 

tank has been provided on the top of the chemical 

room. The a c t u a l p lan t performance shewed very s a t i s ­

factory r e s u l t s f o r a per iod of one year . The Varan-

gaon plant i s a very compact un i t due to the unconven­

t i o n a l design as s t a t ed above and t h e actual cost o.f 

(Rs. 4 ,00 ,000/ - ) may be l e s s than 50fo of the c o s t of a 

conventional t reatment p lant of t h e same capaci ty . 

3.3 Chandori Treatment P lan t : 

The Chandori treatment p l an t i s s p e c i a l l y 

designed t o t r e a t tu rb id water sources for the small 

v i l l a g e s , and the plant i s p r e sen t l y (1978) under 

cons t ruc t ion . -This new plant inc ludes a p r e t r e a t o r 

u n i t which i s followed by a dual media f i l t e r bed.The 

high r a t e p r e t r e a t o r , which i s a combination of the 

gravel bed p r e f i l t e r of the Ramtek p lan t and the tube 

s e t t l e r of the Varangaon p l a n t , i s the spec ia l fea ture 

of t h i s new p l a n t , designed t o t r e a t turbid water 

sources for the small capaci ty t reatment p l an t s . This 

i s a modified form of the Ramtek p lan t and has got a 
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spec i a l advantage of two stage const ruct ion as expla­

ined in the t h e s i s . 

3.4 Field Appl icat ions : 

About five such small capaci ty unconventional 

t reatment plants have been constructed recen t ly and 

the ac tua l p lan t performance r e s u l t s for the three 

p lan ts a t , Surya I r r i g a t i o n P ro jec t , Murbad,and 

Bhagur in the Maharashtra State are a l so included in 

Chapter 11 of t h i s t h e s i s . The Surya Project and the 

Murbad Plants are t h e modified forms of the Ramtek 

Plant design, for the adoption fo r specif ic water 

q u a l i t y condi t ions , while t h e Bhagur p lan t i s based c 

on the design of the Varangaon p l an t with some chang­

es in the surface loadings , as discussed in d e t a i l s 

in Chaper 11« 

Further about twenty p l a n t s based on these i 

new designs are under cons t ruct ion at various p l aces . 

In addi t ion t o t h i s , these new techniques have a l s o 

been proposed for the conversion of the e x i s t i n g 

bigger capaci ty p lan t s in the Maharashtra S t a t e , 

Table 11-1 showing the places where these new t r e a t ­

ment p lan ts have been adopted, alongwith the probable 

saving due to the adoption of "the new techniques, is 

enclosed in Chapter 11. I t can be seen from t h i s 

Table t ha t -the average saving is more than 50$ of the 

cost of the conventional p l an t s of the same capaci ty 

and the ove ra l l saving may be more than a crore of 

rupees due to app l i ca t ion of these new techniques 

so f a r . 
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4 . UTILITY OP THE NEW TECHNIQUES. 

Cons ider ing t h e l a r g e s c a l e programme d u r i n g t h e 

proposed " I n t e r n a t i o n a l Dr ink ing Water Supply and S a n i ­

t a t i o n Decade" d u r i n g 1980 t o 1990, t h e p r o v i s i o n of s a f e 

d r i n k i n g wate r s u p p l y f a c i l i t i e s w i l l have t o be provided 

on p r i o r i t y b a s i s . The new t r e a t m e n t methods as d e v e l o ­

ped d u r i n g t h i s s tudy have shown v e r y s a t i s f a c t o r y 

r e s u l t e s a s d i s c u s s e d i n d e t a i l s in t h e t h e s i s . Table 

1 2 - 1 showing the recommended g e n e r a l des ign c r i t e r i a 

based on t h i s s t u d y f o r adop t ion of such new t r e a t m e n t 

p l a n t s i s enc losed in c h a p t e r 1 2 . I t w i l l be seen t h a t 

t h e new t r e a t m e n t p l a n t s as deve loped in t h i s s t u d y a r e 

ve ry s imple f o r c o n s t r u c t i o n , and maintenance and a r e 

a l s o cheap as compared t o The c o s t s of t he conven t i ona l 

p l a n t s of t h e same c a p a c i t i e s . The a u t h o r s i n c e r e l y 

f e e l s t h a t t h e new s i m p l i f i e d t r e a t m e n t methods a s 

developed i n t h i s s t u d y may be a b l e t o h e l p in s o l v i n g 

t h i s g r e a t problem of p r o v i d i n g sa fe d r i n k i n g water 

s u p p l y in the r u r a l and s e m i - r u r a l a r e a s . 

-oOo-
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CHAPTER I 

APPROACH TO THE PROBLEM 

1.1 BACK GROUND. 

Number of water treatment plants are under design 

and construction particularly in the developing countries, 

for the supply of filtered water in the cities and villa­

ges. As the conventional water treatment plants are fairly 

costly in their construction and maintenance,an intensive 

search is going on, all over the world for the development 

of cheaper water treatment plants. This includes the use 

of improved pretreatment methods including the use of 

coagulant aids and higher rates of filtration through the 

dual and multimedia filters. In addition to these. 

extensive automation for the various controls in the 

treatment plants are under development in the developed 

countries to reduce the operational cost. 

Due to the high cost of construction and mainten­

ance in adopting the conventional water treatment plants, 

many towns and particularly the villages in the developing 

countries cannot afford to adopt the same for their water 

supply schemes. Further even in the conventional treat­

ment methods there are some problems in the efficient 

performance of the treatment plants which can be observed 

in the existing conventional treatment plants„ However, 

for want of new tecliniqu.es and designs to solve these 

treatment problems, conventional treatment plants are 

generally seen to be adopted for the city and village 

water supply schemes. 

http://tecliniqu.es
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1.1.1 Task Ahead : • 

If the present (1975) condition of urban and rural 

water supply position in India is considered,(29) out of 

2921 number of towns 1585 number of towns have been 

supplied with protected water supply schemes while out of 

5,67^00 number of villages 3,91 ,000 have been found as 

difficult, while only 39,000 number of villages have so 

far been provided with some sort of protected water supply 

schemes. The population of the urban areas is about 110 

millions while that of rural areas is about 440 millions. 

The protected water supply schemes have been provided for 

about 60$ population in urban areas and for about 10$ 

population in rural areas. 

The position in the other developing countries 

may not be different from the above mentioned position in 

India. The thirtieth World Health Assembly has declared 

in May 1977, to observe "International Drinking Water 

Supply and Sanitation Decp.de during 1980-1090", so as to 

cover all the population in the world by the safe drinking 

water supply and sanitation facilities,(30). All the 

countries in the world have been requested to concentrate 

all their efforts so as to fulfil these targets in their 

respective countries. Thus the next decade (1980-1990) 

will be very important for providing protected water 

supply for thousands of villages for improvement in the 

Community health. 

Considering this gigantic task before the public 

health engineers in the world, every effort will have 

to be made by them to fulfil the same. There are 

http://Decp.de
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number of problems to be tackled to ;fulfiL this task. 

The field of water treatment is one of the aspect where 

there are number of problems, and to develope very simple 

and cheap water treatment plants for the rural and small 

community water supply schemes is a very importamt task. 

This will have to be achieved on urgent bhsis in order 

to fulfil this great task before the world, 

1 .1 .2 The Aim of Present Study : 

The aim of the present study is to search out the 

new techniques for the better performances of the various 

processes in the field of water treatment so as to 

utilise them in the design of very simple and cheap water 

treatment plants particularly for the villages and 

small capacity water supply installations. The principal 

idea behind the present study is to design on the basis 

of new techniques small pilot treatment plants for 

actual observations of their performances and based on 

these studies, to design a few prototype plants in the 

field and to study their actual plant scale performances, 

so as to develope simple and cheap small capacity water 

treatment plants. Therefore the topic of the present 

thesis is selected as "Development of simple and economic 

filtration methods for the rural and small community 

water supplies". 

1.2 IMPORTANT STEPS IN THE HISTORY OF WATER TREATMENT. 

If the history of water treatment is considered 

for the development of the water treatment processes 

the important steps can be described as below. 
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1.2.1 Slow Sand Filters : 

These filters were first developed in England 

by about 1830 and were then adopted all over the world. 

The slow rate of filtration of about 100 to 500 l/m2/h, 

through the fine sand bed of average effective sand size 

of 0.3 mm and uniformity coefficient up to 2.5, and its 

cleaning by scrapping the top layer of sand of 1 to 2 cm. 

for a limiting head loss of 0.5 m, are its main design 

features. However there is important limitation for the 

raw water turbidity to be applied on these filters,which 

should be normally within 30 units. Coagulation is not 

recommended before this filter for its proper functioning. 

The main action of the purification of water through this 

filter bed is said to be done by the biological activity 

through the various algal and bacterial colonies in the 

filter bed. Thus this filter is mainly suitable for 

treating the clean and low turbidity raw waters which are 

polluted by dissolved organic matters. These filters are 

more efficient than high rate filters in removing the 

bacterial load in the raw waters. This special biological 

aspect of the treatment is not possible in high rate 

filters. Hence for treating polluted turbid raw waters, 

high rate prefilters have been provided at some places 

before the slow sand filters. If the turbid raw wa/fcers 

are directly applied on the slow sand filters then there 

is possibility of early clogging of the filter beds and 

at times even developing anaerobic conditions in the 

filter beds. 
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1.2.2 Eapid Sand Filters : 

These filters were developed first in America 

in the beginning of this century and were then spread in 

the other parts of the world. The main advantage of this 

filter is that, the filter can treat turbid raw water 

with the adoption of the pretreatment before the filter 

bed and with the use of back wash, the filter bed can be 

brought to its original conditions. The rate of filtra­

tion adopted is generally from 5000 to 10000 1/m /h, 

depending on the type of pretreatment method and raw 

water quality for a limiting head loss of 2 to 2.5 metres. 

This is the most common filter in use in the world 

including India at preent. 

1.2.3 Upflow Filters : 

These filters were first developed in the 

European countries and USSR and then spread in the other 

parts of the world. These filters with the same back 

wash arrangements as that of a rapid s«nd filter have the 

additional advantage of effective utilisation of the full 

filter depth due to the upward direction of the flow. 

When the raw water is fairly clean throughout the year, 

the upflow filter can be directly adopted, without the 

necessity of pretreatment, where such filters are known 

as contact clarifiers. These filters generally require 

deep beds and are not adopted for the high rate filtra­

tion due to the possibility of break-through of the 

filter-bed due to the boyancy effect when filter bed 

gets clogged. 
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1 .2.4 Biflow Filter : 

A combination of upflow and down flow filter which 

is known as biflow filter has also been developed in some 

countries. However these filters have not become common 

in practice for the various operational difficulties. 

1.2.5 Dual and Multimedia Filters : 

These filters have come into practice during the 

decade 1960-1970 in America, England and some other 

countries. This filter can be adopted directly when the 

raw water is moderately clean throughout the year, as in 

the case of upflow filter. However, this filter has got 

some advantages over the upflow filter as the flow dire­

ction is downwards as in a rapid sand filter bed, and the 

depth of the filter bed is considerably less as compared 

to the upflow filter. In addition to this, there is no 

boyancy effect of filter bed as observed in the case of 

upflow filter bed. These filters can be designed for 

very high rate of filtration of 10,000 to 15,000 l/m2/h. 

Thus this filter may be the cheapest as compared to the 

others and may be a popular filter in the future,provided 

the suitable quality and cheap filter media are available 

locally in the required quantities. 

1.2.6 Conventional Pretreatment Practice ; 

For the treatment of raw waters, the conventional 

pretreatment consisting of chemical mixing flocculation 

and clarification is necessary to remove the turbidity 

load before putting the water on the filter beds. The 

capital as well as the maintenance cost of the conven­

tional pretreatment units are considerably high. 
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At the same time the conventional pretreatment, with the 

coagulation and clarification processes is the most delicate 

process to handle in the whole of the water treatment 

processes. The various chemical reactions involved are 

complicated and are yet to be understood completely and are 

still under active research. The mechanical equipments 

required in the chemical mixing, f locculation, and clari­

fication processes make this problem still more difficult 

particularly for the construction and maintenance of the 

small capacity water treatment plants in the villages, in 

the developing countries. 

1.3 PLANT OBSERVATIONS. 

Plant observations on the existing water treatment 

plants are discussed below. 

1.3.1 General t 

The author has carr ied out the on-plant s tudy on 

the e x i s t i n g slow sand and semi-rapid f i l t e r s and the 

pretreatment works for the small capac i ty water t reatment 

p lants constrctued by the Environmental Engineering 

Organisation in the Maharashtra Sta te in India . Two 

comprehensive r epor t s (33) (34) were prepared by the 

author on the b a s i s of these f i e l d s tud ies as given below 

for submission to the Govt, fo r fu r the r considerat ion 

regarding the improvements to be car r ied out in these 

p l a n t s . 

Report 1 J The evaluation of the performances of 

the efficiencies of the slew sand 

and semi-rapid filters in the 

Maharashtra State (34). 
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Report 2 : The report on the evaluation of the 

efficiency of the serated and hopper 

bottom rectangular settling tanks (33). 

A cyclostyled copy of the report 2, is enclosed in the 

Appendix D of the present thesis. On the "basis of the 

recommendations made in these reports the Govt, of 

Maharashtra has already directed the concerned authorities 

to carryout the necessary improvements as suggested in 

these reports for the better performances of these plants. 

1.3.2 Report 1. The Evaluation of the Performances of 
the Efficiencies of the slow Sand and Semi-Rapid 
Filters in the Maharashtra State : 

On the basis of the comprehensive report prepared 

on the on~plant study the author has published a papa r 

(25) "Observations on some semi-rapid and slow sand 

filters in Maharashtra State", in the Journal of th£ 

Indian Water Works Association, Vol.11 No.4. (1970). 

A copy of this paper is enclosed in the Appendix-D which 

gives the important findings in the Report 1. 

Prom the observations given in the Report 1 and 

the paper, it can be seen that the most of these plants 

were not giving the desired performances so as to get the 

acceptable quality of the effluent to the drinking water 

standards. There are number of problems in the various 

stages of mixing, flocculation,settlement and filtration 

as discussed in details in this report and the paper. 

On the basis of the plant observations, some improvements 

were recommended to solve these Problems so as to 

improve the general plant performances. 
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1.3.3 Report 2. The Report on the Evaluation of the 
Efficiency of the Serrated and Hopper Bottom 
Rectangular Settling Tanks : 

In this report the on-plant observations mainly on 

the preiceatment units consisting of the serrated and 

hopper bottom rectangular settling tanks, which are gene­

rally provided in the Maharashtra State, for the small 

capacity treatment plants, are given. 

From the observations given in this report 2, it 

will be seen that the actual performances of the most of 

these pretreatment works are not found satisfactory. 

From this study it is seen that the p-.r»treatment process 

is the weakest link in the whole treatment process, mainly 

due to the defective design and construction of units, 

which includes absence of proper dosing of chemicals, 

deletion of mixing or flocculation \initsP defective inlets 

and outlets, and absence of proper sludge removal 

arrangements. 

From this study it is revealed that the multiple 

hopper bottom rectangular settling tanks axe very effi­

cient in the sludge removal by hydrostatic pressure while 

the plain &nd serrated bottom settling tanks are not 

efficient in sludge removal by hydrostatic pressure and 

are required to be made empty for the periodic sludge 

removal from these tanks. On the basis of this study 

the hopper bottom settling tanks are now adopted as a 

type design in the Environmental Engineering Organisa­

tion of the Maharashtra State« 

1,4 APPROACH TO THE PRESENT STUDY. 

As per para 15(i) of the ordinance No.92 of the 
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Nagpur University, for the consideration of degree of 

Doctor of Philosophy in the Faculty of Engineering and 

Technology, it is stated that "it must be a piece of 

research work characterize either by the discovery of 

new facts or by a fresh approach towards the interpreta­

tion of facts or theories". 

The theory of water treatment has been advanced 

mainly from the beginning of this century and particularly 

during the last fifty years. From these advancements and 

the literature published during this period it can be seen 

that this advancement is mainly in the conventional 

processes of water treatment and particularly for big 

size plants. Even for small capacity plants the same 

conventional approach was adopted for the construction of 

these plants. When the conventional units of mixing, 

flocculation clarification and filtration are designed for 

the small capacity plants, the cost of such small units 

goes disproportionately high due to the structural cost 

as well as the mechanical units, which may go even from 

100$ to 400$ higher than the unit cost of the bigger 

plants for the same processes of the treatment. This can 

be seen from the actual costs of construction for such 

small capacity plants. Due to the high cost of constru­

ction for the small capacity plants, the cost of treat­

ment for small capacity plants in the rural and semi 

rural areas goes very high and there is a natural tendency 

either to avoid full or part of treatment works while 

providing water supply schemes in the rural areas. This 

does not solve the problem of providing the safe drink­

ing water supply to the rural communities. There is 
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thus urgent need of research in the field of water treat­

ment, specially for the development of simple and cheap 

small capacity treatment plants. 

If the research is oriented in the field of con­

ventional treatment processes which is generally done due 

to the availability of the technical literature in the 

field, the result will naturally be on increasing the 

efficiency of the conventional units for applying higher 

rates, but it may not come out of the conventional 

processes as a whole. 

The author therefore feels that if the existing 

small capacity plants and the various problems involved 

in the design and construction of such plants are studied 

very critically in the field and from the actual on plant 

observationa, such a study itself may give some new ideas 

for the development of simple and cheap treatment methods 

for the small capacity plants. 

The author earnestly feels that as a result of 

such a critical on-plant study of the existing small 

capacity plants and the study of the recent technological 

advances in the field of water treatment, it was possible 

to develop the new designs for the small capacity treat­

ment plants at Ramtek, Varangaon and Chandori as discu­

ssed in this thesis. The original ideas and the new 

facts which have been developed in the design of the new 

treatment methods in this thesis ©.ro as given below. 

(i) The use of gravel bed for flocculation as 

adopted in all the three new treatment methods developed 

in this thesis. 
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(ii) The adoption of P.V.C. tube settling tanks for the 

Varangaon treatment plant which may have been adopted for 

the first time in India. 

(iii) The development of the pretreator unit for the 

treatment of turbid water sources as proposed at Cliandori 

treatment plant. 

(iv) The use of crushed coconut shell media ss a top 

media in a dual media filter bed over the fine sand :aedia 

for higher rate of filtration, may be the first use of 

this media in the world. 

(v) The simplification in the design of structures 

for the small capacity water treatment plants as developed 

in this thesis. 

1.5 QUALITY OP WATER TO BE TREATED. 

In the conventional water treatment practice the 

slow sand filter is generally adopted for very low turbid 

raw waters containing dissolved organic matters and these 

filters are generally recommended fo2* tL<? otor?£'';:ateg« 

sources.(26) While for turbid raw water sources protreat-

ment consisting of coagulation flocculation and sedimen­

tation is generally adopted before rapid sand filters(26). 

In special cases rapid sand filters without pretreatment 

are provided before slow sand filters so as to remove the 

suspension load for further treatment of waters on slow 

sand filters at higher rates. For turbid waters with 

high organic pollution, complete rapid sand filtration 

including pretreatment is provided before the treatment 

of water on slow sand filters«, As the only rap.-...-;. £-.:••:.nd 

filtration is not adequate to treat such waxera to the 
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r e q u i r e d s t a n d a r d s , s u c h type of double f i l t r a t i o n though 

ve ry c o s t l y , has to be provided a t some p l a c e s . 

Low t u r b i d i t y waters can a l s o be t r e a t e d d i r e c t l y 

wi thou t c o n v e n t i o n a l p r e t r e a t m e n t through deep bed .upf low 

or c o n t a c t bed c l a r i f i e r s , o r th rough t h e d u a l or m u l t i ­

media f i l t e r s as exp la ined e a r l i e r . 

1.6 APPROACH IN THE TREATMENT OP WATER QUALITY. 

Even though the q u a l i t y a s p e c t s of raw w a t e r fo r 

t r e a t m e n t as exp l a ined above a re a v a i l a b l e , i n p r a c t i c e t h e 

conven t iona l t r e a t m e n t p l a n t s a r e g e n e r a l l y seen t o be 

provided even though t h e s e a r e c o n s i d e r a b l y c o s t l y f o r 

c o n s t r u c t i o n . F u r t h e r t h e s e t e c h n i q u e s do not give cheaper 

s o l u t i o n t o some type of raw w a t e r s a s e x p l a i n e d 

h e r e a f t e r . 

In t h e p r e s e n t s tudy raw w a t e r q u a l i t i e s a r e 

mainly c o n s i d e r e d i n the f o l l o w i n g t h r e e catagorie:-? fo r t h e 

des ign of simple and cheap t r e a t m e n t methods f o r smal l 

c a p a c i t y t r e a t m e n t works. 

i ) Raw wa te r of low t u r b i d i t y and p o l l u t i o n but wi th 

o c c a s i o n a l i n c r e a s e i n t u r b i d i t y l o a d ? , 

i i ) Raw water w i th h igh t u r b i d i t y load and moderate 

p o l l u t i o n . 

i i i ) Raw w a t e r wi th high t u r b i d i t y and high 

p o l l u t i o n l o a d . 

In the p r e s e n t s t u d y , f i r s t two ca::es a r e 

proposed t o be t a c k l e d as t h e s e a r e t h e cora-.iori caries i n 

p r a c t i c e while the t h i r d case i s r a r e l y seen ar..d i t w i l l 

need f u r t h e r s p e c i a l t r e a t m e n t of e i t h e r slow saad f i l t ­

r a t i o n o r any o t h e r a f t e r t h e t r e a t m e n t fo r cav '.aye No» 

( i i ) and hence t h e t h i r d case i s not considered! in tL:.e 

p r e s e n t s t u d y . 
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1.7 TREATMENT OF LOW TURBIDITY WATER SOURCES. 

This is a peculiar case for raw water available 

at many places in India and in the Maharashtra State. As 

per present conventional practice slow sand filters can 

not he adopted in this case as there is occassional 

increase of turbidity during the rainy season. Therefore 

full conventional pretreatment followed by rapid sand 

filters are generally adopted at present. At many places 

with the policies of particular government organisations 

either only slow sand filters or conventional pretreat­

ment followed by slow sand filters are also seen to be 

adopted. But this practice is against the theoretical 

design aspect of the slow sand filters and after some use, 

such filters are seen giving trouble for maintenance due 

to clogging of filter beds. Further the biological 

activity in such filters is also seen hampered at the top 

of such slow sand filters during the plant study carried 

out by the author. 

As the only slow sand filters are not suitable 

for these conditions of the raw water and the conventional 

rapid sand filters with its pretreatment will be generally 

costly as explained earlier-, a new unconventional complete 

filtration unit originally designed by the author at 

Ramtek is proposed to be studied in details in the 

present study for the treatment of raw wp.ter with low 

turbidity and pollution and with occassional moderate 

turbidity loads. 

1.8 TREATMENT OF HIGH TURBIDITY WATER SOURCES. 

As per conventional filtration practice, 
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pretreatment consisting coagulation and settlement 

followed by rapid sand filtration is generally adopted in 

this country. This can be said sa the popular method of 

treatment at the present time. Apart from the high cost 

of construction f&r such treatment plants, there are a 

number of problems which are discussed earlier in this 

chapter. 

The author has therefore designed the new uncon­

ventional treatment plants at Varangaon and Chandori for 

the treatment of high turbidity water sources, which are 

proposed to be studied in details in the present study. 

1.9 RAMTEK: FILT2R. 

When the source of water supply is from storage 

dams or from rivers in rocky catchment areas the turbi­

dity of raw water is generally low through out the year 

with occasional increase of moderate turbidity during 

the rainy season. In the present study the author has 

constructed a new type of unconventional complete filtra­

tion unit for Ramtek Water Supply Scheme near Kagpur in 

India. In this filter a gravel bed upfiow type prefilter 

is provided before a dual media filter unit. The filter 

is designed for a higher rate of filtration of 7150 

l/m /h. i.e. about one and half times the normal designed 

rate for a rapid sand filters. For chemical mixing a 

baffled mixing channel is provided before the water 

enters the prefilter beds. The detailed design aspects 

and the experimental results on the pilot plants and the 

Ramtek filter plant are given in the chapters 6 and 7 

respectively. 
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From the cost comparison with the conventional plants of 

same capacity which have been actually constructed during 

the same time, it can be seen that the Ramtek type filtra­

tion unit may cost 50$ to 25$ of tine cost of the conven­

tional rapid sand filters. 

Some more filters of this type with minor 

changes in the design are under construction in the 

Mahaarashtra State and the on-plant observations on the 

same have also been given in this thesis in the chapter 11. 

1.10 VARANGAON TREATMENT PLANT. 

In the present study the author has designed a 

new type of unconventional high rate simplified treatment 

plant as proposed for the Regional Rural Water Supply 

Scheme for five villages near Varangaon,, for the treatment 

of high turbidity water sources. This plant consists,of 

baffled mixing channel, two uni&s of gravel bed floccula-

tion chambers and tube settling tanks and three units of 

dual media high rate filter beds. Thus no mechanical 

equipment is adopted for the chemical mixing, flocculation 

and sludge removal processes. The detailed design aspects 

and the experimental results on the pilot plant and the 

Varangaon treatment plant are given in the chambers 

8 and 9 respectively. 

From the comparison of the cost of the Varangaon 

treatment plant of 4.2 mid capacity with the conventional 

plants as given in the chapter 9, it can be seen that the 

Varangaon plant is cheaper by more than 50% in cost as 

compared to the conventional plants of the same capacity 

constructed during the same period in the Maharashtra 

State. 
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Similar type of filter plants, with some minor 

modifications have also been constructed at a few rural 

water supply schemes in the Maharashtra State and the 

plant observations on the Bhagur plant are also included 

in the chapter 11 of this thesis. 

1.11 CHANDORI TREATMENT PLANT. 

The design of Chandori treatment plant consists of 

pretreator unit followed "by dual media filter bed. The 

pretreator unit is a combination of gravel bed prefilter 

and tube settler as explained in details in the chapter 10. 

This may be the cheapest £reatnent plant for the 

treatment of turbid water sources for the rural water 

supply schemes. The plant is under construction ana the 

actual plant performance result5 are yet to be obtained <, 

However the pilot plant results are included in the chapt­

er 10 of this thesis. This may be a very simple and 

cheap treatment plant to be recommended for the small 

rural water supply schemes for the treatment of turbid 

water sources. 

1.12 CONCLUSIONS. 

The purpose of the present study is to develope 

simple and cheap water treatment plants for the small 

capacity water supply schemes in the rural and semi-

rural areas. In order to achieve this purpose compara­

tive study of the pilot plants r.nd the new simplified 

water treatment plants proposed at Ramtek Varangaon and 

Chandori was considered necessary. 
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From the comparative study it can be seen that 

the purpose of writing this thesis is fulfilled to a 

great extent and number of such simple and cheap water 

treatment plants are nnder construction in the 

Environmental Engineering Organisation in the Maharashtra 

State. Further these simplified treatment plants are 

likely to be adopted not only in this country but also 

in some other developing countries, where the similar 

problems are faced. 

Thus this thesis may be a useful reference for the 

construction of such simple and cheap small capacity water 

treatment plants. Further the thesis will also be useful 

for the feature research in the field of water treatment 

for the development of simple and cheap treatment plants 

for the fural and semi-rural areas in the world,, 

™o0o-



CHAPTER-2. 

LITERATURE REVIEW. 

GEHERAL APPROACH. 

The u r g e n t need f o r t h e d e v e l o p m e n t of s i m p l e and 

cheap f i l t e r s f o r t h e r u r a l and s s m l l c a p a c i t y w a t e r 

t r e a t m e n t p l a n t s h a s "been e x p l a i n e d u n d e r t h e p a r a 1.2 

and 1.3 of t h e c h a p t e r 1 . As s t a t e d i n t h e p a r a 1.3 of 

t h e chapter™1 , on t h e "basis of t h e a c t u a l f i e l d observaflB 

t i o n s and t h e p r o b l e m s f a c e d i n t h e e x i s t i n g s m a l l 

c a p a c i t y p u r i f i c a t i o n p l a n t s i n t h e M a h a r a s h t r a S t a t e , 

t h e a u t h o r h a s d e v e l o p e d t h r e e u n c o n v e n t i o n a l b u t s i m p l e 

d e s i g n s f o r p r o v i d i n g c h e a p e r w a t e r t r e a t m e n t p l a n t s f o r 

t h e r u r a l and s e m i - r u r a l a r e a s , 

As e x p l a i n e d i n t h e c h a p t e r ~ 1 9 the design of 

Ramtek f i l ter includes,, baffle mixing channel, gravel bed 

prefilter and the dual media f i l ter bed for the treatment 

of low turbid water sources, while the design of 

Varangaon treatment plant includes baffle mixing channel,, 

gravel bed flocculator, tube settling tank and the dual 

media fi l ter bed for the treatment of high turbid water 

sources. V/hile the Chandori treatment plant is based on 

the design of a totally new type of pretreator followed 

by a dual media fi l ter bed for the treatment of turbid 

water sources for small capacity plants. As these are 

unconventional designs with some new ideas in the field 

of water treatment i t is proposed to take a literature 

review of the special theoretical aspects which can be 

compared or utilysed in the development of the new 



2-2 

designs proposed in this thesis. This review work is 

therefore, mainly carried out under the five aspects as 

given below. 

2.1 ) Mixing and coagulation. 

2.2) Floeoulation and use of gravel bed for 
f1o e culati on. 

2.3) High rate tube clarification, 

2.4) Dual and multi-madia filtration and 
finding suitable cheaper media* 

2.5) Simplification in the design and constx-uction 
for the small capacity plants, 

Although the references ai-e given in short, in 

some cases these a.re given in mora details as the author 

feels that these are very important in the design and 

adoption of new techniques in the field of water treat­

ment and will be of great use to the students of this 

subject., The units in the references are not altered,, 

201 MIXING AND COAGULATION. 

General . In practice mechanical as well as baffle 

mixing is generally adopted for the small capacity water 

treatment plants. However there can be no simpler and 

cheaper method than the baffle mixing channel for mixing 

of mkemical dose in the small capacity plants. Important 

literature references in respect of mixing and coagulation 

are given below. 

2.1.1 Cox (5) in the WHO monograph No.49, on "operation 

and control of water treatment process" has clearly 

explained the importance of mixing and flccculation. He 

states"an under-standing of the coagulation and flcccu­

lation processes requires a distinction between successive 
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steps in the process. First a coagulating chemical i s 

applied to the water. In order that the chemical may 

react uniformly i t must be distr ibuted promptly through 

out the body of water. This requires rapid agi ta t ion or 

mixing of the water at the pi lot where the coagulant ' i s 

added. Second, complex chemical and physicochemical rea­

ctions and changes occur, leading to coagulation and the 

formation of microscopic pa r t i c l e s . Third, much more 

gentle agitat ion of the water causes the agglomeration of 

the par t ic les . In other words, the fine part ic les are 

flocculated into set t leable f loe . 

In the past, flocculation was termed "mixing"and 

the whole process was given that name. I t i s now real ised, 

however, that mixing for the d i s t r ibu t ion of the coagulant 

in the water i s only the f i r s t step in flocculation.. 

Never the less t h i s rapid or f lash mixing i s necessary. 

Because otherwise the coagulant would diffuse through 

quiescent water very slowly and the i n i t i a l chemical 

reactions would be restr ic ted to that portion of the water 

in which the concentrated coagulant happened to be i n t r o ­

duced. This would produce localized conditions quite 

unlike those intended, because of the marked influence of 

the concentration of chemicals on the result ing type of 

reactions. On the other hand, i f flash mixing were 

followed by quiescent conditions, the fine precipi ta te 

would not be agglomerated into sizable floe in a 

reasonable period of time. Effective and economical 

c la r i f ica t ion , therefore, requires the completion of 

coagulation and flocculation before the treated water 

eutccrs sedimentation basins. 
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Complex forces are at work in water coagulation and 

flocculation, which are influenced by the character and 

quality of the water, the type and dose of coagulant, the 

water temperature, the period of time and the degree of 

agitation. These factors which are of Chief importance 

and which are subject to control and supervision, need 

to be clearly understood to secure effective results". 

Regarding the mixing methods Cox further states", 

rapid nixing to distribute the coagulant throughout the 

water being treated is frequently called "flash mixing". 

The rapid agitation may be provided in special basins 

with capacities equivalent to about one minute of flow,in 

which small propellers are driven by electric motors. 

Some times the hydraulic jump, or standing wave, is used 

for flash mixing, being provided by a channel with 

sloping and widening sections„ The coagulant is added 

just before the water flows down the channel at high 

velocity to enter to level portion of the channel, where 

the energy of rapid flow is suddenly transformed into 

static head of deep water, turbulence being produced at 

the wave front of the deeper water. In other instances 

turbulence is provided by aerators, weirs, or spiral flow 

tanks, but flow in channels used to conduct the coagulant 

treated water to flocculation basins is not sufficiently 

turbulent for flash mixing unless obstructions are placed 

in the channels below the point where the chemical is 

applied"., 

2„1S2 Pair and Geyer (12) states, "The suspended .'or 

dissolved chemicals that are to be added to water or 



2-5 

waste water must "be dispersed uniformly through the water 

or waste water that is to be treated. The more rapidly 

this can be done, the less time is wasted in setting the 

chemicals to work. To this purpose, the chemicals may be 

introduced (1) in advance of hydraulic structures in which 

the water is agitated violently but which have some other 

function to perform as well or (2) into special mixing 

units. For examples of the first are turbines, pumps, and 

spray or injection aerators ; examples of the second are 

heavily baffled basins, or tanks equipped with mechanical 

stirrers or air diffusers. Exposures of 30 to 60 sec. ae 

are commonly enough". 

2.1.3 In the manual of British water engineering prac­

tice (35) it is stated tfet "whenever the chemicals used 

in coagulation or precipitation, it is desirable that they 

should be rapidly and evenly distributed through out the 

mass of water being treated. This is assisted if the che­

micals are added in the form of solutions, although the 

importance of this is not normally so great where relatively 

large volumes qve being added, as in the case of lime or Si 

soda are used in a softening plant. It is usual to intro­

duce the chemical at some point of high turbulance in the 

water. This may be caused by sudden drop in the hydraulic 

level of water, as over a weir or through an orifice plate, 

or may be produced by mechanical stirring. The degree of 

agitation produced is of greater importance than the time 

over which the mixing continues and, if a special mixing 

chamber is provided, adequate dispersal of chemicals can 

be obtained in a period as short as 30 sec, to 1 min. if 



2-6 

sufficient power is provided for the purpose". 

2.1.4 In the "manual and code of practice on water 

supply section I-A" (36) by Ministry of Health Govt, of 

India, detailed description for the mixing is given which 

is very important for the design purpose. While describing 

the need, it is stated that" mixing is that phase of 

coagulation where in the coagulant, usually by violent 

agitation of the water to be treated is quickly dispersed 

throughout the water, thereby resulting in the formation 

of sub-visual floe particles. The necessity for uniform 

diffusion of the coagulating chemicals is obvious, in as 

much as the chemical dose is proportioned to the entire 

flow of the water into the plant, and a uniform reaction 

between applied chemical and the dissolved mineral consti­

tuents of the raw water necessitates uniform dispersion, 

other wise some of the water should be over dosed and 

some would pass on without direct treatment. The time 

required for this rapid mixing is relatively short about 

one minute being adequate where the velocity or turbulenee 

is sufficient. The velocity of this mix need not be 

confined within close limits as long as it is high enough 

to cause considerable turbulence and not continue too 

long. Any velocity greater than 5 ft/sec. should be 

sufficient. The higher the velocity the shorter the time 

should be to avoid damaging the early formed floe". 

2.2 FLOCCULATION AND USE OF GRAVEL BED FOR 
FLOCCULATION. 

General ,: References for flocculation by Baffled 

mixing and mechanical flocculation are available in the 
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literature. Some typical references are given in this 

thesis to represent the general trends in the designs, 

their limitations and actual use in the plants. 

Flocculation by baffled channels are rarely used 

due to very long lengths of channels required for ideal 

flocculation. Only alteraative was to have mechanical 

flocculation. In the small capacity plants in rural areas 

it is considered desirable to avoid electrically operated 

mechanical flocculation both from the point of high cost 

of construction and maintenance and also for the simpli­

city in the construction and maintenance. 

The author has therefore developed the gravel bed 

for flocculation in all the three new plants at Ramtek, 

Varangaon and Chandori. There is no reference in the 

literature on the use of gravel bed as a prefilter unit 

before dual media filter unit as adopted at Ramtek filter 

and also as a flocculation unit before a tube settling 

tank as adopted at Varangaon plant as developed in this 

work. Further the pretreator at Chandori is a totally 

new approach with the combination of gravel bed up-flow 

flocculation-cum-tube clarification in a single chamber. 

It is,therefore, proposed to find out the literature 

references on the use of the baffle flocculation and gravel 

bed flocculation in the process of pretreatment in generalo 

2.2.1 Regarding the proper design aspects, Cox (5) 

states "the flocculation basins are of various types,some 

using patented equipment. Good results have been reported 

with very simple types consisting of a weir for flash 

mixing, with provision for subsequent gentle agitation 
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in the channel leading from the weirs to the sedimentation 

basins. Early basins were fitted with a series of baffles 

around the ends of which the flowing water was reversed 

in direction, thus causing more gentle turbulance in the 

channels formed between the baffles, but more violent 

agitation at each point of reverse flow. The same effects 

were secured by arranging the baffles so that the water 

flowed over and under them alternatively. Such basins 

are cheap to build, as the baffles may be of ordinary 

lumber placed in concrete basins. They are only moderately 

successful,however, because the degree of agitation is 

determined by the space between the baffles, the total 

length of the channels so produced and the volume of 

flow. While the spacing of the baffles may be altered, 

this is a major operation and usually is restricted to the 

correction of initially faulty design- Further more, as 

the degree of agitation decreases with the volume of flow, 

the water is less effectively flocculated during the 

period of low flow, and serious loss of head results from 

turbulence at each point of change in direction together 

with friction due to the area of the baffles and the 

bottom of each channel between the baffles in contact 

with the flowing water. For instance, a basin of this 

type with an average velocity of 0.3 m/s (1 ft/sc) would 

require a channel of 18 m (60 ft.) for each minute of 

flocculation period. Therefore even periods of 5 min. 

provided by channels 90 m(300 ft) long, would entail 

serious loss of head,especially at smaller plants where 

the friction losses are proportionately higher due to a 
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large surface ("wetted perimeter") per unit volume of 

water. These basins are therefore seldom «*e large 

enough to provide the flocculation period of 15-30 min. 

favoured by modern practice-*-

Baffled flocculation basins are being superseded 

by those fitted with mechanical agitators or paddles or 

using either diffused air or the jet action of the flowing 

water to secure controlled agitation. 

Mechanical agitators or flocculators,consist of 

revolving paddles with horizontal or vertical shafts, or 

of paddles suspended from horizontal oscillating beams and 

moving up and down as the beams are driven by a crank 

attached to a speed reducing unit, in turn driven by an 

electric motor. The total area of the paddles usually is 

10$ to 25$ of the area swept by their movement, so that 

the paddles move at about twice the.speed imparted to the 

water, that is, the paddles move through the water at 

about one half their average speed of movement, causing 

eddies to form around the edges of the paddles and thus 

imparting agitation. The speed reducing units usually 

provide for variable speed, so that the degree of agi­

tation may be regulated to secure best results. The 

degree of agitation is thus controlled, independent of the 

rate of flow of water. The maximum peripherial speed 

should be about 0.6 m/s (2 ft/s) so as to provide an 

adequate range of speeds below that value". 

Regarding the degree of agitation he states" the 

experience has shown that flash mixing requires 

pronounced agitation for a brief period to mix the 
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coagulant and favour the initial chemi-cal reactions 

associated with coagulation. Subsequent flocculation 

however, should be aided by controlled agitation repre­

sented by velocities of flow or of paddle speed of 0.2-

0.6 m/s (0.6-2.0 ft/sec) velocities below 0.1 m/s (0.3 

ft/s) permit sedimentation of the floe when it should be 

in suspension aiding in the absorption of smaller floe, 

where as velocities over 0.6 m/s (2.0 ft/s) will prevent 

the growth of readily settling fioc. In general, the' 

best results are secured with intermediate degrees of 

flocculation secured with velocities of about 0.3-0.4 m/s 

(1.0-1.4 ft/s)„ Higher velocities are favoured for turbid 

waters and lower velocities for coloured waters or those 

of low turbidity"„ 

Regarding detention period he states "flocculation 

should be continued for periods of 10-30 min. and even 

longer periods have been used. In general, the longer 

periods permit lower coagulant deses and the use of a 

lower degree of agitation to ensure the formation of 

large floe easily settled. Conversely, when detention time 

is short, the degree of agitation should be increased., 

A period of only 5 min. would require agitation at a rate 

of 0.6 m/s (2.0 ft/s); this extreme, however, is not 

advocated". 

2o2.2 Fair and Geyer (12) states, "In their initial 

phases, coagulation and precipitation produce,finely 

divided or colloidal, suspensions. These suspensions are 

converted into settleable solids by agglomeration. 

In a quiescent fluid, colloids collide because of their 
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Brownian movement, and finely divided solids come into 

contact with one another when more rapidly settling solids 

over take more slowly settling ones. As a result, floes 

of ever increasing size are formed. Floe growth by these 

means, however is exceedingly slow. I±. can be haotetî od 

by stirring the water. This increases the number of 

collisions or contacts. The increased opportunity for 

contact is called flocculation. It may be provided by 

hydraulic or mechanical means including the injection 

of air". 

Regarding flocculation devices they state"floe 

growth is encouraged by gentle stirring- This too may be 

accomplished by hydraulic means such as baffling, by 

mechanical means such as revolving paddles, or ty air 

diffusion, Detention periods must be adjusted to chemical 
but 30 to 60 min. 

dosage They may be as low as 10 min./are common. The 

velocity in conducts connecting flocculation chambers with 

settling tanks should lie between 0.5 fj>3» and 1.0 fP3* 

They should be large enough to prevent deposition of floe 

but small enough to prevent its disintegration. Means may 

be provided for the ±eturn of slury or sludge in order to 

promote floe formation and growth". 

2„2.3 In the "manual of British Water Supply Engineering 

practice" (35) it is stated that "the object of flo^cu.la_ 

tion is best achieved by keeping the water in a state of 

controlled agitation and in contact with material previ­

ously precipitated. Due to the large surface area 

offered by the floe, the supersaturated material rapidly 

changes from the solution to the solid phase. At the same 
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time, the relative movement of the nuclei of solid material, 

caused by the agitation of the water, increased the 

probability of collisions occuring between these nuclei and 

so accelerates the rate of growth into large particles. 

The controlled agitation or flocculation should be 

continued for a period of 5 to 30 min. depending on the 

type of impurity being removed and the coagulant or 

precipitant used. The degree of agitation required for the 

most efficient results VJHI vary, but frequently involves 

water or paddle velocities between 1/2 and 2 ft/sec (0.1 

and 0.6 m/sc). In general, the higher velocities are 

required where the suspended matter is relatively heavy, 

as,for example, in a softening plant or where a turbid 

river water is being treated. 

Flocculators may consist of tanks having power 

operated paddles on horizontal or vertical shafts, in 

these the direction of water flow is substantially hori­

zontal and parallel or at right angles to the paddle 

shafts. Plocculator, of this type are generally separated 

from, the settling tanks proper even though they may be 

installed at one end of the same compartment. 

Another type of flocculator is usually associated 

with vertical-flow settling tanks. In these tanks the 

central and bottom sections are devoted to the mixing of 

the incoming water with the chemicals and preformed 

precipitate to accelerate the reactions and to facilitate 

flocculation. This is usually followed by the upward 

flow of the water through a "blanket" of preformed- sludge, 

which still further flocculates the water by causing the 
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smaller particles of floe to collide and join up with 

larger particles capable of settling against the upward 

movement of the water. 

The agitation necessary to produce flocculation 

and keep the precipitated sludge in suspension may be 

provided by paddles or impellers driven by external power 

or by the velocity of the incoming water. In general power 

required varies between 1/4 to 2 h.p. per 10C0 gpm or from 

9 to 72 in. (0.2 to 1.8 m) head loss where hydraulic power 

is used". 

2.2.4 Babbitt and Doland,(1) state" amojfog the factors 

to be considered in the design and control of mixing and 

flocculation devices are the time of detention and 

velocity of the currents. In ^general, the time of 

mixing should be as short as possible consistant with 

satisfactory results. The aim is to secure,&s nearly and 
e 

as quietly possible, a through diffusion of the chemical 

throughout the incoming waters. The duration of the 

period of flocculation depends on the condition of the 

raw water, the kind and amount of chemical used,the type 

of flocculator, and the desired results. It can be 

determined best by laboratory control and experience with 

the water in hand. 

In general, periods of flocculation used in 

practice are in the order of 30 to 60 min. when preparing 

water for coagulation, and slightly longer for lime 

softening. It is to be appreciated that in general, a 

good flocculation is to be expected in a shorter time 

with highly turbid waters than is required for an equal 
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amount of coagulation when the turbidity is low. 

Horizontal velocities of flow as high as 0.5 to 1.0 fps 

are recommended in baffled mixing basins and in floccula-

tors without mechanical agitation. Cara should be taken 

to keep the floe in suspension with just enough agitation 

to prevent breaking it up. This type of motion seems of 

greater importance than the velocity of flow. 

A circulatory, twisting, sweeping confusion of the floe, 

resembling snow swirls, has been found best. It is 

undesirable to form either a large, feathery, and fragil 

floe, or a tough, tenacious floe that lacks absorption 

capacity". 

Regarding the design of baffled basins they have 

stated,"basins through which water flows horizontally,back 

and forth, past around the end baffles placed 2 to 3 ft. 

apart, or in which itffovs up and down, past under and 

over baffles about 2 to 3 ft apart, are known as baffled 

basins. They may serve as combined mixing and coagula­

tion basins, depending on the turbulence of flow/ Their 

use is becoming less general because of the advantages 

of mechanical mixing and mechanical flocculating basins. 

Disadvantages of baffled basins,when compared 

with mechanical devices, include (1) less flexibility of 

control (2) greater loss of head which may amount to 

1 to 2 ft. in baffled basins and to practically nothing 

in the mechanical flocculator and (3) greater expense 

of construction due to baffle walls". 

While discussing the advantages and disadvan­

tages of mechanical flocculators they have stated, 
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"mechanical flocculators are displacing other forms of 

flocculat&rs because they provide numerous gentle contacts 

between the flocculating particles that are essential to 

successful floe formation. Such contacts occur in a 

manner not provided by other methods of flocculation. 

Amoung the advantages of mechanical flocculator3 may be 

included (1) reduction of 10 to 4-0 percent of the amount 

of chemical required by a baffled basin*(2) better floe 

formation with resulting diminution in required coagula­

ting basin capacity. (3,̂  less filter washing (4) cost of 

installation lower than baffled basins (5) flexibility of 

operation through control of speed of paddles. (6) good 

control of currents (7) relatively low head loss or power 

requirements (8) Case of installation in existing plants 

and (9) marked improvement in treatment with activated 

carbon. Amongi the disadvantages may be included (1) low 

velocity near paddle shafts (2) dead spaces in corners. 

(3) need of equipment maintenance and "bad short 

circuiting". 

2.2.5 In the "Manual and code of practice on water 

supply-sec. I-A" (36) detailed description for floccula­

tion is given. Some important aspects are given below. 

"Flocculation is the second phase of the process 

of coagulation and is the means by which the growth of 

sub-visual floe particles into the larger,rapidly settle-

able floes is facilitated. In this promotion of growth, 

flocculation depends on two factors,collision, which in 

turn is dependent entirely upon physical action,parti­

cularly agitation of the water, and adhesion which is 
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controlled by chemical or electronic forces. It follows 

that as the floe particles grow in size and density,with 

the accumulation of silt, they become more and more 

susceptible to sedimentation when agitation is 

discontinued. 

Thus the object sought is a moderately large 

dense and heavy floe which will settle readily. This is 

obtained by continuous stirring. The ideal condition to 

produce the floes would be a continuously decreasing 

turbulence as the floe becomes larger and more fragile. 

The optimum velocity for coagulation is usually found to 

be 0.5 to 1 ft. per sec. 

Regarding timo factor, the floe will settle 

usually at velocities less than 0.3 ft./sec and will be 

broken up by velocities greater than 2„5 ft/sec<. with 

the current trend towards long periods of agitation it 

is now usual to provide for coagulation period from 

30 to 60 min. including preliminary flash mixing. 

Regarding the types of basins, there are two 

general types of flocculation basins,first those using 

the kinetic energy of the water flowing through the plant, 

and second,those stirred by mechanical devices operated 

by an external source of power. 

The most commonly used method of agitation in 

basins of the first type, has been by means of baffles. 

The baffles are so arranged that the suflden changes in 

direction of flow either vertically or horizontally 

(or both) set up eddies in the water and a stirring 

action results. 



2-16 

By far the most satisfactory flocculation is obta­

ined by mechanical stirring devices and these are coming 

into more genera}, use. Mechanical agitators are of two 

general types, those revolving on a vertical shaft and 

those revolving on a horizontal shaft. 

Regarding baffled channels, although flocculation 

by flow through a baffled channel can be expected to effect 

intimate dispersal of the chemical in the body of the 

water during its passage through the channel, there is a 

disadvantage in that the chemically dosed water does not 

have any detention period as such within a confined 

flocculating chamber where the floes could coalesce in the 

body of the revolving water, agglomerate and gather mass. 

"Velocities in baffle chambers should be kept within a 

range ojf 1.0 to 0.3 ft. per sec, and dead pockets should 

be avoided. 

Regarding the advantages and disadvantages of 

mechanical flocculation, the advantages are flexibility 

in speeds, constant intensity of agitation regardless of 

the variations in plant flow, little or no head loss in 

the plant flow and low power requirements. The disadvan­

tages are points of low velocity in the chamber near the 

shaft, deposits in corners and at centre of vertical 

shaft type, maintenance of equipment and bad short 

circuiting." 

2o3 HIGH RATE TUBE CLARIFICATION. 

General j The principle of the tube clarifica­

tion in the pretreatment process is now well accepted 
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and the plant performance data is also available in the 

literature. However this practice has not yet been adopted 

in the small capacity plants. The author considers that 

this is a very economical and simple process in the avail­

able clarification methods in the field of pretreatment 

at present. The author has therefore adopted this process 

in the design of the new simplified high rate treatment 

plants at Varangaon and Chandori for the treatment of •' * 

turbid water sources as discussed in this thesis. Some 

important references in the design and plant performances 

for tube clarification are given below. 

2.3.1 Hansen and Culp,(14) have given the history of 

tray settling basins and tube settler basins. They have 

discussed the theoretical aspects of both these processes. 

They have carried out wide range of pilot plant experi­

ments on tube length of 2,4 and 8 ft, with diameters of 

0,5,1,2, and 4 in* for their study. The flow rates 

through the tubes were 2,5 and 8 gpm/sft.of ond area of the 

tubes. Results of various® raw water turbidities and 

settled water turbidities through tube settler show 

80 to 90^ removal in turbidity. However they have mainly 

worked on slightly inclined (5 degrees) tubes. The 

important conclusions of their study are given below. 

i) The theoretical benefits of shallow depths sedi­

mentation have been recognized since the turn of the 

century. Sludge removal and flow distribution problems 

can be over come in the tube settling process 

described in the article, 

ii) Relatively small diameter (1-4 in) tubes 2-4 ft. 
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in length provide efficient sedimentation with detention 

times of 6 min. and lens. 

iii) Tube length, diameter, and flow rate, the nature 

of the incoming settlable material and the nature and 

quantity of the chemicals added affect the performance of 

the tube settler. Raw water turbidities upto 1000 jackson 

units were successfully treated in these studies. 

iv) A tube settler, mirxed madia filter combination ' . 

has successfully treated several types of raw waters. 

The tube settler provides settled water quality compatible 

with the filtration capabilities of the mixed-media filter 

at filter rates in excess of 5 gpm/sqft. 

v) Inclining the tubes slightly in the direction of 

flow permits sludge removal by gravity drainage and 

eliminates the need for mechanical sludge removal 

equipment. The tube settler normally provides at least 

24 hr. of sludge storage. The tube cleaning cycle can be 

integrated into the backwash cycle so that no water is 

lost. 

vi) The use of small djameter tube allows proper flow 

distr ibution to be readily achieved by maintaining proper 

tube reservoir in l e t and outlet conditions, 

v i i ) In cases where s e t t l i ng i s required prior to 

mixed media f i l t r a t i o n , the tube s e t t l e r , high rate f i l t e r 

combination greatly reduces the space requirements and 

cost for the water treatment f a c i l i t y . The tube 

se t t l i ng process allows the long recognized advantages 

of shallow depth sedimentation to be applied in a 

pract ical manner. 



2-19 

2.3.2. Culp, G.L.et. al. (8) while describing the 

historical developments in clarification,stated in the 

paper, that the basic criteria for design of sedimentation 

facilities used in water or waste treatment plants have 

undergone little changes in the past 4-0 years. Basin 

depth, overflow rates, and detention times for a sedimen­

tation facility designed in 1969 are likely to be essenti­

ally the same for a basin of the same type designed many 

years earlier. This new tool permits the practical appli­

cation of basic sedimentation theory which, in turn, 

permits, marked reduction in the size and cost of water or 

waste water clarification facilities. The experiences, 

some of which are treated in this paper, gained in applying 

the new technique in over 50 plants indicate its applica­

bility to existing or new plants of any capacity. 

Theoretical Aspects % 

Describing the theoretical aspects they have 

stated that the use of tubes aid in overcoming the 

unstable hydraulics associated with tray settling basins. 

Such tubes have a large wetted perimeter relative to the 

wetted area and provides low Eeynolds number. A 2 in. 

diameter tube 2 ft. long through which water is passed 

longitudinally at a rate of 4 gpm/sqft of tube entrance 

area, has a Reynold number of only 20, while providing 

an equivalent surface overflow rate of 380 gpd. per sqft. 

The 4 min. detention time of such a tube settling device 

under these conditions certainly makes the cost and 

space saving potential apparent. 



2-20 

Basic Tube Clarification System : 

The two "basic tube settling systems are (1) 

Essentially horizontal and (2) Steeply inclined. The 

operation of the essentially horizontal tube settlers is 

coordinated with that of the filter following the tube MBS& 

settler, The tubes essentially fill with sludge before 

any significant amount escapes. Solids leaving the tubes 

are retained by the filler. Each time the filter back­

washes, the tube settler is completely drained. Th© tubes 

are inclined only slightly in the direction of normal 

flow (5°) to promote the drainage of sludge during the 

backwash cycle. The rapidly falling water surface Roours 

the sludge deposits from the tubes and carries them to 

waste. No mechanical sludge removal equipment is required.. 

(2) In f steeply inclined tubes the settling solids 

are trapped in a down ward flow system of concentrated 

solids. The continuous sludge removal achieved in these 

steeply inclined tubes (greater than 45°? eliminates the 

negd for drainage or backwashing of the tubes for sludge 

removal. The advantage of the shallow settling depth 

coupled with that of continuous sludge removal extends th© 

range of application of tube clarifiers to installation 

with capacities of many millions of gallons per day. 

A practical means has been developed to incorporate 

steeply inclined tubes into a modular form which is 

economical to build and can be easily supported and 

installed in a sedimentation basin. By altering the 

direction of inclination of each row of the channels 

forming the tube passage ways the module becomes a 
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self-supporting heam which needs support only at i t s ends. 

These modules are normally 10 ft in length by 30 in. in 

width with a module depth of 21 in . Module with tube cross 

section of 2 in. by 2 in . are commonly used. The i n s t a l l a ­

tion of these modules of steeply inclined tubes in an 

exist ing c l a r i f i e r enables the e l i s t i n g structure to 

provide eff icient c lar i f icat ion of flows far in excess of 

i t s original designed capacity. Number of operating plant 

experiences are given in th i s important paper. 

In the conclusive remarks the writers s ta te that 

the capacity of the existing c l a r i f i e r can be increased 

from 2 to 4 times by ins ta l l ing modules of the steeply 

inclined tubes in the existing c l a r i f i e r s t ructure . The 

size of new c l a r i f i e r f a c i l i t y can be reduced by integra­

t ing steeply inclined tubes in the design*, 

2 03.3. Culp,G.L.et.cl, (7) have given the de ta i l s for the 

development of tube c lar i f icat ion process and discussed 

the theoret ical aspects. They have given the laboratory 

and actual plant resul ts in t he i r paper and the paper i s 

very important both for research and field engineers. 

The paper is based on the similar ideas as discussed in 

the ea r l i e r paper (8) . Henc^ only some other important 

aspects are given below. 

Regarding the i r laboratory study on the inc l ina­

tion of the tubes, they s t a t e , i t was noted that tube 

efficiency showed an increase as the angle of incl ina­

tion was increased to 35-45 deg. and then began to 

decrease as the angle of inclination was increased further. 

Results comparabld to those obtained at 5° incl inat ion, 
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however, were achieved at angles as steep as 60 deg. It 

appeared that, as the angle of inclination was increased 

to the point where the settled sludge began to move down 

the tube bottom, additional floe settled and collided with 

the smaller, upward moving floe, contributing to the 

increased efficiency over that achieved at 5 deg. A con­

tinuing increase in angle eventually results in the tube 

acting as an upflow clarifier, however and the advantages 

of the. shallow tube depth are lost, resulting in a 

decrease in efficiency. 

In their experiments in this respect, the tubes 

were repositioned at angles of 35,40,45, and 60 deg. A 

slight decrease in efficiency was noted as the angle of 

inclination approached 60 deg. The self-cleaning action, 

however, was enhanced as the angle was increased from 

45-60 deg. To insure adequate sludge removal from the 

tubes, an angle of inclination of 60 deg. was used in the 

subsequent tests of multi-tube units. 

Regarding flow rates in their laborap tgjiij study a 

mud slurry was mixed with the incoming (ground) water to 

provide various levels of raw water turbidity. Alum 

(40 mg/1 ) was added as the primary coagulant with the 

polyelectrolyte additions made in some tests. Tube 

loadings of 4 to 6 gpm/sqft were investigated (tube 

entjtance area - 9 sqft.) with raw water turbidities of 

50 and 250 JTU. In some runs as noted, the flocculation 

drive motor was turned off to evaluate the tube effici­

ency without prior mechanical flocculation. At the 

lower rate of 4 gpm/sqft. the addition of polyelectrolyte 
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did not markedly improve the efflufcat c la r i ty . When the 

flow rate was increased to 6 gpm/sqft., however the higher 

se t t l ing veloci t ies imparted by the polyelectrolyte were 

of significant "benefit. When the f locculator was operated, 

the turbidi t ies were fa i r ly constant through out the run. 

When the flocculator motor was not operated, however, i t 

was found that the effluent turbidi ty decreased with time 

as the solids concentration beneath the tiibes increased. 

This is not surprising as solids contact in and beneath 

the tubes was the prime source of floeculation in th is 

case. Although i t was found that the sludge blanket could 

be established with the steeply inclined tube s e t t l e r with­

out subjecting the incoming water to mechanical floccula-

t ion, flocculation hastened the development of the 

blanket. After the sludge blanket was well established 

the flocculator could be turned off with jQ,r> noticeable 

effect on the clarif ied effluent quali ty. This observation 

suggests that by maintaining an upflow of newly coagula­

ted water, set t led water tu rb id i t i es consistent with the 

capabil i t ies of the mixed media f i l t e r under a l l the 

conditions. 

They have also given f ie ld evaluation data,on the 
JL 

plant application for augmenting the existing capacity of 

1.5 mgd to 3 mgd at the ci ty a3T Ifrewport ,(jSreg(on in America 

The tube s e t t l e r and mixed f i l t e r tiere both operated at 

5 gpm/sqft. in these pi lot t e s t s . The actual hydraulic 

loading on the tube area in the plant was 4.3 gpm/sqft. 

Prom the plant scale observations i t is s ta ted , 

as was expected,the outer modules nearest the effluent 
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weir receiving the bulk of the flow and were operating at 

6.6 gpm/sq.ft. based upon the entire surface area covered 

by tubes. Even with this flow distribution, the tubes 

were performing as efficient sedimentation devices. The 

tube effluent turbidity increased only slightly as the 

flow rate increased from 2 gpin/sqft. to 6.6 gpm/sqft. in 

the module near the weir. The fact that the tube modules 

operating at 4.3 gpm/sq.ft.(average)were producing better 

effluent than the clarifier previously did operating at 

0.7 gpm/sq.ft. was further confirmed by the fact that 

the length of filter runs increased from 26 to 60 hr. 

following the modification of the clarifier. 

The installation of the tube modules in an exist­

ing clarifier and the conversion of the filter to a 

mixed media bed provides plant expansion with substantial 

savings in cost and space. The coupling of tube settlers 

and mixed media filters allows a reduction in the size 

and cost of new treatment facilities. This combination 

provides new design concepts to achieve efficient treat­

ment plant design produce a given quality finished water 

from pi given raw water or waste water. 

2,3«4 Gomella (13) presented the General Report No.1, 

on"Recent developments related to preclarification" before 

the Tenth International Water Supply Congress (1974). 

This is one of the very important report which gives the 

uptodate developments in the field of pretreatment and 

will be very useful both for research and field engineers. 

However only import aspects in lamellar or tube 

settling basins are given below. 
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Under conditions of laminar flow, the theory of 

Hazen is fully justified and experience has confirmed that 

very high separation performance can be achieved. Lamellar 

modules are operated for purposes i.e. (i) to extenti the 

total settling area and to obtain a laminar flow. 

Under horizontal flow and inclined settling 

plates, it is stated, to avoid the accumulation of the 

settled sludges by removing them in a continuous cycle, 

the settling plates should be inclined, ensuring automatic 

removal. The optimum slope for hydroxide sludges 

currently collected in water treatment plants is slightly 

less than 60°. At a 60° slope, sludges are removed almost 

continuously and at 52° slope the deposits become loose 

and scale off at a limited thickness. Settling plates 

should be inclined parrallel to the direction of the flow 

in order to maintain the flow horizontally. 

A new plant can always be designed very compact 

and efficient, with such settling basins, but the modi­

fication at an existing plant is quite a different 

problem which must be solved in a reversed way,starting 

from the settling plates, spaced as near as they can be 

technologically set (5 to 10 cm) and then working out the 

flow obtained under laminar conditions. 

Lamillar modules with inclined flow : Geometrical 

requirements when the flow is vertical. 

Considering a structure with vertical flow and 

modules with given geometric dimensions, the maximum 

gain of performance is obtained with modules made of 

tubes having a slope lying between 45° and 525. M 
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This technical conclusion i s posit ive "but must be 

moderated for economic reasons. 

Under the conclusions of t h i s report i t i s stated 

for about 40 years, preclar i f icat ion procedures were 

strongly influenced by flocculation methods, but they are 

a t present under examination for major revision. 

The general trend now brings together the 

preclarif icat ion process and the f inal clar if icat ion 

process, in one way or another. 

In stead of increasing the velocity of the par t ic les 

of suspended matter in the direction of a s e t t l i ng 

surface or collecting area, new methods are generally 

directed to reducing the travel and s t a t i s t i c a l l y increa­

sing the probability of contacts with collecting surfaces. 

Inclined modules are easi ly adopted to existing 

plants , with an arrangement of inclined flow modules loca­

ted at the surface of paral le l ipipedic s t ructures . 

Clarification efficiency i s great ly improved, as well as 

the capacity. 

2 .3 .5 . Culp and Culp (9) s ta te "sedimentation in tubes 

inclined a t angles in excess of 45 deg. does not accumu­

la te but moves down the tube to eventually exi t the tubes 

into the plenum below. A flow pat tern i s established in 

which the s e t t l i ng solids are trapped in a downward flow­

ing stream of concentrated so l ids . The continuous sludge 

removal achieved in these steeply inclined tubes elimi­

nates the need for drainage or back flusMng of the 

tubes for sludge removal. The advantage of shallow 

se t t l ing depth completed with that of continuous sludge 
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removal extends the range of application of this principle 

to installations with capacities of many million of £n£& 

gallons per day". 

Regarding fabrication of tubes they state,"various 

manufactures have developed alternative approaches for 

incorporating steeply inclined tubes into a modular form 

which is economical to build and can be easily supported 

and installed in a sedimentation basin. One modular 

construction is known as Neptune Microfloc in which the 

material of construction is normally PVC and ABS plastic. 

Extruded ABS channels are installed at 60 deg. inclination 

between thin sheets of PVC. By inclining the tube passage 

ways rather than inclining the entire module, the rectan­

gular module can be readily installed in either rectan­

gular or circular basins. By alternating the direction of 

inclination of each row of the channels forming the tube 

passage ways, the module becomes a self supporting beam 

which needs support only at its ends. The rectangular 

tubular passage ways are 2 in x 2 in square in cross 

section and normally are 24 in long. 

Regarding general design considerations they 

state" steeply inclined tubes can be either upflow solids 

contact clarifiers or horizontal flow basins to improve 

performance and / or increase capacity of existing 

clarifiers, of course, they can be also incorporated into 

the new facilities to reduce their size and cost. 

Capacities of the existing basins can be usually be 

increased by 50 to 150 percent with similar or improved 

effluent quality. The over flow rate at which tubes can 
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be operated i s dependent upon the design and type of 

c l a r i f i c a t i o n equipment, character of the water being 

t r ea t ed , and the desired eff luent q u a l i t y " . 

Regarding the design c r i t e r i a fo r upflow c l a r i f i e r s 

the wr i te rs have recommended the overflow ra tes in the : \ 

range of 2 to 4 gpm/sqft. fo r the por t ion of basin covered 

by tubes , so as to get the e f f luen t t u r b i d i t y between 3 t o 

7 JTU. For ho r i zon ta l flow basins a l so the overflow r a t e s 

are recommended between 2 to 4 gpm/sqft. to get e f f luent 

t u r b i d i t y within 3 to 7 £TU when the raw water t u r b i d i t y 

can be in range of 100 tf) 1000 JTU, However these guide 

l i ne s are based on the assumption tha t both the chemical 

coagulation and f loccu la t ion s t eps have been ca r r i ed out 

properlyc Also the sludge removal requipment has been 

assumed adequatea 

2o4 DUAL AND MULTI-MEDIA FILTRATION AND FINDING 

SUITABLE CHEAPER :_m#Zk, 

General : 

The principle of dual media filter beds for high 

rate filtration is now well accepted and references for 

its design as well as plant performances are now available 

in the literature. The author has adopted dual media 

filter bed§ for all the three new designs proposed for 

small capacity treatment plants for the reasons as given 

in their detailed designs in the respective chapters, 

However the present literature shows there are no 

suitable cheap media which can be easily adopted for 

dual and multi-media filters. Author has therefore 

carried out experimental research to find out suitable 
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cheap media for dual and multi-media f i l t e r beds. During 

this study i t was possible to invent the nm? media, of 

crushed coconut shel l which was used for the f i r s t time 

a t Ramtek f i l t e r . 

I t is,therefore,proposed to take the important 

l i t e ra ture review for the development of dual media f i l t e r 

beds and for the search of new cheaper media for the use 

in dual and multi-media f i l t e r beds. 

2.4.1 Huisman (15) in his paper "trends in the design 

construction and operation of f i l t e r plant 3,!has explained 

the advantages and necessity of adopting dual and multi­

media f i l t e r beds. This i s a very important paper in the 

field of f i l t r a t i o n and the author has undertaken the 

study of investigating new and cheaper f i l t e r media for 

dual and multi-media f i l t e r beds mainly because of the 

urgent need of research in th is respect as expressed in 

this paper. 

Explaining the present d i f f icul t ies in the rapid 

sand f i l t r a t ion Huisman s t a t e s " , generally speaking, 

effluent quali ty will be bet ter as the f i l t e r bed is f iner 

grained, promoting the efficiencies of straining,sedimen­

tat ion and adsorption. With very fine f i l t e r grains 0.4 

to 0.6 mm, for instance, the purifying effect is even so 

high that impurities from the raw water penetrate the 

f i l t e r bed over a short distance only, mostly not more 

than a few cms. An excellent effluent quality i s now 

assured under a l l conditions but with the small s i l t 

storage capacity the length of f i l t e r run would be 
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extremely short i f other than f a i r l y clear water was 

f i l te red at f a i r ly low rates for instance 3 or 5 m/hour 

(1.0 or 1.7 Imp.gallon/sq.ft. minutes). The cost of 

rapid f i l t r a t i on in the mean while i s about inversely pro­

portional to the design rate of f i l t r a t i o n and indeed an 

appreciable saving could be obtained by the application 

of coarser grains, allowing the f i l t r a t i on of a more 

turbid water at higher rates and s t i l l acceptable lengths 

of f i l t e r run. This however, i s only possible by a greater 

s i l t storage capacity, by a deeper penetration of the 

impurities from the raw water into the f i l t e r bed. 

The d i f f icu l t ies mentioned above can be lessened 

by the application of a multi-layered f i l t e r bed and 

decreasing grain sizes in the direct ion of flow. Most 

simply th is i s obtained with an upflow f i l t e r , equipped 

with non uniform f i l t e r i ng material , hydraulically graded 

by back washing. With th is set up with the maximum 

permissible f i l t e r resistance corresponds in theory to the 

submerged weight of the f i l t e r i ng material and i s about 

equal to the bed thickness when sand is used. With unavoi­

dable variat ion in pore space and the accompanying 

danger of local break through of the raw water,the maximum 

permissible f i l t e r resistance i s in practice even smaller 

and consequently f a i r ly low, even when deep beds (2-3 m) 

are applied. In the Netherlands th is problem has been 

solved by equipping the f i l t e r s with a grid of s tee l bars. 

This grid keeps down the sand,taking up the difference 

between f i l t e r resistance and submerged weight and again 

prevents a break-through of untreated raw water as many 



2-31 

installations constructed for industrial water supplies 

has already shown. 

With regard to the hydraulic classification accom­

panying back washing, downward filtration from course to 

fine is only possible by composing the filter bed of 2 or 

more layers of filtering material with different mass -

densities as for instance coarse anthracite,medium sand 

and fine garnet with specific gravities of 1.5,2.6 and 3.9 

respectively. The gradual transition of the upflow filter 

is now replaced by a sudden decrease in grain size, which 

might result in a rapid clogging at the inter-face. To 

prevent this phenomenon as much as possible the ratio 

between the successive grain sizes should be chosen to 

correspond with the ratio between the successive mass 

densities, allowing a certain amount of mixing of the two 

filtering materials during back washing. With the specific 

gravities mentioned above, grain sizes of 2.0,1.0 and 0.6 

mm could for instance be chosen. The greatest difficulty, 

however, is the selection of suitable filtering materials, 

aand offers no difficulty and also garnet gives excellent 

results but its price is very high. Anthracite is not 

only fairly expensive, but it is also very difficult to 

obtain a uniform grade with an adequate wear resistance 

and a satisfactory length of useful life. Plastic would 

seem a logical choice, but prices will be in u.s. $ 250 

3 

per nr range, that is 15 times as expensive as the best 

quali ty f i l t e r sand. Nowadays a r t i f i c i a l anthraci te 

(powdered, baked and broken) i s on the market and although 

pract ica l experience i s s t i l l scarce, the outlook is 

permissing". 
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He further states,"provided that s k i l l supervision 

i s constantly avai lable , coarse to fine f i l t r a t i o n offers 

enormous advantages of high f i l t e r rates and the same or 

better effluent quality and equal or longer f i l t e r runs. 

I t also allows the f i l t r a t i on of a more turbid water, 

widening the choice of raw waters f i t for transforming into 

a good quality drinking water and in many cases i t does 

away with the necessity of pretreatment. Whether upflow 

f i l t r a t i on and cheap and easy to obtain f i l t e r ing material, 

must be preferred to the more s table multi-layered downflow 

f i l t r a t i on and,the d i f f icu l t i es and expenses of obtaining 

suitable f i l t e r ing material i s s t i l l d i ff icul t to say. 

In any case, the loss in safety factor makes desk top 

designs impossible and good restilts are now only possible 

on the basis of data gathered by running a pi lot plant for 

an extended period of time. The mathematical theory of 

f i l t r a t i on i s fascinating,helps great ly in a better under­

standing of f i l t r a t i o n phenomena,but i s (and will long be) 

insufficient for t h i s purpose", 

2.4.2 Conley (4) s t a tes" resu l t s of laboratory,pi lot 

plant and ful l scale plant tes ts with a variety of f i l t e r 

types over a period of 16 years show that f i l t e r s made of 

Anthracite and sand together are superior to f i l t e r s made 

of ei ther material alone". This i s one of the very 

important papers based on plant observations for a long 

time and i t i s very useful for designing ei ther new or 

conversion of the exist ing rapid sand f i l t e r s into dual 

media f i l t e r beds. Some of the important observations in 

this paper are stated below. 
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"The plants have been used six main f i l t e r types. 

The comparative value of these f i l t e r s i s determined by 

their ab i l i ty to produce high quality water a t high f i l t r a ­

t ion rates and with long f i l t e r runs. On th i s basis of 

judgement, f i l t e r s made of 6 in of 0.43 mm effective size 

sand and 24 in of 0.9 mm effective size anthracite are 

superior to any of the other f i l t e r types used. 

The large capi ta l savings were made possible by 

increasing the flow through a l l plant components. 

Consequently, flocculation and s e t t l i ng times are short 

and f i l t r a t i o n rates are high. For a long time one plant 

f i l t e r operated successfully at 8 gpm/sq.ft.,with very 

short flocculation and se t t l ing time. Most of the plants 

are capable of operating a t 6-7 gpm/sq.ft. There has been 

no diff icul ty in keeping the f i l t e r s clean. The percentage 

of backwash water used i s usually below 2$ of gross output 

and i s often below \%. 

At about the same time a number of the f i l t e r s 

were changed to give a medium consisting of 6 in of 

0.43 nm sand and 24 in of 0.9 mm anthraci te . The anthra­

c i t e size in the f i l t e r s was changed by adding coarse 

material and skimming off the fine materials from the 

surface of the f i l t e r beds. The resul ts have been 

excellent. The converted f i l t e r s have a prac t ica l 

capacity of 6-8 gpm/aq.ft. depending on the flocculation 

and se t t l i ng time and the size of the f i l t e r effluent 

piping. 

One f i l t e r was made of 1.3 mm anthracite and 

0.43 mm sand. This f i l t e r was not good as expected, 
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either in head loss or in water quality. 

Properly made anthracite sand filters provide a 

means for increasing water plant capacity without working 

any other basic plant changes. Anthracite loss during back 

wash has been 1-4 in/year depending on the frequency of 

back wash. Most of the anthracite is lost during the . . 

period when air binding is a problem. It is thought that 

the air floats the anthracite out of the filter during 

back wash. The loss is not a serious problem either in 

terms of money or of operating efficiency. The lost mate­

rial is replaced avery year or two. The annual cost of 

the anthracite is less than 10$ of the annual cost of 

alum. Some sand is lost through the under drain system 

for some filters. The under drain system consists of 

gravel and wheeler bottom". 

2o4«3 Camp (3) during the discussion on the above paper 

has reported following observations. 

"The coarse grained anthracite medium has been 

employed to allow deep penetration of floe and correspon­

dingly long filter runs. The finer grained sand beneath 

the anthracite is relied on as a polishing agent to remove 

most of the floe remaining after passage of the water 

through the coal. In order to take the full advantage of 

the effectiveness of the finer sand grains just below the 

coal,the firm has designed its filters to avoid or to 

minimise mixing sand and coal during back washing. 

Relatively deep sand beds have been used for avoidance 

of filter breakthrough which was reported in so many of 

Conley's experiments. 
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Anthracite with a specific gravity of 1.4-1.6 and 

greater angularity than s i l i c a sand must have a grain size 

of 2-3 times that of the sand with specific gravity of 2.6 

to be l i f ted a t the same wash r a t e . If the size r a t io at 

the interface between the sand and the coal i s grea ter 

than about 3, there will be mixing a t the interface during 

washing. The larger the size r a t i o the greater wil l be 

mixing of the two media". 

2.4.4 Diaper and Ives (10) have discussed the theoret ical 

considerations for rapid sand, upflow and multi-media 

f i l t e r s and th is is one of the very important paper in the 

f ie ld of f i l t r a t i o n . 

In the introduction of the paper they s t a te "most 

pract ical water f i l t e r s contain sand that i s not of un i ­

form size and consequently, the sand s t r a t i f i e s during the 

backwashing process to form a size graded medium in the 

f i l t e r . There is an inherent disadvantage in size graded 

f i l t e r s because they become rapidly clogged at or near, the 

in l e t surface where the medium i s f ines t , with consequent 

inefficient use of the depth of the f i l t e r , some develop­

ments in f i l t e r design and practice have overcome this 

disadvantage by using coarse grain anthraci te overlying 

the sand,or upward flow f i l t r a t i o n or biflow f i l t r a t i o n . 

Modern f i l t r a t i o n theory, developed principally 

in the period 1954-1964 has been mainly concerned with 

f i l t r a t i on of suspensions through unisize granular media. 

I t has identified the i r r a t iona l i ty of normal s i ze 

graded f i l t e r s , but could not present rat ional comparisons 

between upflow and downflow systems, or predict the 



2-36 

performance of f i l t e r s containing more than one f i l t e r 

medium mate r ia l " . 

They have discussed the experimental r e s u l t s to 

compare f i l t r a t i o n through s i ae graded media in both upflow 

and down flow f i l t e r s . In addi t ion an experimental three 

media f i l t e r has been operated to show the r a t i o n a l ^ of 

s ize grading combined and densi ty s t r a t i f i c a t i o n to 

maintain a coarse to f ine gra in f i l t e r , s t ab le in conf i ­

gurat ion during reverse flow backwashing . 

Some of the important observat ions given in the 

ana lys i s of t h e i r experimental r e s u l t s a re given below. 

"Comparing upflow with down flow, the ef f ic iency 

of removal was higher with down flow but because the head 

loss increased more r ap id ly , the f i l t e r runs were usual ly 

longer in the upflow t e s t s . I t was a lso noted that ,where 

as in downflow the eff ic iency of removal decreased in the 

lower layers of the f i l t e r , the up-flow f i l t e r showed an 

increase in f i l t r a t i o n ef f ic iency towards the o u t l e t 

surface as would be expected from the theory. 

These r e s u l t s show that the effect of g rav i ty i s 

important in f i l t r a t i o n because the removal e f f ic iency of 

an th rac i t e i s decreased in the upflow t e s t s . Another 

explanation of the improved performance in downflow couM 

be the higher removal ef f ic iency of a n t h r a c i t e . 

These r e s u l t s show tha t in the absence of the 

formation of a surface b lanket , the composite and sand 

beds gave s i m i l a r r e s u l t s . In genera l , the head loss 

in the composite bed was l e s s for a corresponding 

ef f ic iency. The composite bed in down flow appeared 
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to be best for removal efficiency and bead loss combined. 

This is a t t r ibuted to be t te r removal characteristics ' of 

anthracite and the effect of graded media size on the over­

a l l f i l t r a t ion performance. 

With upflow f i l t r a t i on in the graded sand f i l t e r , 

cleaning was generally more d i f f i cu l t thsn with downflow. 

I t was not found possible to clean completely by allowing 

the water to pass downwards through the f i l t e r , even at 

high ra tes . This indicates that an important step in 

l ibera t ing the suspended solids from the depth of the bed 

i s the i n i t i a l f luidization of the layers , which effects 

a physical break-up of the deposit. Expansion of the bed 

therefore ooems to be essent ial i f solids are deposited in 

the depth of the media. 

In the case of upflow filters, because of the 

direction of washing was the same as the direction of 

f i l t r a t i o n , the effect of pressure was to push the trapped 

deposits further into the finer sand, where the arching 

effect of the clogged media created an impervieus bar r ie r . 

I t would appear, from these experiments, that special 

washing arrangements should be bui l t into an upflow f i l t e r . 

The variat ion of washing rate i f used in pract ice , might 

cause d i f f icu l t ies with the supporting gravel media. 

This requires further investigation. 

In the 14-22 composite bed, the effect of the 

coarse anthracite grading at the top of the bed was to 

allow penetration of solids in down flew so that removal 

was more evenly dis t r ibuted through out the depth of the 

f i l t e r 0 Consequently back washing had to expand a l l the 
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layers. The densest medium,garnet was at the base of the 

filter and when this was completely suspended by upflow, 

the anthracite layer showed 80$ expansion. The problem 

of bed expansion and height of overflow sills is thus 

more critical with graded media of different densities than 

with a sand filter". 

The important conclusions of thei r study are given 

below which wil l be very useful for further study and 

f ield applicat ions. 

1. In general, graded f i l t r a t i o n appeared to follow 
the equations that have developed from the existing 
theory for f i l t e r s containing media of one size 
only. 

2 . Upflow f i l t r a t i o n gave i n c r e a s e d l e n g t h of run t o 

a g iven head l o s s a r i s i n g from the more even 

d i s t r i b u t i o n of d e p o s i t w i t h i n t h e f i l t e r 

compared with downflow. 

3« I n l e t s u r f a c e d e p o s i t i o n f o r t h e d i c o l i t e s u s p e n ­
s i o n was one of t h e p r i n c i p a l d i f f e r e n c e s between 
upflow and down flow f i l t r a t i o n , caus ing v e r y 
h igh head l o s s i n t h e l a t t e r c a s e . 

4. The main disadvantages of upflow f i l t r a t i o n 
appeared to be (a) the tendency for the bed to 
expand because of pressure differences overcoming 
the weight of the media, (b) the d i f f icu l ty of 
backwashing i f layers of deposit accumulate in 
certain depths of the media, and (c) the p o s s i b i l i ­
ty of deposition in the underdrains that may be 
d i f f icu l t to remove. 

5. The principle of graded f i l t r a t i o n (i ,e„ passing 
the flow through successively finer grains),,can 
be applied in down flow, using media graded by 
density. An experimental three layer f i l t e r of 
anthraci te , sand and garnet sand was operated 
successfully on th i s bas i s , giving the expected 
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#. improved resul t s compared with a normal rapid-sand 

f i l t e r . This three layer f i l t e r retained i t s 
proper s t r a t i f i ca t ion after backwashing on several 
occasions. 

6. The best application of graded f i l t r a t i on appeared 
to be to high concentrations of suspension and high 
rates of flow. 

7. Further investigations are needed on the extension 
of the three layer f i l t e r to a multi-layer design 
using a range of different media with sui table 
dens i t i e s . 

2.4.5 Shull (54) has given the experimental p i lo t plant 

and actual plant resu l t s after conversion into a multi-ra&d 

media f i l t e r bed a t the crum creek plant in America. The 

multi-media f i l t e r bed consists of 20 in of coal with an 

effective size of approximately 0.9 mm was placed over 

6 in of sand with an effective s ize of 0.44 mm. The gravel 

arrangement was also unconventional. I t was based upon the 

excellent research of the la te John R. Baylis a t Chicago. 

The resul ts of nearl;1, a year 's operation with the two 

experimental f i l t e r s were so encouraging that i t was d-©€ 

decided to rebuild a l l 22 f i l t e r s at the Pickering creek 

plant . The renovation programme which began in December 

196J and completed in Feb. 1964, consisted essent ia l ly of 

removing a l l exist ing sand and gravel from the f i l t e r s 

and replacing i t with new gravel, sand and anthracite 

coal as per pi lot plant experiments. I t also included 

ins ta l la t ion of a polyelectrolyte aid system. 

The important conclusions of the i r study are 

given below. 
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1. Improved water quality at normal rates of 

filtration. 

2. Increased rates of filtration, without deprecia­

tion of water quality. 

3. Need of less alum and certain other chemical. 

4. Baed for less wash water to back wash the filters. 

5. The objective of water treatment include the 

removal of turbidity, harmful bacteria and other 

organisms, colour and taste and odour. As the 

process of filtration is involved either directly 

or indirectly in each of these, the more effici­

ently a filter operates, the greater will be the 

removal of impurities. The multiple bed filter 

process, if properly applied, is more efficient 

than conventional filtration, and it should play 

an increasingly significant role in the quest for 

quality water. 

204o6 Rimer (51 ) in his paper "Filtration through a 

trimedia filter" gives the following specific conclusions 

from the pilot plant study the details of which are given 

in the paper. 

1. Garnet exhibited filtration characteristics similar 

to sand of equivalent gradation under identieal flow 

conditions. (2) the upt>er fine layers of a conventional 

single medium filter dominate the filtering capacity of 

the filter. (3) the pattern of head-loss development in 

a multilayered filter appear to be essentially linear 

with depth (i.e. non necessarily in time) while those in 

the sand bed are nonlinear (4) the trimedia filter resul­

ted in a substantial head loss reduction (approximately 

50$) with no concurrent reduction in filtrate quality, 

when compared with a conventional sand filter of 
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equivalent size distribution under the same operating 

conditions (the average net yield of the trimedia filter 

was therefore approximately 50$ greater than the conven­

tional sand filter) (5) multimedia filtration is limited 

"by the selection of media, but material such as garnet or 

synthetics could serve as additional types of media. (6) the 

trimedia filter required more wash water at a higher rate 

to adequately clean the bed. (7) programmed backwashing 

cycles, which would progressively expand and fluidize the 

bed, should be used to assure proper backwashing of a 

complex filter. 

2.4.7 Mohanka (39)(40)(41)(42) states the multi-media 

filtration achieves the rational requirement that the 

suspension to be filtered passes into the coarsest grains 

first and through subsequent finer and finer media,. In 

addition the filtration can be in the conventional down-

flow direction with reverse flow washing, maintaining a 

separation between the unfiltered and filtered water at all 

times. Due to the density gradation the filter is 

hydraulically stable in configuration even after u?T»rao-h 

fluidisation. He has explained the mathematical model 

developed for multilayer filter bed. 

In the pilot filter for his experiments, he has 

used different media •. Regarding selection of media he 

states "selection of media for multilayer filter was a 

result of various individual investigations. This 

includes density, settling velocity and sieve size of 

various plastic grains, anthracite, crushed flint sand, 

ordinary sand, garnet, magnetite and alumina. As a result 
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of these investigations the multilayer f i l t e r was comprised 

of extruded granules of polystyrene, anthracite,crushed 

f l i n t sand, garnet and magnetite". 

2.4.8 Ives (19) in his paper "Theory of F i l t ra t ion" has 

given the various theoret ica l aspects consisting a t tach­

ment and detachment mechanism of pa r t i c l e s in the water, 

mathematical models, c lar i f ica t ion process, head loss . 

developments and optimisation of a rapid sand f i l t e r with 

uniform media. In th i s respect he s t a t e s " , so far , these 

foimal methods of optimum design have only been developed 

for f i l t e r s containing uniform media. Although highly 

desirable, i t has not yet been possible to extend the 

theoret ical methods to size graded or multiple layer 

f i l t e r s " . 

At the end of th i s paper he has discussed the 

value of the theory which i s very important for i n i t i a t i n g 

future research in the f ie ld of f i l t r a t i o n . He s ta tes 

" f i l t ra t ion theory can not be expected to be completely-

predict ive. The complexity of pa r t i c le and fluid motions 

in f i l t e r pores the randomness of f i l t e r grain packing 

and the var iab i l i ty of natural water quality prevent 

predictive 'calculations. Nor will optimisation studies 

reveal the most economic design ( i . e . the lowest cost per 

cubic metre f i l t e r e d ) , since th is i s par t ia l ly dependent 

upon price structures in each country9 which are variable 

with time. 

F i l te r theory can, however, be useful in the 

following ways ; 
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1. Theory can ind ica te what are meaningful observa­
t ions both in p rac t i ce and experiment. For 
example : opt imisat ion s tud ies indica te the 
importance of continuous monitaring of f i l t r a t e 
t u r b i d i t y . 

2 . Theory can indica te reasonable ex t rapola t ions 
of observed da ta . For example : i f head loss i s 
due to deposits within the pores a l i n e a r e x t r a ­
pola t ion with time i s reasonable . 

3 . Theory can ind ica t e what types of experimental 
models should be useful and those which would give 
f a l se r e s u l t s . For example : a 30 cm.deep bed of 
s ize graded sand i s not a go od model of a 75 cm. 
deep bed of s imi la r s i z e graded sand, because 
there i s no simple ex t rapo la t ion of one t o the 
o ther . 

4 . Theory can ind ica te the usefulness of new or 
a l t e r n a t i v e des igns . For example : the mul t ip le 
l ayer f i l t e r s and r ad i a l flow f i l t e r s can be 
shown t h e o r e t i c a l l y to be super ior to conventional 
des igns . 

5. Theory can suggest a reasonable mathematical model 
of f i l t r a t i o n behaviotir. Together with mathe­
matical models of other u n i t processes of water 
t reatment the r e l a t i ve ro le of each t reatment can 
be assessed and economic load showing can be 
planned. For example : should f loccu la t ion s e d i ­
mentation achieve most of the c l a r i f i c a t i o n 
leaving f i l t r a t i o n t o t r e a t t he residuum or 
should the ef f ic iency of f loccu la t ion sedimen­
t a t i o n be d e l i b e r a t e l y reduced to make f i l t r a t i o n 
play a g r e a t e r pa r t or can e i t h e r process be 
dispensed with e n t i r e l y ? " 

2.4.9 Robeck,Dostal and Woodward (52) have given 

following general conclusions based on the p i lo t p lant 

study for 1.5 year to t r e a t turbid water from the l i t t l e 
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Miomi River for suggesting var ious plant design 

modif icat ions. 

1. A double layered bed of coarse media made of 18 in 

of coal ( e . s . 1.05 mm) on top of 6 i n . of sand was able t o 

remove as much or more t u r b i d i t y , colifonn b a c t e r i a , on 

powdered ac t iva ted carbon as a bed of coal or sand alone. 

Such a bed a l so permitted the extent ion of f i l t e r runs . 

2 . With proper coagulation ahead of the f i l t e r , 

6 gpm/sqft. f i l t r a t i o n ra te was as e f fec t ive in removing 

a l l t e s t p a r t i c u l a t e s l i s t e d in conclusion 1 as 4 or 2 

gpm/sqft. r a t e . 

3 . Adequate f loe s t r eng th was more important in 

achieving c l a r i t y than a c e r t a i n s e t t l e a b i l i t y , when 

coarse media and high f i l t r a t i o n r a t e s were used. This 

s t rength was f requent ly obtained only by addi t ion of 

5-20 ppm of ac t iva ted s i l i c a as a coagulant aid or 0 .50-

0.2 ppm of a syn the t i c po lyc l ec t ro ly t e as a f i l t e r a i d . 

4. When the water was r e l a t i v e l y telear ( <„ 2.5 

u n i t s ) , the f loccu la t ion and sedimentation s teps of con­

vent ional treatment design could be omitted i f coarse 

media were placed on top of sand. 

5. For t h i s p a r t i c u l a r r i v e r water, the inc lus ion 

of f loccu la t ion and l imited sedimentat ion permitted longer 

f i l t e r runs and be t t e r water during win ter and flood 

condi t ions . 

2.4.10 Laughlin and Durall (32) ca r r i ed out simultaneous 

plant scale t e s t of mixed media and rapid sand f i l t e r s on 

municipal plant a t Greenvi l le , U.S.A. during 1965-67. The mi<= 

x c £ media f i l t e r bed was composed of coarse coal , medium 
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sand and fine garnet with approximate spec i f ic gjravities of 

1.5, 2.5 and 4.5 r e spec t ive ly . They have carried out 

comparative study for 2,4 and 6 gpm/sq.f t . on both these 

f i l t e r s and gave the following conclusions from t h e i r 

s tudy. 

1. Mixed-media beds have longer f i l t e r runs to a 

given head l o s s . 

2. A c leare r e f f luent i s produced in mixed beds. 

3 . The nexv media can operate a t the nominal f i l t e r 

ra te of 5 gpm/sqft. and a peak r a t e of 8 gpm/sqft. In 

emergencies the f i l t e r s can produce 10 gpm/sqft. 

4 . Mixed-media beds requi re l e s s wash water, 

5. Improved control equipment, including a p i l o t 

f i l t e r for optimizing coagulant dosage, accompanies con­

version t o mixed media and improves over a l l p l an t 

performance. 

6. For a minimal cost , nominal p lant capaci ty can bo 

increased 150 percent and peak capac i ty 100$. 

2.4.11 Culbreath (6) described the experience with mult i 

media f i l t e r on Williams creek p l a n t . The old rapid sand 

f i l t e r s were designed for a f i l t r a t i o n rate of 2 gpm/sqft^ 

After conversion of e x i s t i n g f i l t e r s in to multi media 

f i l t e r s the ra te of f i l t r a t i o n was increased to 5 gpm/ 

s q f t . , while the f i l t e r beds were designed for 8 gpm/sqft. 

r a t e for p o s s i b i l i t y of changing to high ra te a t a 

l a t e r s tage. 

The multimedia cons is t s of 18 inch carbonaceous 

media a t top and below t h i s f iner media of black s i l i c a 

sand 7 inch, pink aand 3 inch and maroon sand 3 inch. 
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were placed respectively over 12 inch, gravel. 

2.4.12 Nasikkar, Bliole and Paramshivam (44) have given 

the following conclusions of the i r study. 

"Dual media f i l t e r gives longer f i l t e r run for 

same head loss. Similarly the increase in loss of head 

is uniform and l inear . Dual media f i l t e r can handle 

unsettled waters efficiently as compared to conventional 

f i l t e r s . Anthracite being costly and scarce, must be su i t a ­

bly replaced by cheap materials . Crushed coconut shell 

gives good performance. But long range bacteriological 

study will have to be done before using i t on large scale" 

2.4.13 R.Paramashivam (45) e t . a l - s ta te "CPHSRI has made 

an intensive search in the las t 2 years to locate sources 

of good quality anthracite in the country, but with 

l i t t l e success". 

They have further stated "In view of th i s i t was 

considered worthwhile to explore the s u i t a b i l i t y of good 

quality bituminous coal as subst i tu te for anthraci te . 

Samples of bituminous coals were procured and tested in 

the laboratory for the following which are of significance 

in the choice of coal as media for f i l t r a t i o n . 

i )Densi ty , ( i i )Durabi l i ty , ( i i i ) spher ic i ty , ( iv)Acid 

solubi l i ty , (v) Test for leaching of phenols. 

The tes t resul ts indicate that good quality 

bituminous coals which are avai lable indegenously in 

large quanti t ies can very well act as substituos for 

anthraci te , though they do not equal anthracite in a l l 

respects". 



2-47 

2.4.14 Ray (50) presented the General repor t No.2 on 

"Recent advances in methods of f i l t r a t i o n " before the Tenth 

In t e rna t i ona l Water Supply congress (1974), i s one of the 

very important repor t which gives the uptodate new develop 

ments in the f i e l d of f i l t r a t i o n and w i l l be very useful 

both for research and f ie ld eng ineers . This repor t gives 

d e t a i l s on the following topics* 

1. Conventional Techniques. 

2 . Development of ex i s t ing methods. 

3 . Improved methods of c leaning . 

4 . New techniques . 

'ill i s gcaeraj. itoport has boon drawn up l o l l owing 

a review and analysis of the information supplied in the 

National Reports from the various coun t r i e s . Important 

aspec ts concerning with multimedia f i l t r a t i o n are given 

below considering the scope of the present s tudy. 

Development of e x i s t i n g methods; All t he National 

r epor t s emphasise the increas ing i n t e r e s t in the develop­

ment of dual and mul t i media f i l t r a t i o n techniques and 

p a r t i c u l a r l y the appl ica t ion of dua l media f i l t r a t i o n to 

the expansion of the output ex i s t i ng p l a n t . Dual media 

f i l t r a t i o n began to find favour about ten years ago and 

represents a most s ign i f i can t development in f i l t r a t i o n 

p r a c t i s e , p a r t i c u l a r l y since i t can be applied to e x i s t ­

ing as well as new p l an t . 

In dual media beds the most commonly used 

combination i s an th rac i t e on top of quartz sand. In 

Belgium, Hoi land and Geraianj hydro a n t h r a c i t e , a German 

syn the t ic product , i s commonly used. The speci f ic 
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gravity of anthracite varies from 1.4 to 1.7 according to 

its source, that of quartz aand "being 2.65. In Russia 

such materials as crushed and uncrushed keramsite and 

scovia, all of similar density to anthracite are "being 

used increasingly, also crushed fused rocks in place of 

quartz sand. 

The main improvement resulting from the use of 

dual media beds is the reduction in the rate of head loss 

build up at given filtration rate. Advantage may be taken 

of this effect to extend filter runs at existing rates or 

to increase rates while maintaining acceptable run lengths. 

Nominal overall filtration capacity may be increased by 

as much as 100$ by this technique. The length of filter 

run using dual media bed may be 1.5 to 3 times that 

achieved using a conventional bed; alternatively the 

filtration rate may be increased to 1Om/hr. or in a few 

cases upto as much as 15 m/hr. 

Results of experiments carried out by the water 

Research Association in Britain using 1.25 mm to 2.5 mm 

anthracite with 0.5 to 1.0 mm sand illustrate the effect 

of changing the proportions of anthracite and sand in beds 

(all of 0.76 m total depth) filtering coagulated and 

settled lowland river water from the Thames. The results 

indicated considerable advantage of using the two 3ayer 

system. The results also show, however, that increasing 

the proportion of anthracite beyond certain levels led to 

little further head loss advantage. It was established 

that this was due to increasing stratification of the 

anthracite as its proportion increased. However the floe 
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passing to the sand layer did not decrease at higher 

anthracite proportions and since the sand depth was less 

there was an increasing tendency for breakthrough to occur. 

Studies in the U.S.A. have indicated the same 

trend. A closely graded coal/sand .combination eSrowed 

'.on higher rate of head loss development and no 

effect on filtrate quality compared with commercial grad-

ings. Important observations and suggestions are given on 

the back washing of the dual and multi-media filter beds 

in this report. 

2.4.15 Losnier Jeffery, and Laburn,(31) in their reports 

under special subject No.4, at the I.W.S.Congress (1974) 

on the subject "Cost and Treatment" practical experience 

of increasing the capacity of an existing x̂ ater treatment 

plant have given specific examples of the existing plants 

and as such the reports are very useful for research and 

field engineers. 

2.4.16 Mintz.(38) presented the special subject No.10, 

on "Modern theory of filtration" presented before the 

international water supply congress (1966), is one of the 

very important report in which following topics are 

discussed in details. 

i) Physical nature of the rapid filtration process. 

ii) Main mathematical relations. 

iii) Practical applications. 

iv) Major problems for further development of theory. 

At the end of this report following major problems 

for further development of theory are given. 
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i) Development of dependable methods for direct 

control of porous medium geometrical parameters during 

clogging. 

ii) Further and more precise determination of the effect 

of filtration rate, grain size and uniformity of a hatero-

genous medium upon filtration parameters for different 

conditions of operation. 

iii) Further study of the effect of suspension properties 

on filtration parameters, accumulation and systematisations 

of data for practical use in design. 

iv) Improvement of methods and technique of technolo­

gical modelling, using pilot plants and observations on 

plant filters under different conditions of treating a 

given water. 

v) Determination of filter sizes to be most economic 

under actual operating conditions. 

vi) Development of dependable methods in design of 

filter beds and optimum filter operation, 

vii) Optimisation of the whole water treatment process 

with the most economic distribution of loads as its 

various stages. 

viii) Study of the effect of grain form and filtering 

media properties, to serve as basis for selection of more 

effective media. 

ix) Obtaining more precise criteria which determine 

a change from filtration with no deposit forming a 

surface mat to filtration through a surface mat. 

x) Development of a more general theory of filtra­

tion which takes into account the effect of all factors 
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that may act under different conditions In the pract ica l 

use of rapid f i l t e r s . 

xi) Thorough checking of s c i en t i f i c results by solving 

practical problems in design and operation of water t r e a t ­

ment plants on the basis of a closer woiking relationship 

with practising engineers. 

2.4.17 Culp and Culp (9) in t he i r book "New Concepts in 

water pur i f icat ion," have explained the development and the 

theory of the Mixad-media f i l t e r beds, and the important 

aspects are given below. 

Development of coarse-to-fine principle of f i l t r a ­

tion has taken place in two major s teps. The f i r s t step 

was the development of the dual media f i l t e r which t yp i ­

cally uses 24 in of 1 mm anthracite coal above 6 in of 

s i l i c a sand. Basically th i s provides a two layer f i l t e r 

in which the coarse upper layer of coal acts as a roughing 

f i l t e r to reduce the load of par t icula tes applied to the 

sand below. Because of the different specific gravi t ies 

of the two materials ,(coal 1.4 and sand 2.65) the coal of 

the proper size in re la t ion to the sand remain on top 

of the sand during backwashing. With applied tu rb id i t i es 

of less than about 15 JTU, dual media f i l t e r s can operate 

under steady s t a te conditions a t 4 to 5 gpm/f (180 to 

230 lpm/m ) with the production of high quality water. 

Dual media f i l t e r s can re ta in more material removed from 

the water than a sand f i l t e r , however they have a low 

resistance to turbidi ty breakthrough with changing flow 

ra te s . This serious ahort comings i s due to the low 

to ta l surface area of media p a r t i c l e s , which i s actually 
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l eas than that for a conventional sand bed. Coal sand beds 

in which there i s considerable mixing of the two ma te r i a l s 

near the in t e r f ace perform b e t t e r and wash e a s i e r than 

coal sand beds which are designed for more d i s t i n c t 

l aye r ing . 

Idea l ly the s i ze of the media p a r t i c l e s and the 

pore space both should be uniformly graded from c o a r s e - t o -

f ine in the d i r ec t ion of flow through a f i l t e r bed. In a 

down flow f i l t e r , t h i s would requi re almost an i n f i n i t e 

number of mater ia l s each having a d i f f e r en t s p e c i f i c 

g r av i t y . However a uniformly tapered void graduation and 

a uniformly tapered average p a r t i c l e s i z e can be obtained 

us ing only three proper ly graded m a t e r i a l s ; coal ( spec i f i c 

g r a v i t y 1.4) sand ( spec i f i c g r av i ty 2 .65) , and garne t 

( spec i f i c g r a v i t y 4 .2) approximately in the propor t ions of 

60,30, and 10 percent r e spec t ive ly . 

The p a r t i c l e s ize range from 1.0 mm down t o 0.12 mm 

from top to bottom of the bed. Af ter backwashing, the 

three mate r ia l s are mixed throughly through out the depth 

of the bed. At each l e v e l in the bed a re p a r t i c l e s of 

coarse coal , medium sand and f ine ga rne t . The top of the 

bed i s predominantly coa l , the middle i s predominately 

sand and the bottom i s mostly g a r n e t , but a l l t h ree are 

present a t a l l depths . In a proper ly designed mixed media 

bed, pore space uniformity decreases from top to bottom, 

t o t o t a l number of p a r t i c l e s a t any l e v e l increases from 

top t o bottom of the bed, and t h e average gra in s i z e 

decreases uniformly from top to bottom. Many persons 

have the misconception that a mixed media bed i s a three 

layered bed. This i s ne i the r t he case or the i n t e n t . 
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A th ree layered bed i s not nea r ly as e f f i c i e n t . Ives has 

refer red to mixed media as "mixed up" media, which i s 

perhaps the phrase which best descr ibes the composition of 

the f i l t e r . Multi media i s another l e s s de sc r ip t i ve term, 

which i s sometimes loose ly applied e i the r to mixed media 

or mult i layered f i l t e r s . 

P a r t i c l e s of t u r b i d i t y in the in f luen t to a mixed 

media f i l t e r f i r s t pass through a la rge pores and encounter 

the coarse media, then reach the smaller pores r e s u l t i n g 

from the mixing of the f i n e r media with the coarse media 

when more o p p o r t u n i t i e s , for contact occur. Mater ia ls are 

removed and s tored throughout the f u l l depth of t h e bed 

in con t ras t t o the same funct ions in a sand bed which occur 

only in the top few inches of sand. The vast s to rage • 

capaci ty of the mixed media bed g r e a t l y increases t he 

length of f i l t e r run before terminal head loss i s reached. 

The t o t a l surface a r ea of the grains i n a mixed media i s 

much g rea te r than for a sand or dual media bed which makes 

i t much more r e s i s t a n t to break through and more t o l e r a n t 

to surges in flow r a t e s . This provides a g rea t f ac to r of 

safe ty in f i l t e r opera t ion . Despite t he g rea te r t o t a l 

surface area of grains in mixed media as compared to sand 

or dual media f i l t e r s , the i n i t i a l (clean f i l t e r ) head 

lo s s in "the two types are comparable• At 5 gpm through put 

the i n i t i a l head loss in e i t h e r a 0.50 mm sand or a mixed 

media bed i s about 1-1/2 f t . in each. 
2 F i l t e r r a t e s of 5 gpm/ft a re commonly used for 

design and operat ion of mixed media beds as compared to 
p 

2 gpm/ft fo r sand f i l t e r s . At the same time , water 
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quality i s improved, which was the original purpose behind 

the development of the mixed media bed. Along with the 

development and acceptance of the mixed media f i l t e r has 

come a recognition that the rate of f i l t r a t i on is only-

one factor ( and a re la t ive ly unimportant one) affecting 

f i l t e r effluent quality and that chemical dosages for 

optimum f i l t r a t i o n rather than maximum se t t l ing as well as 

other variables are much more important to production of 

good water. 

In the modern concept of water treatment, coagu­

la t ion and f i l t r a t i o n are inseparable, They are actual ly 

each very closely related parts of the l iquid solids 

separation process. I t i s only because most water plants 

u t i l i z e sedimentation for a preliminery gross separation 

of set t leable solids between coagulation and f i l t r a t ion 

that the crucial direct relationship of coagulation to 

optimum f i l t e r a b i l i t y has been over looked in the past . 

Over 1he period of the l a s t 10 years, the mixed 

media f i l t e r has begun to gradually replace the rapid sand 

f i l t e r as the standard of the industry. In the la te 1960 

the use of mixed media f i l t e r s spread to a l l par ts of the 

world, and there are now hundreds of operating i n s t a l l a ­

tions as discussed in more d e t a i l l a t e r . In view of the 

higher capacity, superior quality of water produced, and 

greater safety and r e l i a b i l i t y of the mixed media f i l t e r 

as compared to other types, i t s current wide spread use 

i s not so surprising as the fact that more than 10 years 

elapsed af ter i t was completely developed and fully 

demonstrated before i t became so widely recognized and 



2-55 

used. But, then, the acceptance of new ideas i s excrucia­

t ingly slow in the water works f ie ld "because of the public 

health considerations which are involved. 

One of the key factors in constructing a s a t i s ­

factory mixed media bed i s the careful control of the s ize 

dis t r ibut ion of each component medium. Rarely i s the s ize 

dis t r ibut ion of commercially available materials adequate 

for construction of a good mixed media f i l t e r . The common 
problem i s fa i lure to remove excessive amounts of fine 

materials . These fines can be removed by placing a medium 

in the f i l t e r , backwashing i t , draining the f i l t e r and 

skimming the upper surface. The procedure i s repeated ' 

up t i l f ield sieve analysis indicate on adequate pa r t i c l e 

size dis t r ibut ion has been obtained, A second medium i s 

added and the procedure repeated. The third medium i s then 

added and the entire procedure repeated, sometimes,20-30 

percent of the materials may have to be skimmed and d i s ­

carded to achieve the proper par t ic le size d i s t r ibu t ion . 

Regarding dual media f i l t e r bed i t is s ta ted that 

as compared to mixed media, the dual media (coal-sand) 

f i l t e r has less resistance to break through because i t i s 

made up of coarse par t ic les and has less , to ta l surface 

area of pa r t i c les . Mixed media is capable of producing 

lower finished water tu rb id i t ies than dual media. These 

differences are greater and become more pronounced when 

the diff iculty of the f i l t r a t i o n application increases. 

In polishing highly pretreated waters, the differences 

are not great , and some designers continue to use coal 

sand media. However i t i s doubtful that any ono who has 
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observed the two f i l t e r types running s i d e by s i d e on the 

same water would do so . Typical ly , coal sand f i l t e r s 

cons i s t s of a coarse l aye r of coal about 18 in deep above 

a fine sand about 8 i n . th ick . Some mixing of coal and 

sand a t t h e i r in t e r face is d e s i r a b l e to avoid excessive 

accumulation of f loe which occurs a t t h i s point i n beds 

graded to produce well defined layers of sand and coal . 

Also such intermixing reduces the void s i z e in the lower 

coal l ayer forc ing i t to remove f l oe which otherwise 

might pass through the coal l a y e r . 

i ) Capping of Sand F i l t e r s with Coal; 

One very easy and inexpensive expedient t o improve 

rapid sand f i l t e r performance i s to remove about 6 i n . of 

sand from a bed and replace i t with 6 in . of a n t h r a c i t e 

coal . Commonly 0.5 mm sand i s capped with 0.9 nim coa l . 

This produces a layered type bed which has only p a r t of 

the advantages of a dual media bed tha t has been designed 

for some intermixing a t the i n t e r f a c e , but which i s 

super io r in performance to a s ing le media (sand o r coal) 

bed* 

i i ) F i l t e r Bnckwashing : During the service cycle of 

f i l t e r operation p a r t i cu l a t e , matter removed from the 

applied water accumulates on the surface of the gra ins of 

f ine media and i n the pore spaces between g r a i n s . With 

continued operat ion of a f i l t e r the mate r ia l s removed 

from the water and s tored within the bed reduce t h e 

poros i ty of the bed. This has two e f f e c t s on f i l t e r 

opera t ion; i t increases the head lo s s through the f i l t e r 

;3and increases the shee r i n g s t r e s s on the accumulated f l o e . 
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Eventually the t o t a l hydraul ic head loss may approach or 

equal the head necessary to provide the desired flow r a t e 

through the f i l t e r , or there may he a leakage or breakth­

rough of floe p a r t i c l e s in to the f i l t e r e f f luen t . Jus t 

p r i o r to e i t h e r of these p o t e n t i a l occurrences, the f i l t e r 

should be removed from service f o r c leaning. 

As mentioned previous ly , i n the old slow sand 

f i l t e r s t h e arrangements of sand p a r t i c l e s i s f ine - to -coarse 

in the d i r ec t ion of f i l t r a t i o n (down)and most of the impu­

r i t i e s removed from the water co l l ec t on the top surface 

of the bed and the bed can be cleaned by mechanically 

scrapping the surface and removing about one half inch of 

sand and f l o e . In rapid sand f i l t e r s , there i s somewhat 

deeper penet ra t ion of p a r t i c u l a t e s in to the bed because 

of the coarser media used and the higher flow r a t e s employed*, 

However most of the mate r i a l s are stored in the top 8 i n . 

of a rapid sand f i l t e r bed. In dua l media and mixed media 

beds, f loe i s stored through out the bed depth to within 

a few inches of the bottom of t he f ine media. Rapid sand, 

dual media, and mixed-media f i l t e r s a r e cleaned by hydrau­

l i c backwashing (up-flow) with potable water. Thorough 

cleaning of the bed makes i t advisable i n case of s i n g l e 

media f i l t e r s and mandatary in the case of dual or mixed 

media f i l t e r s to use a u x i l i a r y scour or so ca l led "surface 

wash" devices before or during the back wash cycle,Back­

wash flow ra tes of 15 to 20 gpm/sf. should be- provided. 

A 20 to 50 percent expansion of the f i l t e r bed i s 

usua l ly adequate t o suspend the bottom gra ins . The 

optimum ra t e of wash water app l i c a t i on i s a d i r e c t 
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f u n c t i o n of w a t e r t e m p e r a t u r e , a s expans ion of t h e bed 

v a r i e s i n v e r s e l y wi th v i s c o s i t y of the wash w a t e r . The 

t ime r e q u i r e d f o r complete washing p r o c e s s v a r i e s from 3 

t o 15 min. Fol lowing the washing p r o c e s s wa te r should he 

f i l t e r e d to was te u n t i l t h e t u r b i d i t y drops t o an a c c e p t ­

a b l e v a l u e . F i l t e r to waste o u t l e t s should be th rough a n 

a i r gap - to -was t e d r a i n which may r e q u i r e from 2-20 min. 

depending on t h e p r e t r e a t m e n t and type of f i l t e r . This 

p r a c t i c e was d i s c o u n t i n u e d f o r many y e a r s , but modern 

r e c o r d i n g t u r b i d i m e t e r s have shown t h a t t h i s o p e r a t i o n i s 

v a l u a b l e i n the p r o d u c t i o n of a h igh q u a l i t y w a t e r . 

Opera t ing the washed f i l t e r a t a slow r a t e a t s t a r t of a 

f i l t e r run may accompl i sh ing t h e some pu rpose . 

2 .5 SIMPLIFICATION IN THE DESIGN AND CONSTRUCTION 
OF THE SMALL CAPACITY PLANTS. 

General % The a u t h o r has r a r e l y come a c r o s s t h e 

l i t e r a t u r e r e f e r e n c e s p a r t i c u l a r l y on the s u b j e c t of 

s i m p l i f i c a t i o n of t h e des ign and c o n s t r u c t i o n f o r t h e 

sma l l c a p a c i t y p u r i f i c a t i o n p l a n t s . This i s one of the 

very impor tan t a s p e c t i n p r o v i d i n g s imple and cheap 

p u r i f i c a t i o n p l a n t s f o r r u r a l and s e m i - r u r a l a r e a , i n t h e 

deve loping c o u n t r i e s . In t h e new des igns proposed in t h i s 

t h e s i s t h e a u t h o r has t r i e d t o make maximum s i m p l i c i t y i n 

the d e s i g n and c o n s t r u c t i o n of t h e s e smal l c a p a c i t y p l a n t s 

Important r e f e r e n c e s i n the a v a i l a b l e l i t e r a t u r e a re 

g iven below. 

2.5*1 Varheul (56) p re sen ted a paper on "The w a t e r 

supply s i t u a t i o n i n Developing c o u n t r i e s " before t h e n i n t h 

I n t e r n a t i o n a l wa td r supply congress (1972) . I t i s one 
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of the very important paper giving the position (1970) of 

the urban and rural water supply in the various countries 

and the urgent need for the research and development and 

co-ordination in the field of community water supply 

facilities so as to fulfil the targets proposed during the 

United Nations second Development Decade 1971-1980. 

Regarding the approach to the design and construction of 

simple and cheap community water supply schemes followings 

guide lines are given in the paper. 

It is realised that the proper place to study 

national problems is primarily, within the country itself. 

For this reason, it is proposed to enlist the assistance 

of suitable institutions which will collaborate in the 

programme, will work towards the identification and solu­

tion of problems in their respective countries, and by 

liaison with similar institutions in other countries, both 

development and developing, make use of experience gained 

elsewhere to improve their own national water supply con­

ditions. To promote of an increasing use of local 

materials and skills, the simplification of construction 

and operation techniques and the adoption of methods 

which have proved successful are thus the aims. 

Immediate application should be one criterian, 

and concern should much more apply to practical develop­

ment than to theoretical research. It is absolutely 

essential that institutions collaborating in these efforts 

should maintain a close liaison with the Government 

departments responsible for the construction,operation, 

and surveillance of water supplies in the country,so that 
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the r e s u l t s of any research, and development work may be 

implemented as appropr ia te , a s ea r ly as p o s s i b l e . 

In 1970, a WHO In t e rna t iona l conference on Research 

and Development in community water supply was held in 

Dubrovnik, Yugoslavia, the purpose, of which was to explore 

ways in which educat ional and research organisa t ions can 

cont r ibu te to the p r a c t i c a l so lu t i ons of water supply 

problems in t h e i r respec t ive count r ies and in p a r t i c u l a r 

to methods of overcoming the twin obs t r ac l e s of inadequate 

finances and in su f f i c i en t s k i l l e d s ta f f ; to d iscuss needs 

fo r research and development s tud ies and to p l an t f o r the 

establishment of the i n t e r n a t i o n a l net work of co l l abo ra ­

t i n g i n s t i t u t i o n s , l inked by the IRC. The ul t imate goals 

of the IRC were reviewed and genera l tasks were agreed 

upon. One of the important goal f o r providing community 

water supply he s t a t e s "To develop c r i t e r i a s for t he 

design and operat ion of community water supply f a c i l i t i e s 

e spec i a l l y i n developing coun t r i e s , and to encourage the 

maximum use of l o c a l ma te r i a l s and fekills within such 

count r ies" 

While impressing the need for development of simple 

and p r a c t i c a l so lu t ions he fu r the r s t a t e s "the co l l ec t i on 

of information re levant to these a c t i v i t i e s and s tud ies 

by the IRC, e i t he r alone or with the help of co i lobora t ing 

i n s t i t u t i o n s , w i l l not of i t s e l f lead to optimum r e s u l t s . 

The everyday water supply problems of a country a re 

unusually best known by the l o c a l or regional water une ro­

under-takings • P a r c t i c a l , simple designs are u sua l ly 

developed on the spot by l o c a l workers. Contacts with 
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water undertakings be i t indi rec t ly should therefore be 

maintained". 

2.5.2 Richard (53) has presented a paper on "Smaller 

capacity water purification ins ta l la t ions for the supply of 

water to rural communities and domestic consumers" under 

special subject No. 14 before the Eighth International water 

supply congress at Vienna (1969). Though the paper i s 

important i t mainly deals with the si tuations in the deve­

loped countries as he has recommended the use of automation, 

remote control including closed c i rcu i t te levis ion, in 13he 

small water supply ins ta l l a t ion units in ruinl areas as 

can be seen from some recommendations given below. 

The increase in water consumption, by encouraging 

communities to group themselves together there by enables 

greater f inancial resources to be made available and th i s 

permits an increases in automation. Regarding the objects 

of automation of plant , he s ta tes " le t us make clear right 

from the s t a r t that th i s automation wil l not be confined 

merely to the treatment plant, but should also be extended 

to the pumping ins ta l l a t ion and the dis t r ibut ion system. 

Automation should allow bet ter supervision of 

treatment s ta t ions . I t should also be so designed tha t 

the staff need make only quick maintenance check a t in-. 

tervals. to be established according to the size of the 

plant . This i s an essent ial aim, but i t should not be 

considered as a cure for a l l i l l s . Further more, the 

study of the automated system should clearly es tabl ish the 

economic f eas ib i l i t y of what i t i s required to do, the 

more advanced the automation one requires, the more t h i s 
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involves the installation of delicate and expensive 

apparatus which is liable to go wrong easily and needs 

maintenance that is more costly both in material and in 

labour. 

The problem of remote control is complementary to 

that of automation, and is at the same time closely linked 

with it. It is possible to have either remote indication 

or remote control. Remote indication is simply the trans­

mission of a figure : water level, pH, resistivity etc. 

Remote control enables an order to be sent over a distance. 

Let us also mention a new technique which has not 

yet been adopted to water treatment plants because it is 

very expensive and delicate. This is closed circuit 

television; in the extensive systems which are to be found 

in rural areas, this would allow visual inspection of 

certain apparatus for example one might check "at sight" 

the operation of dosing pumps, filter washing etc. one 

should not be afraid of making greater investments • in 

order to achieve this aim and allow a flexible and entirely 

safe operation. 

2.5.3 Kardile (22)(23)(24)(25)(26)(27)(28) the author in 

all these papers has explained the need for the design of 

simple and cheap structures for providing small capacity 

water treatment plants and made important suggestions for 

the design and construction of such plants. These 

important suggestion include simple baffles or staggered 

pipes for mixing channel on the side wall of filter unit, 

gravel bed prefilter unit as adopted in the Ramtek 

filter, in which flocculation and settlement processes 
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are combined together, while in the Varangaon plant gravel 

bed flocculation uni t i s provided before tube s e t t l i n g tank 

and dual media high rate f i l t r a t i o n units have been provid 

provided for these f i l t e r s . In the Chandori plant the 

pretreator is a to ta l ly new design in which the gravel bed 

flocculater-cum-tube s e t t l e r is provided in one unit for 

high rate c lar i f ica t ion of turbid water sources. All the 

beds are open to sky except control room in which control 

chamber and chlorination are provided. All the s t ruc tu­

res are masonry, designed as gravity walls with RCC work 

only for roof slab over control room, and over wash water 

masonry tank. Only hard washing i s adopted, while, under 

drain, wash water gutters and piping are of simple type. 

All these and other points are discussed in de ta i l s in 

the respective chapters of th i s thes i s , where design for 

the simplified treatment plants a t Ramtek, Varangaon 

and Chandori are given. 

- 0 O 0 -



CHAPTER 3 

PROBLEMS IN THE DESIGN OP SIMPLE AND CHEAP 

SMALL CAPACITY WATER TREATMENT PLANTS 

3.1 INTRODUCTION. 

As already stated in the Chapter 1 , either slow sand 

or conventional rapid sand or pressure filters are adopted 

for the small capacity plants in the rural areas in this 

country. The quality of the raw water is not generally 

taken into consideration for providing a suitable type of 

treatment. The capital costs of these treatment plants 

are considerably high as discussed elsewhere in this thesis. 

Even after providing these conventional treatment plants, 

in the rural areas, number of such plants are not seen 

working satisfactorily. The actual on plant observations 

carried out by the author on such small capacity plants 

show the various problems in the construction and main­

tenance of these small capacity plants. These observations 

show an urgent need for the development of simple and cheap 

water treatment methods for the rural areas, so as to 

solve the various problems faced in the design and 

construction of these plants. 

It is,therefore, proposed to discuss in this 

chapter the problems in the design and construction of 

the conventional treatment plants for the rural areas, 

so as to find out new techniques for the design of 

simple and cheap small capacity treatment plants. 

3.2 PROBLEMS IN ADOPTING SLOW SAND FILTERS. 

The slow sand filters are generally adopted 

for the small capacity plants in the rural areas of 
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this country whenever the turbidity of the raw water source 

is generally low throughout the year. When the raw water 

turbidity during the rainy season is between 50 to 500 

units, a coagulation and settling tank is generally adopted 

before the 'Slowsand filters. The problems in adopting slow 

sand filters in such conditions are discussed below. 

3.2.1 General Recommendations in the literature : 

The slow sand filter is not recommended in the 

technical literature whenever the raw water turbidity is 

higher than 30 units, as the-slow sand filter is basically 

proposed not for the removal of the suspension matter,but 

for the treatment of the dissolved organic matter in the 

raw water. 

302.2 Effect of Coagulation before Slow Sand Filtration : 

By adopting chemical coagulation and sedimentation 

as pretreatment before slow sand filter,the filter bed 

gets clogged up through out the sand bed due to the fine 

floe which is generally not expected in the raw water to 

be treated through a slow sand filter. Due to the clogging 

of bed the normal washing practice of scrapping of 1 to 2 

cm of the top layer and replacing the same by fresh sand 

is not adequate and the full filter bed needs removal and 

washing of the sand media. If this is not done, the 

filter runs become shorter and shorter and the filter does 

not serve the purpose and the quality of filt/rate also 

gets deteriorated. In this respect the author has given 

a detailed report on the actual plant observations in his 

paper (23) and the comprehensive report on the study of 

the existing slow sand and semi-rapid filters in the 

Maharashtra State (34)* All the three slow sand filters 

which were studied in this report were found to be in 
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the deteriorated conditions and giving unacceptable quality 

of filtrate. One of these filter was found in unaerobic 

conditions and giving bad smell and taste of the effluent. 

All these three filters are provided with coagulation and 

settlement as pretreatment. Even though the sources are 

storage reservoirs, for all these three cases, the turbidity 

during rainy season and summer season is quite high and some 

times goes even upto 2000 to 3000 JTU. So the pretreatment 

works, though not provided originally,had to be constructed 

at a latter stage to reduce the turbidity before taking 

water on the slow sand filter beds, 

3.2*3 Necessity of Aerobic Condition in the Bed : 

The slow sand filter bed has to be maintained in an 

aerobic condition and due to slow rate of filtration the 

oxygen is continuously provided in the filter bed for the 

various aerobic activities in the filter bedo In this 

respect the relevent extract from the paper (55)Comparison 

of slow and rapid filters* is given below for ready refer­

ence as it is of fundamental importance in the treatment 

by a slow sand filter, 

"The speed of slow sand filters is merely a conse­

quence of their natural function,it is not caused by a 

hidden fait in their construction. First too much increased 

velocity tends to drive through the sand the algae that 

would otherwise form loose aggregates that lodge in the 

spaces between the upper most grain and &o produces 

oxygen in the presence of light, and secondly it reduces 

the period of retention in the filter,the specific germs 

do not have sufficient time to destroy efficiently the 
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more complex organic matter. The filter may become too 

rapidly clogged and the lower layers may for this reason 

become deficient in oxygon and hence be working under 

anaerobic conditions which gives a most undesirable 

filtrate. 

These filters cannot cope with too much turbidity 

certainly not with inorganic turbidity. The cellulose 

thread of the chlorophyceas and the silica bodies of the 

diatoms being smaller than the finest filter sand, this 

algae skin is very rapidly clogged. Further more the 

cloudy water in the filter,thiLis diminishes photosynthesis, 

The brighter the water the greater is production of oxygen 

by the algae. According to our experience the filters 

function best when the turbidity of water at their inlet 

is less than 2 ppm Si02M. 

3.2.4. Effect of Intermittent Operations z 

It can be seen from the above explanation that 

the slow sand filtration is a continuous process and 

oxygen from the water is vital for keeping up the filtra­

tion process efficiently. However, in the small capacity 

plants which arc- generally provided for rural schemes, 

the plants are designed for 16 hours working in the 

ultimate stage and about 8 hours working in the immediate 

stage. Thus the filter will be working intermittently 

in such conditions and it may be de ficient in oxygon 

donation from the water as it remains in stagnant 

conditions for a long time. In such conditions the 

specific microorganisms in the bod will not bo able to 

work in the desired way as mentioned above. Thus the 
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effluent quality will not be to the required standard and 

in many cases the filter bed nay go in unaerobic conditions 

when the raw water turbidity is high as explained above. 

However, this important aspect is not being considered by 

the various authorities,while providing slow sand filters 

in the rural areas. 

The author is of the view that all such slow sand 

filters provided with intermittent working with or without 

the pretreatment, with coagulation and settlement, will 

not give the satisfactory quality of the filtered water 

and such filters will be the sources of permanent nuisance 

in supplying potable water to the rural population. 

3.2o5 Cost Aspects ; 

When the pretreatment is provided with some type 

of alum mixing and settlement, the cost of such purifi-

cation plants may go even more than the cost of a conven­

tional rapid sand filter considering the increase in the 

construction cost in the past few years. Further the 

maintenance cost including chemical dosing and frequent 

cleaning of the filter beds may also go generally higher 

than that of a rapid sand filter as per actual experiences 

on such plants. 

3.2,6 Need for the Now Approach : 

In most of the cases slow sand filters are 

provided for rural schemes because the construction is 

simple and there is also some simplicity in the operation 

of the valves. When the slow sand filters are being 

constructed on mass scale for rural water supply schemes, 

in such conditions as discussed above,there is immediate 

need for reconsideration for this situation^ when the 
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technological advances in the water treatment field are 

very promising to provide simple and cheap small capacity 

treatment plants. 

It is for this reason that the author has tried to 

design the simplest possible and cheap water treatment 

plants based on the new techniques and some new ideas for 

providing small capacity treatment plants for the rural 

areas. 

3.3 PROBLEMS IN ADOPTING CONVENTIONAL RAPID SAND 
FILTERS. 

The capital cost of the conventional treatment 

plant consisting of mixing,flocculatioft,settling tank and 

rapid sand filter for such small capacity plants is 

generally very high. This is particularly so because the 

cost of mechanical equipments for mixing and flocculation 

and structural cost for small works including R.C.C.roof 

over filter beds goes very high. All these problems are 

discussed below in details. 

3.3.1 Mixing and Flocculation : 

It is desirable to delete the mechanical equipment 

in such small capacity plants-r In the present conven­

tional process there is no suitable and cheap process 

for flocculation without mechanical equipment. For this 

reason in many small capacity treatment plants floccu-

lator is generally not provided. And even if it is 

provided the mechanical equipment is not properly main­

tained, with the result it is generally not found in 

working.order. Thus the capital as well as maintenance 

cost for such mechanically operated units are high and 

hence the overall cost of the plant goes very high. 
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3«3.2 Rectangular Settling Tanks : 

Rectangular settling tanks are suitable for snail 

capacity plants and generally these are provided in the 

rural units. However, if proper mixing and flocculation 

is not provided "before settling tanks, the efficiency of 

clarification is reduced to a considerable extent when 

the turbidity of the raw water is high. Further sludge 

removal arrangement is one of the important factor in the 

design and operation of these tanks. Generally plain, 

slightly sloping and serrated bottom rectangular settling 

tanks arc seen to be provided. In this respect the 

Environmental Engineering Organisation of the Maharashtra 

State has developed multiple hopper bottom settling tanks, 

which have been provided at many water works in the 

Maharashtra Statec The author has an opportunity to carry 

out on-plant study on the serrated and hopper bottom 

rectangular settling tanks in the Maharashtra State, and 

a comprehensive report (33) has been submitted to the 

State Govt. A copy of this report is enclosed in the 

Appendix-D for the ready reference. It has been found from 

this on-plant study that the hopper bottom rectangular 

settling tanks are far superior as compared to the serrated 

bottom or plain bottom settling tanks in the effective 

sludge removal and clarification*-

3.3o3 Sludge Blanket Type Vortical Plow Tanks : 

In many small capacity T̂ ater treatment plants 

those tanks have been recently provid^dc The main 

advantage claimed, is the separate mixing and fioccu-= 

lation is not necessary in such tanks and higher surface 
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over flow rates can be adopted as compared to the rectan­

gular settling tanks. However these are continuous flow 

type tanks as the sludge blanket has to be maintained at 

a certain level by sludge withdrawal arrangement. As the 

rural water supply schemes are generally designed for 16 

hours pumping in the ultimate stage, the plants are basi­

cally of intermittent nature and hence creation of sludge 

blanket every day is not an easy job at such rural schemes, 

as per actual experiences on such plants. The author 

during the on-plant study, of such plants has observed such 

difficulty and effluent turbidity is generally high during 

the rainy season when the raw water turbidity is high. The 

author is therefore, of the view that these sludge blanket 

typo settling tanks are not suitable for small capacity 

plants based on intermittent working,, 

3o3o4 Rapid Sand Filters % 

The conventional rapid sand filters with the 

automatic rate controlling arrangements and washing system 

with air and wash water and with R. C. C. roof structures 

become very costly. There is a great need for simplification 

of such filters and the author has therefore proposed 

suitable methods in his paper (26) on "Simplified rapid 

sand filters for rural areas". Such simplified methods 

are adopted for the new plants developed in this thesis. 

3«3«5 Pressure Filters : 

There is a growing tendency to provide pressure 

filters for small capacitjr water supply schemes. Even 

though those are easy and quick to install at site and 

cheaper than the conventional rapid sand filter bods, 
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these are closed shells and difficult to repair and main­

tain properly at rural level. For want of direct obser­

vations, back wash is not generally given satisfactorily 

and many times the media is seen mixed up with the gravel 

layers, for want of proper pressure control during back 

washing. Corrosion is also one of the important factor, and 

life of the steel shells is generally short. It is, there­

fore, normally recommended for small industrial water 

requirements. It is? therefore, not generally suitable 

for the small capacity plants except in the conditions 

when, one pumping stage can be saved by adopting a pressure 

filter directly in the lino of pumping main. Further 

these can be adopted for low turbidity sources onlyf as 

there are no suitable and cheap pressure pretreatment 

units yet available in the market0 

3o4 APPROACH TO TEE KSW DEIGNS„ 

Considering all the problems in providing the slow 

sand and the conventional rapid sand filters for the small 

capacity plants as discussed above, it can be seen that 

there is a great and urgent need for the development of 

simple and cheap small capacity treatment plants for the 

rural areas. In order to solve most of the present problems 

and difficulties in providing small capacity plants, the 

author has developed three new designs for providing 

simple and cheap small capacity treatment plants in ths 

present study, 

3o4c1 Ramtek Filter % 

For the treatment of low turbidity water sources 

a new design of Ramtek filter is developed in this study 
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which includes baffle mixing channel, gravel bed prefilter 

and a dual media filter bod. This is a type of complete 

treatment unit without any mechanical equipment. The 

structure is also very simple and the cost of this plant 

was Hs. 1,25,000/- in the year 1973, which was about 1/4 of 

the cost of a conventional rapid sand filter plant for the 

same capacity. The plant is working very satisfactorily 

for the last five years. The detailed design and plant 

observations are discmssod in the chapter 7 of this thesis. 

3.4.2 Varangaon Treatment Plant : 

For the treatment of high turbidity water sources 

and with moderate pollution, the new water treatment plant 

at Varangaon has been developed in this study. This new 

treatment plant, includes baffle mixing channel, two units 

of gravel bed flocculators and tube settling tanks and 

three units of dual media filter beds. This is a high 

rate simplified treatment plant without any mechanical 

equipment. The structure is also simple and cost of this 

plant was Rs. 4,00,000/- in the year 1976-77, which was 

about 50$ of the cost of the conventional rapid sand 

filter plant for the same capacity. The plant is working 

satisfactorily and the detailed design and the plant 

observations are discussed in the chapter 9 of this 

thesis. 

3.4.3 Chandori Treatment Plant : 

For the treatment of moderate turbid water sources 

the Chandori treatment plant is specially developed for 

small villages. The plant consists of one unit of 

pretreator which is a combination of gravel bed 
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flocculator and tubo settler, and is followed by a dual 

media filter bed. Both the units have been designed for 

the surface loading of 4,500 1/n /h„ The Chandori treat­

ment plant may be thj cheapest plant, which may be 

recommended for any small rural water supply scheme for 

the treatment of turbid water sources. The detailed 

design and pilot plant observations are discussed in the 

chapter 10 of this thesis. 

-oOo-



CHAPTER-4. 

STUDY FOR THE DEVELOPMENT OP NON-MECHANICAL 
PLOCCULATION PROCESSES. 

4.1 APPROACH TO THE STUDY. 

The importance of t h e f l o c c u l a t i o n in t h e f i e l d of 

wa te r t r e a t m e n t i s g iven from t h e v a r i o u s r e f e r e n c e s from 

the l i t e r a t u r e under t h e c h a p t e r 2 . I t can be seen from, 

the v a r i o u s l i t e r a t u r e r e f e r e n c e s t h a t t h e r e i s no s u i t a ­

b l e non-mechanical f l o c c u l a t i o n process in t h e p r e s e n t 

p r e t r ea tmen t methods. Cox (5) i n the WHO monograph No.49, 

has tho rough ly d i s c u s s e d t h e v a r i o u s des ign a s p e c t s of t h e 

d i f f e r e n t methods of f l o c c u l a t i o n . I t can be seen from 

t h i s d i s c u s s i o n t h a t a b a f f l e channel f l o c c u l a t i o n , t h o u g h 

b a s i c a l l y a non-mechanical u n i t , i s n o t a p r a c t i c a l s o l u ­

t i o n f o r t h e d e s i g n of a cheap and e f f i c i e n t f l o c c u l a t i o n 

u n i t f o r t he small c a p a c i t y wa te r t r e a t m e n t p l a n t s . 

Therefore mechan ica l f l o c c u l a t i o n u n i t s a r e seen t o be 

adopted i n p r a c t i c e in t h e c o n v e n t i o n a l wa te r t r e a t m e n t 

p l a n t s . 

To avoid t h e mechanica l f l o c c u l a t i o n u n i t s in many 

sma l l c a p a c i t y wa te r t r e a t m e n t p l a n t s , f l o c c u l a t i o n u n i t s 

a r e seen t o be d e l e t e d . In such smal l c a p a c i t y p l a n t s , a t 

l e a s t i n I n d i a , on ly t h e b a f f l e mixing channel i s g e n e r a l l y 

provided t o work a s m i x i n g - c u m - f l o c c u l a t i o n u n i t , which 

i s n o t a c o r r e c t approach . In such p l a n t s , when the 

f l o o c u l a t i o n u n i t i s n o t p rov ided , t h e alum dose r e q u i r e d 

i s c o n s i d e r a b l y more and a s t h e f l o o formed i s n o t of 

good and c o n s o l i d a t e d s i z e , t h e e f f i c i e n c y of t h e s e t t -

l i n g tank i s low in the remdval of t u r b i d i t y . This i s 

p a r t i c u l a r l y observed d u r i n g the wors t p e r i o d in t h e 
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r a i n y s ea son . Due t o t h e h i g h e r load of t u r b i d i t y on 

f i l t e r s , d u r i n g s u c h p e r i o d s , t h e f i l t e r runs become 

cons ide rab ly s h o r t and many t imes t h e e f f l u e n t t u r b i d i t y 

goes beyond t h e a c c e p t a b l e l i m i t from such p l a n t s . Thus 

t h e r e i s an u r g e n t need for deve lop ing non-mechanica l 

and s i m p l i f i e d f l o c c u l a t i o n u n i t s f o r sma l l c a p a c i t y wa te r 

t r ea tmen t p l a n t s . 

The a u t h o r has t h e r e f o r e , i n t r o d u c e d t h e g r a v e l 

bed f l o c c u l a t i o n u n i t s f o r the Ramtek,Varangaon and 

Chandori wate r t r e a t m e n t p l a n t s , pe rhaps f o r t h e f i r s t 

t ime in t h e f i e l d of w a t e r t r e a t m e n t . Cons ider ing t h e 

b a s i c importance of the f l o c c u l a t i o n p r o c e s s , a s e p a r a t e 

chap te r i s inc luded i n the p r e s e n t t h e s i s fo r t h e p i l o t 

p l a n t s tudy on t h e d i f f e r e n t t y p e s of non-mechanica l 

f l o c c u l a t i o n u n i t s . Thus i t i s proposed t o compare t h e 

v a r i o u s f l o c c u l a t i o n p roces se s so as t o s tudy t h e s p e c i a l 

m e r i t s as wel l a s l i m i t a t i o n s f o r a d o p t i n g the non-

mechanical f l o c c u l a t i o n u n i t s . I t is a l s o n e c e s s a r y t o 

f ind out t he d e s i g n c r i t e r i a s f o r adopt ing such s imple 

f l o c c u l a t i o n u n i t s in the smal l c a p a c i t y w a t e r t r e a t m e n t 

p l a n t s . 

4 . 2 DESIGN OF PILOT PLANTS. 

In t h i s c h a p t e r i t i s proposed t o d i s c u s s t h e 

p i l o t p l a n t o b s e r v a t i o n s as w e l l a s compara t ive pe r fo rma­

nces of t h e d i f f e r e n t f l o c c u l a t i o n u n i t s . The a u t h o r has 

des igned f i v e t ypes of p i l o t f l o c c u l a t i o n u n i t s f o r t h i s 

s tudy and f o r comparison purpose t h e s tudy on t h e 

mechanical p i l o t f l o c c u l a t i o n u n i t was a l s o done as 

d i s c u s s e d i n t h i s c h a p t e r . The p i l o t p l a n t s tudy was 
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conducted on the below mentioned f loccu la t ion u n i t s 

i ) Gravel "bed f loccu la t ion u n i t s . 

i i ) PVC tubes surface contact f loccu la t ion u n i t . 

i i i ) PVC tube f loccu la t ion u n i t , 

iv ) LDP Film f loccula t ion u n i t s . 

v) Mechanical f loccu la t ion u n i t . 

F i g . 4 - I I I to 4-VT. . enclosed in t h i s chap te r show 

the d e t a i l s of some of the above mentioned p i l o t f loccu­

l a t i o n u n i t s . The various dimensions adopted in these 

p i l o t p lan t s are given in these f i gu re s . The d e t a i l s of 

the design of each p i lo t p lant are given l a t t e r before 

conducting experimental observations on each u n i t . 

4.2.1 Design of common Aspects for the P i l o t Plant 
Study : 

The comparative performance study was car r ied out 

on the various p i l o t f loccu la t ion uni t s f o r the below 

mentioned common a spec t s . 

i ) Raw water supply of constant t u r b i d i t y of 100 JTU: 

Raw water from the Ggngapur l e f t bank canal was brought by 

a j e e p - t r a i l o r a t the l abora to ry . The raw water t u r b i d i t y 

was then adjusted to 100 JTU by mixing wi th clean tap water 

as the raw water t u r b i d i t y was genera l ly more than 100 JTU 

during t h i s per iod. Occassionally when t h e raw water 

t u r b i d i t y was l e s s , some bottom fine s i l t of the cana l , 

was mixed in the constant t u r b i d i t y supply tank of 1000 l i t . 

capaci ty so a s to get t u r b i d i t y of 100 JTU throughout 

these p i l o t p lan t experiments conducted in the present 

s tudy. The constant t u r b i d i t y (100 JTU) raw water was 

then pumped by means of a small e l e c t r i c a l pumping se t 
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(1/20 H.P.) to a small balancing tank of 30 litres capaci­

ty as and when required by operating the pumping set. A 

water level indicating glass tube Has attached to the 

balancing tank to know the water level. 

ii) Constant raw water flow arrangement : In order to 

get constant raw water flow (100 JTU) from the balancing 

tank to the pilot plant flocculation units,a constant flow 

arrangement was made as shown in the Fig.4-I« In this 

arrangement a constant level chamber of 10 x 10 x 20 cm. 

size was made of perpex sheet wilh one 1 2 mm dia. outlet 

connection with a gate valve to adjust required flow for 

the experiment. One over flow outlet was kept to maintain 

constant level in this chamber just near the inlet 12 mm 

dia connection. One 12 mm dia gate valve was attached to 

the outlet connection of the balancing tank from where 

the raw water was taken through a plastic tube in the 

constant level tank. Raw water flow from the balancing 

tank was adjusted in such a way, so as to maintain a 

constant water level in the constant level chamber by 

allowing a small quantity to tricle from the overflow 

outlet. 

iii) Chemical mixing chamber : A chemical mixing cham­

ber of size 10 x 10 x 20 cm size was made of perpex sheet 

with one inlet connection at 15 cm from the bottom and 

one outlet connection at the bottom on the opposite side. 

The inlet connection was connected with the outlet conn­

ection of the constant level chamber as explained above* 

At the outlet connection of the mixing chamber one 

pinch-cock was attached to adjust . the required constant 
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flow for the fur ther p i l o t p lan t s tudy . The de tent ion 

period in the mixing chamber was adjusted to about one min. 

by ad jus t ing the top water l e v e l and constant flow through 

the constant l eve l chamber. One e l e c t r i c a l l y operated 

mixing u n i t was fixed by the s ide of the mixing chamber. 

The mixing rod with a blade of 25 x 50 mm was f ixed to the 

r o t o r so as get mixing speed of about 100 rpm. in the 

mixing chamber. 

Purpose of adopting mechanical mixer : In a l l the 

s impl i f ied treatment p lants developed in t h i s t h e s i s , the 

baff le mixing channel was adopted before the raw water 

was introduced in the treatment p l a n t , as explained in 

the respect ive chapters . However, i t was d i f f i c u l t t o 3HH 

provide such a p i l o t baff le mixing channel i n the p i l o t 

p lan t study in the laboratory . In order to simplify the 

mixing arrangements and to give uniform mixing e f f e c t , t h e 

mixing chamber with an e l e c t r i c a l l y operated mixing u n i t 

was adopted in a l l the p i l o t p lan t s tud ies as explained 

above• 

iv) Constant dosing arrangement fo r alum so lu t ion : To 

give constant alum so lu t ion dose in the mixing chamber,a 

constant dosing arrangement b o t t l e of 5 l i t . capaci ty was 

prepared as per d e t a i l s shown in the F i g . 4 - I I . I t w i l l 

be seen tha t one glass tube was fixed in the rubber cork 

in the top opening of the b o t t l e and extending upto the 

bottom to admit the required a i r to allow constant flow 

from the ou t l e t g lass tube fixed in the bottom opening. 

A pinch-cock was fixed on the o u t l e t p l a s t i c tubing 

to adjust the required alum so lu t ion dose in the mixing 
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chamber. Alum so lu t ion was prepared in the p l a s t i c bucket 

of 10 l i t . capaci ty by adding 15 grams of alum (0.15?^ and 

the so lu t ion was poured in the constant dosing b o t t l e 

whenever requi red , by removing the top rubber cork. 

For ad jus t ing a requi red alum dose for the s tand-

ared raw water of 100 JTU the alum dose was fixed on the 

labora tory f l occu la to r model a s and when requ i red . After 

f ix ing the optimum alum dose, by above mentioned s tandard 

method, the required alum dose was adjusted in the p i l o t 

p lant experiments as conducted during the present s tudy. 

Average alum dose of about 55 PPm was given fo r the s t and ­

ard raw water t u r b i d i t y of 100 JTU during these experiments. 

v) Plow r a t e for the p i l o t f l occu la to r s tudy : During 

a l l the p i l o t f l occu la to r experiments a constant flow ra te 

of 1600 ml. per min. was adjusted to get comparative 

r e s u l t s . This p a r t i c u l a r flow ra te of 1600 ml/min. was 

adjusted to give surface loading of 10,000 1/m / h r fo r 

the gravel bed f loccu la to r adopted f o r the Varangaon 

p i l o t treatment p l a n t , as shown in the hydraul ic design 

ca lcu la t ions in the chap te r -8 . The same r a t e of flow was 

adjusted for a l l the other p i l o t f loccula tor s tud ie s as 

discussed in t h i s chapter. 

The author has carr ied out number of experiments 

with d i f f e r en t surface loading r a t e s , f o r the gravel bed 

p i l o t f loccu la to r s tudy, and has fixed t h i s optimum r a t e , 

for the Varangaon treatment p l an t . The r e su l t s for the 

other flow ra t e s are not given in th i s chapter to l i m i t 

the scope of the present study and to simplify the 

comparative study on d i f fe ren t f loccu la t ion p i lo t u n i t s . 
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However t h e r e s u l t s fo r some o t h e r s p e c i f i c flow r a t e s , 

lower t han the above mentioned l o a d i n g a r e d i s c u s s e d , 

d u r i n g a few e x p e r i m e n t s . The r e s u l t s f o r lower l o a d i n g 

r a t e s than 10,000 l / m 2 / h r w i l l g e n e r a l l y g ive b e t t e r 

r e s u l t s a s the l o a d i n g i s reduced. 

v i ) Tube s e t t l e r p i l o t u n i t : A tube s e t t l e r p i l o t 

u n i t a s shown in t h e F i g . 4 - I I I , i s adopted a f t e r a l l t he 

d i f f e r e n t f l o c c u l a t i o n u n i t s , d u r i n g t h i s s tudy so a s t o 

g ive uniform c l a r i f i c a t i o n c o n d i t i o n s f o r comparison of 

f l o c c u l a t i o n e f f i c i e n c i e s of t h e d i f f e r e n t p i l o t 

f l o c c u l a t i o n u n i t s . 

The s u r f a c e l o a d i n g on t h e t u b e opening a r e a was 

adopted as 6850 1/m / h r and the d e t e n t i o n t ime in t h e 

tube s e t t l e r u n i t a s 23 min. a s shown i n t h e h y d r a u l i c 

de s ign c l a c u l a t i o n s in the c h a p t e r - 8 . 

The a u t h o r h a s purpose ly adopted the p i l o t t ube 

s e t t l e r u n i t a f t e r a l l t h e p i l o t f l o c c u l a t i o n u n i t s , a s 

he f e e l s t h a t the t u b e s e t t l e r t a n k s are l i k e l y t o be 

adopted i n t h e f u t u r e i n t h e p l a c e of the r e c t a n g u l a r 

s e t t l i n g tanks and t h e hopper bot tom v e r t i c l e f low s ludge 

b l anke t type t a n k s , f o r t h e smal l c a p a c i t y w a t e r t r e a t m e n t 

p l a n t s . This a s p e c t i s d i s c u s s e d i n d e t a i l s i n t h e 

chap te r s 9 and 10. 

4 . 3 PROCEDURE FOR EXPERIMENTAL STUDY. 

Same procedure was fo l lowed f o r t h i s e x p e r i m e n t a l 

s tudy t o compare t h e e f f i c i e n c i e s of t h e d i f f e r e n t p i l o t 

f l o c c u l a t i o n u n i t s . As exp l a ined e a r l i e r , each p i l o t 

p l a n t was i n s t a l l e d i n t h e l a b o r a t o r y a s per d e t a i l s 

g iven i n the r e s p e c t i v e f i g u r e s . The main components 



4-8 

of each pi lot plant were ( i ) Chemical mixing ( i i ) p a r t i ­

cular flocculation unit and ( i i i ) the tube s e t t l e r un i t . 

The de ta i l s of the chemical mixing and tube se t t le r units 

have already "been explained ea r l i e r , while the de ta i l s 

for each p i lo t flocculator unit are given l a t e r in the 

next para. 

4.3.1 Procedure for Operation : 

Before running the pi lot p lant , a l l the units 

were f i r s t f i l led with the tap water. The raw water a f ter 

adjusting the desired flow of 1600 ml/min and adjusting 

the required alum dose in the mixing chamber, was introdue 

oed at the top of the flocculation un i t . The flow in the 

flocculator was in the downward direct ion. The floccula­

ted water from the bottom of the flocculator was then 

introduced through the bottom of the tube s e t t l i n g tank 

and about 15 cms. above the top of the hopper. The 

se t t led water from the top of the tube se t t l ing tank was 

then taken to the waste through a p las t i c tubing. The 

rate of flow was also checked intermit tent ly a t the out 

l e t and in a measuring cylinder. The p i lo t plant was 

operated for seven hours during the laboratory working. 

After stopping the plant operation after seven hours,the 

sludge in the flocculation uni t and the tube s e t t l e r 

unit was drained out on the next day before s t a r t ing the 

plant . The removed sludge, was then measured and the 

sludge volume was noted as explained in the next para. 

The p i lo t plant after removing the sludge was 

cleaned by tap water and then f i l l ed with the tap water 

and was kept ready for the second set of experiment when 
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necessary. After completion of experiments on one p i l o t 

p l a n t , t h e f loccu la to r un i t was removed and the p i l o t p l an t 

was i n s t a l l e d for t h e next experiments a f t e r in t roducing 

the required f loccu la t ion u n i t . 

4 .3 .2 Important Observations on the P i lo t Plant Study: 

i ) Turbidi ty measurement : The t u r b i d i t y of the 

s e t t l e d water samples was measured a f t e r every hour with 

an Aplab t u r b i d i meter. As t he raw water t u r b i d i t y was 

adjusted to 100 JTU,only s e t t l e d water t u r b i d i t y was 

measured. 

i i ) Sludge removed from the f loccu la t ion and tube 

s e t t l i n g tank : The sludge removed from the f l occu la to r 

and tube s e t t l i n g tank was removed on the next day, 

ca re fu l ly from the bottom sludge o u t l e t s . Care was taken 

t o see no sludge was remained in any of these u n i t s by 

giving adequate washing to these un i t s and c o l l e c t i n g 

the washed water sepa ra te ly . The washed water from each 

un i t was then allowed t o s e t t l e in the buckets f o r about 

two hours. The c l e a r supernent water was then taken out 

by syphon ac t i on , care being taken t o keep about five cm. 

thick c l e a r water above the s e t t l e d s ludge, so that no 

sludge was l o s t during syphoning. The remaining sludge 

and water in the buckets was then mixed properly and 

poured in the measuring cylinders of 1000 mlocapacity. 

This sludge was then allowed to s e t t l e for one hour i n 

the measuring cyl inders and the t o t a l volume of sludge 

was then recorded in cubic cent imeters . 

I t was t r i e d to measure the sludge on the 

weight bas is but i t was found tha t volumetric measurement 
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was more suitable for comparing the sludge volumes in the 

different uni ts of the pi lot plant study. 

The author has not read any such reference of 

measurement of sludge volumes in the various processes of 

the treatment uni ts . Further such observations may not be 

possible on the prototype plants for various pract ical 

d i f f i cu l t i e s . He has therefore, carried out the actual 

sludge removal study in a l l the pi lot plant experiments 

carried out during the present study. This may be one 

of the important parameters in the comparison of the 

efficiencies of the different processes involved in the 

water treatment. 

i i i ) Head loss in the flocculation units : I t was 

observed that there was some head loss in the gravel bed 

floccvilator units,, In a l l other flocculation units there 

was pract ical ly no head loss . However the head loss in 

the gravel bed flocculators was between 2 to 3 cm and 

hence th i s was not recorded for comparison, 

iv) Bacteriological observations : Samples of raw 

and set t led water were collected just at the end of the 

seven hours in the s t e r i l i s ed b o t t l e s , and bacteriological 

analysis was carried out in a l l the pi lot plant studies 

to find out coliform removal efficiencies by adopting 

different flocculation un i t s . 

v) Cleaning of flocculation uni ts % In order to find 

out the sludge volumes and to clean the flocculation 

uni ts sludge was removed by draining the uni t s . Further 

the units were cleaned by gravity desludging and 

occasionally by giving back wash to some of the pilot 
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p l a n t u n i t s a s d i s c u s s e d l a t t e r . 

4 .4 EXPERIMENTAL STUDY. 

The expe r imen ta l s tudy was conducted t o f i nd ou t 

comparat ive e f f i c i e n c i e s of t he d i f f e r e n t f l o c c u l a t i o n 

u n i t s as mentioned below -

i ) Gravel bed f l o c c u l a t i o n u n i t s . 

i i ) PVC t u b e s e x t e r n a l s u r f a c e c o n t a c t f l o c c u l a t i o n 
u n i t s . 

i i i ) PVC tube double s u r f a c e c o n t a c t f l o c c u l a t i o n u n i t s . 

i v ) LDP s h e e t f l o c c u l a t i o n u n i t s . 

v ) Mechanical f l o c c u l a t i o n u n i t s . 

The p r e s e n t s t u d y was c a r r i e d out f o r t h e flow 

of 1'600 ml/min. and t h e p r i n c i p a l pa ramete r s f o r the 

comparison of t h e e f f i c i e n c i e s of t h e d i f f e r e n t f l o c c u l a ­

t i o n u n i t s a r e as below. 

i ) Surface l o a d i n g , 

i i ) Volumetr ic l o a d i n g , 

i i i ) De ten t ion pe r iod , 

i t ) T u r b i d i t y removal . 

v ) Sludge removal . 

v i ) B a c t e r i a removal . 

The des ign of each t y p e of f l o c c u l a t o r and t h e 

expe r imen ta l o b s e r v a t i o n s on t h e same a r e d i s c u s s e d h e r e ­

a f t e r i n t h i s c h a p t e r . 

4 . 4 . 1 Gravel Bed F l o c c u l a t i o n U n i t s ; 

a ) Back ground : I n a l l ' the t h r e e s i m p l i f i e d t r e a t ­

ment p l a n t s developed i n t h e p r e s e n t t h e s i s ? the author 

has adopted gravel bed for the basic flocculation 

process. In the Ramtek plant the gravel bed is adopted 
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in the p re f i l t e r un i t , where the flow in the gravel bed i s 

in the upward direction and the design and the p i lo t plant 

observations are given in the chapter 6, while the actual 

plant observations are given in the chapter 7 of t h i s 

thes i s . In the Chandori treatment plant the gravel bed 

i s adopted in the pretreator where the flow i s in the 

upward direction and the design and the pi lot plant 

observations are given in the chapter 10 of t h i s t hes i s . 

In fcoth these new treatment processes the iflow in the 

gravel bed is in the upward direction so as to u t i l i s e 

the portion of above the gravel bed for settlement act ion. 

A separate se t t l ing tank is not adopted in both these 

processes to simplify the design aspects as already-

discussed in d e t a i l s in the chapters 6,7, and 10 of 

th is thes is . 

In the Varangaon treatment plant the author has 

adopted . . the gravel bed as a separate flocculation unit 

before the tube s e t t l ing tank, and the pilot plant and the 

actual plant observations are discussed in the chapters 

8 and 9 of th i s thes is . The author has not therefore, 

carried out separate pi lot plant studies for gravel bed 

flocculation process in th i s chapter. 

b) Pilot plant observations : Details of the gravel 

bed pilot plant units are given in the chapters 6,8, and 

10 of th i s thes is . The author has given below the 

resul ts of the p i lo t plant observations for the pre t r e a t ­

ment process,from the chapters 6,8, and 10 for the com­

parative study with the other p i lo t flocculation un i t s . 

Table 4-1 gives the resu l t s of the pilot plant study 
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on Ramtek, Chandori and Varangaon type p i l o t p l a n t s . 

TABLE 4-1 

Results of the Ramtek,Chandori and Varangaon 
P i lo t Plant Study. 

— _ _ _ _ _ _ _ . . _ . _ _ _ _ _ • _ _ _ _ _ — _ _ „ — _ _ _ _ 

Parameters. 'Average r e s u l t s of p i l o t 
1 p lan t study. 
j T T 

i 

, Ramtek • Chando-'Varan-
_ , ' r i . 'gaon. 

i) Raw water flow in ml/min 1060 1455 1600 

ii) Surface loading on gravel 7150 4500 10000 
bed in l/m /hr. 

iii) Volumetric loading on 
gravel bed in l/nP/hr. 4600 6430 4700 

iv) Detention period in gravel 
bed in min. 6 5 5 

v) Raw water turbidity.( JTU) 100 100 100 

vi) Settled water average 
turbidity range 20 to 25 25 12 to 17 

vii)Sludge removal from 
gravel bed in ml. 1300 1453 1323 

viii) Sludge removed from 
tube settler in ml. - •- 1740 
* 

ix) Sludge removed by 
f i l t e r in ml. 756 690 530 

x) Bacteria removal in 
pretreatment in percentage 70.47 87.50 74.00 

4 .4 .2 PVC Tubes ex te rna l surface contact f l o b u l a ­
t i o n Units : 

a) The d e t a i l s of the p i l o t p lan t un i t are shown 

in the f igure 4 - I I I . In t h i s p i l o t p lant 2 cm. dja PVC 

tubes were placed in hor izonta l pos i t i ons in the f loccu-

l a t i o n un i t as shown in the figure 4 - I I I , so a s to give 

required surface loading on the outer surface area of 

these tubes . These tubes were placed in staggered 
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pos i t ions in a l t e r n a t e layers with a c l ea r spacing of 

about one cm. between the layers to give e f fec t ive surface 

contact for f l occu l a t i on , when the raw water was passed 

from top to bottom in the downward d i r e c t i o n . The f locc ­

ula ted water from the bottom of the un i t was introduced 

in the bottom of the standard tube s e t t l e r un i t as a l ready 

explained e a r l i e r . 

b) Hydraulic design of the f loccu la t ion u n i t : 

i ) Size of un i t = 1 3 . 1 cm x 6.9 cm. 

i i ) Depth of water = 110 cm. 

i i i ) Volume of un i t = 10,000 ml. 

iv) Number of PVC tubes used = 113 

v) Outside d i a of tubes = 2 cm 

v i ) Outside surface area of tubes = 9230 sq.cm. 

v i i ) I n t e r n a l surface area of s ides of the 
u n i t = 2 x 1 3 . 1 x 110 = 2880. 
•+ -5Q. x 2 x 6 9 x 1 1 0 = -I60 -

v i i i ) Total surface area of contact = 1.2870 sq.m. 

i x ) Volume of tubes = 4650 ml. 

x) Net volume of water deducting tube volume= 5350 ml. 

x i ) Surface loading of the f loccu la to r 
for 1 600 ml/min. 
1600_x_100_x_100^xjg_ = 1 Q 6 0 0 l / m 2 / h r > 

13.1 x 6.9 x 1000 
x i i ) Surface loading of tube surface area 

for 1600 ml/min. 
1.^2„ x J 2 « 75 l/m2/hr. 
1.287 1000 

x i i i ) Detention period = 535_0_ = 3 35 min„ 
1 600 
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c) Pilot plant observations : Table 4-II-a shows 

observations on the two flow rates of 1600 and 800 ml/min 

on the pilot plant. Table 4-II-b gives the comparative 

results for the general parameters of the study. 

TABIE 4-II-a 

P i l o t plant observations with PVC tube ex te rna l 
surface contact f loccu la to r . 

Hours of 
run. 

Settled water turbidity 
for flow water of 
1600 ml/min. 

Settled water 
turbidity for flow 
rate of 800 ml/min. 

0 

1 

2 

3 

4 

5 
6 

7 

50 

40 

40 

40 

40 

30 

25 

50 

30 

30 

20 
20 

20 

20 

SABLE 4-II-b 

Comparative pilot plant observations. 

Parameters. Flow rate Plow rate 
1600 ml/min. 800 ml/min. 

i ) 

i i ) 

i i i ) 
i v ) 

v) 

v i ) 

v i i ) 

Surface loading f loccu la to r 
in l/m / h r . 
Surf* 
in 

face loading on PVE tube 
1/mVhr. 

Detention period in min. 
Raw water t u r b i d i t y in JTU 
Set t led water t u r b i d i t y 
range in JTU. 
Sludge removed from floccu­
l a t o r in ml. 

MPN in raw water 
v i i i ) Sludge femoved from the 

tube s e t t l e r i n ml. 

10600 

75 

5300 

37.5 

3.35 6.7 
100 100 
25 to 40 20 to 30 

250 

930 
410 

270 

24000 

270 
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liQloV'rate" "* ~ "Plow" xa lie 
Parameters. 1600 ml/min. 800 ml/min. 

ix) MPN of s e t t l e d water 930 2100 
x) Bacter ia removal in Nil 91 i° 

pre t rea tment . 

d) Other general observat ions : The head loss was 

p r a c t i c a l l y n i l . The s e t t l e d water t u r b i d i t y showed' 

improvement a f t e r there was sludge formation on the top 

of the tube surfaces as observed from the s ide t r an spe r -

ent surface . 

4 .4 .3 PVC Tube Double Surface Contact Floccula t ion 
Units : 

a) P i lo t p l an t d e t a i l s : The d e t a i l s of the p i l o t 

p lant un i t a re shown in the f igure 4-IV. In t h i s p i l o t 

p lant 2 cm d i a PVC tubes of 30 cm leng th were placed in 

v e r t i c a l pos i t i ons in four rows of 9 tubes and with c lea r 

spacing of 20 cm in between the rows as shown in t h e 

f igure 4-IV. The tubes Here placed in such way t h a t there 

was about one cm c lea r space a l l around each tube . Thus 

i n t h i s p i l o t p lant study both the surfaces of the tubes 

were in contact with the flowing water . Pour rows of 

tubes were fabr icated to br ing water i n to contact a f te r 

each layer to acce le ra te f l occu la t i on act ion by i n c r e a ­

sing the contacts of the floes* The f loccula ted water 

from the bottom was introduced in to the bottom of the 

standard tube s e t t l e r . 
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b) Hydraulic design of the flocculation unit. 

i) Size of unit = 9.5 cm x 10 cm 

ii) Surface area = 95 sq.cm. 

iii) Depth of water = 230 cm. 

iv) Volume of bed = 21850 ml. 

v) Average dia of the tubes =1.8 cm. 

vi) Thickness of tubes = 1 mm 

vii) Number of PVC tubes 9 x 4 = 36 

viii) Length of tubes = 30 cm . 

ix) Surface area of tubes = 36 x 2 x 30 x ff x 0 

= 36 x 2 x 30 x TT x 1.8 
= 12250 cm2. 

x) Surface loading on the flocculator = 10000 l/m /hr 
for 1600 ml/min. 

xi) Surface loading of tube = 1600 60 

?SJa°? / a ? 6 a f ° r T72250 ~7oOO~~ 
1600 ml/mm. = 7 8 # 5 l / m 2 / h r 

say 80 l/m2/hr. 

xii) Detention period in min = 21_850_ _ 3̂ 55 
(neglecting tube ^ Q Q 
material volume) „„„ .., m.^ 

say 1 3 min. 

c) Pilot plant observations : Table 4-IH-a shows 

observations on the two flow rates of 1600 and 800 ml/min. 

on the pilot plant, Table 4-III-b gives the comparative 

results for the general parameters of the study. 
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TABLE 4 - I I I - a 

P i lo t plant observat ions with PVE tube double 
surface contact f l o c c u l a t o r . 

Hours of 
run. 

0 
1 

2 

3 
4 
5 
6 
7 

Settled water 
1600 ml/min. 

— 

20 
20 
20 
20 
20 

18 
18 

Turbidi ty 
800 ml/min. 

20 

20 

20 

20 

18 

16 

15 

TABLE 4 - I I I - b 
Comparative p i l o t p l an t observat ions . 

Parameters. Plow r a t e 
1 600 ml/min. 

Flow rata 
800 ml/min 

1. Surface loading on flocc~ 
u l a t o r in l /m2/hr 10,000 

2. Surface loading on PVC 
tubes in l /m^/hr 

3 . Detention period in min. 
4 . Eaw water t u r b i d i t y in JTU 
5. Se t t l ed water t u r b i d i t y range 
6. Sludge removed from the 

f l o c c u l a t o r in ml. 150 
Sludge removed from the 

5000 

80 
13 
100 
20 

40 
26 
100 
18 

240 

8. 

9. 
10. 

tube settler in ml. 
MPN of raw water 
MPN of settled water 
Bacteria, removed in 
pretreatment 

1260 
15000 
4600 

70 % 

850 
110000 
2400 

97 1o 

d) Other general observations s There was no 

appreciable improvement when the loading was reduced 
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by 50$ on the flocculator. 

4.4.4 LDP Film Flocculation Unit : 

a) Pilot plant details : The details of the pilot 

plant unit are shown in the figure 4-V. In this pilot 

plant four low Density Polyethylene films of 210 cm length 

were placed in vertical position with clear spacing of 

about two cm between the films as shown in the figure 4-V. 

Thus in this pilot plant study both the surfaces of the 

films and the sides of the bed were in contact with the 

flowing water in the downward direction. Flocculated 

water from the bottom was introduced in to the bottom of 

the standard tube settler unit. Two sets of the observa­

tions were carried out, one with vertical film model and 

the other with slant films at four places. 

b) Hydraulic design of the flocculation unit. 

i) Size of the unit = 9.5 cm x 10 cm. 

ii) Surface area of unit = 95 cm. 

iii) Depth of the water - 230 cm. 

iv) Volume of water = 21850 ml 
(neglecting sheet volume) 

v) Number of LDP films (sheets) = 4 

vi) size of films = 10 cm x 210 cm. 

vii) Surface area of sides of = 4 x 2 x 10 x 210 
the films. a 1 6 8 Q 0 c m2^ 

viii) Surface area of sides = 4 x 9 . 5 x 210 
of the bed. = ? 9 8 0 c m 2 # 

ix) Total surface area of contact = 24780 cm2. 
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x) Surface loading on the = l§00_x_100_x_1_00_x_60_ . 
f l occu l a to r for 1 600 95~"x~7ooO 
ml/min. 

say 10,000 l /m 2 /h r . 
x i ) Surface loading on "the LDP = 96 

films surface area fo r ~?~A7R 

1600 ml/min. = ^ ^ l / f f l 2 / h r 

x i i ) Detention period in min = 21_850_ 
"l60o" 

= 13.65 min. 
= say 13 min. 

c) P i lo t p lan t observat ions : Table 4-IV-a shows two 

s e t s of observat ions with the LDP fi lms in v e r t i c a l 

pos i t ions and the other in the s l a n t pos i t ions a t four 

places by su i t ab l e modif icat ions . The purpose of study 

in s l an t pos i t ion films was t o see the improvement in the 

f loccu la t ion wi th t h i s modif icat ion. Table 4-IV-b gives 

the comparative r e s u l t s for the general parameters of 

the study. 

TABLE-4-IV-a 

P i l o t p lan t observat ions with LDP f i lms 
f loccu la to r . 

Hours Set t led water t u r b i d i t y Set t led water tu r -
of run . with v e r t . i e s l shee t s . b i d i t y with s l a n t 

sheets, 

0 

1 30 30 
2 30 30 

3 30 25 
4 20 25 
5 20 25 
6 20 20 
7 20 20 
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TABLE 4-IV-b 

Comparative pilot plant observations. 

Parameters. Pilot plant Pilot plant 
with verti- with slant 
cal sheei'3. sheets. 

1 . Surface loading on floe em­
ulator in l/m2/hr. 

2. Surface loading on LDP films 
in l/m2/hr. 

3. Detention period in min. 

4. Ra.w water turbidity in JTU 

5« Settled water turbidity-
range. 

6. Sludge removed from the 
flocculator in ml. 

7. Sludge removed from the 
tube settler in ml. 

8. MPN of raw water 

9. MPN of settled water 

10. Bacteria removal in 
pretreatment. 

10000 10000 

38.75 

13 
100 

20 t o 

210 

975 
1 1000 

280 

97 # 

30 

38.75 

13 
100 

20 t o 30 

350 

950 

24000 

2400 

90 io 

d) Other general observations t There was no marked 

improvement by p lac ing the LDP films in s l a n t p o s i t i o n . 

This may be due to the short c i r c u l a t i o n of the flow from 

the outside space. Fur ther , angle given to the shee ts 

was about 10° within the ava i l ab le s i z e , which might have 

been on the lower s i d e . 

4 .4.5 Mechanical Flocculat ion Unit : 

a) P i lo t p lant d e t a i l s : The d e t a i l s of the p i l o t 

p lant uni t are shown in the f igure 4-VT. In t h i s p i l o t 

p lan t one mechanical f l occu la t ion u n i t was provided 

before the tube s e t t l e r u n i t . The purpose of t h i s 

p i l o t p lant observat ions was to compare the r e s u l t s 
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with the other types of floeculatore studied for the 

Similar loading conditions. 

b) Hydraulic design of the flocculation unit. 

i) Size of unit = 30 x 30 x 25 cm. 

i i ) Water depth = 23 cm. 

i i i ) Volume of water = 20700 ml 

iv) Surface loading = 96_x_100 x 100_ 

for 96 l i t / h r . 5 0 ~ ~ ^o 

= 1070 l/m2/hr. 

v) Detention period for = 20700 , 0 Q , m . 
1600 ml/min. 1 g0Q 

= say 13 min. 
2 

vi) Surface area of paddles = 75 cm . 
vii) Percentage of paddle area 

with cross sectional area of unit. ;= 1 0 $ 

vi i i ) Speed of paddle = 17 to 20 rpm. 

c) Pilot plant observations : Tables 4-V-a and 4-V-b 

showing the results on the pilot plant with mechanical 

flocculatioh unit are given below. 

TABLE 4-V-a 
Pilot plant observations with mechanical 

flocculator* 

Hours of run. Settled water turbidity for 
flow rate of 1600 cc/min. 

0 

1 15 

2 15 

3 10 

4 10 

5 10 

6 10 

7 10 
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TABLE 4-V-b 

Pilot plant observations. 

Parameters. Observations for 
flow rate of 
1600 ml/min. 

1. 
2. 

3. 
4. 

5. 

6. 

7. 
8. 

9. 

Surface loading in l/m /hr. 

Detention period in min 

Raw water turbidity in JTU. 

Settled water turbidity range 

Sludge removed from the 
flocculator. 

Sludge removed from the tube 
settler in ml. 

MPN of raw water 

MPN of settled water 

Bacteria removed in pretreatment 

1070 

13 
100 

10 to 15 

Negligible. 

2050 

2900 

150 

95 % 

d) Other general observations : Results were superior 

to the results of all the other pilot flocculation units. 

4.4.6 Pilot plant Study without Flocculation Unit : 

a) Purpose : After conducting the pilot plant studies 

with different pilot plant flocculation units the author 

carried out the pilot plant observations without floccu­

lation unit. Thus in this pilot plant study raw water 

from the mixing chamber was directly introduced through 

the bottom of the standard tube settler unit. The purpose 

of tMs study was to compare the results of the pre treat­

ment with different pilot flocculation units and without 

flocculation unit. 

b) Pilot plant observations : Table 4-VI-a and 

4-VI-b, showing the results of the pilot plant study with 

only mechanical mixing followed by tube settler are 

given below. 
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TABLE 4-VI-a 

Pilot plant observations without flocculation 
unit. 

Hours of run. Settled water turbidity for flow 
of 1500 ml/unit. 

0 

1 50 

2 60 

3 70 
4 50 
5 50 

6 50 

7 30 

TABLE 4-VI-b 
P i l o t p l a n t o b s e r v a t i o n s w i thou t 

f l o c c u l a t i o n u n i t . 

T>«~>,»~+«,.„ Obse rva t ions f o r flow 
Pa rame te r s . r a t e 1 6 0 Q niL/mlnm 

1. De ten t ion p e r i o d in mechan ica l 
mixing chamber. One min. 

2 . Raw water t u r b i d i t y in JTU. 100 
3 . S e t t l e d wa te r t u r b i d i t y range 50 t o 70 
4 . Sludge removed from t h e tube 

s e t t l e r i n c . c . 760 
5. MPN of raw water 11000 

6. MPN of settled water 2400 

7. Bacteria removed in pretreatment 78 #. 

d) General other observations : Settled water turbidi­

ty started showing improvement after 6 hours. This may 

be due to the formation of some floe blanket below the 

tube settler zone as it was observed. This improvement 

in the slight turbidity removal may be due to the action 
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of tube settler zone, which also creates some flocculation 

action. 

4.5 DISCUSSION ON THE PILOT PLANT FLOCCULATION STUDIES. 

a) Background : 

As discussed earlier in details there was great need 

in the development of non mechanical type, simple floccu­

lation units and the gravel bed flocculation units have 

been specially developed to replace the mechanical 

flocculation units particularly for the small capacity 

water treatment plants. The plant scale results at 

Ramtek, Varangaon and other places as discussed in chapter 

No.7,9,10 and 11 show that gravel bed units can replace 

the mechanical flocculation units for small capacity 

plants. 

b) Limitations of the gravel bed flocculation units % 

Even though the gravel bed flocculation units can 

replace the mechanical flocculation units, there are some 

limitations in the adoption of the gravel bed flocculation 

units. The basic limitation,is,that the gravel bed 

flocculation is not a continuously operated unit as there 

is accumulation of sludge in the bed, and hence it has to 

be cleaned by routine gravity deflushing and occasional 

backwashing of the bed as discussed earlier. Due to this 

limitation the unit has to be cleaned periodically as in 

the case of a filter unit, Further some settled or 

filtered water has to be used for cleaning the gravel 

bed flocculation unit. In the case of Ramtek and 

Chandori plants,there is adequate settled water storage 
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capacity on the top of the gravel bed, which can be 

u t i l i sed for deflushing and cleaning the gravel beds. 

However, in the case of Varangaon treatment plant, the raw 

water storage on the top of the gravel bed is not adequate 

to clean the bed. Therefore during high turbidi ty load, 

the deflushing operation has to be done by r e f i l l i ng the 

bed for 2 to 3 times as required or by giving a backwash 

to the bed. However by adopting th i s cleaning procedure 

there i s no d i f f icu l ty in cleaning the bed. 

c) Development of non-mechanical and continuously 
operated simple flocculators : 

After developing the gravel bed flocculation units 

a t Varangaon and considering the above mentioned l imitat ions 

in i t s adoption, the author f e l t the need for the develop-

ment of non-mechanical and continuously operated simple 

flocculation units for adoption in the small as well as 

medium capacity water treatment p lants . 

In fact , a f te r studying in de t a i l s the new processes 

of flocculation, c lar i f ica t ion and f i l t r a t i o n , a t the 

end of th i s study, the author found the urgent need for 

the development of non-mechanical and continuously operated 

simplified flocculation un i t s . With the background of the 

on-plant study of the gravel bed flocculation un i t s , the 

author developed some new ideas for the design of such 

non-mechanical and continuous type flocculation processes. 

Even though these new ideas were developed pract ica l ly 

a t the end of the present study, the author proposes to 

discuss these along with the p i lo t p la i t study on the 

same in th i s chapter. The pi lot plant studies as d i s ­

cussed in th is chapter have not been carried out in great 
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dejrails as the aim was to find out the poss ib i l i ty of 

developing such non-mechanical and continuous type 

flocculation un i t s . 

d) Pilot plant study on different flocculation 
processes : 

The author has therefore, carried out the pi lot 

plant studies on the below mentioned flocculation processes 

in th is chapter, so as to compare the performances and 

l imitat ions in a l l these flocculation processes. 

i ) Gravel bed flocculation un i t s . 

i i ) PVC tubes external surface contact flocculation 

uni t , 

i i i ) PVC tubes double surface contact flocculation uni t . 

iv) LDP film flocculation uni t . 

v) Mechanical flocculation un i t . 

The observations on the pi lot plant study as given 

ea r l i e r in th i s chapter are discussed below 

4.5.1 Gravel Bed Flocculation Unit : 

The observations on the p i lo t plant study on the 

gravel bed flocculation units are discussed in de ta i l s 

in the chapters 6,3, and 10 of th i s thes is . I t i s now 

proposed to compare the pi lo t plant observations on the 

gravel bed flocculation units as adopted in the three 

pretreatment processes in Ramtek,Chandori and Varangaon 

plants . 

i ) Ramtek and Chandori treatment processes t The 

comparative p i lo t plant observations on the above 

mentioned two processes are given in the Table4-I. In 

the Ramtek and Ch'andori treatment processes the gravel 

bed flocculation i s a part of the pretreatment uni ts 
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provided in both these plants. The direction of flow is 

in the upward direction so as to utilize the upper portion 

on the gravel beds for settlement action. Separate 

settling tank is not provided in both these units. Thus 

the gravel beds are not adopted as independent floccula-

tion units as in the case of Varangaon treatment plant. 

There are some limitations in providing gravel bed in the 

pretreatment units at Ramtek and Chandori which are fully 

discussed in the chapters 6,7, and 10. 

ii) Varangaon treatment process : The gravel bed unit 

in the Varangaon plant is provided as a separate floccu-

lation unit before a tube ssettler unit. Prom the compa­

rative observations as shown in the Table 4-1, it can be 

seen that the performance of the pretreatment unit in 

Varangaon plant even for high surface loading is found 

superior. For the treatment of highly turbid water 

sources the pretreatment process consisting^ gravel bed 

f locculation unit followed by tube s ettler unit is found 

to be more stable and simple and hence it can be recomm~ 

ended for the treatment of turbid water sources. The 

comparative study is therefore discussed of gravel bed 

flocculation unit of Varangaon plant along with the 

pilot plant observations of the other flocculation 

processes in this chapter. 

iii) General comparative observations t In order tHB't# 

campare the different flocculation efficiencies, a pilot 

plant study without a flocculation unit has been carried 

out for a baseline data, as given in the Table 4-VI-b. 

Further the observations on the conventional type of 
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mechanical pilot fLocculation plant are given in the Table 

4~V-b, to compare the results of these flocculation 

processes. From the general observations on the Varangaon 

pilot plant as given in the Table 4-1, it can be seen that 

the gravel bed flocculation unit has given just comparable 

observations with that of mechanical flocculation unit. 

The author has therefore adopted the gravel bed floccula­

tion unit in place of the mechanical flocculation unit to 

simplify the new treatment plant at Varangaon, for the 

treatment of turbid water sources. The avithor has then 

proposed similar designs for a number of small capacity-

water treatment plants in the Maharashtra State as 

discussed in the chapter 11. 

4.5.2 PVC Tube External Surface Contact 
Flocculation Unit °. 

i) From the general pilot plant observations as 

given in the Table 4-II-b, it is seen that the results 

are comparatively of lower level, in turbidity removal. 

However for lower loading rate and particularly for the 

surface loading of about &Q 1/m /hr and detention period 

of 6 to 10 min this flocculator may show similar effici­

ency to those of mechanical and gravel bed flocculation 

units as discussed above, 

ii) Prototype applications : Even though the PVC 

tubes of 2 cm dia were adopted in this pilot plant study, 

in a prototype plant it may be desirable to use RCC or 

asbestos cement pipes in alternate layers and in the 

crosswise directions, one layer of pipes over the other 

with desired clear spacings between the pipes, As the 
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surface of cement pipes i s not as smooth as PVC tubes, the 

rough surface may give ' be t ter surface contact for the 

formation of f loes . In such a flocculation bed pipes may 

not require side supports, as the pipe layers will r es t 

one over other. At the bottom however perforated suppor­

t ing bed will be necessary. Purther the bed will have 

hopppr bottom as provided for Varangaon gravel bed floccu-

la to r . This tube flocculator wil l not need washing of the 

bed as in the case of the gravel bed flocculator. With 

the approximate design factors of 10 min. effective deten­

tion period and the surface loading of about 40 to 50 

1/m /hr of pipes external surface the se t t led water t u r b i ­

dity af ter tube s e t t l e r unit may be within 20 JTU. 

4.5.3 PVC Tube Double Surface Contact 
Flocculation Unit : 

i ) From the general p i lo t plant observations as given 

in the Table 4 - I I I -b , i t i s seen that the set t led water 

turbidity i s within 20 JTU for both the loading r a t e s . 

Thus the flocculation action i s considerably b e t t e r ihan 

the PVC tube external surface contact f locculation, even 

though the contact surface area i s about some (12250 cm ), 

Thus the PVC tube double surface contact flocculation 

with surface loading of 80 1/m /h r and the detention 

period of about 13 minutes may give the se t t l ed water 

turbidi ty below 20 JTU, and which f a i r l y compare with the 

resul ts of the mechanical and gravel bed flocculation 

units as discussed ea r l i e r . 

i i ) Prototype applications : Even though the PVC 

tubes of 1.8 cm dia were adopted in the pilot plant study, 
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in a prototype plant i t may "be desirable to adopt PVC 

tubes of 63 to 100 mm dia. to be provided suitably in the 

flocculation beds. This tube flocculator will not need 

cleaning l ike gravel bed, however a t the bottom, hopper may 

be necessary with sludge removal arrangements. 

The action in the tube flocculation may be increased 

if the tubes w i l l be provided in s lant positions with 30° 

to 40° angle. Further modules of PVC tubes similar to 

that in the tube s e t t l e r can also be adopted, which will 

cost more than the PVC tube double surface contact floccu­

la to r as discussed above. The veloci ty through the bed 

may be one of the c r i t e r i a for effective flocculation 

action. 

4.5.4 LDP Film Contact Flocculation Unit : 

i ) From the general pi lot plant observations as given 

in the Table 4-IV-b, i t i s seen that the resul ts are just 

comparable with the resul ts of the gravel bed flocculation 

unit for the same loading r a t e . As compared to the mech­

anical flocculation unit the resul ts are of l i t t l e lower 

efficiency as seen from the se t t led water tu rb id i ty 

removal. The author has therefore,carried out second 

se t of experiment with the films in the s lant posit ions 

a t four places by making suitable modifications. The 

approximate angle of slant films to the ve r t i ca l was 

10°. With th i s arrangements i t was presumed that the 

flocculation action may be accelerated, on the basis 

of the experience on the tube s e t t l e r . However the 

pi lot plant resu l t s did not show any appreciable impro­

vement as compared to the resu l t s of the ve r t i ca l film 
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f l o c c u l a t i o n . The a u t h o r f e e l s t h a t t h e reasons f o r t h i s 

lower e f f i c i e n c y than t h e expected one of the s l a n t f i l m 

f l o c c u l a t i o n , may be due t o t h e s h o r t c i r c u l a t i o n of seme 

raw wa te r from the s i d e s of t h e f i l m s due to imperfect 

m o d i f i c a t i o n s . 

The a u t h o r i s t h e r e f o r e of the optnion t h a t t h e 

s l a n t f i l m f l o c c u l a t i o n wi th a n g l e "between 20° t o 30° 

wi th t h e v e r t i c a l may give equa l e f f i c i e n c y wi th t h a t of 

a mechanica l f l o c c u l a t i o n f o r t h e same d e t e n t i o n p e r i o d , 

i i ) P ro to type a p p l i c a t i o n s : The a u t h o r p r e d i c t s t h a t 

i f t h e d e t e n t i o n p e r i o d i s kep t between 15 to 20 minutes 

and the f i lm a r e a i s provided f o r a s u r f a c e l o a d i n g of 

40 t o 50 l / m V h r and t h e f i lms a r e provided w i th about 30° 

ang le with the v e r t i c a l , t he f l o c c u l a t i o n u n i t may give 

s i m i l a r r e s u l t s t o t h a t of a mechan ica l f l o c c u l a t i o n u n i t ^ 

when i t w i l l be fol lowed by a tube s e t t l e r u n i t . Thus 

i t may be p o s s i b l e t o adopt a n on--mechanical and c o n t i n u ­

ous type of f l o c c u l a t i o n u n i t , n o t only in the s imp l i f i ed 

t r e a t m e n t p l a n t s , bu t a l s o i n t h e conven t iona l t r e a t m e n t 

p l a n t s . The a u t h o r f e e l s t h a t t h e LDP f i lms may be a 

s u i t a b l e cheap m a t e r i a l f o r such f i l m f l o c c u l a t i o n u n i t , 

however t h e l i f e of t h e LDP s h e e t s may have to be found 

out from the p r o t o t y p e s t u d i e s . The f i x i n g of f i l m s i n 

t h e r e q u i r e d s l a n t p o s i t i o n s i n the f l o c c u l a t i o n u n i t 

may be a s imple j o b . 

4 . 6 GENERAL COMPARISON. 

The o b s e r v a t i o n s on the mechan ica l f l o c c u l a t i o n 

u n i t with the d e t e n t i o n pe r iod of 13 minutes ,showed t h e 

s u p e r i o r r e s u l t s i n t h e t u r b i d i t y removal a s compared t o 
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the resul ts of the other non mechanical type p i lo t plants 

as discussed ear l ie r in th i s chapter. The purpose of 

carrying out the comparative study with the mechanical 

flocculation unit was to search out i f the non-mechanical 

flocculation units can be developed of equal or of l i t t&e 

lower efficiency which can be u t i l i s ed in the simplified 

treatment plants . 

The main reason for carrying out th is search, is 

to reduce the capi tal as well as maintenance cost of a 

flocculation unit for the small capacity p lants . With the 

adoption of non-mechanical flocculation units as discussed 

ear l ie r , the author feels that the capi ta l cost may be 

equal or l i t t l e less to that of a mechanical flocculation 

uni t , but the maintenance cost may be prac t ica l ly n i l , 

except the gravel bed flocculation un i t , as there wil l be 

no power consumption, and the maintenaice and repairs of 

the mechanical paddels e tc , which is a must in the case 

of a mechanical flocculation uni t . Further there will be 

considerable simplicity in the design and construction 

of the non-mechanical type flocculation uni ts , and such 

flocculators can be constructed even a t vi l lage level . 

Apart from the maintenance cost of power, i t has 

been experienced from the study of the existing small 

capacity plants that the proper maintenance of such 

units i s d i f f icul t at the village leve l and at many places 

the author has seen that the mechanical flocculators are 

out of order for long times, for want of easy f ac i l i t y 

of repairs . At such s i tuat ions the performance of the 

pretreatment i s suffered considerably and there i s 
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additional load on the f i l t e r beds, with the resul ts of 

poor effluent qual i ty of f i l te red water and dissat isfact ion 

of the consumers. Even when there i s power failure or 

shut-off for short periods, which i s a normal case a t 

many rural places, in the developing countries, the plant 

performance is l ike ly to be severely affected as explained 

above. 

The author i s therefore of the opinion that the 

non-mechanical type of f locculat ion un i t s , par t icular ly 

the gravel bed flocculation uni t and the PVC tube double 

surface contact flocculation units and the LDP film contact 

flocculation units as discussed in this chapter, may be 

equally efficient as that of a mechanical flocculation 

unit and may replace the mechanical flocculation units in 

the small capacity treatment plants0 The operation of 

such non-mechanical flocculation units i s considerably 

simpler than that of a mechanical flocculation uni t . 

The non-mechanical and the continuous type flocculation 

uni t s , as mentioned above may also be adopted in the 

bigger capacity continuously operated simplified as well 

as conventional water treatment plants . However further 

on plant research may be necessary for fixing the design 

c r i t e r i a s for such new flocculation un i t s . 

4.7 PROTOTYPE APPLICATIONS. 

As the author has developed the idea of gravel 

bed flocculation units a t the beginning of th is study, 

he has adopted the gravel bed flocculation units in a l l 

the three simplified treatment plants developed in this 

thes i s . The new ideas on the non-mechanical and 
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continuous type flocculation uni ts were developed 

pract ical ly a t the end of th is study. The author therefore 

could not put these new ideas in the prototype plants , so 

as to include the actual plant scale resul ts in th i s 

thes i s . 

However the author has proposed a few designs for 

simplified treatment plants units with the n on-mechanical 

and continuous type of flocculation units for a few rura l 

water supply schemes near the Nasik City, Further the 

author has proposed a non-mechanical and continuous flow 

flocculation units based on the principal of tapered 

flocculation for the augmentation of the Nasik Road Water 

Works capacity from the exis t ing 9 mid to 27 mid capacity. 

In th is augmentation proposals i t i s proposed to convert the 

existing mild s t ee l circular s e t t l i ng tanks in to the non-

mechanical flocculation units followed "by tube s e t t l e r 

tanks, while the existing three rapid sand f i l t e r s are 

proposed to be converted into the dual media f i l t e r beds. 

The work is in progress. 

All the above mentioned new works are situated 

near about the Maharashtra Engineering Research In s t i t u t e , 

at Nasik where the author i s working a t present and the 

plant scale resul t s on these plants are l ikely to be 

available within one year. 

The author i s of the opinion that af ter the 

successful plant scale r e su l t s , as stated above, these 

non-mechanical and continuous type flocculation units may 

be adopted on the mass-scale par t i cu la r ly for the small 

capacity water treatment p lants . 
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4 . 8 GENERAL CONCLUSIONS. 

i ) The g r a v e l bed f l o c c u l a t i o n u n i t s can be equally-

e f f i c i e n t t o the mechanica l f l o c c u l a t i o n u n i t s , when t h e 

tube s e t t l e r i s fol lowed f o r c l a r i f i c a t i o n of wa te r , 

i i ) I t may be p o s s i b l e to adop t non-mechanical and 

cont inuous type f l o c c u l a t i o n u n i t s , v i z . the PVC tube 

douhle s u r f a c e c o n t a c t f l o c c u l a t i o n u n i t and t h e LDP 

f i l m c o n t a c t f l o c c u l a t i o n u n i t s , f o r t h e des ign of t h e 

s i m p l i f i e d as we l l as c o n v e n t i o n a l w a t e r t r e a t m e n t p l a n t s , 

i i i ) The t h r e e non-mechanica l t y p e f l o c c u l a t i o n u n i t s 

a s mentioned above , may be cheaper in c a p i t a l a s w e l l a s 

maintenance cost a s compared t o t h e mechanical f l o c c u l a t i n n 

u n i t , a s such t h e s e can r e p l a c e t h e mechanica l f l o c c u l a t i o n 

u n i t s fo r t h e sma l l c a p a c i t y w a t e r t r e a t m e n t p l a n t s . 

i v ) The p l a n t performance wi th a mechanical f l o c c u ­

l a t i o n u n i t , i s l i k e l y t o be s e v e r e l y a f f e c t e d e i t h e r 

when t h e u n i t i s under r e p a i r s , o r when t h e r e i s power 

s h u t - o f f f o r some t ime . 

v ) The p l a n t performance of t h e smal l c a p a c i t y 

wa te r t r e a t m e n t p l a n t s , where non-mechanical t y p e of 

f l o c c u l a t i o n u n i t s a r e adopted w i l l g ive uni form, 

performance due t o non-dependence on power s u p p l y . 

- 0 O 0 -



CHAPTER 5 

SEARCH FOR THE NEW FILTER MEDIA. 

5.1 MED FOR SEARCH FOR THE 103W FILTER MEDIA. 

The principle of dual and multimedia filters for 

high rate filtration is now well accepted and references 

for its design as well as plant performances are now 

available in the literature, Huisman (15) has explained 

the advantages of adopting dual and multimedia filter beds. 

Regarding the availability and selection of suitable 

media he states "the greatest difficulty however, is the 

selection of suitable filtering materials, sand offers 

no difficulty and also garnet gives excellent results,but 

its price is very high. Anthracite is not only fairly 

expensive, but it is also very difficult to obtain a 

uniform grade with an adequate weir resistance and a 

satisfactory length of useful life. Plastic would seem 
•z 

a logical choice but prices will be in U.S. $ 250/- per m 

range, that is 15 times as expensive as the best quality 

filter sand. Now a days artificial anthracite (powdered, 

baked and broken) is on the market and although practical 

experience is still scarce, the outlook is promising" • 

He further states, "provided that skilled super­

vision is constantly available, coarse to fine filtration 

offers enormous advantages of higher filter rates and the 

same or better effluent quantity and equal or longer 

filter runs. It also allows the filtration of a more 

turbid water, widening the choice of raw waters fit for 

transforming into a good quality drinking water and in 



5-2 

many cases it does away with the necessity of pretreatment. 

Y/hether upflow filtration and cheap and easy to obtain 

filtering material must be preferred to the more stable 

multilayered down flow filtration and the difficulties 

and expenses of obtaining suitable filtering material is 

still difficult to say. In any case the loss in safety 

factor makes desk top designs impossible, and good results 

are now only possible on the basis of data gathered by 

running a pilot plant for an extended period of time". 

Ives in his two papers "Theory of filtration" 

and "Problems in Filtration" has also discussed the various 

aspects of dual and multimedia filter beds and the proble­

ms in the selection of the suitable media. In the second 

paper he has given the criteria for the selection of the 

suitable media for different filter beds. 

The author has undertaken the study for finding 

the new and cheaper filter media for dual and multimedia 

filter beds mainly because of the urgent need of research 

as expressed by Huisman and Ives in their papers as 

discussed above. 

The author is happy to state that he had taken 

this study since 1971 and could successfully develop a 

new filter media of crushed coconut shell, which he has 

used for the first time in the Ramtek filter bed and 

then at Varangaon filter beds as explained in the 

chapters 7 and 9 of this thesis. 

5.2 EXPERIMENTS WITH NEW FILTER MEDIA. 

In the study of finding new filter media the 

author has studied the below mentioned, materials for 
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developing new filter media. 

i) Crushed coconut shell. 

iiO Bituminous coals from five different 
coliaries. 

iii) Fused concrete. 

iv) Fused bricks. 

laboratory studies were conducted to find out the 

suitability of these media for dual and multimedia 

filtration. Pilot plant experiments were also conducted 

with some selected media for single, two layer and three 

layer filter beds for different rates of filtration, and 

the results of these experiments are included in this 

chapter. The above mentioned materials have been 

particularly selected for the comparative study as these 

materials may be available in the required quantities and 

may be reasonably cheap for filtration purpose in this 

country. The PVC granular material of the required size 

may be one of the suitable material, but its cost is 

simply exhorbitant and hence such materials were not 

included in the study. 

5.3 TESTS FOR MEDIA SELECTION. 

Following important tests were conducted as 

discussed by Ives (20) in his paper "Problems in Filtra~ 

tion". The results of these tests are given in the 

Table 5-1. 

i) Microscopic test : Under low power (about 20 to 

4-0 times) the media was examined by transmitted and 

reflected light. Qualitative assessment of shape,rough­

ness, durability, staining was madee Though the 
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microscopic examination is not definitive, it gives some 

useful observations. 

ii) Solubility test : Loss in weight of material was 

measured in 20$ Hcl after immersion for 24 hours. This 

is one of the important tests for selecting the medja . 

iii) Durability test : Extended backwashing for 100 

hours was carried out to find out the loss of weight. 

It is presumed that the durability assessed by this test 

is equivalent of 2 years of working of the media. This 

shows the resistance to attrition and may &e a very 

important test for selection of the media, 

iv) Density test i This was found out by standard 

density bottle. However because of the micropores the 

media was thoroughly soaked for 20 hours before carrying 

out the test. This is a very important test in selecting 

the media for different filters. 

v) Water absorption % Percentage of water absorbed 

in the dry media was found out by weight basis. For this 

the media was kept soaked in water for 24 hours and extra 

water over surface was removed by putting in a filter 

paper. The ratio of the water absorbed over the dry weight 

of media gives the water absorption. 

vi) Settlement : A uniform sieved size of 1 and 

1.5 M fractions were allowed to settle grain by grain 

through one metre deep column of water. The settling 

velocity of upper layer in multiple layer beds should 

be lower than that of a layer below and this can be 

ascertained by this test. 
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v i i ) Spher ic i ty t e s t : How angular g ra in i s can not 

be r e a d i l y defined from geometric measurements so t ha t i t 

has meaning from a hydraul ic point of view. For rounded 

sand i t i s about 0.85 and f o r a n t h r a c i t e i t i s about 0 .7 . 

This t e s t was not conducted as t h i s may be not so import-

ant for the sejecfcicn of the media. 

v i i i ) Percentage u t i l i s a t i o n of the material : This i s 

one of the important t e s t from the point of i t s economi­

cal use for adopting in the dual and Eultimedia f i l t r a t i o n . 

All the mater ia l s were crushed thorough d i s i n t e g r a t o r 

with two moving hammers a t about 3000 rpm. fo r comparative 

study. After crushing a l l the m a t e r i a l s , i t was sieved 

through 2.0 mm and 0,35 MI opening brass s i eves . The top 

coarser media,the next media between 2.0 to 0.85 s i ze and 

the f iner mate r ia l were co l lec ted separa te ly and weights 

were found out . The percentage a v a i l a b i l i t y was found 

out from the r a t i o of weight of media s ize 200 to 0.85 

and t o t a l weight of mater ia l passing from 2 ira s i s e s i eve . 

The top coarser mate r ia l can be again crushed and u t i l i ­

sed in the same procedure. The r e s u l t s are shown in the 

Table 5 - I I . 
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5.4 SELECTION OF THE SUITABLE MEDIA FOR DUAL 
AND MIXED MEDIA FILTER BEDS. 

5 .4 .1 General Comparison : 

From t h e r e s u l t s g iven i n t h e Tables 5-1 and 

5 - I I i t can be seen t h a t the b i tuminous coa l s and t h e 

crushed coconut s h e l l m a t e r i a l have near about s i m i l a r 

q u a l i t i e s wh i l e t h e fused c o n c r e t e and fused b r i c k m a t e ­

r i a l have c o n s i d e r a b l y d i f f e r e n t q u a l i t i e s . The fused 

c o n c r e t e m a t e r i a l even though has go t s p e c i f i c g r a v i t y 

of 1 .765, i t s s o l u b i l i t y i s 56.17% and hence t h i s m a t e r i a l 

i s out of c o n s i d e r a t i o n f o r use f o r f i l t r a t i o n p u r p o s e . 

The fused b r i c k m a t e r i a l has got h igh s p e c i f i c 

g r a v i t y of 2.385 w i t h h igh s e t t l e m e n t r a t e which i s j u s t 

n e a r t o sand , and hence t h i s m a t e r i a l i s a l s o n o t s u i t a ­

b l e f o r use a s a coarse media in a d u a l media f i l t e r bedo 

However a s t h e s o l u b i l i t y i s w i t h i n p e r m i s s i b l e l i m i t of 

5% and i t i s l i g h t e r than t h e sand media, i t may be 

u s e f u l f o r a d o p t i o n in a mixed media f i l t e r b e d . The 

a u t h o r h a s t h e r e f o r e , c a r r i e d ou t some p i l o t p l a n t s t u d i e s 

by u s i n g t h i s m a t e r i a l i n t h e mixed media f i l t e r bed 

compr is ing coconut s h e l l , fused b r i c k and sand media ,as 

d i s c u s s e d l a t e r i n t h i s c h a p t e r under mixed media s t u d y . 

Thus t h e main comparison i s between the b i tuminous 

c o a l s and t h e crushed coconut s h e l l media f o r a d o p t i o n 

i n a d u a l medja f i l t e r bed. 

. 5 . 4 .2 Comparison between Bituminous Coals and Crushed 
Coconut S h e l l a s Coarse F i l t e r Media s 

i ) I t can be seen t h a t the s p e c i f i c g r a v i t y of t h e 

b i tuminous c o a l s va ry between 1.38 t o 1.44, wh i l e f o r 

coconut s h e l l t h e s p e c i f i c g r a v i t y i a 1 .428. However 
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from the solubi l i ty t e s t i t is seen that the solubi l i ty 

varies between 1.68 to 3«05, whereas the solubi l i ty of 

the coconut shell i s only 0.69, which i s one of the impor­

tant test for the comparison, ^he settlement tents also 

show that the resul ts are more or less in the same range, 

i i ) xhe water absorption tes t i s generally not 

considered for comparison. However the tes t shows that 

the water absorption in the bituminous coals is in the 

range of 41 to A3% whereas for coconut shell i t i s 71'J°. 

I t i s d i f f icul t to explain the reasons for this d i s c r i -

pancy, even though the specific gravity is about same. 

The reason for th i s wide gap may be that the coconut shell 

material readily absorbs the water in the fine porous 

structure of the material, while the coal s tructure is 

not a uniformly porous as that of coconut shell and 

further there may be some water repellent action by the 

chemical constituents of the coal. Due to this effect 

some fine pores in the coals may not be f i l led up with 

water and thus during back wash there i s a tendency to 

overflow above the gutters for this material par t icular ly 

when a i r bubbles accompany during baclashing,, 

i i i ) The microscopic t e s t s for the coals and coconut 

shell and fused brick materials in dry condition give ® 

the following information. 

a) Bituminous coals : 

Shape ; Longtudinal,rounded, triang^l23r^T,ie<?e 

Colour % dark black. 

Internal structure with reflected l ight : s l igh­

t ly transparent, i r regular shape ce l l s are present, 
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crystaline i r regular shape, sol id surface contact with 

angle. 

b) Crushed coconut she l l . 

Shape : Rectangular, trllngular shape,particles. 

Colour : Brownish and yellowish colour in dry-

condition, but turns to dark brown and blackish when 

soaked with water. 

Internal structure with reflected light : 

slightly transparent, longitudinal cells present in layers, 

solid surface, contact with angle. 

c) Fused brick. 

Shape : Longitudinal, and rounded par t ica l s . 

Colour : Redish, black colour. 

Internal s t ruc ture , s l i g h t l y t ransparent ,ce l lu lar 

type structure with vacuum. 

5.4.3 Percentage Ut i l i t y Test : 

The percentage u t i l i t y t e s t s as given in the 

Table 5-II are of great in te res t . This t e s t i s genera­

l l y not carried out in the standard procedure for sele­

ction of the media. However the author feels that th i s 

i s the most important single t e s t for the selection of 

the coarse media for dual and multi-media f i l t e r beds. 

The author has adopted the "Disintegrator machine with 

10 H.P. motor" for crushing of a l l these materials for 

the preparation of the required size media,between sieve 

openings 2 and 0.85 IM. Two hammers are rotated a t the 

speed of about 3000 rpm above the mild s tee l screen with 

4 mm openings, placed in the half round bottom position. 

The crushed na te r ia l was collected from the bottom of 
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the screen and was sieved to get required size media. 

From the results given in the Table 5-II it can 

be seen that the utility of crushed coconut shell media 

(between 2 to 0.85 mm) is about 50$ where as all other 

media show the utility below 20$. The author has not 

conducted the Mohs Hardness test, which may perhaps te 

taken for knowing the toughness of the material to resist 

the wear and tear action during the back wash of the 

material. This test may indirectly show the life of the 

material for the use in the filter bed. The anthracite 

media may not show much difference in this test from 

that of bituminous coals. Thus the crushed coconut shell 

media may be far superior in this important test as 

compared to the coals and anthracite media being utili­

sed at present in this field. 

This test is further directly related to the 

cost of the media as the percentage utility of the crushed 

coconut shell media is about 2V2 times higher than the 

coal media. 

5.4»4 Use of Crushed coconut She l l Media in the 
Present Study : 

Prom the above d iscuss ions i t can be seen tha t 

the crushed coconut she l l media i s super ior i n almost a l l 

respects to the coal media. The author has adopted 

therefore the crushed coconut s h e l l media in a l l the 

s implif ied t reatment un i t s i n which dual media f i l t e r 

beds have been adopted as discussed in the chapters 

7 ,9 , and 10. Results of the p i l o t p lant performances a 

as well as ac tua l plant performances by the use of 

crushed coconut s h e l l media are discussed in d e t a i l s 
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in the respec t ive chapters in t h i s t h e s i s . 

The crushed coconut s h e l l media was adopted for 

the f i r s t t ime, in the dual media fill-or bade) in the 

Ramtek treatment p lan t in the year 1973. The media in 

the Ramtek f i l t e r bed was then pe r iod ica l ly examined, 

which showed no d e t e r i o r a t i o n -br any other bad e f f e c t s , 

a f t e r the use of the media or about s ix years . I t i s 

f e l t t h a t t h i s media may have a l i f e for more than ten to 

f i f teon years . However the ac tua l plant performances w i l l 

now shew the r e s u l t s in t h i s r e s p e c t . 

5*4.5 Additional Advantages with the Use of Crushed 

Coconut Shel l I'feuia : 

1) Uniform qua l i ty : One of the very important point 

with the coconut she l l media i s i t s uniform quality,- In 

t h i s respect the spec i f i c g rav i ty of &-.ny coconut ^heU 

i s in the range of 1.35 to 1.45 in wet condi t ion, while 

in the case of bituminous coals and a nth ra o t tos thr.ro i s 

considerable v a r i a t i o n of q u a l i t y , mainly due to the 

v a r i a t i o n in the spec i f i c g rav i ty of the ma te r i a l s . Thus 

there i s no problem of s e l ec t ion of the coconut s h e l l 

mate r ia l s as i n the cases of coals and an th rac i t e -

ma te r i a l s . 

i i ) Cost of the coarse crushed coconut s h e l l media % 

The f i n e crushed mater ia l below 1 o s i ze which i s not 

useful fo r the dvial media f i l t e r bed can be usefu l , a s 

f i l l e r mater ia l in the p l a s t i c and baca l i t e ma te r i a l s 

for manufacturing various a r t i c l e s fo r use . The market 

r a t e of t h i s f ine f i l l e r mater ial i s ac tua l ly mere than 

the coarses ize mater ia l required for the ahial media 

http://thr.ro
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f i l t e r "bed. Thus the cost of the coarse media i s a c t u a l l y 

reduced due to t h i s use as there i s no waste of crushed 

ma te r i a l . The present market p r i ce (1978) fo r coarse 

media of s i z e between 1 t o 2 i was quoted as Rs. 800/ -
•5 

per m . There i s p o s s i b i l i t y of reduct ion of t h i s r a t e 

i f the market demand i s increased for t h i s media as there 

w i l l be more competit ion. Farther the cost of crushing 

and s iev ing can a l so be reduced by developing s u i t a b l e 

capaci ty mechanical equipments. Thus the cost of the 

media may be about 3 times the cost of the f ine sand and 

may be cheaper than any other coarse media of equivalent 

q u a l i t y for the use in the dual media f i l t e r bed. Further 

the f ine media of coconut s h e l l with effect ive: s i ze of 

0.5 m and u . c . below 1.5 may have some more advantages as 

compared to the f ine sand media in a rapid sand f i l t e r as 

discussed l a t t e r in t h i s chapter . The au thor therefore 

f e e l s t h a t the crushed coconut s h e l l media i s l i k e l y to 

be a popular media fo r the use in dual and multimedia 

f i l t e r beds in the near fu ture . 

5 .4 .6 Coconut Plant i t s A v a i l a b i l i t y and Uses : 

The coconut p lan ts are c u l t i v a t e d in most of the 

Ubpical coun t r i e s . If the t o t a l c u l t i v a t i o n in the world 

i s considered then Phi l ip ines grows 26$ which i s the 

h ighes t , while the Indonesia grows 19% and the Indda 18%0 

The t o t a l area under c u l t i v a t i o n i s about 1.1 m hectors 

4nd the present annual production i s about 6000 mi l l ion 

n u t s . The indus t ry provides employaent t o over 10 

mil l ion people. 

Among the cul t iva ted p lan t s of the world , the 
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coconut i s the most v e r s a t i l e . I t grows upto a he igh t 

of 25 metres and l i v e s up to 100 years . I t s s o l i d * 

trunk i s 30 t o 40 cm in dia and i s marked by r i n g l i k e 

l ea f s c a r s . I t s bo tan ica l name i s cocus Nucofera and iit 

belong to Palmac family and covers under the group of 

flowering p lan t s monocotyledons. I t i s known as nas ikera 

in Sanskr i t , na r iya l i n Hindi, tenkaro in Talgu and 

thenguin in Malayalam. 

The p roduc t iv i ty i s measured in terms of y i e ld 

per h e c t o r and non-bearing p lan ts are a l s o included in 

t h i s computation. In 7jidia, Kerala State grows 90$ of 

the country 's t o t a l production of coconuts, and during 

the past ten years , the area under the crop ha3 increased 

by 100$. In Tamilnadu S t a t e , the crop i s r egu la r ly 

i r r i g a t e d while i n Kerala i t i s mostly rainfed,, The 

densi ty of p l an t ing i s yet another f ac to r . There are 

about 225 p lan t s per hector in Kerala , There i s no known 

t r ee which gives as continuous a re tu rn as the coconut. 

After every 30 to 40 days t h e grower can harvest a bunch. 

Every year the farmer i s assured of 80-100 nuts per t r e e 

wofcth of Rs. 100 / - . Large scale c u l t i v a t i o n of the crops 

gives an annual income of about Rs. 5000/- per hec to r , 

under the rainfed condi t ions . The average y ie ld per 

hec to r in Kerala i s about 500C nuts lower than the a l l 

India average of 5,344. The y i e l d in the Tamilnadu and 

Karnataka State are 8,785 and 5,408 r e spec t ive ly . 

The coconut ranks f i r s t among the o i l y ie ld ing 

crops of -the world, follwed by ground n u t s , co t ton , 

sesame and o i l palm. More than h a l f the t o t a l world 
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production of nuts goes in support ing a great bulk of 

humanity a t the subsis tance l e v e l . The reminder i s 

processed in - to o i l , o i l cake, charcoa l and co i r . Each 

one of these i s put to fur ther use in a wide range of 

manufactured products for human or animal consumption and 

the manufacture of the i n d u s t r i a l products , Kerala i s 

bel ieved to der ive i t s name from Kera meaning the coconut. 

The Sta te i s deservedly known as the land of coconuts. 

Most of i t s scen ic beauty owes to i t s palm fringed lagoons. 

Every par t of the coconut palm i s put to some 

use . The trunk of a matured t r e e i s used to build houses 

and the fronds are matted to tha tch roo f s . The ju ice 

ex t rac ted from the inf lorascences i s converted in to 

Jaggery, Sugar, Vinegar and Sweet or fermented fcddy. 

The Coir is produced from the outer husk of the coconut 

and i t is one of the foreign exchange item. The s h e l l 

i s hard and can take up high p o l i s h and i t lends i t s e l f 

to v a r i e t y of hand ic ra f t s . However the she l l i s mainly 

used as fue l , which i s i n d i r e c t l y a waste. 

With the proposed use of crushed coconut s h e l l 

as a coarse media for the dual and multimedia f i l t e r beds 

as developed in t h i s t hes i s the author f e e l s t h a t ' t h e 

only waste mater ia l par t of the coconut s h e l l w i l l now 

be u t i l i z e d as a valuable f i l t e r media for high rate 

f i l t r a t i o n and thus the present u t i l i t y of coconut w i l l 

s t i l l be increased. 

Thus the coconut palm i s r i g h t l y ca l l ed the 

"Kalparriksha" the t ree of heaven or the wish- t ree . 

She coconut i s ind ispens ib le to most Hindu ceremonies. 
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COCONUT TREE 
The mother p l a n t of t h e 

. coconut s h e l l media . 
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Coconuts a re g iven t o g u e s t s as an a u s p i c i o u s p r e s e n t . 

They a r e broken i n thousands before t h e immages of Ganapati 

and o t h e r gods as a p a r t of w o r s h i p . But t h e a u t h o r 

f e e l s t h a t t h e use of coconut s h e l l media f o r f i l t p r a t i o n 

may be the most v a l u a b l e g i f t of t he nature t o t h e 

mankind. 

5.5 PILOT PLANT STUDY. 

In t h i s c h a p t e r i t i s a l s o proposed t o d i s cus s 

t h e p i l o t p l a n t o b s e r v a t i o n s as wel l a s compara t ive p e r ­

formances of t h e d i f f e r e n t p i l o t f i l t e r u n i t s . This 

p i l o t p l a n t s tudy has been conducted mainly on t h e below 

mentioned t h r e e impor t an t t e c h n i q u e s i n t h e f i l t r a t i o n . 

i ) S i n g l e media f i l t r a t i o n . 

i i ) Dual media f i l t r a t i o n . 

i i i ) Mixed ned ia f i l t r a t i o n . 

F o r t h e s tudy of t he se t e c h n i q u e s two p i l o t f i l t e r 

u n i t s approx imate ly of the same d imen t ions were f a b r i c a t e d 

and t h e f i g u r e 5-1 shew ing t h e d e t a i l s of t h e p i l o t p l a n t 

s e t up i s enc lo sed a t t h e end of t h i s c h a p t e r . The 

approach f o r t h e p i l o t p l a n t s tudy and the e x p e r i m e n t a l 

o b s e r v a t i o n s on each of these f i l t r a t i o n t e c h n i q u e s a re 

d i s c u s s e d l a t t e r i n t h i s c h a p t e r . 

5 .5 .1 Design of Common a s p e c t s f o r t h e P i l o t 
p l a n t Study : 

T he comparat ive performance s tudy was c a r r i e d 

out on t h e v a r i o u s p i l o t f i l t r a t i o n u n i t s f o r t h e below 

mentioned common a s p e c t s . 

i ) Raw wa te r supply of c o n s t a n t t u r b i d i t y of 20 

JTU i The raw water t u r b i d i t y was a d j u s t e d t o 20 JTU 

fey jKfcxing wirth fin-e a±±t a t th« earral b«d i n tfee t-ap 
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by mixing with fine silt at the canal bed in the tap 

water supply as required. The constant turbidity (20 JTU) 

water was then pumped to a small balancing tank of 30 

litre capacity as and when required by operating the pump. 

ii) Constant raw water flow arrangement ': The arran­

gements were kept same as explained in the chapter 4. 

iii) Chemical mixing and dosing arrangements : These 

were also kept same as explained in the chapter 4. 

iv) Plow rates for the pilot plant study : The pilot 

plant study was conducted for three filtration rates 

viz. (a) 5000 1/m2/ hr (b) 7500 l/m2/hr (c)10000 l/m^hr. 

The corresponding three flow rates were adjusted per 

minute for each pilot plant study. 

The two pilot units were connected just below the 

top water level in the filter units as shown in the 

figure 5-I» one over flow outlet was kept for the first 

unit just above the interconnections to keep the constant 

top water level, by allowing the raw water to trickle 

from the overflow outlet. 

At the outlet end of the pilot filter units,rota~ 

meters were connected to adjust the required flow rates 

from the filter units. To measure the headlosses at 

various depths in the filter units, transparent plastic 

tubi£ngs were connected to the perforated probes insetted 

at the various depths in the pilot filter units. 



5 - ! 

ROAT 
M&TE.K. 

PLATFORM 

-FILTER BED NO.1 . f : G . 5 - r -FILTER BED HO 2 

PILOT PLAMT MODEL-TOR SINGLE. 
MEDIA f ILTER BE.D5 

S C A L E : 
VEfZ= l 2 to CM. 
H O f l - 1 : ECM, 



5-19 

v) Pre treatment before f i l t r a t i o n stuly : To s inpliy. 

fy the study on the pi lot f i l t e r uni ts pretreatment with 

only chemical mixing was adopted before f i l t r a t i o n . A 

constant alum dose of about 1C p?>m w-ds £iven to the raw 

water with the adjusted turb id i ty of 20 JTU during a l l 

these f i l t r a t i on experiments. Flocculaticn and settlement 

were not provided before f i l t r a t i o n in these s tudies . 

5.5.2 Procedure for Experimental Study : 

Same procedure was followed for the experimental 

study to compare the efficiencies.of the different p i lo t 

f i l t e r un i t s . "Before running p i lo t plants both the units 

were f i r s t f i l l ed x;ith the tap water. The raxr water after 

adjusting the required combined flow for the pi lot f i l t e r 

un i t s , and adjusting the required alum dose in the nixing 

chamber was introduced at the top of the two pi lot plants 

through inter connections. The flow rate through each 

plclot f i l t e r uni t was then adjusted to the required f i l t ­

rat ion rate f£r the pi lo t study, The rate of flow was 

also checked intermit tent ly at the out let ends of the 

pi lo t f i l t e r units,. As the raw water was allowed to 

t r ick le from the over flow out le t , raw water flow in the 

mixing chamber was adjusted accordingly. 

The p i lo t units were operated for seven hours 

during the laboratory working. After stopping the f i l t e r 

un i t s , the sludge in the f i l t e r beds was taken out sepa­

rately by backwashing each unit with the tap water. The 

f i l t e r units were backwashed t i l l the clean water was seen 

through the wash water drain out le t . After completion cf 

backwash the f i l t e r beds were f i l l ed with tap water up to 
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bedj,witl 
The outlet arrangements of 

the dual media pilot filter 
a rotameter to control the rate of 
flow and side head less tappings 
to measure the head losses at 
various depths„ 
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the top water leve}. and the units were ready for the next 

experiments. 

5.5.3 Important Observations on the Pilot Plant 
Study : 

i ) Turbidity removal : As the raw water t u r b i d i t y was 

adjusted to 20 JTU, f i l t e r e d water t u r b i d i t y was measured 

a f t e r every hour during these s t u d i e s . 

i i ) Head loss in the f i l t e r un i t s : Head losses were 

measured a t various depths in the S3ir,gle,dual and mixed-

media f i l t e r beds, through the 3 iffl d ia perforated a l u m i ­

nium probes fixed a t d i f f e ren t depths through the s i d e s . 

The perforated probes vrcro inse r t ed about 3 en in the bed. 

T he probes were provided with f ine per fora t ions of about 

0.25 m d i a , so as not to allow the f ine media in the 

probes during back washing and f i l t r a t i o n . Further brass 

mesh pieces were introduced a t the ou t l e t ends of the 

probes to prevent the dra in ing out of any f ine r media. 

P l a s t i c t ransparent tubings were connected to these 

probes, to show head los ses a t various depths as shown in 

the figure 5 -1 . 

i i i ) Sludge removed from the f i l t e r beds : Sludge from 

each f i l t e r u n i t was col lec ted separa te ly during the back­

wash given on the next day. The back wash was given t i l l 

the c l ea r water was seen from the wash water o u t l e t . The 

washed water from each u n i t was then allowed to s e t t l e 

in the buckets for about two hours. The c l ea r supernent 
taken 

water was then taken out by syphon ac t ion , care being ^;o 

keep about f ive cm th ick c l ea r water above the s e t t l e d 

s ludge. The remaining sludge and water in the buckets 

was then mixed properly and poured in the measuring 
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c y l i n d e r s of 1000 ml c a p a c i t y . The mixture was then, 

a l lowed t o s e t t l e f o r one hour i n t h e measur ing c y l i n d e r s 

and t h e t o t a l volume of t h e s e t t l e d s ludge was recorded 

i n cc o r ml. 

i v ) B a c t e r i o l o g i c a l o b s e r v a t i o n s : Samples of raw and 

f i l t e r e d wa te r were c o l l e c t e d a t t h e o u t l e t s of t h e f i l t e r 

u n i t s a t t h e end of t h e seven h o u r s , i n t h e s t e r i l i s e d 

b o t t l e s . The b a c t e r i o l o g i c a l t e s t s were conducted f o r 

t h e s e samples t o f i n d o u t t h e b a c t e r i a removal e f f i c i e n ­

c i e s i n the d i f f e r e n t f i l t e r u n i t s . 

5.6 EXPERIMENTAL STUDY ON THE SINSLE MEDIA FILTER BED. 

The compara t ive s tudy was conducted t o f ind o u t 

p i l o t p l a n t performances of t h e s i n g l e , dual media and 

mixed media f i l t e r u n i t s p so as to suggest suitable media 

and fil ter units for small capacity water treatment plantSo 

The details of the gilot f i l ter units are given 

in the figure 5-1. The pilot plant experiments were con­

ducted for three filtration rates of 5000,7500 and 10000 

1/m /hr. Two single media pilot f i l ter units with fine 

sand, and crushed coconut shell media were prepared for 

this study. Uniform size of each media after sieving thr«= 

ough 0.4 and 1.2 mm sieves was used for each single media 

filter bed. The media depth of 75 cm was adopted for aich 

fil ter unit. Water depth of 110 cm was kept on the f i l t e r 

beds. Supporting graded gravel bed was used below the 

single media. The effective size and the uniformity co­

efficient of the media are as given below. 
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•5n22_2£-2ili2i 5®P5£_ HdL- JJi.£i _?°£2f?i££0y 

i ) Fine sand . 75 cm 0 .5 1.50 35 .70 

i i ) Crushed coconut 75 cm 0 .6 1.45 38 .60 
s h e l l . 

The r e s u l t s of the p i l o t p l a n t s tudy a re g i v e n i n 

the Tables 5 - I I I t o 5-VI 

5 .7 EXPERIMENTAL STUDY ON THE DUAL MEDIA FILTER 

BEDS. 

Two p i l o t dual media f i l t e r u n i t s were p repa red 

f o r t h i s s t u d y . In one u n i t f i n e sand and crushed coconut 

s h e l l media were used whi l e i n t h e o t h e r u n i t f i n e sand 

and crushed c o a l were used . P i l o t p l a n t exper iments were 

conducted f o r t h r e e f i l t e r r a t e s of 5000,7500 and 10,000 

1/m / h r . The dep th s of the media and the e f f e c t i v e s i z e s 

and u n i f o r m i t y c o e f f i c i e n t s of t h e media a re g iven belo\\r. 

Type of media. Depth E f f e c t i v e Uniformi ty 
_ s i z e _ i n mm c o e f f i c i e n t 

i ) Fine sand f o r 5$ cm. 0 .5 1.5 
bo th u n i t s . 

i i ) Crushed coconut 45 cm. 0.9 1.39 
s h e l l . 

i i i ) Crushed c o a l . 45 cm. 0 .9 1.42 

The r e s u l t s of t he p i l o t p l a n t s tudy a re g iven 

i n t h e t a b l e s 5-VII to 5-X. 
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TABLE 5-1II 
Pilot plant observations on the single media . 

filter bed with fine sand media 
Filter Bed-I 

Kilter run 1 : Rate of filtration : 5000 l/m /hr. 
A --. » 

Hou-'Head losses in the single media filter 'Filtered 
rs 'bed in cm. 'water 
of »-.-.___._.--. _ _ . . _ _ . . _ - - J-Turbidi-
Run.• 15 ' 30 ' 45 ' 60 • 75 ' ty. 
- _ A _ _ « ~ .. A __t _ « A -. - - -A_ _ — 
0 ' 4.0 8.0 13.0 17.0 20.0 ' -
1 5.5 9.0 14.0 18.0 21.0 0.8 
2 6.5 10.5 15.0 19.0 22.0 0.7 
3 7.5 12.0 16.5 20.5 23.5 0.5 
4 8.0 13.5 17.0 21.5 25.0 0.4 
5 15.0 20.5 24.0 29.5 32.5 0.4 
6 28.0 33.5 37.0 41.0 44.0 0.4 
7 40.0 45.0 50.0 53.0 57.0 0.2 

Filter run 2 : Hate of Filtration : 7500 l/m2/hr. 

0 6.0 t 12.0 17.0 22.0 25.0 
1 8.0 14.0 20.0 28.0 30.0 0.8 
2 11.0 18.0 23.0 32.0 35.0 0.6 
3 18.0 25.0 32.0 37.0 42.0 0.5 
4 26.0 35.0 40.0 45.0 50.0 0.4 

5 30.0 40.0 45.0 50.0 55.0 0.3 
6 40.0 50.0 54.0 60.0 65.0 0.3 
7 50.0 60.0 65.0 70.0 75.0 0.3 

F i l t e r Run 3 : Rate of F i l t r a t ion : 10,000 l /m2 /hr . 

0 

1 

2 

3 

4 

5 
6 

7 

9.0 

12.0 
19.0 
35.0 
68.0 
86.0 

108.0 
115.0 

17.0 
20.0 
27.0 
44.0 
74.0 
94.0 

114.0 
137.0 

25.0 
28.0 
36.0 
52.0 
83.0 

100.0 
120.0 
142,0 

33.0 
37.0 
44.0 
60.0 
90.0 

105.0 
125.0 
146.0 

39.0 
44.0 
50.0 
65.0 
94.0 

100.0 
128.0 
150.0 

_ 

0.8 

0.6 

0.4 

0.3 

0 .3 

0.3 

0.3 
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TABLE 5-IV 

Pilot plant observations on the singLe media 
filter bed with fine crushed coconut shell.media 

Filter Bed - II 
Filter Run 1 : Rate of filtration : 5000 l/m2/hr. 
- - - - - - - - - - - - - - - - _ _ _ _ _ _ _,_ - _ -
Hou-t Head loss in the f i l t e r bed in cm. , F i l t e r -
rs - . - _ _ - _ - _ - _ _ _ - - _ _ - _ _ _ - ,ed water 

R4.: 15 ; 3o : 45 : 60 ; 75 " " 
0 2.0 3.Q 5.0 6.0 8.0 
1 3.0 4.0 6.0 7.0 9.0 0.5 
2 4.0 5.0 7.0 8.0 10.0 0.5 
3 5.0 6.0 8.0 9.0 11.0 0.5 
4 6.0 7.0 9.0 10.0 12.0 0.4 
5 10.0 11.0 12.0 14.0 16.0 0.4 
6 15.0 16.0 17.0 18.0 20.0 0.3 
7 20.0 21.0 23.0 24.0 25.0 0.2 

Filter run 2 : Rate of filtration 7500 : l/m2/hr. 

0 3.0 5.0 7.0 8.0 10.0 
1 4.0 6.0 8.0 10.0 12.0 0.6 

2 5.0 8.0 10.0 12.0 14.0 0.5 
3 8.0 11.0 13.0 16.0 18.0 0.4 
4 12.0 15.0 16.0 19.0 22.0 0.4 
5 13.0 18.0 20.0 22.0 25.0 0.3 
6 16.0 21.0 24.0 26.0 28.0 0.3 
7 22.0 25.0 28.0 30.0 32.0 0.3 

F i l t e r run 3 : Rate of f i l t r a t i o n : 10,000 l /m 2 / h r . 

0 4.0 8.0 11.0 14.0 17.0 0.8 
2 7.0 10.0 13.0 16.0 19.0 0.6 
2 9.0 13.0 16.0 19.0 21.0 0.4 
3 12.0 16.0 20.0 22.0 24.0 0.4 
4 17.0 21.0 25.0 27.0 30.0 0.4 
5 20.0 24.0 28.0 30.0 33.0 0.4 
6 25.0 29.0 32.0 35.0 38.0 0.3 
7 28.0 32.0 35.0 38.0 41.0 0.3 
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i 

PilterT 
Jttuxl 
No. 

1 

2 

3 

i 

t 

Sludge 

Volume of 
in ml. 
F i l t e r 

Ko.1 

285 
380 

420 

TABLE 

removal i n 

5-V 

the p i l o t f i l t e 

sudge removed ' Hate of 

, F i l t e r 
Ho.2 

200 

350 
380 

• f i l t r a t i -

' 1/nT/hr. 

5000 
7500 
10000 

r s . 

1 Hours of 
' f i l t e r run. 
» 

7 

7 
7 

TABLE 5-VI 

Bacteriological observations (MPN) 

Filter, Bacteriological observations. 
Run. , 

% Removal of 
coliform. 

* Raw 
' water. 

, Filter , Filter 
, bed. , bed. 
, No.1 i Wo. 2 

Filter ,Filter bed 
bed , bed. 
,JFo.1 , No. 2 

1 

2 

3 

2o4 x 10* 

2 .4 x 10 4 

1.1 x 10 4 

4600 

4300 

4600 

2400 

930 

2400 

80.00 

82.00 

58.20 

90,00 

96,00 

78,20 

Other Observations : During the pilot plant study-

it was specially observed that the head loss development 

in the sand media bed was considerably more as compared to 

the coconut shell media of the same siaua for the same 

rate of filtration. The filter run of the sand media 

bed was just for the limiting conditions as the 

effluent quantity started showing reduced discharge 

even with full outlet valve in opened condition after 

6 hours of working. 
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TABLE 5-VII 
P i l o t p lant observat ions on the dual media f i l t e r 

bed with crushed coconut s h e l l a s coarse media. 
F i l t e r Bed I 

F i l t e r run 1 : Rate of f i l t r a t i o n 5000 l /m 2 / h r . 
H _ J. . J. 

Hro-'Head losses in the dual media f i l t e r ' F i l t e r 
r s ' bed in cm. 'ed wa-
o f , T - t t i « i ^ e r 
Run.' 15 * 30 ' 45 ' 60 ' 75 ' 1 0 5 "Purbidi 

i i i i i t i - t j . 
_ _ J. _ _ . . •_ _i _ j . _ _i _ _ — i _ _ _ - -

0 0.5 1.0 1,5 4*0 7.5 12.0 -

1 0.5 1.0 1.5 4,5 8 .0 13.0 0 .6 

2 1.0 1.5 2„Q 5.0 8.5 13.5 0 .6 

3 1.0 1..5 2*5 5.0 9*0 14 ,0 0.5 

4 1.5 2.0 3.0 6,0 .9,5 U , 5 0,5 
5 1.5 205 3*5 7 .0 10.0 15.0 0 .4 

6 2 ,0 3 .0 4 ,0 8 .0 HcO 17o0 0,4 

7 2.5 3 .5 4*5 9»0 13.0 1S.0 0,4 

F i l t e r run 2 : Rate of f i l t r a t i o n 7500 l / n 2 / h r . 

0 

1 

2 

3 

4 

5 

6 

7 

Filte 

0 

1 

2 

3 

4 

5 
6 

7 
• » = , . = , 

0.5 

0.5 
1.0 

4=. 5 

2.0 

2.0 

2.5 
3*0 

r run 3 

1.0 

2.0 

3.0 

3.5 
4.0 

4.5 
5.0 

6.0 
„ , „ = „ , 

1.0 

1.0 

1.5 

2.5 

2.5 
3.0 

3.5 
4.0 

: Rate 

2.0 

3.5 
5.0 

6.0 

7.0 

7.5 
8.0 

9.0 
_ _ -» 

1.5 
2.0 

2.5 
3.0 

3.5 
§.0 

4.5 
5.0 

4.5 
5o0 

5.5 
7.0 

8.0 

9.0 

9.5 

10.0 

of filtration 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

10.0 

13.5 
16.0 

17.0 

18,0 

18.5 
19.0 

20.0 

8.0 

8„5 
9.0 

10.0 

11.0 

12.0 

13.0 

14.0 

12.5 

13.5 
14.0 

15.0 

16.0 

18.0 

20.0 

22.0 

10000 l/m2/hr. 

18.0 

20.0 

22.0 

23.0 
24.0 

25*0 

26,0 

27.0 

28.0 

31.0 

33.0 

35.0 

36c 0 

37.0 

38.0 

40.0 

„ 

0.8 

0.5 

0.5 

0.5 

0.4 

0.4 

0.4 

_ 

0.8 

0,6 

0.5 

0.4 

0,4 

0.4 

0.4 
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TABLE 5-VIII 

Pilot plant observations on the dual media f i l t e r 
bed with crushed Bituminous coal as coarse media. 

F i l t e r Bed I I . 
F i l t e r run 1 : Rate of f i l t r a t i on 5000 l/m^/hr. 

^ ° u 'Head losses in the dual media f i l t e r bed in c ^ ^ 

?L '"15 " 1 " 3o" ' " ~45 ~'~ "bO ' 75" • 105 ' l ^ t v 1 ' 

0 ' 1.0 1.5 2.5 7 .0 10.0 14 .0 

1 1.0 2 .0 3.0 7*5 10.5 14.5 0 .8 

2 1.5 2.5 3.5 8 . 0 10.5 15.0 0.6 

3 1.5 2,5 4 . 0 8.5 11.5 15.5 0.5 

4 2.0 3 .0 4.5 9 .0 12..0 16.0 0.5 

5 2.5 3.5 5,0 9.5 12.5 16.5 0.4 

6 3 .0 4n5 7.0 9.5 13.0 18.0 0.4 

7 3,5 6 .0 10.0 13 .0 15.0 21.0 0.4 

Fi l t e r run 2 : Rate of f i l t r a t i on 7C-00 i/m^Ar 

0 1.0 1.5 3*5 7*5 11,0 15-0 
1 1.0 2 .0 4 . 0 8 .0 11.5 16,0 0,8 

2 1.5 3 .0 4 .5 805 12.0 17.0 0.3 

3 1.5 4 . 0 5.0 9o0 15-0 10,0 0.6 

4 2.0 5.5 6.0 10.0 16.0 19,0 0.5 

5 3.0 5 .0 7 .0 12.0 17-0 21.0 0.5 

6 3.5 6 .0 9 .0 13 .0 18.0 23 .0 0.5 

7 4 . 0 7 .0 11.0 15.0 19.0 25.0 0.4 

Fi l t e r run 3 : Rate of f i l t r a t i o n 10,000 l/m2/hr. 

0 2 .0 4 .0 5.0 12.0 16.0 29.0 © 

1 3.5 6.0 8 .0 17.0 23.0 33.0 0.8 

2 6.0 9 .0 12.0 22.0 30.0 40.0 0 .8 

3 7.0 15 .0 14.0 24.0 32.0 42.0 0.6 

4 8.0 12 .0 15.0 24.0 33.0 43 .0 0 ,6 

5 9 .0 14.0 16.0 27c0 34.0 44,0 0 .5 

6 10.0 15.0 18.0 29.0 36,0 46.O 0.4 

7 13.0 17.0 21.0 32 ,0 38.0 49 .0 0.4 
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TABLE 5-IX 

Sludge removal in the pilot filters. 

Filter *Volume of sludge removal 
Run ' in ml. 
AO* .Filter , Filter 

Ko.1 , No,2 

B Hours of Rate of 
filtration , filter 
in , run. 
lit/sqm/hr. , 

1 
2 

3 

255 
300 

380 

280 

325 
400 

5,000 

7,500 

10,000 

Seven 

Seven 

Seven 

TABLE 5-X 

Bacteriological observations (I£PN) 

Filter, Bacteriological obserratione 
Run 
No. 'Raw Water F i l t e r r Filter 

i 

J. 

N 0 . 1 No* 2 

$ Romoval of 
c o n f o r m . 

FJLJ. ';er 
Hc.1 XiO o C 

1 

2 

3 

1 c 1 x 1 0 h 

2,4 x 10 4 

1.5 x 105 

230 

1500 

930 

92 

11,000 

2,400 

97,90 99*20 

93.75 54*20 

'99.40 98 .40 

Other Obse rva t ions s The development of t h e head 

l o s s i n the d u a l media f i l t e r bed No,1 wi th t h e crushed 

coconut s h e l l media was c o n s i d e r a b l y lower than t h e 

f i l t e r bed No. 2 where crushed c o a l v:as used . 

5 .8 EXPERIMENTAL STUDY ON TIB MIXED MEDIA. FILTER BED. 

One p i l o t mixed media f i l t e r u n i t was p repared 

f o r t h i s s t udy , In t h i s u n i t f i n e sand , fused b r i c k and 

crushed coconut s h e l l media were adopted*, The p i l o t 

exper iments were conducted f o r t h r e e f i l t e r r a t e s of 

5000,7500 and 10 ,000 l / m 2 / h r „ The d e p t h s of t h e media 

and t h e e f f e c t i v e s i z e s and t h e u n i f o r m i t y c o e f f i c i e n t s 

of t he media a r e g iven below. 



Media used. Depth Effect ive 
in cm. s i ze in HI 

1) Pine sand 30 0.45 

2) Crushed fused br ick . 30 1.00 

3) Crushed coconut s h e l l . 40 1.3 

5.8.1 Design of the Mixed Media Unit : 

In the dual media f i l t e r u n i t s i t was observed 

tha t there was no intermixing of the two media and a f t e r 

back washing, two media were c l e a r l y v i s i b l e with a d i s t ­

inc t l i n e of i n t e r f ace between the two media. 

In an idea l mixed media f i l t e r bed the f i l t e r 

media are designed in such a way t h a t there i s e f fec t ive 

intermixing of the media so tha t there i s no separa t ion 

of media and the combined media i s such tha t the re i s 

uniform increase of the media s i ze ,wi th f ines t mater ia l 

a t the bottom and coarsest mater ia l a t the top» This 

aspect i s fu l ly discussed in d e t a i l s by Culp and Culp(9)« 

Even though i t i s very d i f f i c u l t to achieve the 

idea l condit ions of a mixed media bed for want of the 

a v a i l a b i l i t y of proper media, i t may be possible t o achi~ 

eve p a r t i a l l y e f f ec t ive mixed media beds by s e l e c t i n g 

su i t ab l e media of d i f fe ren t s i zes and d i f fe ren t 

spec i f i c g r a v i t i e s for designing such mixed media f i l t e r 

u n i t s . The author has t h e r e f o r e , designed the exper i ­

mental mixed media f i l t e r u n i t with s izes of media as 

s t a t ed above. 

The r e s u l t s of the p i l o t p lant study are given 

in the Tables 5-XI to 5-XIH. 

Uniformity 
c o - e f f i c i ­
en t . 

1.3 

1.2 

1.15 
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TABLE 5-XI 
Pilot plant observations on the mixed media 

f i l t e r bed. 

Filter run 1 : Rate of f i l t rat ion 5000 1/m /hr 
_ . . _ - . — —'— — — «• 

Hou'Head losses in the f i l t e r bed in cm. 'Filtered 
r s j . J . _ „ _ _ _ T _ -r - - - J-water 
S L : 15 •' 45 : 6o ; 75 ; 90 : 105 :s**-
_ _|_ J, _ !_ _!_ _ l _ _ _ _«_ - 4 - - - -

0 1.0 3.0 8.0 11.0 13.0 15.0 -
1 1.5 4.0 9.0 12.0 15.0 17.0 0.5 
2 2.0 5.0 10.0 14.0 17.0 20.0 0,4 
3 3.0 7.0 12.0 16.0 20.0 22.0 0.3 
4 4,0 9*0 13.0 18.0 22.0 24.0 C.3 

5 5.0 10,0 14,0 20.0 23.0 26.0 0.3 
6 6,0 12.0 16o0 22,0 25.0 28.0 0.2 

7 7o0 13*0 18,0 23.0 27«0 30.0 0.2 

Filter run 2 : Bate of f i l t ra t ion 7500 l/m /hr . 

0 " " 7.0 " ~3To" " 10.0 15.0 20.0 22.0 
1 2.0 5.0 11.0 16.0 22.0 24.0 0.7 
2 3.0 7.0 12.0 17*0 24.0 26.0 0.5 

3 4.0 8,0 14.0 19,0 25.0 28.0 0.5 
4 5.5 10,0 16.0 21.0 27.0 30,0 0.4 
5 7.0 12.0 18.0 23.0 30.0 33.0 0.3 
6 9,0 14.0 20.0 25,0 33.0 35.0 0.3 
7 10.0 16.0 22.0 27*0 34,0 33.0 0,3 

Filter run 3 : Rate of fi l tration 10,000 l/mVhr. 

0 1.5 5.0 13.0 20.0 27.0 28,0 
£ 2.0 6.0 15.0 22.0 28.0 30.0 0.7 
2 3.0 7.0 17.0 24.0 29.0 32.0 0.7 
3 4.0 8.0 19.0 25.0 30.0 34.0 0.7 

4 6.0 9.0 20.0 27.0 32.0 36.0 0.5 
5 8.0 10.0 21.0 28.0 33.0 38.0 0.5 
6 10.0 12.0 22.0 30.0 35.0 40.0 0.5 
7 11.0 15.0 24.0 32.0 38.0 42.0 0.5 
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TABLE 5-XII 

Sludge removal in t h e p i l o t f i l t e r . 

F i l t e r » Volum of s l u d g e ' R a t e of f i l t r a -
Run • removal i n *t ion in 
No. 

Hours of 
f i l t e r run . 

m±. ' l i t / s q m / h r . 

1 
2 

3 

300 
350 
390 

5,000 
7 ,500 

10,000 

7 
7 
7 

TABLE 5-XI I I 

B a c t e r i o l o g i c a l o b s e r v a t i o n s (MPN) 

F i l t e r , _ B a c t e r i o l o g i c a l Observa t ions 
Run J ~ - - - - - T _ - . _ « _ 
No. , Raw w a t e r . ' F i l t e r e d wa te r . 

% Removal of 
co l i fo rm 

d u r i n g f i l t r a ­
t i o n . 

1 

2 

3 

2 .4 x 1(T 

2 .4 x 10 4 

4*6 x 10 4 

240 

2,400 

3,900 

99«0 

9 0 . 0 

99 .50 

Other Observations : During the back washing of 

the mixed media filter bed it was observed that the lower 

two media of the fused brick and the fine sand were 

completely mixed up in each other as the difference in 

the specific gravities (2.40 and 2.65) was not adequate 

for their proper placements. However the crushed coconut 

shell media was found at the top with clear interface 

line above the other two mixed up media. 

5.9 DISCUSSION ON THE PILOT PLANT FILTRATION STUDY. 

5.9.1 General Comparison : 

i ) 
• • " 

T u r b i d i t y Removal ; From t h e p i l o t p l a n t 
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observations given in the e a r l i e r paras for the s i n g l e , 

dua l and mixed-media f i l t e r "beds for seven hours of f i l t e r 

runs , i t is seen that for the same r a t e of f i l t r a t i o n the 

s ing le media showed "better r e s u l t s than the dual and 

mixed-media f i l t e r u n i t s . W h i l e the mixed-media "bed 

showed comparatively b e t t e r r e s u l t s than the dua l media 

f i l t e r beds. 

In the beginning of the f i l t e r run s i ng l e media 

bed w i l l show b e t t e r t u r b i d i t y removal due to the f ine 

media of e . s . 9.5 and u . c , 1.5 with 75 cm depth than the 

dual and mixed-media beds as the l a t t e r two have coarser 

media depths above the f ine sand media. However t h i s is 

only t rue fo r the p a r t i c u l a r media s i se s and depths 

adopted in the p i l o t f i l t e r u n i t s . By adopting f ine r 

s i zes of the coarse media in the d u l l and mixed-media 

beds, the t u r b i d i t y removal isay be done equal o r even 

b e t t e r than a s ing le media bed, as g iven in the var ious 

references in the chapter 2. 

i i ) Head l o s s developments : From the head loss obser­

va t ions i t i s seen tha t the dual media f i l t e r beds show 

the lowest head loss developments in both the media as 

compared to t h e s ingle and the mixed-media beds, for the 

same r a t e s of f i l t r a t i o n and in s i m i l a r condi t ions . 

Theore t ica l ly the mixed media bed shouH have 

shown the lowest head loss among the th ree , however as 

explained iu the above observat ions , tb.n 3.over tT,ro vaecl la 

were t o t a l l y mixed up being the low difference in the 

speci f ic g r a v i t i e s and as such the a c t u a l head loss was 

mo^e than the dual media beds. In case of s ingle media 
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f i l t e r beds, as predicted the head losses were more than 

the dual media f i l t e r "beds. However, i t was r a the r s u r ­

p r i s ing to note tha t the head lo s s developed in the coconut 

s h e l l s i n g l e media "bed was about 50$ to 35^ of the head 

loss developed in the ©ingle sand media bed. The probable 

reasons for these unusual observat ions are discussed 

l a t t e r in t h i s chapter . 

Figures 5-I I to 5-IV showing the head loss develo­

ped in the three typies of p i l o t f i l t e r un i t s are enclosed. 

From the Fig. 5 - I I i t can be seen tha t the head loss deve­

lopment in the f ine crushed coconut she l l media -^as s u r ­

p r i s ing ly l e s s than the head loss development in the find 

sand media in s imi la r condi t ions . Fig. 5 - I I I shews the 

head loss developments in the dlual media f i l t e r un i t with 

crushed coconut she l l over sand i s some what lower than 

the head loss developments in the dual media f i l t e r u n i t 

with bituminous cecal over f ine sand in the s imi l a r condi­

t i o n s . Fig. 5-IV shows the head l o s s developments in the 

mixed-media p i l o t f i l t e r u n i t which are p r a c t i c a l l y 

stratigjjfc l i n e s p a r a l l e l to each other , 

i i i ) Sludge Removal : From the sludge volumes col lec ted 

from the washed water a f t e r seven hours of opera t ion, when 

the raw water t u r b i d i t y was adjusted to 20 JTTJ, i t i s seen 

tha t the s ludge volumes are f a i r l y comparable. Theoret i ­

ca l ly the sludge volumes should have been near about same 

for each ra te of f i l t r a t i o n , considering the raw and 

f i l t e r e d water t u r b i d i t i e s . However the ac tua l sludge 

volume show some v a r i a t i o n s v iz : f o r the mte of f i l t r a -

t i cn of 5000 l/m'"/hr the range of sludge volumes vaa 



5-34 

between 250 to 300 ml, while for the r a t e of f i l t r a t i o n 

of 7500 l /m 2 / h r , i t was 300 to 350 ml and for the r a t e of 

f i l t r a t i o n of 10,000 l /m 2 / h r , t h e range was 350 to 400 ml. 

I t i s d i f f i c u l t to give t h e o r e t i c a l reasons for th is 

v a r i a t i o n in sludge volumes. However t h i s may be due to 

some va r i a t i ons in the a r t i f i c i a l raw water t u r b i d i t y of 

20 JTU as prepared for a l l these experiments. As the 

canal s i l t was used to prepare the a r t i f i c i a l raw water 

t u r b i d i t y of 20 JTU, i"fc Fas not a s effect ive as the 

na tu ra l raw water t u r b i d i t y and there was necess i ty for 

s t i r r i n g the t u r b i d i t y suspensions in t e rmi t t en t ly* Thus 

t h i s v a r i a t i o n in sludge removal i s understandable. 

The study of sludge volumes was mj-.de to give some 

ind ica t ions of suspension removal eff ic iency and t h i s 

bas ic method can be perfected by t r y i n g d i f f e r en t types of 

measured suspension loads and maintaining the constant 

raw water t u r b i d i t y . 

However from the present sludge removal observa­

t ions i t can be noted t h a t t h e mixed-media bed shoxred the 

higher sludge removal than the o ther two, while the s ingle 

media beds showed somewhat more sludge removal than the 

dual media bed. This may be due to more percentage of 

f ine r g ra ins in the mixed media and s ing le media f i l t e r 

beds which i s but n a t u r a l . 

One of the i n t e r e s t i n g observations t o note in 

t h i s comparative strady i s t h a t , in both t h e s ing le and 

dual media f i l t e r u n i t s , the f i l t e r u n i t s , in which 

crushed coconut she l l media was used, showed lower sludge 

volumes than the other Similar u n i t s in which sand and 

http://mj-.de
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sand plus coal were used in the s ing le and dual media u n i t s . 

This spec ia l observat ion may have a d i rec t r e l a t i o n with 

the lower head loss developed in the f i l t e r u n i t s in which 

crushed coconut s h e l l media was used, as discussed in the 

ear l i er para. Thus the crushed coconut she l l media may-

have some s p e c i a l advantages as compared to the sand and 

coal media, in the s i n g l e as well as dua l media f i l t e r 

beds. This aspedt i s fu r the r discussed in the para 5»9.2. 

iv) Bac te r io log ica l Observations : From the b a c t e r i o ­

l o g i c a l observation i t can be seen than bac t e r i a removal 

ef f ic iency of a l l the f i l t e r beds i s within the range of 

90 to 99 ?° and is seen f a i r l y s a t i s f a c t o r y . However d i s ­

infec t ion has to be done before the supply of water to the 

consumers as per accepted p r a c t i c e . 

One of the important observation t o be noted in 

the b a c t e r i o l o g i c a l r e s u l t s of the s i n g l e and dual media 

f i l t e r u n i t s i s that the f i l t e r u n i t s in which crushed 

coconut s h e l l media was used showed b e t t e r b a c t e r i a 

removal in both the u n i t s . This aspect i s fu r the r d i s ­

cussed l a t t e r in t h i s chapter . 

5.9.2 Special Observations % 

In add i t ion to the above mentioned general obser­

vat ions some s p e c i a l observations were made in the study 

of s i n g l e , dual and mixed-media f i l t e r beds which are 

discussed below. 

i ) Single media f i l t e r un i t s : Prom the p i l o t p lan t 

observations on the f ine sand and fane coconut she l l 

media f i l t e r u n i t s i t can be seen tha t even though the 

s ize and depth of these f i l t e r u n i t s were same and they 
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were run fo r the i d e n t i c a l cond i t ions ; the coconut s h e l l 

media u n i t showed number of advantages over the sand media 

u n i t . As a l ready discussed in the above para when the 

t u r b i d i t y removal i s about same for seven hours of run , in 

both the f i l t e r u n i t s , the head los3 developed i s about 1/2 

to 1/3 of the head loss developed in the sand f i l t e r u n i t . 

Further the sludge volume was on lower s ide , while the 

b a c t e r i a l removal i s on higher s i d e . 

The most important advantages among these may be 

the lower head loss development in the coconut she l l u n i t 

for the s imi la r other condi t ions as compared to the sand 

media u n i t a s can be seen from the Fl?. 5 - I I . I t i s 

r a t he r su rp r i s ing to see tha t the he-xd loss development 

in the coconut she l l media u n i t for the f i l t r a t i o n r a t e 

of 10,000 1/m / h r i s p r a c t i c a l l y rame a f t e r seven hours 

of run as compared to the head leases (4 0 cm) in the dotal 

and mixed-media f i l t e r units« Theoret ical ly the head 

losses should have been in the decreasing uange in s i n g l e s 

dual and mixed-media f i l t e r u n i t s , and af te r continuous 

operat ion of these f i l t e r u n i t s , t he same may be proved. 

However the f ac t tha t the head loss in the coconut she l l 

media u n i t i s about 1/3 of t h a t in the sand media u n i t for 

f i l t e r run lTo„3 i s ce r t a in ly a point of fur ther 

i nves t i ga t i on . 

The reason for t h i s important observation may be 

the more Pore space in the coconut she l l media for the 

same s ize as compared to the sand media,, The author 

fee ls t h a t t h i s is the s i g n i f i c a n t advantage of the 

crushed coconut s h e l l media. One of the probable reason 
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fo r t h i s s p e c i a l advantage of the coconut s h e l l media may­

be the range of n a t u r a l spec i f i c g r av i ty of t M s mater ia l 

which f a l l s in between 1.35 to 1.45. With t h i s range of 

spec i f i c g rav i ty of t h i s m a t e r i a l , when the media i s 

prepared to ^ a spec i f ic s i z e , t h i s media i t s e l f forms a 

mixed-up-media, wi th some f ine p a r t i c l e s of higher spec i f ic 

g rav i ty a t the bottom and same coarser p a r t i c l e s of lower 

spec i f i c g r av i ty a t the upper or a t various depths accor­

ding t o the ind iv idua l spec i f i c g r a v i t i e s of p a r t i c l e s 

within the range. Thus the hydraul ic gradat ion which is 

d i s t i n c t l y marked in a sand media f i l t e r bed, was not 

observed in the fine as well as coarser crushed coconut 

s h e l l media in a s i n g l e or dual media f i l t e r units* This 

may be the most probable reason for having more pore 

space for the same size media as compared to the sand 

media. I t i s f e l t tha t even in the case of bituminous 

coal and an th rac i t e media &s the s p e c i f i c g rav i ty of a 

p a r t i c u l a r ma te r i a l from a*local spot i s the same, these 

media may a l so behave s imi l a r t o a sand media in hydraul ic 

gradat ion and thus the coconut s h e l l media may have t h i s 

spec i a l advantage over a l l other n a t u r a l media in use . 

With the above mentioned n a t u r a l advantage of the 

crushed coconut she l l media i t wi l l be very des i r ab l e to 

adopt s ingle media crushed coconut she l l than a sand 

media bed in place of a conventional rapid sand f i l t e r 

u n i t . The a d d i t i o n a l advantages of such a coconut she l l 

s ing le media f i l t e r u n i t w i l l be the lower percentage of 

wash water quant i ty and requirement of lower head for 

wash water for such a f i l t e r u n i t . I t w i l l be fur ther 
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des i rab le to design such a s i n g l e s i z e dual media f i l t e r 

u n i t with 15 cm of f ine sand and 60 cm of crushed coconut 

s h e l l media of the same s ize in place of a s ingle media 

so as to avoid the p o s s i b i l i t y of any breakthrough and 

advantage of pol ishing mate r i a l a t the bottom as in a dual 

media f i l t e r bed. Such a s ing le s i z e , eiual media f i l t e r 

u n i t may be cheaper than a dual media f i l t e r bed as the 

f ine mater ia l below one mm s ize of coconut she l l ( or 

a n t h r a c i t e ) can be u t i l i s e d for such f i l t e r bedj as t h i s 

f ine mater ia l as otherwise a isaste. Further the ex i s t ing 

rapid sand f i l t e r un i t can be replaced by such s. s ing le 

s ize dual media f i l t e r bed, in the same bod, to give 

higher f i l t r a t i o n r a t e with b e t t e r qua l i t y of the effluento 

i i ) Dual media f i l t e r u n i t s s From the observations 

of the dual media f i l t e r u n i t , one with crushed coconut 

s h e l l over the f i ne sand and the other with crushed b i t u ­

minous coal over the fine sand, the performances are of 

the same nature . Even in these dual media u n i t s , the 

f i l t e r u n i t with crushed coconut s h e l l media over fine 

sand showed lower &ead loss developments, for the same 

ra t e s of f i l t r a t i o n as compared to the other as can be 

seen from the Fig, 5 - I I I . Further the volume of sludge 

removed is l e s s while the b a c t e r i a l removal is more in t h 

the f i l t e r u n i t with crushed coconut she l l media ever san 

sard as compared to the other unit* Thus as already e\i£ -

cussed in the e a r l i e r para there i s some na tura l advantage 

of the crushed coconut s h e l l media over the crushed coal 

media as a coarser media in the dual media f i l t e r u n i t . 
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In all the three new treatment plants developed in 

this study the author has adopted the dual media fi l ter 

units, with the coarser crushed coconut shell media over 

the fine sand to "bring in to practice the special advan­

tages of the crushed coconut shell media in the dual media 

high rate fil ter beds. 

i i i ) Mixed-media fil ter units : The mixed-media pilot 

plant f i l ter unit in the present study was a purely 

experimental exercise, as a suitable media of specific 

gravity of about 2.0 was not available to introduce in 

between the top crushed coconut shell and bottom fine sand 

media. The fused brick media with specific gravity 2,38 

was therefore adopted as a central media in the experimen­

ta l mixed-media unit, As expected the lower two media, 

being of •DS.iidlar specific gravities, were seen completely 

mixed-upy and thus loosing advantage of the ideal mixed-

media f i l ter unit. 

It is therefore yone of t h e impor t an t fjlelfl of 

futujro r e s e a r c h to f i n d out and t o b r i n g i n t o p r a c t i c e 

t h e c o a r s e r media of s p e c i f i c g r a v i t i e s i n between 1.9 

t o 2.1 so a s to des ign an i d e a l mixed media f i l t e r bed by 

i n t r o d u c i n g such a media in between t h e c o a r s e r coconut 

s h e l l ( s p . g r . 1.4) a t t h e top and f i n e sa.nd media ( s p . 

g r . 2,^5) a t t he bottomQ 

5.10 CONCLUSIONS. 

i ) The crushed coconut s h e l l media has shown s u p e r i « 

o r q u a l i t i e s a s compared t o t h e crushed b i tuminous c o a l 

media f o r use a s a coa r se media i n a dua l ard mixed-media 

f i l t e r u n i t s f o r h igh r a t e f i l t r a t i o n ^ 

http://sp.gr
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i i ) The crushed coconut shel l media as adopted for the 

f i r s t time in the dual media f i l t e r beds at Ramtek plant 

(1973) showed very sa t i s fac tory resul ts and without any 

sign of deteriorat ion of this mew media for period of more 

than five years of i t s use. 

i i i ) The crushed coconut shell media can be advantage­

ously used in a single media f i l t e r in pZace of fine sand 

in a rapid gravity f i l t e r bed. 

iv) There is urgent need for a search for new f i l t e r -

media having specific gravi t ies between 1.9 to 2.1 for 

the use in mixed-media f i l t e r beds for high rate and 

bet ter quality water f i l t r a t i o n . 
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CHAPTER 6 

PILOT PLANT STUDY FOR THE RAMTEK 
TYPE TREATMENT PLANT. 

6.1 INTRODUCTION. 

The pilot plant studies for the different floccu-

lators followed by tube settling tank for different con­

ditions have been carried out under the chapter 4 of this 

thesis. Similarly the pilot plant studies on the dual 

and the multi-media filter beds for different conditions 

have been carried out, as explained under the chapter 5 

of this thesis. 

It is now proposed to carry out the pilot plant 

study for the same loading conditions as adopted for the 

design of the Ramtek treatment plant as discussed in the 

chapter 7 of this thesis. In addition to this it is also 

proposed to carry out the pilot plant study for the Murbad 

type treatment plant, which is a modified form of Ramtek 

plant, designed for the treatment of moderate turbid water 

sources. 

The pilot plant as shown in the figure 6-1 was 

fabricated in the laboratory to study the various aspects 

of the design adopted for Ramtek treatment plant while the 

figure 6-II shows the pilot plant fabricated for the 

study of the Murbad treatment plant. The designs of both 

the pilot plants and their experimental observations are 

discussed in this chapter. 

6.2 DESIGN OP THE RAMTEK TYPE PILOT PLANT. 

The detailed sizes of the Ramtek type pilot 

plant are shown in the figure 6-1. The main components 
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are gravel bed prefilter followed "by the dual media 

filter bed. The hydraulic design calculations of the 

pilot plant are given in the para 6.2.6 of this chapter. 

The depths of the units are adopted nearly to the actual 

depths adopted for the Ramtek plant so as to get the com­

parable results of these plants. Perpex sheet pilot plant 

unit was fabricated in the laboratory so as to observe the 

actual floe formation, cleaning of the gravel bed prefil-

ter unit, including the floe and sludge removal from the 

top of the gravel bed, and the performance of the dual 

media filter bed for the treatment of low turbidity raw 

water sources. 

The inlets and outlets of 12 aim dia. G.I.Pipes and 

fittings were provided with brass gate valves to adjust 

the required flows through the pilot plant. For adjust­

ing the required flow, a constant flow arrangement was made 

as explained in the chapter 4. The alum dosing and mixing 

arrangement*were also provided as explained in the chapter 

4. At the outlet end of the dual media filter bed a 

rotameter was provided to control the rate of flow through 

the plant. At the top and bottom of the gravel bed pre-

filter. Sludge outlets were provided with gate valves 

to drain the sludge by hydrostatic pressure after desired 

period. A central x*all of 30 cm height was provided 

above the top of gravel bed to represent the gutter level 

for Allowing the settled water to flow on the dual media 

filter bed. One 25 ram dia washout valve was provided at 

60 cm above the top of the dual media filter bed for 

taking out the wash water to drain. 
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6.2.1 Pilot Plant Operation : 

Before running the pilot plant both the units were 

first filled with the tap water. The raw water for ill 

these experiments was brought from the Gangapur left bank 

canal by a trolley fitted to a jeep. The raw water tur­

bidity was adjusted first to 100 JTU in a separate storage 

tank by mixing with the tap water. This raw water was 

then pumped to the plant through the constant flow arran­

gement as explained in the chapter 4. The raw water after 

mixing with the alum dose was introduced through the 

bottom of the gravel bed prefilter unit. Thus the flow . 

in the gravel bed is in the upward direction. Water from 

the top of the gravel bed prefilter was >£lowing on the 

top of the dual media filter bed. The rate of filtration 

through the dual media filter bed was controlled at the 

outlet and by the gate valve with the help of the rota­

meter connected after the gate valve by a plastic tubing. 

6.2.2 Head Loss Measurements : 

The head loss in the gratfel bed p r e f i l t e r can be 

noted from the dif ference in the water l eve ls in the p i l o t 

plant and the i n l e t tubing connected with the mixing 

chamber. However, the head loss in the gravel bed was 

between 2 to 3 cm through-out these runs and hence i t was 

not recorded. The head losses a t various depths in the 

dual media f i l t e r bed were observed from the difference 

of water l eve l s aga ins t the top water l e v e l in the bed 

through the p l a s t i c tubings as explained in the chapter 5. 

6 .2 .3 Turbidi ty Measurements : 

The t u r b i d i t i e s of raw, s e t t l e d and f i l t e r e d water 



Experimental p i l o t plant ^ 
of the Ramtek type treatment 
plant showing the gravel "bed 
p r e - f i l t e r and the dual mediajj 
f i l t e r bed, a 
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samples were measured after every hour with an Aplab -

turbidimeter. Both head loss and turbidity measurements 

were conducted after every hour. 

6.2.4 Cleaning of the Gravel bed Prefilter and 
Measurement of Sludge Volume : 

At the end of each run the inlet valve was closed. 

The sludge settled at the top of the gravel bed was taken 

out from the special outlet provided at the top of the 

gravel bed till clean water was observed from the outlet. 

Then the sludge outlet valve at the top was closed and the 

sludge outlet valve at the bottom was opened to drain the 

sludge accumulated in the gravel bed by gravity flushing 

out action. To remove' all the accumulated sludge the 

gravel bed was drained twice by filling the bed again from 

the tap water. In addition to this, back wash was given 

at the end of day's work to remove all the remaining 

sludge. It was observed that most of the sludge in the 

gravel bed was removed by the two sludge draining opera­

tions and there was negligible sludge to be removed by 

back wash. The sludge accumulated in the gravel bed 

during each run was measured with the glass measuring 

cylinders, as explained in the chapter 4. 

6.2.5 Cleaning of the Dual Media Filter Bed and 
Measurement of the Sludge Volume : 

For cleaning the dual media filter unit, after 

closing the outlet valve, the back wash valve was opened 

so as to give about 30?S expansion of the filter media. 

The washing and the sludge measurement process was ado­

pted as explained in the chapter 5 of this thesis. 



6.2.6 Hydraulic Design of the Ramtek Type P i l o t 
Plant : 

a) Gravel bed p r e f i l t e r : one u n i t , 

i ) Size of bed = 9.5 x 9.5 = 90.0 cm2 

i i ) Depth of gravels = 155 cm 

i i i ) Water depth a t the top = 90 cm 

iv) Total volume of gravel bed = 13,950 ml 

v) Actual volume of water up to the 
top of the gravel bed = 6,000 ml 

v i ) Actual volume of gravels = 7,950 ml 

( in wet condi t ions) 

Porosi ty = 43 1» 

Number of gravels in t h e bed = 8,460 

Mean d i a of the gravels = 1.47 cm 
2 

Surface area of the gravels = 5.43 m 
assuming spe r i ca l shape. 

2 
Loading on the gravel bed = 7,150 1/m / h r 
Flow r a t e on the bed = _7±1_50_x_90_ 

100 x 100 
= 64.35 l i t / h r 

or 1 ,060 ml r»er min. 

x i i i ) Volumetric loading on the = §^*,^5jx.mm]m00 
gravel bed. ~~7 3^950 

= 4,600 l /m 5 /h r 

xiv) Detention period in the = 6000 x_60 
gravel bed. S4T35 x'ToOO 

= 6 . 0 min. 

b) Dual media f i l t e r bed : one u n i t . 

i ) Size of bed = 9 . 5 x 9.5 = 90.00 cm2 

i i ) Plow r a t e on the bed = 64.34 l i t / h r . 

(same as above) 

i i i ) Surface loading on the bed = 7,150 l/m / h r . 

iv) Depth of coconut s h e l l media = 37 cm. 
v) 

v i i ) 
• • • \ 

i x ) 

x ) 

x i ) 

x i i ) 



v) 

v i ) 

vii) 

viii) 

i x ) 

x) 

x i ) 

xii) 

xiii) 

xiv) 

XV ) 

xvi) 
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Average size of coconut shell media = 1 to 2 mm 

Effective size of the media = 0.95 m 

Uniformity coefficient of the media =1.45 

Depth of fine sand media = 58 cm. 

Effective size of sand = 0.5 mis 

Uniformity coefficient =1.5 

Depth of supporting gravel bed = 20 cm 

Underdrain arrangement = perforated nozzle of 

PVC type. 

Inlet and outlet pipes = 12 m dia G.I. pipes. 

Control valves = Brass gate valves. 
Water depth over the bed = 100 cm. . 

Head loss measuring arrangements = 

Through 3 mm dia perforated probes from the top 

of the media at 15,35,45,55,75 and 95 cm . 

6.3 EXPERIMENTAL OBSERVATION j 

The purpose of this pilot plant study was to 

find out the actual performance of such pilot plant for 

the same loading rate adopted for the Ramtek treatment 

plant and to compare the performances of both the plants. 

In addition to this the removal of the sludge volume and 

the proportion of the sludge volume removed at various 

stages was alee studied on the pilot plant ae such a 

study was not possible on the Ramtek treatment plant. 

Following important observations were conducted 

for seven hours of daily working according to the faci­

lities available in the laboratory. 

6.3.1 Observations with the Normal Gravel Size s 

In the prefilter of Ramtek plant, gravel sizes of 

50 mm to 10 mm are used from bottom to the top in gradations, 

In the pilot plant first same gravel sizes were used. 
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However, the results of the settled water turbidity on the 

filter bed was more than 40 JTU for most of the period. 

Number of observations sere carried out,however only two 

sets of observations are given in the Table 6-1 for 

information. This effect was mainly due to the direct 

flow of water through the spaces between the side smooth 

perpex sheet and gravels whereas the flow through the 

gravels was negligible. This was clearly seen from the 

flow of the floe particles in the bed. This may be due 

to the less frictional resistance to the flow of water 

from the side spaces than through the gravels. This is 

one of the very important limitation of the pilot plant 

study. That is why this effect was not observed in the 

Ramtek plant even for the higher turbid raw water. Some 

times this may give wrong conclusions from the pilot plant 

studies. In the actual prototype plant the flow is dis­

tributed uniformaly as discussed latter in the chapter 7. 

In order to remove this difficulty the uniform size of 

gravels of average dia 1.47 were used as given in the 

hydraulic design calculations in the para 6.2.6 for the 

below . mentioned observations. 
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TABLE 6-1 

Pilot plant observations on Ramtek type treatment 
plant,with gravel 3ize between 30 to 10 am 

Filter Run 

Hou­
rs 
Bf ' 
Run. 

0 
1 
2 

3 
4 
5 
6 

7 

1 

' Head losses in the dual m 
1 bed at various depths (cm 
r - - - t - - - T - - T - ~ ~ 

, 15 ! 35 , 45 , 55 

1.0 
2.0 
3.0 

3.5 
5.0 
5.0 
5.0 
5.0 

Filter Run 

0 
1 

2 

3 
4 
5 

0.5 
1.0 
2.0 
2.0 

3.5 
5.0 

2 

1.5 
2.5 
3.5 
5.0 
7.0 

7.5 
8.0 
8.0 

1.0 
2.0 
3.0 

4.5 
6.0 
7.0 

4.0 
5.0 
6.0 
6.0 
7.0 
10.0 
11.0 
12.0 

2.0 
4.0 
6.0 
7.0 
10.0 
11.0 

6.0 
7.0 
8.0 
9.0 

10.0 
12.0 

12.5 
14.0 

4.0 
5.0 
8.0 

9*5 
13.0 
14.0 

edia filter 
) T 

! 75 T 95 

8.0 
9.0 
11.0 
13.0 
14.0 
15.0 

15.5 
18.0 

7.0 
8.0 

11.0 
13.0 
17.0 
18.0 

11.0 
13.0 
14.0 
15.0 

15.5 
16.0 
18.0 
20.0 

11.0 
12.0 
14.0 
17.0 
20.0 
21.0 

1 Turbidi-
1 ties. 
•Se5Et='PiIt= 
'led. fered. 
•"" ~ — i ~ "" ~ 

50 
50 
50 

35 
35 
35 
40 
40 

50 
40 
32 

35 
40 
40 

0.6 
0.6 

0.5 
0.5 
0.6 

0.6 

0.5 
0.4 

0.5 
0.5 
0.5 
0.4 
0.4 
0.3 

6 5.0 8.0 13.5 16.0 20.0 24.0 37 0.3 
7 7.0 11.0 16.0 20*0 25.0 29.0 40 0.3 

6.3.2 Pilot Plant Observations with Average 
Gravel Size 1.47 om: 

Table 6-II showing the observations taken for 

three sets of tests conducted for daily seven hours 

operation on the pilot plant are given below. Table 6-III 

showing the removal of the turbidity loads at different 

stages of the treatment plant is also given. Other 

observations carried out during these tests are also 
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shown in these tables. Number of filter runs were studied 

however the observations of three average runs are given 

in the table 6-II. 

6.3.3 Sludge Removed at Every Stage : 

The sludge in the pretreator and the tube settler 

units was removed by gravity desludging operation and the 

sludge in the wash water was collected carefully and 

measured in the measuring cylinders in the same procedure 

as given in the chapter 4. The sludge in the dual media 

filter bed was also collected from the back wash vafcor 

collected in the buckets and was measured .Table 6-IV shows 

the actual sludge collected from the two units along 

with the percentage removal of the same. 

6.3.4 Bacteriological Observations 1 

The b a c t e r i o l o g i c a l observat ions of the raw 

s e t t l e d and f i l t e r e d water samples were carr ied out a t 

the end of day 's work. The r e s u l t s of the same are given 

in the Table 6-V. 
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TABLE 6-1I 

Pilot plant observations on Eamtek type treatment 

plant with average gravel size of 1.47 cm 

Filter Run 1 
— — _ - _ — — — — — — — — — — — — — _ — _ — —' — — — — — — 

Hour1 Head losses in the dua l media f i l t e r 'Turb id i t i e s 
s o f bed a t var ious depths (cm) ' 
r u n . - - - - - - - - • - _ - - - . 

• • • ' t i 'Sett-'Filte-
, 15 , 35 , 45 , 55 , 75 , 95 ,led# ,red< 

- - J . - _ J L . - _ _ » _ _ _ X _ _ - « - _ - J. _-_ _ - « _ - -

0 1.0 2.5 4.5 6.0 10.0 13.0 

1 2.0 3.0 5.5 7.0 10.5 14.0 18 0.5 

2 3.0 4.5 6.0 8.5 12.5 15.0 19 0.4 

3 3.5 5.5 8.0 10.0 14.0 17.0 18 0.4 

4 4.0 6.0 9.0 11.0 15.0 19.0 20 0.4 

5 4.5 6.5 11.0 13.0 17.0 21.0 22 0.4 

6 5.0 8.5 13.0 15.0 19.0 22.5 23 0.4 

7 5.5 9.0 13.5 15.5 20.0 23.5 25 0.4 

Filter Run 2 

0 

1 

2 

3 

4 

5 
6 

7 

Filte 

0 

1 

2 

3 

4 

5 
6 

7 

0.5 
1.0 

1*5 
2.0 

3.0 

4.0 

4.5 
5.0 

r Run 

0.5 

1.0 

1.5 

1.5 
2.0 

2.5 

3.0 

4.0 

2.0 

2.5 

2.5 
3.0 

5.0 

6.0 

6.5 
7.0 

3 

2.0 

2.5 
3.0 

4.5 

5.5 

6.5 
8.0 

9.0 

3.0 

3.5 
4.0 

5.5 

6.5 
10.0 

11.0 

11.5 

3.5 
4.0 

5.5 
7.0 

8.0 

10.0 

11.0 

12.0 

4.5 
5.0 

5.5 

7.5 
9.0 

12.5 
13.0 

13.5 

6*0 

7.0 

10.0 

11.0 

12.5 
14.0 

15.5 

17.5 

7.5 
8.0 

8.5 

10.5 

11.5 
16.0 

17.0 

18.0 

11 .0 

12.0 

14.0 

16.5 

17.5 
20.6 

21 .0 

23.5 

10.0 

11 .0 

12.0 

13.5 
15.0 

19.0 

20.0 

21.0 

14.0 

16.0 

19.5 

21 .0 

22.0 

26.0 

27.0 

29.0 

— 

30 

30 

30 

25 
20 

20 

20 

— 

20 

20 

19 
18 

18 

18 

18 

— 

0.8 

0.5 

0.5 

0.4 

0.4 

0.4 

0.4 

_ 

0.5 

0.5 

0.4 

0.4 

0.4 

0.4 

0.4 

http://--J.-_JL.-_
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TABLE 6-III 

Turbidity removal 

Filter1 Pretreatment._ 

JT ,Haw water' Settled x% removal 
, |; water 
j. _JTU j. _JTU_ 

Filtration. 

J. 

Filtered,$ Removal 
water , 
JTU 

1 

2 

3 

100 

100 

100 

20.7 
25 .0 

21.3 

79.3 
75 .0 

78 .7 

0.41 
0.50 

0.50 

20.29 

24.50 

20.80 

Average t u r b i d i t y removal : 

1 . During p r e t r e a t m e n t : 77.66 % 

2 . During f i l t r a t i o n : 21.86 $> 

TABLE 6-IV 
Sludge removed in the p i l o t p l a n t s t u d y . 

F i l - 1 Volume of s ludge removed i n ml. 
t e r ' 
Run T " r, Z ~ ~ T " ~® ~ ~ 

*fo of s ludge 
' r emoval . 

~ i - - - - , -

From 
' t o p 
J. - -

From 
•bottom1 

f i 

Tota l i t e r 
• bed. 

1 

2 

3 

100 

150 

210 

1120 

1180 

1140 

1220 

1330 

1350 

690 

720 

860 

»'volume »ator» 
' '.bed. 

bed. 

1910 

2050 

2210 

63.87 
64.87 
61.10 

36 .13 
35 .13 
38 .90 

Aver­
age r 153 1146 1300 756 2057 63.28 36.72 
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TABLE 6-V 

Bacteriological observations (MPN) 
- _ - _ _ 

Fil-,Bacteriological observations. '% removal of 
t e r a _ _ _ _ _ _ _ ' coliform by_ _ _ _ 
^ ,'Raw water 8 Se t t led .F i l t e red , Pre t r e a t - . F i l t e r 

* • { water. {water. 'caent. { ed. 
_ - J _ _ _ - _ • _ _ „ _ - X _ _ _ _ J _ - _ _ J _ _ - - _ 

1 1.5 x 10 3 110 0 92.66 7.34 

2 9.3 x 10 2 230 36 75.27 20.86 

3 4 .6 x 10 4 2 .4 x 104 750 43-48 54.89 

Average reduction in coliform by : 
1 . P r e t r e a t m e n t : 70 .47 f<> 
2 . F i l t r a t i o n : 27.70 # 

6.4 DISCUSSION OH THE OBSERVATIONS ON THE RAMTEK 
TYPE PILOT PLANT STUDY. 

6 .4 .1 Head Loss Observa t ions t 

i ) Gravel bed p r e f i l t e r : The head l o s s i n t h e g r a v e l 

bed p r e f i l t e r was observed from 2 t o 3 cm th rough ou t 

t h e runs and hence t h e s e a r e no t i nc luded in t h e o b s e r ­

v a t i o n s . At t h e end of d a y ' s run t h e g r a v e l bed p r e f i l t e r 

was d ra ined f o r g r a v i t y f l u s h i n g ou t a c t i o n when a l l t h e 

s ludge was seen t o be comple te ly removed. To c o l l e c t a l l 

t h e s ludge t h e g r a v e l bed p r e f i l t e r was d ra ined tw ice 

a f t e r r e f i l l i n g wi th wa te r . At t h e end, backwash was 

g iven t o see i f t h e r e i s any remain ing s l u d g e , however 

i t was observed t h e r e was p r a c t i c a l l y no s ludge remained 

a f t e r c a r r y i n g ou t two g r a v i t y d r a i n i n g o p e r a t i o n s . 

Normally one o p e r a t i o n of d r a i n i n g a t t h e end 

of d a y ' s run may be adequate i n a p r o t o t y p e p l a n t , when 

a f u l l back wash c a n be g iven one3 a week, so as to have 

e f f e c t i v e c l e a n i n g of the gravej . "bed p r e f i l b e r . Such 
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procedure has been already followed at the Ramtek and 

other treatment plants and was found to be effective. 

ii) Dual media filter bed : From the headloss obser­

vations at various depths in the dual media filter bed it 

can be seen that the head loss in the crushed coconut 

shell media was between 30 to 40 fo of the total head losel 

developed. It can also be seen that there is marked 

increase in the head loss between 35 to 45 cm depth, whihh 

is the top layer of the fine sand below the coconut shell 

media. The head losses in the sand depths at 55,75, and 

95 cms also show the steep rise in the development of 

head loss. 

6.4.2 Turbidity Observations : 

i) Pretreatment : From the turbidity observations it 

is seen that the settled water turbidity was generally 

below 30 JTU. During the beginning of the plant the 

turbidity was slightly more and the reason for this may 

be the time required for the creation of the floe blanket 

in the gravel bed prefilter. This was clearly visible 

from the sides of the transparent model. The flexible 

sludge blanket thus created in between the voids of the 

gravels accelerates the flocculation process in the bed 

as there is continuous remixing of the floe particles 

along with the water flow in the upward direction. Thus 

the micro-floc particles created in the mixing channel, 

go on increasing progressively due to the increased 

contacts and remixing action in the bed and when the 

floe particles come out at the top of the gravel bed 

thcrre is sudden drop in the velocity of flow of water due 
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to the increased cross section area and there is a tenden­

cy for settling of the heavier floe particles. Thus a 

sludge blanket is created at the top of the bed and this 

blanket further accelerates the flocculation action by-

creating more surface contacts. The depth of the sludge 

blanket thus formed at the top of the gravel bed is requi­

red to be controlled by draining portion of the sludge 

through the sludge draining out let pipe provided just at 

the top of the gravel bed. There is further drop in the 

velocity at the gutter level which further accelerates the 

settlement action for the floe particles. The settled 

water thus flows above the gutter level to the dual media 

filter bed. The comparative observations in the removal 

of turbidity load are given in the Table 6-III. From 

this Table it is seen that the turbidity load removed 

during the pretreatment was about 78% while that during 

the filtration was about 22%. 

The Eamtek filter is mainly designed for the 

treatment of low turbidity raw waters and turbidity of 

100 to 500 units may come only for short periods during 

the beginning of the rainy season. Thus- the removal of 

such turbidity load has been found to be very satisfactory 

by the simple gravel bed prefilter provided in the Ramtek 

treatment plant design. The results of the profilter at 

Ramtek plant in the removal of the turbidity is far super­

ior to the pilot plant results as given above due to the 

limitations in the pilot plant design and this aspect is 

fully discussed in the chapter 7. 

ii) Filtration ; When the settled water turbidity 
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was in the range of 20 to 30 units, the filtered water 

turbidity was below one JTU. Here also the turbidity-

removal efficiency was increased after a period of two to 

three hours and the reasons for this are discussed in 

details in the chapter 5. The main reason for providing 

the dual media filter bed after the gravel bed prefilter 

is to share more load by the filter bed as the pre-treat-

ment provided in this system is some what of lower effi­

ciency purposely, to make the design as simple as possible. 

This aspect is fully discussed in the chapters 3 and 7 

of this thesis. 

6.4.3 Sludge Removal : 

The sludge from the gravel bed prefilter and the 

dual media filter units was collected separately as dis­

cussed in details in the chapters 4 and 5 of this thesis. 

The sludge from the top of the gravel bed was removed 

separately at the end of each run so as to observe the 

percentage of sludge removed in the pretreatment. Further 

this sludge is generally removed during the running of 

the plant, when the turbidity of the raw water is on the 

higher side. 

The sludge removed from the prefilter and filter 

units is shown in the Table 6-IV. Prom the results 

given in this table it is seen that the average percen­

tage of sludge removed from the gravel bed prefilter was 

about 63$ while the sludge from the dual media filter 

bed was about 37%. Further the sludge removed from the 

top of the gravel bed was about 10$ of the sludge removed 

from the prefilter,while it is about 6$ ox the total 
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sludge removed from the plant. 

This shows that the sludge removed during the 

simple pretreatment process of gravel bed prefilter as 

provided in the Ramtek treatment process is quite satis­

factory. Prom the comparative observations of turbidity 

removal as given in the Table 6-III, it is seen that the 

turbidity removal and sludge removal observations from the 

pretreatment and filtration are fairly comparable. 

6.4.4 Bacteriological Observations : 

From the bacteriological observations as given in 

the Table 6-V, it is seen that the average reduction in 

the coliform count in the pretreatment was about 70$ while 

the same during the filtration was about 28$. This fairly 

compares with the actual plant scale performance of the 

Ramtek plant as discussed in the chapter 7 of this thesis. 

6.5 DESIGN OF THE MURBAD TYPE PILOT PLANT. 

6.5.1 Aim of Study : 

After the completion of the Ramtek plant and 

observing its actual performance the author considered 

to modify some minor design aspects of the Ramtek plant 

so as to make it adoptable for the treatment of the 

moderate turbid water sources. During the observations 

of the performance of the Ramtek plant it was noticed 

that a portion of the fine floe from the gravel bed pre­

filter was passing to the top of the dual media filter 

bed. During higher raw water turbidity this may 

increase the load on the dual media filter bed. 

In order to improve upon this aspect the author 

has designed the Murbad treatment plant. The changes 
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proposed in the Murbad design includes creation of two 

separate chambers up to the top and to collect the settled 

water from the top of the prefilter through A. C. perfor­

ated collecting pipes and to introduce the settled water 

through these pipes in the side gutter of the dual media 

filter bed. In carrying out this change it was proposed 

to provide the side slopes for the walls from the inside 

of the prefilter bed, at 60° angle above the gutter level. 

The purpose was to reduce the velocity of approach towards 

the collecting pipes for giving better settlement effect. 

However at Murbad plant this modification was not adopted 

and vertical side walls are provided. The actual plant 

performance results of the Murbad plant are discussed in 

details in the chapter 11 of this thesis. In this chapter 

the performance of the Murbad type pilot treatment plant 

is studied so as to compare the same with the performance 

of the Ramtek type pilot plant, already discussed earlier. 

6.5.2 Hydraulic Design of the Murbad Type 
Pilot Plant : 

a) Gravel bed prefilter = One unit separate from the 
dual media filter unit. 

i) Size of bed = 9.5 x 10.0 = 95.00 cm2 

ii) Depth of gravels = 170 cm 

iii) Depth of water over the bed = 60 cm 

iv) Total volume of gravel bed = 16,150 ml 

v) Actual vol. of water upto the = 6300 ml 
top of gravel bed. 

vi) Actual volume of gravels = 9850 ml 
( in wot condition) 

vii) Porosity = 39$ say 40$ 

viii) Number of gravels in the bed = 10,500 
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i x ) . Mean d i a of g r a v e l s = 1 .47 cm. 

x) Loading on the g r a v e l bed = 7 .150 1/m / h r 
(as on Ramtek t r e a t m e n t p l a n t ) 

x i ) Flow r a t e on the bed = 7,150 x 95 
~7oo"x~TocT 

= 67.90 l i t / h r . 
= 1,150 ml/Min. 

x i i ) Volumetr ic l o a d i n g on t h e = 61 L90~»x 106 

g r a v e l bed . ~~1 6̂ 1*5 0 

= 4200 1/mS/hr. 

x i i i ) De ten t ion pe r iod in t h e = 6300_x_60_ 
g r a v e l bed. 67790 

= 5.5 min. 

b) Dual media filter bed : one unit separate. 

i) Size of bed = 9.5 x 10.0 = 95 cm2 

ii) Plow rate on the bed = 67.90 lit/hr. 
(same as above) 

2 
iii) Surface loading on the bed = 7150 l/m /hr 

iv) Depth of coconut shell media = 37 cm 

v) Average size of the coconut =1 to 2 mm 
shell media. 

vi) Depth of fine sand media = 58 cm . 

vii) Effective size of sand = 0.5 mm 

viii) Uniformity coefficient = 1.5 

ix) Depth of supporting gravels = 20 cm 

x) Water depth over the bed =120 cm. 

6.6 EXPERIMENTAL OBSERVATIONS. 

Even though the Murbad treatment plant is desig­

ned for the loading of 3500 l/m2/hr the pilot plant for 

the Murbad type treatment plant was tested for the 
2 

same loading as for Ramtek plant for 7150 l/m /hr, so as 
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to compare the results of these two p i lo t plants. 

The procedure fo r the p i l o t plant study and the 

observat ions , were the same as adopted for the Ramtek 

type p i l o t p lan t study as discussed e a r l i e r in t h i s 

chapter . 

6.6.1 Head Losa and Turbidi ty Observations : 

Table 6-VT showing the observations carr ied out 

for the three se t s of t e s t s conducted for da i l y setfen 

hours operation on the p i l o t p lant are given below. 

Table 6-VTI showing the removal of the t u r b i d i t y load 

a t d i f f e r en t s tages of the t reatment p l an t i s a l so given. 

6.6.2 Sludge Removal a t Every Stage : 

The sludge load removed from the p r e f i l t e r and 

the dual media f i l t e r un i t s i s given in the Table 

6-VIII. 

6.6.3 Bacteriological Observations % 

The b a c t e r i o l o g i c a l observat ions of the raw 

s e t t l e d and f i l t e r e d water samples were carr ied out 

a t the end of day 's work. The r e s u l t s are given in the 

Table 6-IX. 
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TABLE 6-VI 

Pilot plant observations on the Murbad type 
treatment plant. 

Filter Run 1 . 
- _ J L 1 
Hou-' Head losses in the €ual media f i l te r 'Turbidities. 
rs ' bed at various depths (cm) ' 
of ' ' 
Run.1

 1 K « - » / t - ' q K » rjc ' QR 'Sett- 'Filter-
, 15 , 35 , 45 , 55 , 75 , 95 , l e d # , e d # 

- . _ T _ _ _ _ _ _ _ . . . - _ _ _ _ _ _ „ - - - _ . _ 

0 0 .0 1.0 3 .0 4 . 0 6 .0 9.0 
1 0.5 1.5 3.5 4 . 0 7 .0 10.0 40 0.5 

2 1.0 2 .0 4 . 0 4 .5 8 .0 11.0 20 0.5 

3 1.5 2.5 4 .5 6 .0 9 .0 12 .0 20 0.5 

4 2 .0 3.5 5 .0 7 .0 10.0 13-0 20 0.5 

5 3 .0 4.5 7 .0 8.5 12 .0 15.0 20 0.4 

6 4 . 0 5 .0 7.5 9.5 . 13.0 16.0 20 0.4 

7 4 .5 6.5 9 .0 11 .0 14.5 17.5 20 0.4 
Filter Run 2 

e 
1 
2 

3 
4 

5 
6 

7 

0.0 
1.0 

1.5 
2.0 

2.5 
3.5 
4.0 

4.5 

1.5 
2.0 

2.5 
3.5 
4.0 

5.5 
6.0 

6.5 

Filter Run 3 

0 

1 
2 

3 
4 
5 
6 

7 

0.0 
0.5 
1.5 
2.5 
3.5 
4.0 

4.5 
5.0 

1.0 
2.0 

3.0 
4.0 
5.0 
6.0 

6.5 
7.0 

3.0 

3.5 
4.0 

4.5 
6.0 

7.5 
8.0 
9.0 

2.0 

3.5 
4.5 
6.0 

7.5 
8.0 
10.0 

10.5 

4.5 
5.0 

5.5 
6.0 
8.0 

9.5 
10.0 

11.0 

3.0 
5.0 

6.5 
7.0 
9.0 
10.0 

11.5 
12.5 

7.5 
8.5 
9.0 

9.5 
11.0 

12.5 
13.0 
16.0 

7.0 
8.0 

10.5 
11.5 
12.5 
14.5 
15.5 
16.0 

11.0 

11.5 
12.0 

12.5 
13.5 
16.0 
17.0 
19,0 

9.0 
10.0 
13.0 
14.0 

15.5 
17.0 

18.5 
19.0 

— 

25 
30 

25 
25 
20 
40 
70 

-

40 

35 
40 
40 

35 
35 
35 

— 

0.5 
0,5 
0.4 
0.4 

0.4 
0.5 
0.6 

-

0.5 
0.5 
0.4 
0.4 
0.5 
0.5 
0.5 
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TABLE 6-VII 

Turbidity removal. 

Filter1 Pretreatment. * Filtration. 
Run + T T - * T -
jf0# i Raw .Settled , % Remo- t Filtered, % Removal 

t water t water i val. i water i 
. JTU , JTU » i JTU ' 

- _ _ . , „ x J. 
1 100 22.85 77.15 0.46 22.39 
2 100 33.60 66 .40 0.50 33-10 
3 100 37.14 62.86 0 .50 36.64 

Average t u r b i d i t y removal : 
1. During p r e t r o a t m e n t : 68.80 ft 

2 . During f i l t r a t i o n : 30.71 % 

TABLE 6-VII I 
Sludge Removal in the pilot plant study. 

A * 
F i l t e r 1 Volume of s ludge removed ' % of s ludge 
Run ' in ml. ' removal . 
l-°' JFrom bot tA F i l t e r » T o t a l j F r e f i l - • F i l t e r 

,om of g r a 1 bed. { volume. , t e r b e d . 1 bed . 
, v e l bed. ' , , • 

1 . 1850 465 2315 79.90 20 .10 
2 . 1 7 1 0 950 2660 64,28 35.72 

3 1430 820 2250 63.55 36 .45 

Average 1663. 745 2408 69.24 30 .76 
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TABLE 6-IX 

Bacteriological observations (MPN) 
- J . . . _ _ _ _ _ _ _ « _ _ _ - -

F i l t e r » B a c t e r i o l o g i c a l o b s e r v a t i o n s . ' ft removal of 
Run • ' co l i fo rm by_ 
N o # 1 Raw wate r ' S e t t l e d ' F i l t e r - ! P r e t r e a - ' F i l t r a -

, ' wa te r . 'ed wat -1 tment . ' t i o n . 
i i i e r > i t 

- - _ _ _ _ _ - _ _ > _ _ _ _ _ _ _ - - - ' - _ _ _ _ » - _ _ _ -

1 4 .6 x 103 230 0 95.00 5-00 

2 1.5 x 10 2 73 0 51.34 48.66 

3 2.4 x 10 4 2400 0 90.00 10.00 

Average r e d u c t i o n i n co l i fo rm by ; 

1. P r e t r e a t m e n t : 78 .78 i» 
2 . F i l t r a t i o n : 21.22 # 

6 .7 DISCUSSION ON THE OBSERVATIONS ON THE 
MURBAD TYPE PILOT PLANT STUDY. 

6 .7 .1 Gravel Be_ P r e f i l t e r s 

The t u r b i d i t y o b s e r v a t i o n s of t h e s e t t l e d wate r 

show t h e average removal of 69?<> and t h e normal s e t t l e d 

wa te r t u r b i d i t y was i n the range of 20 t o 35 JTU. As 

compared wi th the r e s u l t s of t h e Ramtek p i l o t p l a n t , t h e 

t u r b i d i t y removal of Ramtek p i l o t p l a n t was b e t t e r t han 

jyhat of the-Murbad p i l o t p l a n t , The reason f o r t h i s may 

be, t he more r e d u c t i o n i n the upward v e l o c i t y a t t h e 

g u t t e r l e v e l i n t h e Ramtek p l a n t a s bo th t h e u n i t s a r e 

combined , 'w i th s u r f a c e a r e a s of bo th the u n i t s a v a i l a b l e 

a t t he g u t t e r l e v e l . While i n the case of Murbad p i l o t 

p l a n t two u n i t s were s e p a r a t e and only a r e a of p r e f i l t e r 

i s a v a i l a b l e a t t h e o u t l e t l e v e l a t t h e t o p . Hence the 

upward v e l o c i t y i s more than t h a t in t h e Ramtek p l a n t 

and hence t h e t u r b i d i t y removal i h Murbad P i l o t p l a n t 
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was on the lower side. 

It is for this reason that the author proposes to 

provide slant side walls at about 60° angle so as to 

increase the surface area progressively as the water flows 

towards the perforated collecting pipes. Such a treatment 

plant has "been constructed for the water supply to the 

colony of the Kandla Port Trust, near Jainnagar in the 

Gujrat State, The author feels that the actual turbidity 

removal of such a plant with slant side walls may be 

considerably improved even for moderate turbid raw water 

Bouroes. However it is proposed to design such plants 

generally for the surface loading of 5000 l/m /hr and only 

where the raw water turbidity is very low as at Ramtek, 

the loading may be adopted upto 7000 l/m /hr. 

Regarding the sludge removal from the prefilter, 

the Murbad type pilot plant showed about 70% sludge 

removal, as against 63% in the case of the Ramtek type 

pilot plant. The increase in the sludge removal in the 

Murbad type plant may be due to the increased volume of 

the gravel bed and more storage capacity for sludge as 

compared to the Ramtek type pilot plant. For the same 

volume of gravels, the results may be similar to that 

of the turbidity removal as discussed above. Arrangement 

for the sludge removal from the top of the actual gravel 

bed of the Murbad plant is not made and hence in the 

pilot plant also it was not made. 

6.7.2 Dual Media Filter Bed : 

The dual media filter bed is similar in both 

the Murbad and Ramtek type pilot plants, and hence the 



6-23 

turbidity removal in the dual media filter bed is equally-

efficient. The effluent turbidity was generally within 

0.5 JTU. However as the sludge storage capacity was more 

in the prefilter of the Murbad type pilot plant the sludge 

removal was about 30$ which is somewhat lower than that in 

the case of the Ramtek pilot plant where the sludge removal 

was about 37$. In both the Murbad and Ramtek type treat­

ment plants even though the dual media filter bed is not 

a necessity, it is recommended to improve the general 

plant performance as discussed in details in the chapters 

5 and 7 of this thesis. 

6.7.3 Bacteriological Observations : 

From the bacteriological observations as given in 

the Table, 6-VIII, it is seen that the average reduction 

in the coliform count in the prefilter was about 79$ while 

the same during the filtration was about 21$. The coli­

form removal in the prefilter in Murbad pilot plant was 

somewhat better as compared to the same in the prefilter 

of the Ramtek pilot plant. This may be due to the more 

volume of gravel bed in the Murbad pilot plant cs 

discussed above. 

6.8 GENERAL CONCLUSIONS. 

i) Frpm the study on the Ramtek type pilot plant, it 

is obSQryed that such ft complete treatment unit may be a 

possible solution for adopting the design for the small 

qapacity water treatment plants for the treatment of low 

tepidity water sources, 

il) The gravel /bed* prefilter may be a possible 
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solution to replace the conventional pretreatment process 

for the treatment of low turbidity raw water sources 

for small capacity plants, 

iii) The dual media filter bed is not a necessity in 

such units after gravel bed prefilter, however it is 

recommended for economy in the wash water use and general 

improvement in the treatment process. It will be specia­

lly useful to absorb the occasional loads of turbidities 

in the raw water. 

iv) There is limitation in the use of the size of 

gravels in the pilot plant studies, as there is short 

circulation of water flow from the sides of the pilot 

plant. The smaller size gravels of about 10 to 15 mm dia. 

may give comparable results. 

v) The study of the Murbad type pilot plant with 

separate chambers did not show special advantage over 

the combined units in the Ramtek plant. However with 

slant side walls to provide increasing surface area in 

the settling zone at the top of the prefilter, it may be 

possible to treat moderately turbid water sources by 

adopting surface loadings from 5000 to 7000 1/m /hr. 

«o0o-



CHAPTER 7 

DESIGN AND EXPERIMENTAL OBSERVATIONS 

OP THE RAMTEK TREATMENT PLANT. 

7.1 INTRODUCTION. 

Ramtek is situated about 50 km from the Nagpur 

city on the National Highway 6 and is a famous prilgrim 

centre. The temples on the Ramgiri hillock near Ramtek 

are visited by more than a lakh of pilgrims during each 

fair season. Recently 'Kalidas Smark' has been constru­

cted on this hillock, which is also an additional attra­

ction for the visitors. 

The present population of the Ramtek town is about 

13»000 souls and the water supply scheme has been designed 

for 20,000 souls at the rate of 112 lit/head/day. The 

capacity of the filter plant is 2.4 mid (0.53 mgd) with the 

hourly pumping rate of 1,00,000 lit/hr. The source of 

the water supply is the Ramsagar irrigation tank near 

Ramtek. 

Raw water for the water supply scheme is drawn 

from the main canal at about 500 m. down stream of the 

earthen dam and is then pumped to the hillock near Ambala 

village about three km. away, where the treatment works 

and ground service reservoir are situated. Filtered 

water is supplied by gravity from this reservoir to the 

Ramtek town. 

The Ramtek water supply scheme was undertaken as 

a State Government Scheme which was estimated to the 

cost of Rs. 20,71 >370/- gross. The original scheme was 

comprised of construction of a rectangular settling tank 
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raw water pump house,pressure filters, pure water pump 

house, pumping main, ground service reservoir and distri­

bution system. The tendered cost for the construction erf? 

the rectangular settling tank in the year 1971, was seen 

to be 75$ higher than the estimated cost of Rs. 1,12,840/-. 

Considering the cost of pressure filters the total cost 

of the treatment plant would have gone above Rs. 4.0 lakhs. 

The oost of construction of a conventional treatment 

plants of 2.40 mid (0.53 mgd) capacity during the year 

1972-73 in the Vidarbha region of the Maharashtra State 

was between 4.5 and 5.0 lakhs rupees. 

Considering the lake water quality of average 

low turbidity nature, the author has submitted an alter­

native design of an unconventional high rate simplified 

treatment plant consisting of two units of gravel bed 

prefilters and two units of dual media filter beds, 

estimated to the cost of Rs. 1,25,000/-. Table 7-1 

showing the tendered costs received for the conventional 

treatment plants for the small capacity treatment plants 

in the year 1971-72 in the Vidarbha region along with the 

actual cost of construction of Ramtek filter Is enclosed 

at the end for ready reference. Prom this table it can 

be seen that the cost of Ramtek filter was about 1/4 of 

the cost of a conventional treatment plant of the same 

capacity. 

The then Chief Engineer (Puhlic Health) and 

Joint Secretary to the Govt, of Maharashtra, has approved 

this new design and the author constructed tbs Ramtek 

plant within a period of six months in the year 1972-73 
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and the plant was put into commission from the March 1973. 

The details of the design and preliminary observations 

and further one year observations on the Eamtek filter 

are given in the papers (27)(28) presented by the 

author before the annual conventions of the Indian Water 

Works Association in the years 1974 and 1976 respectively. 

Copies of these papers are enclosed in the Appendix~D. 

7.2 QUALITY OF THE RAW WATER SOURCE. 

T he Ramsagar i r r i g a t i o n t ank i s t h e source of 

the wa te r supply scheme and the raw w a t e r i s pumped from 

t h e cana l j u s t down s t ream of t h e dam t o the t r e a t m e n t 

s i t e . A few r e s u l t s of chemical a n a l y s i s of the raw 

*,c~ik.v'- water samples are given in the Table 7-II, while 

the Bacteriological analysis results are given in the 

Table 7-III to get the general idea of the changes in 

the quality. 

From this data i t will be seen that the quality 

of the raw water source at Ramtek represents the category 

I, viz. : raw water of low turbidity and low pollution,as 

discussed <*<iosj»6*' in the chapter 1 of this thesis. The 

Ramtek fi l ter is mainly designed to treat this type of 

raw water sources. 

7 . 3 THE DESIGN OF THE REMTEK TREATMENT PLANT. 

Following units are provided in the design of the 

Ramtek treatment plant, 

i) Mixing Channel. 

ii) Graved bed prefilter units. 

iii) Dual media filter units, 

iv) Disinfection arrangements. 
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The details of the various dimensions for the 

Ramtek filter are shown in the drawing K-1 enclosed at the 

end of this chapter. The detailed design calculations 

are given in the Table 7-IV. The important design aspects 

of the main units are discussed below. 

7.4 MIXING CHANHEL. 

The simple way to provide assured mixing for such 

small capacity plants is by the baffled mixing channel. 

Various references for its design are given in the 

chapter 2. 

The baffled mixing channel is provided on the two 

side walls of the treatment plant. The channel side walls 

of 23 cm thickness are provided for 0.5 m height. The 

baffles of Shababad stone tiles are fixed in these side 

walls at one metre centre to centre in the staggered way 

to accelerate the mixing of the chemical dose. 

The length of the channel is about 16.0 m while 

the clear width from the inside is 0.64 m. The bed slope 

of 20 cm is given in three steps in the bottom concrete 

of this channel. This bed slope is important and the 

drop in the channel of minimum 15 cm to 30 cm is desirable 

to give proper mixing in the channel and to avoid flood­

ing at the inlet end due to the head loss in the channel. 

The detention period in the mixing channel is about one 

minute. The alum solution and dosing tanks are provided 

on the top of the side wall of the filter unit at the 

inlet and side, as shown in the drawing. 
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7 .5 GRAVEL BED PREFILTER UMTS. 

7 .5 .1 Design Aspec ts : 

The p l a n t i s devided by t h e c e n t r a l w a l l i n - t o 

two compartments. Each compartment has one g r a v e l bed 

p r e f i l t e r u n i t and one dua l media f i l t e r u n i t . Both t h e 

p r e f i l t e r u n i t s a r e of the same s i z e and d e r a i l s f o r one 

u n i t a r e g iven below. 

The l e n g t h and width of each g r a v e l bed i s 3 .5 m 

x 2 . 0 m, wi th t h e dep th of 2 .0 m up to the top of t h e wash 

wa te r g u t t e r l e v e l . At t h e bottom of t h e bed , c e n t r a l 

M.S. manifold of 300 x 200 mm. s i z e and p e r f o r a t e d l a t e r a l s 

of 50 mm G . I . p i p e s a r e provided a t 20 cm c e n t r e s on bo th 

t h e s i d e s of t h e mani fo ld . The p e r f o r a t i o n s of 6 ram d i a 

h o l e s are provided a t 50 ram c e n t r e t o c e n t r e a t 90° a n g l e 

i n t h e s t a g g e r e d p o s i t i o n s a t t h e bottom s i d e s of t h e 

l a t e r a l s . The manifold and l a t e r a l s were f a b r i c a t e d o u t ­

s i d e and were t h e n f ixed i n t h e hot tom of t h e b e d s . 

Manifold i s f i xed i n the bottom conc re t e i n such a way 

t h a t only 10 cm por t ionwas k e p t over t h e bed, i n which 

s i d e l a t e r a l s were f ixed by we ld ing c o l l e r s t o t h e mani­

f o l d . 

7 .5»2 Gravel S ize and Depth : 

The g r a v e l s of rounded shape and of 50 mm t o 10 IBID 

s i z e were provided f o r 1 .70 m dep th over t h e bed and 

keep ing 0.30 m c l e a r space a t t h e t o p f o r f l o e c o l l e c t i o n 

and wi thdrawal . I t was d i f f i c u l t t o ge t t he g r a v e l s of 

uniform s i z e and hence a l l t h e g r a v e l s were s o r t e d i n t o 

four s i z e s and wore then provided as shown in t h e 

drawing K-1 . 
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7.5.3 Floe Draining Arrangements i 

At the top of the gravel "bed, sludge draining per­

forated pipe assembly is provided. One 75 mm dia pipe with 

side perforated laterals of 50 m dia and with 10 mo dia 

perforations were provided at 50 ma centres on the "both 

sides at the centre for draining out the sludge collected 

at the top by hydrostatic pressure. The outlet valve for 

the sludge draining arrangement is provided in the control 

room of the filter, (The filter operator can operate this 

valve periodically by visually observing the colour of the 

flow of the sludge through the same. This has to be 

operated mainly in the rainy season when the turbidity is 

high and so the sludge collection is also high at the top 

of the gravel bed. 

7.5.4 The Direction of Flow s 

The direction of flow in the gravel bed is upward 

and the settled water from the top is taken on the dual 

media filter bed. Wash water gutters are provided 30 cm 

above the gravel bed top, on all the four sides. 

7.5.5 Cleaning : 

The cleaning of the gravel bed is possible by 

introducing back wash flow as given to a rapid sand filter 

bed. Cleaning is also possible by gravity flushing out 

action of the gravel bed with the water stored on the top 

of the filter beds, through the under drain system. This 

can be done by opening the 'outlet valve and taking the 

wash water to the waste with the arrangements provided 

for the same. However for periodic effective cleaning, 

back wash arrangement is provided. 



PHOT OPIATE 7-1 

TOP 

View of the Ramtek 
[treatment plant„ with 
I wash water tank at the 
left from the top of the 
hillock. 

MIDDLE 
Bottom view of t h e d u a l 
media f i l t e r bed showing 
under d r a inage sys tem and 
s u p p o r t i n g g r a v e l bed undei 
f i l l i n g opera t ion, , 

BOTTOM 
Crushed coconut shell medial 
from bags is being placed 
in the dual media filter 
bed. 
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7.5.6 Theory Behind the Gravel Bed Prefliter : 

The prefilter bed in this unit has bSen provided 

in place of the conventional flocculation and settling 

tank* The graded gravel bed acts as an accelerated 

flocculation unit in which there is ideal condition for 

continuous remixing of the water in the upward direction. 

When the raw water after mixing of the alum dose in the 

baffled mixing channel, is introduced at the bottom of the 

gravel bed, through the under drain system, the fine 

microfloc in the water is continuously mixed around the 

numerous passages around the rounded gravels provided in 

this bed. The surface area provided by these gravels 

accelerates the flocculation action in these conditions. 

The velocity through these numerous passages may be two 

to three times the flow through velocity of 7 m/ hr. just 

at the top of the gravel bed. In this condition most of 

the floe particles when reached to the surface of the 

bed drop down, when there is sudden drop in the velocity. 

Further at the gutter level there is further sudden drop 

in velocity to about 3 m/ hr, and the re is further drop 

down of the remaining floe in the water flowing in the 

upward direction. Thus most of the floe settles down on 

the gravel bed and only the fine floe particles are 

carried further on the dual media filter bed. 

In order to absorb somewlaat higher floe load, as 

compared to a clarified water through a convention pre-

treatment works, the filter unit provided here is of 

the dual media type with a layer of coarse media of 

crushed coconut shell al the *op of the fine sand media. 
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The normal rapid sand filter may get clogged up in a short 

time with such a type of settled water and it is for this 

reason the dual media filter bed is provided after the 

gravel bed prefilter unit. 

The author considers that the idea of gravel bed 

prefilter as adopted in the Ramtek plant may be a new 

concept in the field of filtration. IXie to this new 

concept only, it was possible to design such a "Complete 

filtration plant" at Ramtek. However further research on 

this new process is necessary so as to evaluate its most 

economical use in the field of filtration. 

7.6 DUAL MEDIA FILTER BEDS. 

7.6.1 Design Aspects : 

As explained in the earlier para there are two 

units of dual media filter beds in the two compartments 

of this treatment plant. The settled water from the pre­

filter bed is introduced from the top on this bed and the 

direction of floe is downward as in a rapid sand filter 

bed. 

The leggth and width of each bed is 3.5 m x 2.0 m, 

with the depth of 2*0 m upto the wash water gutter level. 

The size is the same as provided for the gravel bed pre­

filter units. At the bottom of the bed the under drain 

arrangements are provided in the same way as described in 

details under the earlier1 para for .prefilter bed design. 

7.6.2 Filter Media : 

The filter media consists of crushed coconut 

shell coarse media of 35 cm depth over the fine sand 
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media of 55 cm depth. This media is supported at the 

bottom by a graded gravel bed of 50 cm thickness over the 

under drainage system at the bottom. The effective size 

and the uniformity coefficient of the crushed coconut 

shell media are 1.45 mm and 1.47 respectively, while for 

the fine sand media, the valves are 0.45 mm and 1.5 

respectively. 

The area of each bed is 7.0 sq.m. and the rate of 

flow during filtration is 7,150 l/m /hr for the hourly 

pumping rate of 1,00,000 lit/hr and the plant capacity of 

2,4 mid. The other design details are shown in the 

Table 7-IV. 

7.6.3 Washing of Filter Beds : 

The washing arrangement is provided by a high 

velocity hard back wash. Desired expansion of both the 

media is achieved between 30$ to 50$ during the back 

washing. The filter bed gets clean effectively during 

this back wash within about 6 to 7 minutes time. This 

can be seen from the initial head loss observations, when 

the filter bed is again put into operation. A masonry 

wash water tank of 50,000 lit. capacity is provided near 

the filter plant for this purpose. The back wash is givan 

when either the head loss is reached to its limiting " 

value of 2.0 metres or there is break-through and the 

turbidity of the effluent is seen above one unit. 

7.6.4 Bate Control. 

The rate of flow through the filter bed is 

controlled by a manually operated sluice valve and the 

operator can control the rate by watching the flow over 
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a •V notch in a separate chamber provided in the control 

room as shown in the drawing K-1. There is arrangement 

for adjusting any flow from any of the two beds by adju­

sting the outlet control valves. All the piping is of 

cast iron of dia 225 and 250 mm as per availability at 

the time of construction. The filtered water is disin­

fected with a dose of liquid chlorine in the outlet 

control chamber and then the water is stored in the ground 

service reservoir just by the side of the control room, 

from where it is supplied to the town. As the automatic 

rate controlling arrangements are very costly for such 

small capacity plants, these have not been provided. 

7.6.5 Head Loss Measuring Arrangements : 

The head loss measuring arrangements are provided 

by plastic tubing showing water levels in the filter bed 

and before the outlet control valve. In addition to 

these, perforated pipe probes are provided at various 

depths in the filter media as shown in the figure 7-1 

for observing the head losses at various depths in the 

filter media. All these observation tubes are fixed on 

the outside wall of the filter bed in the control room. 

7.6.6 The Theory behind the Dual Media Filter Bed : 

The theoretical aspects in the design of dual 

and multi-media filter beds are now well accepted and 

important theoretical aspects are discussed in the chap­

ter 2, from the various references from the literature. 

The principal advantage in the dual and multi­

media filter beds with the use of coarse size media at 

the top of fine sand media, is the increase in the 
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sludge storage capacity in the filter bed itself and 

there by distributing the head loss uniformly in the filt­

er bed. Due to this advantage either the length of the 

filter run can be considerably increased or the rate of 

flow through the filter bed can be increased. 

However the new approach in adopting the dual 

media filter bed after the gravel bed prefilter unit at 

the Rgjiitek plant, is to share more load in the total 

filtration process as compared to the conventional rapid 

sand filter. In the Ramtek filter the gravel bed prefil­

ter is somewhat lower in efficiency in the removal of 

suspension load as compared to a conventional pretreat-

ment, 4nd there may be some more load of Hoc on the § 

filter bed. However this lower efficiency in the removal 

of turbidity is compensated by providing a more stable 

dual media filter bed so as to make good the total filtra 

tion process, by sharing more load by the dual media 

filter bed. 

In this respect Ives (19) in his paper on " 

"Theory of filtration " has explained the various theore­

tical aspects of the dual and multi-media filters. At 

the end of his paper he has given in the value of theory, 

the possible application of various theories for the 

future research in the field of filtration. Under the 

item 5» of this para he has stated that together with 

mathematical models of other unit processes of water 

treatment the relative role of each treatment can be 

assessed and economic load showing can be planned. As 

an example of his statement he says "should flocculation 
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sedimentation achieve most of the clarification leaving 

filtration to treat the resiuum, or should the efficiency 

of flocculation sedimentation be deliberately reduced to 

make filtration play a greater part, or can either process 

be dispensed with entirely". 

7.7 DISINFECTION ARRANGEMENTS. 

Liquid chlorine dosing equipment manufactured by 

M/s Aqua Pura Co. Poona, has been provided. This is 

simple for operation and it is provided in the control 

room just near the control chamber. Alternative arrange­

ment of bleaching powder solution and dosing arrangement 

can be provided as a stand by measure when either tbas 

liquid chlorine is not available or the dosing arrangement 

is out of order. 

7.8 COST OP THE RAMTEK PLANT. 

Actual cost of construction of the Ramtek treat­

ment plant was Rs. 1 ,25,000/- which was constructed in the 

year 1972-73. These works include following main items. 

J t e . _ — 
i) Construction of filtration 

plant as per drawing K>1. 90,000/-
ii) Construction of masonry wash 

water tank of 50,000 lit. 
capacity. 20,000/-

i i i ) Providing dupl ica te se t s of 
wash water pumping s e t s . 10 ,000 / -

iv) Aqua-pura ch lor ina t ion 
equipment. 5 ,000 / -

Net Total Rs. . . , . 1 ,25,000/-



7-13 

7 .9 APPROACH TO THE EXPERIMENTAL STUDY ON THE 
RAMTEK TREATMENT PLANT. 

The purpose of t h e o n - p l a n t expe r imen ta l s t u d y on 

t h e Ramtek t r e a t m e n t p l a n t was t o f ind out t h e a c t u a l p e r ­

formance of such a new f i l t e r u n i t f o r t he t r e a t m e n t of 

low t u r b i d i t y r^w wa te r s o u r c e s . F u r t h e r i t was a l s o 

n e c e s s a r y t o f ind out t h e a c t u a l d i f f i c u l t i e s faced i n 

t h e maintenance of such an u n c o n v e n t i o n a l t r e a t m e n t p l a n t 

so a s t o improve i t f u r t h e r . 

With t h e above mentioned purpose a l l t h e p o s s i b l e 
o 

observations at the filtration rates for 9650 l/m /hr and 

7150 l/m /hr, were carried out on the dual media filter 

bed 1 , which are given in this chapter. For want of 

proper control for the diversion of flows in the prefilter 

units the prefilter units were operated only for the rate 

of 7150 l/m /hr. The remaining flow after diverting the 

required flow from the filter bed 1v was directed through 

the dual media filter bed 2. 

- To get representative results, the desired filtra­

tion rates were continued for a long period and the obser­

vations for the same were conducted for one year for each 

rate of filtration as given in this chapter. 

These, observations include,headloss,turbidity 

bacteria removal, wash water use, the general performanceel 

of the prefilter units and the dual media filter units 

with special reference to the new filter media of crushed 

coconut shell, shich was adopted in the dual media filter 

bed for the first time in the world. 
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7.10 OBSERVATIONS ON THE RAMTEK PLANT. 

The filter bed 1 was first f*un for a filtration 
o 

rate of 9650 l/m /hr for one year period. This filter 

bed was then run for the designed rate of 7150 l/m /hr 

for one year and plant observations for both these rates 

are given in this chapter. 

7.10.1 Unexpected Conditions Due to Severe Drought 
of 1972 and Plant Observations : 

Due to the unprecedented drought in the Maharash­

tra State during the year 1972, the new filters had to be 

tried under abnormal conditions of the raw water quality. 

The Ramsagar tank, the source of water supply, was almost 

dry in the month of May 1975. The dead water in the tank, 

below the canal outlet level was required to be pumped 

into the canal and then further pumped to the treatment 

plant. The tank water some times showed green colour 

due to profuse algal growth &hd due to this unusual con-
p 

dition the filter was run at a lower rate of 2000 l/m /hr. 

Both pre and post chlorination Has adopted, and safe 

drinking water was supplied to the town. 

As it was not possible to pump tank water by the 

end of May 1973, a well was dug on the down stream side 

of the tank as a scarcity measure and highly turbid water 

(of 500 to 2000 JTU) obtained during the well sinking 

operation was pumped to the treatment plant. With the 

filtration rate of 4500 l/m /hr it was possible to obtain 

effluent of acceptable quality, with turbidity less than 

one unit. This was continued till the end of July 1973 

when the tank got replenishment due to rains* Tank water 
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was pumped to the plant from the beginning of the August 

1973. The raw water was highly turbid (500 to 1000 JTU) 

at the commencement. The turbidity was reduced below 500 

JTU from September 1973. All these observations are 

explained in details in the author's paper (27) copy of 

which is enclosed in the Appendix-D. There after when 

the filter beds were tried for higher rate of filtration 

of 9650 l/m /hr, the effluent showed higher effluent tur­

bidity above one unit in a short time. On carrying out 

further investigations about the actual sand media size, 

it was revealed that the screening of the sand media was 

not done properly and course sand media of e.s. 0.5 mm and 

uniformity coefficient of about 2.5 was actually placed 

by the contractor. Both the media were taken out and 

screened properly and the required size of media was 

replaced properly only in the filter bed 1 «. 

7.10.2 Precautions during Relaying the Media : 

During relaying of the media the depth of fine 

sand was kept as 55 cm with e.s. as 0.45 and uniformity 

coefficient as 1.40. The crushed coconut shell media 

was placed for 35 cm thickness, having effective size 

1.44 mm and u.c. as 1.47, over the sand. 

Before placing the crushed coconut shell media, 

care was taken to give 5 to 6 back washings to only fine 

sand bed and to remove the very fine sand particles hj/L 

scrapping the top of bed. This was done to avoid mixing 

of very fine sand grains with the upper coconut shell 

media as discussed in the Chapter 2. The mixing of fine 

sand in coconut shell media was also observed while taking 
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out the original media for replacing the same after proper 

screening. 

Other precaution which was taken before commencing 

the dual media filter was to soak the crushed coconut shell 

media for 24 hours in the filter bed and then to give 5 to 

6 back washes to the bed so as to remove all the fines and 

colour of the water due to the coconut shell media. 

Heavy dose of chlorine was also given for a week so as to 

treat any bacterial growth remained in the coconut shell 

media. With these precautions there was no trouble of 

taste,colour or bacterial growth in the filtered water. 

7.10.3 Trial Observation ; 

Trial observations were taken on the modified 

filter bed 1 , and it was seen that the filter can easily 
o 

take desired higher load of 9650 1/m /hr and hence the 

filter bed 1 was operated to the higher rate of filtration 

of 9650 l/m /hr from 1/5/1974 continuously for taking 

one year observations on the same. The remaining flow 

was diverted from the filter bed 2, which was not modified 

and not corrected as explained in the earlier para. The 

filter bed 1 was then run for the designed rate of filtra-

tion of 7150 l/m /hr continuously and all these observa­

tions are given in this chapter. 

7.10.4 Observations for the Filtration Rate of 

9650 l/m2/hr for One Year : 

In this study the filter bed 1 was run for a 
p 

filtration rate of 9650 l/m /hr and the actual plant 

observations are given in the Table 7-V for the period 

25/5/1974 to 30/5/1975. During this study it was not 
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possible to change the rate of flow through the prefilter 

beds and hence rate of flow through the prefilter was kept 

as 7150 l/m2/hr. 

i) Observations of Head Losses at Various Depths : 

Arrangements for measuring the head losses at 

various depths in the filter media were made by introdu­

cing perforated probes in the filter media as shown in the 

Fig. 7-1. These probes were made of perforated 12 mm dia 

G.I. pipe and wrapped by a fine brass mesh of size smaller 

than 0.3 mm so. as to avoid choking by sand particles. 

These probes were introduced 30 cm in-side the bed at 

various depths. These probes were washed by flushing out 

the water inside the bed for cleaning of any floe accumu­

lated in the brass mesh. 

Typical observations for one filter run for head 

losses at various depths are shown in the Table 7-VI. 

The Fig. 7-II shows /the development of total head 

loss in the filter bed 1 for two typical runs. The Fife. 

7-III shows the development of head losses in the filter 

bed 1 at various depths. The i Fig. 7-IV shows the deve­

lopment of head loss in the two filter media in the dual 

media filter bed 1. 

ii) Observations for Intermittent Operations % 

All these observations were collected not for 

full and continuous filter runs, but these were collect­

ed for the intermittent runs as per the actual demand of 

the water supply for the town. The main reason for such 

observations was all such small capacity plants are 

designed for the ultimate working of 16 hours and are 
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operated between 8 to 16 hours daily as per actual requir­

ements. It was therefore decided to conduct the actual 

plant scale observations in such normal intermittent 

operation conditions. As the demand of the Ramtek town 

was between 5 to 10 lakhs litres per day, there would have 

been a very large waste of filtered water even if the 

filter bed was to run continuously for a jpew experimental 

runs. This can be seen from the table 7-V as the average 

filter run was found to be 88 hours while the maximum runs 

were for 200 hours in the day to day intermittent opera­

tion, 

iii) Bacteriological Observations : 

Bacteriological observations for raw, settled 

filtered and chlorinated water samples are given in the 

Table 7-III. 

7.10.5 Observations for the Filtration Rate of 7150 l/m2/hr 

In this study the filter bed 1 was operated for 

the designed filtration rate of 7150 l/m /hr continuously 

from 22/4/1976 onwards. The actual plant observations are 

given in the Table 7-VII for the period 22/4/1976 to 

1/5/1977. Both the gravel bed prefilters and dual media 

filter beds were run for the same designed rate of 7150 

l/m /hr during this study. 

The dame precedure was adopted as explained in 

the para 7.10.4 for running the prefilter and filter beds 

and recording the plant observations, 

i) Observations of Head losses at Various Depths : 

As already explained in the para 7.10.4 the 

headloss observations at various depths in the filter 
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media were collected and these are given in the Table 7-

VIII. The Fig. 7-V shows the developments of total head 

loss in the filter bed 1 for two typical runs. The Fig. 

7-VI shows the development of head losses in the filter 

bed at various depths. The Pig. 7-VII shows $he 

development of head loss in the two filter media in the 

dual media filter bed 1. 

7.11 PERFORMANCE OF THE GRAVEL BED PREFILTER. 

As per design conditions the total flow was equally 

diverted through both the prefilter beds the loading being 

7150 l/m /hr. As there was negligible head loss through 

the prefilters, observations for head losses were not 

recorded. The important observations on the performance 

of the gravel bed are discussed below. 

7.11.1 Turbidity Removal : 

From the turbidity removal from the Table 7-V, 

it is seen that the turbidity after the treatment through 

prefilter generally reduced to below 25 units. The work­

ing of the prefilter is simpler than a sludge blanket 

process. However as the filters were run for a short 

period from 4 to 6 hours a day as per actual demand of 

water to the town, the floe formed in the gravel bed was 

disturbed due to the frequent closings of the filter beds. 

The result of this was that some increased floe was 

noticed in the settled water at the beginning of each run. 

To avoid this trouble, the prefilter bed was desludged 

for 2 to 3 min, after every run to remove the sludge 

formed in the bed. This was found necessary particularly 
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when the raw water turbidity was more than 50 to 100 units, 

as during low turbidity period this trouble was not seen. 

7.11.2 Sludge Draining from the Top of the Prefilter 
Beds : 

This is an important operation in the prefilter 

units. The sludge at the top was generally drained out 

through the special perforated pipes provided at the top 

of the prefilter bed. The sludge collected on the gravel 

bed can be observed visually and can be drained out peri­

odically with the hydrostatic pressure within 3 to 4 min. 

by opening drain valve in the control room. The sludge 

draining was generally required when raw water turbidity 

was above 30 units and when the alum dose was given in 

required quantity. 

7o11o3 Cleaning of Prefilter s 

This is also the other important operation of the 

prefilter for its proper functioning. The prefilter beds 

were generally cleaned at the end of the day's operation 

by gravity desludging process by hydrostatic pressure with 

the water available on the bed. The back wash arrangements 

were provided for the prefilter beds similar to the dual 

media filter beds, however the back wash to the prefilter 

beds was given occasionally to varify the thorough clean­

ing of the prefilter beds. Normally the gravity desludg­

ing operation was found adequate to remove the sludge 

collected in the gravel bed through the under drainage 

system. The full back wash can be given once in a month 

during low turbidity period and once in a week when the 

turbidity is high, to ensure clean bed. 
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7.11.4 Floe Passing on the Dual Media Filter Beds : 

It was observed that some floe was passing from 

the prefilter bed to the top of the dual media filter 

beds. However due to this effect there was no apprecia­

ble increase in the head loss in the filter bed as can 

be seen from the head loss observations given in the 

Table 7-V. The floe settledat the top of bed may be for­

ming a layer of thick blanket at the top of the filter 

bed and it is felt that this blanket may be increasing 

the period of the filter runs, as this may be absorbing 

portion of floe without increasing the head loss in the 

bed. 

However to reduce the floe passing on the dual 

media filter beds, the side walls of the prefilter beds 

can be provided slanting at 60° angle from inside. The 

battered side walls will increase the surface area progre^ 

ssively up to the water level, thereby reducing the 

approach velocity as the water will flow in the collecting 

gutters or perforated pipes at the top water level. This 

may improve the actual performance of these prefilter beds, 

7.11.5 Comparison of the Performances of the Pilot Plant 
and Actual Plant Prefilter Beds : 

From the actual comparison of the performances 

of the pilot plant prefilter unit for the similar condi­

tions, it was observed that the performance of the 

prefilter unit of the Ramtek plant was considerably 

superior to that of the pilot plant. Due to this 

effect the overall plant performance of the Ramtek plant 
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was found superior to the performance of the pilot plant 

unit. The results of the pilot plant study are given in 

the chapter 6, from where it can be seen that turbidity-

after gravel bed unit was considerably high as compared 

to the turbidity after prefilter it rhe Ramtek plant. 

The probable reasons for this difference in the perfor­

mances are discussed below. 

4) In the pilot plant the surface area at gutter 

level was 100$ more than that of the prefilter bed area. 

While in the Ramtek filter the surface area at the gutter 

level is 260$ more as conrared to the surface area of the 

gravel bed. Due to this effect there may be some better 

performance of the prefilter unit in the removal of fL oc 

particals in the Ramtek plant as the reduction of velocity 

at gutter level is much more than that in the pilot plant. 

b) The other important reason may be the ratio of 

the perimeter of the bed to the dia of the gravels. For 

the pilot plant the ratio was _4p__ _ 26.5 while for 
~1.5~ 

the Ramtek plant the ratio was 11 x 100^ _. CEQ Thus 

the ratio for Ramtek plant is about 20 times more than 

that of the pilot plant and this may be important factor 

for giving better performance of the prototype gravel 

bed prefilter at Ramtek. 

c) Similarly the ratio of the area of the prefilter 

bed to the average dia of the gravel can be seen. The 

ratio for the pilot plant was_;t00_ = 6 6 # ? 0 w h e r e a s f Q r 

1.5 
the Ramtek plant, it was 3.5 x 2 x 1OO^x^OO _ 35000 
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This may also be an important factor for giving better 

efficiency of the prototype gravel bed prefilter. 

Dae to the above reasons fhe flow through the 

sides may be considerably more due to least resistance in 

the pilot plant as compared to the prototype plant and 

therefore the flocculation action is more effective in the 

prototype gravel bed prefilter. 

7.11.6 The Headloss in the Prefilter Bed : 

The head loss in the prefilter bed at Bamtek was 

found to be negligible which was between 3 to 5 cm and 

there was little increase in head loss, when the plant 

was run continuously for 6 to 8 hours. Hence its obser­

vations were not kept in this study. 

7.11.7 Bacteriological Observations : 

From the bacteriological results it is seen that 

there is considerable reduction in the bacterial load in 

the prefilter as shown in the Table 7-III. Thus the 

gravel bed is a very simple process to give satisfactory 

pretreatment before filtration. The author has therefore 

proposed to aame it as Hpre-fliter". As compared to the 

conventional pretreatment unit this gravel bed prefilter 

is a cheaper and simple process which can be adopted for 

small capacity treatment plants in the rural and semi-

rural areas for the treatment of raw water with moderate 

turbidity upto 500 JTU and occasional load of 1000 JTU. 

Further on-plant study on this process may reveal more 

information on the design criteria of its loading 

capacity, depths size of gravel, washing etc, and any 

limitations of the plant capacity in its adoption. 
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7.12 PERFORMANCE OF THE DUAL MEDIA FILTER BEDS. 

As compared to the use of gravel bed prefilter, 

the adoption of a dual media filter bed is an accepted 

process. What is specially done in this dual media fil­

ter bed is the use of crushed coconut shell as a coarse 

media over fine sand, which may have been adopted for 

the first time in the field of filtration. The important 

observations on the performance of the dual media filter 

beds are discussed below. 

7»12.1 Observations on the Dual Media Filter Bed 1 

for Filtration Rate of 9150 l/m2/hr : 

a) Length of filter runs. 

As seen from the Table 7-V,there were 10 numbers 

of filter runs during the observation period of one year. 

The maximum length of run was 200 hours for two numbers 

of runs, while the average run was for 88 hours. Out of 

10 filter runs, two runs were closed earlier for demon­

strating working operation to the visitors. The increase 

in the length of runs of the filter bed was mainly due 

to the dual media filter bed and the average low turbidity 

of raw water. -Even with the unconventional and rough 

(lower efficiency) pretreatment provided for this filter 

units, the increase in the average filter runs is cer­

tainly a point for further research. 

b) Head loss observations. 

From the head loss observations (Table 7-V) it 

will be seen ttn t the head loss development in the fil­

ter bed was more when the raw water turbidities were on 

higher side, while with low turbidities the rate of 
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development of head loss was considerably low. Head 

loss observations in t h e f i l t e r media at various depths 

were made through the perforated probes provided in the 

f i l t e r bed 1 . One such t yp i ca l observation during the 

study fo r one f i l t e r run i s shown in the Table 7-VI,while 

Fig. 7 - I I to 7-IV, show the head loss developments in the 

f i l t e r bed in the d i f fe ren t condi t ions . The Fig. 7-I I 

shows the head loss development in the f i l t e r bed agains t 

the hours of run. The graph shows the uniform increase 

in the t o t a l head loss in the dual media f i l t e r bed. 

The Fig . 7 - I I I shows the head loss development a t va r ious 

depths in the f i l t e r bed. The curves show the pecu l ia r 

development of head loss in the coconut she l l and sand 

media. The Fig. 7-IV shows the t y p i c a l head loss deve lo -

pments in the crushed coconut s h e l l and the f ine sand 

media. All these graphs show the uniform development of 

head loss throughout the dual media f i l t e r bed-, and t h i s 

may be the main reason f o r the increase in the length of 

the f i l t e r runs, 

c) Turbidity observa t ions . 

Table 7-V shows the t u r b i d i t y removal e f f i c iency 

of the dual media f i l t e r bed, even for the higher r a t e 

of f i l t r a t i o n . The t u r b i d i t y of the f i l t e r e d water was 

maintained below one un i t through out a l l these f i l t e r 

runs. I t was a l s o observed tha t with the development 

of the head loss the t u r b i d i t y was a lso s t ead i ly i nc r ea ­

s ing and for the maximum allowable head loss the t u r b i ­

d i ty was a l so jus t below one u n i t . This shows that the 

f i l t e r bed performance was in the optimum condi t ion . 
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d) Back wash observations. 

The filter beds were washed only by hard washing. 

As shown in the Table 7-V, the consumption of the wash 

water was only 0.85 % of the total filtered water from 

the filter bed 1. The expansion of the filter media during 

the back washing operation was generally observed between 

30 to 50$ of the total bed thickness and the filter bed 

was found to be effectively cleaned as seen from the obser­

vations of the initial head losses after washing, as given 

in this Table 7-V. The expansion of the fluidised media 

in -\he filter bed was measured by an expansion stick, 

one metre length to which small cups were fixed at 

10,20,30,40 and 50 cm. 

e) Performance of the crushed coconut shell media, 

The crushed coconut shell media was used for the 

first time for high rate dual media filter beds at Ramtek 

and the general performance of the media was found very 

satisfactory from the results given in the Tables 7-V, 

7-VI and 7-VIII. There is no sign of deterioration 

of this media after its use in the dual media filter bed 

for a period of five years at Ramtek filter. The other 

aspects of quality and comparison with other media are 

also discussed in the chapter 5 of this thesis. 

7.12.2 Observations on the Dual Media Filter Bed 1 

for the Filtration Rate of 7150 l/m2/hr : 

The details of observations for the higher rate 

of filtration are given in the above para. Hence only 

additional important observations are given below when 

the filter was run for-the filtration rate of 7150 l/m /hr0 
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a) Length of filter runs. 

As sgen from the observations given in the Table 

7-VII, there were 12 Nos. of filter runs during the obser­

vation period of one year. The maximum length of filter 

run was 200 hours while 1he average filter run was for 

140 hours. The increase in the average filter run from 

88 to 140 hours was mainly due to the lower rate of fil­

tration for the second series of observations. 

b) Head loss observat ions . 

The general head loss observat ions are given in 

the Table 7-VII. The head l o s s development in the 

f i l t e r media a t var ious depths as observed through the 

perforated probes in the f i l t e r bed 1 are shown in the 

Table 7-VIII fo r a t y p i c a l f i l t e r run from 6/7/1976 to 

13/8/1976. Fig. 7 - V to 7-VII show the head loss develop­

ments in the f i l t e r bed 1 in the d i f f e ren t oondi t ions . 

Al l these graphs show the uniform development of head 

loss through out the dual media f i l t e r bed as already 

discussed in the para 7 . 1 2 . 1 . 

c) Turbidi ty observat ions . 

Table 7-VII shews the t u r b i d i t y removal e f f i c i ­

ency of the dual media f i l t e r bed. I t was a l s o observed 

tha t with the development of the head loss the t u r b i d i t y 

waa a lso s t e a d i l y increas ing and fo r the maximum head 

lo s s the t u r b i d i t y was also j u s t a t tbne u n i t . This also 

shows t h a t t he f i l t e r bed performance was in the optimum 

condit ion even f o r l a r g e r f i l t e r runs of the f i l t e r 

bed. 
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d) Back wash o b s e r v a t i o n s . 

As shown i n t h e Table 7 - V I I , t h e consumption of 

t h e wash water vras only 0.1% of the t o t a l f i l t e r e d w a t e r 

from t h e f i l t e r bed 1 . The hard back wash as g iven t o the 

f i l t e r bed 1 was found q u i t e s a t i s f a c t o r y as can be s e e n 

from t h e i n i t i a l head l o s s e s a f t e r washing in t h e 

Table 7 - V I I . 

7 .13 MAINTENANCE OBSERVATIONS ON HA MEEK PLANT. 

Prom t h e p l a n t s c a l e o b s e r v a t i o n s as d i s c u s s e d i n 

t h i s c h a p t e r i t i s seen t h a t t he Ramtek f i l t e r i s g i v i n g 

ve ry s a t i s f a c t o r y per formance . Due t o the s i m p l i c i t y i n 

t h e day t o day o p e r a t i o n p a r t i c u l a r l y i n alum d o s i n g , 

f i l t e r r a t e c o n t r o l , back washing and d i s i n f e c t i o n a r r a n ­

gement, one o p e r a t o r w i t h one Chowkidar-cum-labour can 

main ta in t h e f i l t e r p l a n t e f f i c i e n t l y a s can be seen from 

t h e performance. The o p e r a t o r i s of S .S.C. s t a n d a r d 

l e v e l and was t r a i n e d a t s i t e f o r chemical l o s i n g and 

f i l t e r r a t e c o n t r o l and washing o p e r a t i o n s . He m a i n t a i n s 

t h e r e g i s t e r f o r d a y - t o - d a y o b s e r v a t i o n s a t the f i l t e r 

p l a n t . F u r t h e r he can measure t u r b i d i t y of r a w , s e t t l e d 

and f i l t e r e d wa te r and c o l l e c t s and sends the w a t e r 

samples r e g u l a r l y f o r chemical and b a c t e r i o l o g i c a l 

a n a l y s i s . He a l s o r u n s the e l e c t r i c a l l y ope ra t ed pumps 

f o r f i l l i n g t h e back wash t ank when r e q u i r e d . Due t o 

a l l t h e s e s i m p l i f i e d a r rangements provided a t t h e Ramtek 

p l a n t t h e maintejaasce of t h e p l a n t i s t r o u b l e f r e e , 

e f f i c i e n t and cons id e r a b l y cheaper a s compared t o a 

maintenance of a c o n v e n t i o n a l p l a n t of the same c a p a c i t y . 
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7.14 GENERAL CONCLUSIONS. 

i) Prom the actual pilot and plant studies at the 

new treatment plant at Ramtek it is observed that such a 

simplified treatment plant may be a possible solution for 

the development of simple and cheap treatment plants for 

rural areas and small communities in the developing 

countries. 

ii) Gravel bed prefilter may be a promising process 

to replace the conventional pretreatment units when 

dealing with the raw water of low turbidities. 

iii) Par rural and small capacity water supply schemes, 

when the raw water turbidities are generally low, with 

the occasional increase in turbidity upto 500 units 

during rainy season, slow sand filters without pre-treat-

ment may not be suitable for adoption. The conventional 
of 

treatment plants consisting/meehanical mixing, floccula-

tion, settling tank and rapid sand filter may be genera­

lly very costly for such small capacity treatment plants. 

In such situation, Ramtek plant may be a proper solution 

for providing very cheap and simple treatment facility 

for the small capacity plants. 

iv) Crushed coconut shell media has shown very satis­

factory results in the dual media filter units at Ramtek, 

without showing any sign of deterioration of the media 

for a period of five years in the filter beds at Ramtek. 

v) The capital costs of such small capacity plants, 

may be in the range of 25?6 to 50% of the actual costs of 

the conventional treatment plants for the same capacity. 
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vi) Further research in the design of gravel bed 

pref i l ters i s considered necessary so as to adopt such 

simplified treatment plants for higher raw water 

tu rb id i t i e s . 

- 0 O 0 -
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TABLE 7 - I I I . 

Bac te r io log ica l r e s u l t s of raw s e t t l e d and 
f i l t e r e d water samples a t Ramtek 

Period : 22.5.74 to 24.1.77. 

— — — — _ • _ _ _ _ — ' _ _ _ « . _ • _ _ _ _ _ ' . . _ _ _'_ _ _ _ — 

Bate of « MPN of ' MPN of 'MPN of 'MPN of H Removal 
collect ' raw ' settled 'filtered 'Tap 'only from 
ion of 'water * water ' water 'water 'dual media 
sample. • ' © • ©filter. 

- I _ . „ _ ! _ _ t _ _ « _ » i _ _ - - . 

22/5/74 
1/6/74 
17/7/74 
17/8/74 
13/9/74 
1 1 h 0/74 
5/11/74 
3/1 2/74 
2/1/75 
5/2/75 
2/4/75 
9/6/75 

7/7/75 
6/8/75 
30/9/75 
18/10/75 
22/12/75 
11/2/76 
11/3/76 
13/4/76 
18/5/76 
31/8/76 
21/9/76 
15/10/76 
22/12/76 

24/1/77 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

180 

180 

180 

180 

180 

180 

180 

180 

180 

180 

180 

180 

180 

ISO 

1800 
1800 

110 

141 
221 

1800 
300 

1800 
900 

278 

1800 
900 

180 

90 

30 

35 
90 

40 

90 

35 
40 

30 

35 
30 

20 

40 

278 

225 
32 

109 
130 

900 

170 

278 

141 

33 
141 
221 

50 

30 

20 

17 

30 

25 
20 

20 

14 
20 

17 
20 

11 

13 

172 

110 

14 

63 

13 

17 

25 

79 

63 

14 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

72.0 

66.5 
33.0 
51.0 

66.5 
37.5 
78.0 
43.0 
65.0 
33.0 
51.0 
33.0 
45.0 
55.0 
37.0 
51.0 

56.3 
42.0 
85.0 
98.0 

85.5 
69.0 

55.5 
57.7 

100.0 
100.0 

Notes : 1 ) Average reduct ion in MPU in f i l t r a t i o n 
only = 50 <?° 

2) + s ign shows MPN count more than.180 or 1800 
3) Rate of f i l t r a t i o n : i ) 9650 l /m^/hr upto 22.4.76 

i i ) 7150 l /m 2 /h r from 22 .4 .76 . 
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TABLE 7-IV 

Hydrau l i c Design c a l c u l a t i o n s f o r t h e Ramtek 
t r e a t m e n t p l a n t . 

Design f o r flow = 1,00,000 l i t / h r . 

Plow through each u n i t = 50,000 l i t / h r . 

1 . Mixing channel : - Provided on the two s i d e wal ls 

of t h e f i l t e r u n i t as shown in t h e Drawing K-1 

Length = 16.00 m Width = 0.64 m. 

Approximate d e t e n t i o n = One min. from f l o a t t e s t . 

Bed s lope = 20 cm in 16 m , Approx. 1 i n 80 

Spacing of 'baf f les provided = 16 Nos. a t 1 m 

c e n t r e s in s t a g g e r e d 

p o s i t i o n s . 

2 . Gravel "bed p r e f i l t e r = 2 u n i t s . 

Size of each u n i t = l e n g t h % 3 .5 m 

Width : 2 . 0 m 

Depth : 2 . 0 m up to g u t t e r l e 
l e v e l . 

Depth of g r a v e l s : 1.70 m 

Size of g r a v e l s % 50 t o 40 mm ; 60 cm 

40 to 30 mm : 40 cm 
30 t o 20 mm : 40 cm 
20 t o 10 mm : 30 cm 

p 
Surface area % 7 .00 m 

o 

Surface l o a d i n g = 7150 l/m / h r . 

Average p o r o s i t y = 50$ 

Approx. d e t e n t i o n in g r a v e l bed = 7 min. 

V e l o c i t y of flow a t s u r f a c e of bed = 7 .15 m/iir. 
2 

Surface a r ea a t gugger l e v e l = 25.15 m 
V e l o c i t y a t the g u t t e r l e v e l = 1 . 9 8 m/hr . 
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3. Dual media filter beds = 2 units. 

i) Size of each unit : Length = 3.5 m 

width = 2.0 m 

depth = 2.0 m upto gutter 
leve 1. 

2 
Surface area = 7.00 m 

Rate of f i l t r a t i o n = 7150 l /m 2 / h r . 

Velocity through "bed = 7.15 m/fcr. 

i i ) Detai ls of media = 

Depth of coconut s h e l l media = 35 cm 

Effect ive s i z e of coconut she l l media = 1.45 mm 

Uniformity co -e f f i c i en t of she l l media = 1 .47 

Depth of f ine sand below s h e l l = 55 am 

Effect ive s ize of fine sand = 0.45 mm 

Uniformity c o - e f f i c i e n t of f ine sand = 1 . 5 
Depth of supporting gravel bed below sand = 50 cm 

i i i ) Under dra in d e t a i l s : 

M.S. Manifold s i z e = 300 mm x 200 mm 

Number of l a t e r a l s = 34 Nos. (17 on each si&e) 

Diameter of l a t e r a l s = 50 mm G.I. pipes 

Per fora t ions for l a t e r a l = 5 mm 0 a t 50 mm c / c , in 
staggered p o s i t i o n s . 

p 
Total per fora t ion area = 2 . 3 8 cm 
Ratio of pe r fora t ion of f i l t e r area = 0.0034. 

-oOo-
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Observa t ions on t h e Ramtek F i l t e r Bed No.1 Per iod : 25 .5 .1974 t o 3 0 . 5 . 1 9 7 5 . Rate of f i l t r a t i o n : 9650 l/m / h r . 

F i l . D a t e of ' 
t e r , S t a r t i n g 1 

Run, and 
No . .wash ing 

S t a r t i n g 20 Hours 40 Hours 60 Hours . 80 Hours 

,HL , RT ,ST 
i i i 

, FT, HL , 
- - _ J. _ J . _ _ t _ _ i _ _ i _ _ 

RT ', ST*, FT*, HL ' RT I ST *FT , yjj. , x x , J.XAJ j 
I 
I 

1 . 

2 . 

3 . 

4 . 

5. 
6. 

1 • 

8. 

9. 
10. 

.25.5.74 
6.8.74 
8.8.74 
20.8.74 
18.9.74 
28.10.74 

17.12.74 
23.1.75 
1.4.75 

28 

20 

20 

20 

20 

35 
•1 C 
> > 
20 

35 
20 

1.5 
112 

140 

80 

10 

500 

45 

15 

25 

15 

0.8 

20 

24 

15 
8 

25 
5 .0 

2 

3 
2 

0.5-' 
0.7 

0.7 

0.5 

0.5 

0.7 

0.5 

0.5 

0.5 

0.5 

45 
20 

125 

95 

65 
100 

100 

120 

70 

41 

1.5 
130 

"35 
•40 

10 

450 

20 

13 

25 

15 

0.8 

20 

15 
10 

8 

35 
2 

2 

5 
2 

0.5 

0.7 

0.7 

0.5 

0.5 

0.7 

0.5 
0.6 

0.5 

0.5 

63 
P i l t 

135 
168 

115 

190 

195 
192 

105 

59 

1.5 

er' " 
100 

30 

40 

200 

15 
30 

15 

15 

0.8 0.5 
washed. 
20 0.8 

9 0.7 
10 0.6 

18 0.7 
3 0,6 
3 0.6 
2 0.5 
2 0.5 

HL ,' RT ,'ST , ' FT ! HL 
» 

Jt . - i _ 

i 

! 
I I 

RT 'ST | , FT 

120 Hou rs 200 Hours 
_ J _3 „ I -

HL RT 'ST 

» 

92 76 1.5 0.8 0.6 
f o r v i s i t o r s . 
washed a f t e r 30 h r s . 

210 10 8 .0 0 .9 
160 30 7 . 0 .7 220 

1.5 0.7 0.7 

_ J. „ 

t 
FT 

_. «. 

HL ' RT 

x. _ 

JT'FT 
i 

138 1 .5 1.0 0.7 170 100 20 .1.2 

180 20' 1 .0 
227 45 5 0 .8 F i l t e r . washed a f t e r 50 h r s . 

F i l t e r e washed for v i s i t o r s . 

228 25 3 0 .7 
130 15 2 0o5 148 20 200 0.5 195 15 2.0 0.7 

78 0,5 96 6 0.5 154 15 2,0 0.5 198 10 2 0*6 

DATA 

1. Head l o s s e s a r e g i v e n i n cms. 
2 . T u r b i d i t i e s a r e g iven i n J .T .U. 

3 . Area of f i l t e r bed No.1 = 7 . 0 sq.m. 

4 . To ta l f low through f i l t e r bed No.1 =67500 lit/Er. 

5 . Daily f i l t e r run = Between 1 t o 6 h o u r s . 
6. N o t a t i o n s : given i n the above t a b l e . 

i ) Head l o s s = HL 

i i ) Raw water t u r b i d i t y = RT 

i i i ) S e t t l e d t u r b i d i t y = ST 

i v ) F i l t e r e d wate r t u r b i d i t y = FT 

OBSERVATIONS 

t . To ta l wate r f i l t e r e d th rough bed No.1 = 59-4 mid. 
2 . To ta l wash wa te r used = 10 x 50,000 = 5 ,00 ,000 . 

3 . Pe rcen tage of wash wa te r = 0.85 i° 

4 . T o t a l number of wash dur ing the y e a r = 10 
5 . T o t a l f i l t e r run du r ing the year = 880 h o u r s . 
6 . Average hours of f i l t e r run d u r i n g the y e a r = 88. 
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TABLE 7-VI. 

Typical r e s u l t s for head l o s se s in the 
Ramtek f i l t e r bed Ko.I 

For r a t e fif f i l t r a t i o n : 9550 l /m 2 / h r . 

I&te { Hours ,Head looses in f i l t e r media a t 
| of , d i f fe ren t depths (cm). 
' f i l t e r , ~ -
' run. ' , 1 8 • 36 » 54 ' 7 2 ' A t 
• • l i t ' o u t l e t . 

- _ _ _ J. _ - L _ _ . . _L _ J. ~ J. _ J. _ „ _ 

25/5/74 

30/5/74 

5/6/74 

12/6/74 

20/5/74 

25/6/74 

2/7/74 

9/7/74 

17/7/74 

27/7/74 

5/8/74 

5 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 

5 
15 
28 
38 
48 

57 
69 
71 
73 
76 

83 

8 
22 

39 
50 
58 

69 
88 

94 

99 
104 
108 

15 
29 
46 

63 
77 
93 
103 

125 
131 
136 
138 

20 

35 
54 
70 
86 
102 
130 
142 
150 
153 
160 

28 

45 
63 
76 

92 
1 10 

133 

149 
161 
158 
170 
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TABLE 7-VII 

Observa t ions on t h e Ranrtek F i l t e r Bed No. I 

. - - j . .4 - _ . 

Period : 22 .4 .1976 to 1.5.1977' ; Rate of f i l t r a t i o n : 7150 l /m / h r . 

Fil 
ter 
Run 
No. 

Date of ' Starting 
wtarting'-
and • 

i 

'HL 
i 

! 
I 

u _ 

20 Hours 40 Hours. 60 Hours 80 Hours 120 Hours 

washing 
RT ST FT "HL 

i 

t 

i 

RT ST FT HL RT ST FT HL RT 

i 

ST 

i i 

FT , 
t 

t 

» 

HL RT ST 

i 

FT HL RT ST ET 

1 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 

11 

12 

1 . 

2 . 

3 . 

4 . 

5 . 
6 . 

7 . 

8 . 

9 . 

10 . 
A A 

1 1 o 

1 2 . 
— . 

2 2 . 4 . 7 6 

3 1 - 5 . 7 6 

6 . 7 . 7 6 

1 4 . 8 . 7 6 

1 5 . 9 . 7 6 

1 3 . 1 0 . 7 6 

10 .1 1.76 

1 0 . 1 2 . 7 6 

1 0 . 1 . 7 7 

. 1 0 . 2 . 7 7 

. 1 2 . 3 . 7 7 

. 5 .4*77 

2 2 . 4 . 7 6 

3 1 . 5 . 7 6 

6 . 7 . 7 6 

1 4 . 8 . 7 6 

1 5 . 9 . 7 6 
1 3 . 1 0 . 7 6 

1 0.11 . 76 

1 0 . 1 2 . 7 6 

1 0 . 1 , 7 7 

1 0 . 2 . 7 7 

1 2 . 3 . 7 7 

5 . 4 . 7 7 

15 

8 

1 0 

9 

15 

12 

15 

15 

15 

15 

15 
20 

15 

8 

10 

9 

15 
12 

15 

15 

15 

15 

15 

20 

2 . 

5 

16 

3 0 

4 0 

8 

50 

1 0 

9 
10 

30 

20 

2 

5 

16 

30 

40 

8 

50 

10 

9 

10 

3 0 

20 

1.5 

2 . 0 

2 . 0 

2 . 5 

3 . 0 

2 . 0 

5 . 0 

1.5 

1.5 

1.5 
3 . 0 

2 . 0 

1 .5 

2 . 0 

2 . 0 

2 . 5 

3 . 0 

2 . 0 

5 . 0 

1.5 

1.5 

1.5 

3 . 0 

2 . 0 

0 , 3 

0 . 3 

0 . 4 

0 , 3 

0 . 3 

0c3 

30 

24 

26 

30 

43 

35 

0 . 4 4 0 

0 . 3 

0 . 4 

0 . 3 

0 . 3 

0 . 3 

0 . 3 

0 . 3 

0 . 4 

0 . 3 

0 . 3 

0 . 3 

0 . 4 

0 . 3 

0 . 4 

0 . 3 

0 . 3 

0 . 3 

40 

4 0 

43 

34 

45 

160 

170 

212 

2 

30 

16 

35 > 

40 

8 

14 

9 

9 

10 

25 
20 

1.5 

2 . 5 

2 . 0 

2 . 5 

2 , 5 

2c0 

4*C 

1,5 

1.5 

1.5 
3 . 0 

2 . 0 

Hou r s 

25 

16 
(Washed 
185 25 

(Washed 
200 40 

(Washed 
Washed 

Was hed 

Washed 

205 9 
(Was 

Washed 

Wa 

194 

shed 

20 

1.5 

2 . 0 
w a t e r 

2 . 5 

0 . 3 

0 . 3 

0 . 4 

0 . 3 

0 , 3 

0 , 4 

0„4 

0 . 3 

0 , 4 

0 , 3 

0 .3 

0 . 3 

0 . 5 

0 . 7 

55 

50 

48 

58 

75 

70 

71 
70 

75 

73 

70 

72 

210 

2^0 

. 2 

20 

14 

40 

20 

8 

20 
o 

8 

10 

25 
20 

200 

5 
1 fi 

1.5 

2 . 0 

2 . 0 

3 , 0 

2 o 0 

2 , 0 

2 . 0 

1 o5 

1.5 

1 S 

2 . 5 

2 . 0 

0 . 3 

0 . 4 

0 . 4 

0 . 4 

0 . 4 

0„4 

0 , 4 

0 . 4 

0 . 4 

0 . 4 

0 . 4 

0 . 4 

2 . 0 

?. 0 
a f t e r 180 H r s . ) 
0 . 6 205 30 2 . 5 

w a t e r a f i ;er ' 77 
3 . 0 0 . 7 
w a t e r a f t e r 132 

a f t e r a 120 H r s , 

a f t e r 

a f t e r 

1.5 

126 

125 

0 . 7 
hed a f t e r 

a f t e r 11? 

a f t e r 125 

2 . 0 0 . 7 

Hou r s . 

H o u r s . 

132 Hou 
H o u r s . 

Hou i r s . 

(Washed a f t e r 135 Hours 
203 2 0 

(Washe 
2 . 0 0 .7 

i a f t e r 1 3 5 H o u r s 

H r s . ) 

H r s . ) 

r s ) 

) 

) 

0 . 6 

0 . 7 

0 . 7 

72 2 

8 0 16 

70 14 

85 40 

102 20 

100 7 

103 15 

97 100 

108 10 

104 10 

92 22 

" "598 20 

1.5 

2 . 0 

2 . 0 

3 . 0 

2 . 0 

2 . 0 

2 . 0 

5 . 0 

1.5 

1 .5 
2 . 0 

2 . 0 

1 . Head l o s s e s 

0 . 3 

0 . 4 

0 . 4 

0 . 5 

0 . 5 

0 . 4 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 4 

0 . 4 

93 

116 

90 

120 

134 

128 

142 

129 

145 

133 

122 

128 

DATA 

2 

16 

15 

150 

10 

6 

10 

10 

10 

15 

23 
20 

a r e g i v e n i n cm 

1.5 
2 . 0 

2 . 0 

5 . 0 

2 . 0 

2 . 0 

2 . 0 

1 .5 

1.5 

1.5 

2 . 5 
2 . 0 

2 . T u r b i d i t i e s a r e g i v e n i n dTU 
3 . A r e a of f i l t e r bed No.1 = 7 . 0 

4 . T o t a l f low t h r o w 
f i l t e r bed No.1 = 

5 . D a i l y f i l t e r r u n 
4 t o 8 h o u r s . 

t h e 
= 50000 

s q .m. 

l i t / h r . 

= Be tween 

6) N o t a t i o n s g i v e n i n t h e < 
t a b l e 

i ) Head l o s s 
i i ) Raw w a t e r 

= HL 
t u r b : 

i i i ) S e t t l e d w a t e r " 
i v ) F i l t e r e d w a t e r 

L d i t y = 
t u r b i d i 
t u r b i d 

above 
j 

RT 
t y = 
i t y = 

ST 
FT 

0 . 3 

0 . 4 

0 . 5 

0 . 6 

0 . 6 

0 . 4 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

1 . 

2 . 

3 . 

4 . 

5 . 

6 , 

130 

170 

143 

182 

200 

200 

202 

186 

205 

200 

175 

185 

T o t a l 
bed Nc 

T o t a l 
1 2 x 5 0 , 

P e r c en 
u s e d = 
T o t a l 

2 1 .5 

16 2 . 0 

16 2 . 0 

40 3 . 0 

10 2 . 0 

15 2 . 0 

10 1.5 

9 1 .5 

10 1.5 

30 3 . 0 

20 2 . 0 

20 2 . 0 

0 . 4 

0 . 6 

0 . 5 . 

0 . 6 

0 . 7 

0 . 7 

0 . 8 

0 . 7 

0 . 7 

0 . 7 

0 . 6 

0 . 6 

OBSERVATIONS 
w a t e r f i l t e r t h r o u g h 
.1 = 8 5 , 0 0 m i d . 

wash r a t e u s e d = 
000 = 6 , 0 0 , 0 0 0 l i t . 

i t a g e o f wash w a t e r 
: 0 . 7 % 
number o f w a s h i n g 

d u r i n g t h e y e a r = = 12 

T o t a l f i l t e r r u n d u r i n g 
t h e ye« r — 1^67 h o u r s . 

Ave rage h o u r s of 
r u n d u r i n g t h e y 

f i j - c e r 
3a r = 140 

I 
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TABLE 7-VIII 

Typical r e s u l t s for head los ses in the 

Ramtek f i l t e r bed I . 

Eate of F i l t r a t i o n : 7150 l /m 2 / h r : 

Date 

4 4 4- 4 J 

6.7.76. 

6.7.76. 

7.7.76. 

9.7.76. 

11.7.76. 

13.7.76. 

15.7.76. 

17.7.76. 

19.7.76. 

21.7.76. 

23.7.76. 

25.7.76. 

27.7.76. 

29.7.76. 

1.8.76. 

3.8.76. 

6.8.76. 

8.8.76. 

11.8.76. 

13.8.76. 

Hours ' 
of fil4 
ter J-
run. * 

i 

0 

5 
10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

Head los 
depths ( 

is ; 

0 

2 

3 

4 
10 

16 

21 

25 
30 

36 

41 

47 

53 
68 

81 

86 

93 
98 

105 
110 

ses in 
cm) 

36 

0 

3 
6 

11 

18 

26 

32 

39 

45 

53 
60 

67 

75 
82 

88 

94 

104 

112 

122 

129 

filter 

54 

1 

4 

7 

13 

23 

31 
38 

47 

55 

63 

73 

89 

93 
101 

109 
118 

130 

138 

149 
158 

media at 

! 72 

2 

5 
8 

17 

28 

38 

49 
60 

69 

79 

89 
100 

111 

122 

152 

143 
158 

168 

182 

193 

different 

t At 
« outlet. 

4 

9 

14 

25 

37 

48 

59 

69 
80 

90 

101 

1 1 1 

123 

134 

144 

159 
170 

180 

194 

205 
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CHAPTER 8 . 

PILOT PLANT STUDY FOR THE VARANGAON TYPE 

TM3ATHE17T PLANT. 

8.1 INTRODUCTION. 

The pilot plant studies for the gravel "bed floccu-

lators followed by tube settling tanks, for different 

conditions have been carried out as explained in chapter 

4 of this thesis. Similarly the pilot plant studies on 

the dual and the multi-media filter beds for different 

conditions have been carried out as explained in chapter 

5, of this thesis. 

It is now proposed to carry out the pilot plant 

study for the same loading conditions as adopted for the 

design of the Varangaon treatment plant as discussed in 

chapter 9 of this thesis. 

The pilot plant as shown in the figure 8-1 was 

fabricated in the laboratory to study the various aspects 

of the design adopted for the Varangaon treatment plant 

and the design of the pilot plant and the experimental 

observations on the same are discussed in this chapter. 

8.2 DESIGN OF THE PILOT PLANT. 

The d e t a i l e d s i z e s of t h e p i l o t p l a n t a r e shown 

i n t h e f i g u r e 8 - 1 . The main components a re g r a v e l bed 

f l o c c u l a t o r , t u b e s e t t l i n g t ank w i t h s i x number of s q u a r e 

PVC tubes of 50 mm x 50 mm i n t e r n a l s i z e fol lowed by t h e 

dua l media f i l t e r bed. The h y d r a u l i c d e s i g n c a l c u l a t i o n s 

of t h e p i l o t p l a n t a r e g iven i n t h e p a r a 8 . 2 . 6 of t h i s 

c h a p t e r . I t w i l l be seen t h a t t h e depth of t h e s e u n i t s 
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are adopted nearly to the actual depths of the Varangaon 

treatment plant so as to get iiie comparable r e su l t s of 

these p lants . Perpex sheet p i lo t plant units were 

fabricated in the laboratory so as to observe the actual 

floe formation, cleaning of the gravel bed unit ,sludge 

blanket action in the tube s e t t l i n g tank, the removal of 

se t t led sludge and the performance of the dual media 

f i l t e r bed for the treatment of c l a r i f i ed water af ter the 

high rate pretreatment by gravel bed flocculator and tube 

se t t l i ng tank. 

The in le t s and the outlets of 12 mm dia G.I.pipes 

and f i t t i ngs were provided with brass gate valves to 

adjust the required flows through the p i lo t plant . The 

constant flow arrangement and the alum dosing and mixing 

arrangements were provided as explained in the chapter 4. 

At the out let end of the dual media f i l t e r bed a ro ta­

meter was fixed to control the rate of flow-, At the 

bottom of the gravel bed f locculator and the tube se t t l i ng 

tank sludge outlets were provided to drain out the sludge 

by hydrostatic pressure after desired period. At the top 

of the dual mddia f i l t e r bed one in l e t connection was 

provided to introduce se t t led water from the tube 

se t t l ing tank. One 25 mm dia wash out valve was provided 

at 60 cm above the top of the dual media f i l t e r bed for 

taking out the wash water to drain. Figure 8-1 showing 

the p i l o t plant and other deta i ls i s enclosed in th is 

chapter. 
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8.2.1 P i lo t Plant Operation : 

Before running the p i l o t p lan t a l l the un i t s were 

f i r s t f i l l e d with the tap water . The required raw water 

flow to the p i l o t p lant of 100 JTU was adjusted through 

a constant volume tank to the mixing chamber, along wi th 

the alum dose as explained in the chapter 4» 

The raw water a f t e r mixing with the alum dose was 

introduced a t the top of the gravel bed f loccu la tor u n i t . 

The flow in the gravel bed f l occu l a to r was in the down­

ward d i r e c t i o n and the wa te r from the bottom of the gravel 

bed f loccu la to r was introduced a t the bottom of the tube 

s e t t l i n g tank a t about 15 cm above the top of the hopper. 

The s e t t l ed water from the top of the tube s e t t l i n g tank 

was then introduced on the top of the dual media f i l t e r 

bed. The r a t e of f i l t r a t i o n from the dual media f i l t e r 

bed was control led a t the ou t l e t end by the gate valve with 

the help of a rotameter , connected by a p l a s t i c tubing. 

8 .2 .2 Head Loss Measurements : 

The head l o s s in the grave l bed f l occu l a to r was 

noted from the d i f ference in water l eve l s on the top of 

gravel bed f loccula tor and the tube s e t t l i n g tank. The 

head losses a t various depths in the dual media f i l t e r 

bed were observed from the difference of water levels 

aga ins t the top water l e v e l i n the bed through the p l a s t i c 

tubing as explained in the chapter 5. 

8.2.3 Turbidity Measurements : 

The t u r b i d i t i e s of raw, s e t t l e d and f i l t e r e d 

water samples were measured a f t e r every hour with an 

Aplab turb id imeter . Both head loss and t u r b i d i t y measu-
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measurements were conducted a fter every hour. 

8.2.4 Cleaning of the Gravel Bed Flocculator Unit and 
Tube Settling Tank and Measurement of Sludge 
Volume : 

For cleaning of the gravel "bed flocculator the 

outlet valve to the tube settling tank at the bottom was 

closed and the outlet valve on the sludge drain pipe was 

opened so as to drain out the floe and sludge accumulated 

in the flocculator unit. In addition to this, back wash 

arrangement was provided in this unit to clean the gravel 

bed by introducing water through the sludge drain outlet. 

After day's work the sludge in the gravel bed was taken 

out by gravity flushing out action. To remove all the 

accumulated sludge the gravel bed was drained twice by 

filling the bed again from the top with the tap water. The 

sludge accumulated in the gravel bed during the each run 

was measured with the glass measuring cylinders, as 

explained in the chapter No.4. At the end back wash was 

given to clean the gravel bed. 

The sludge from the tube settling tank was 

drained through the sludged draining outlet and collected 

in the buckets till all the visible sludge was removed. 

At the end the tube settling tank was completely drained 

out and filled with the tap water for the next experiment. 

The sludge volume was measured in the same way with the 

measuring cylinders after decanting the drained water as 

explained earlier. 
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8.2.5 Cleaning of the Dual Media F i l t e r Bed and 
Measurement of sludge volume : 

For cleaning the dual media f i l t e r un i t the 

i n l e t and out valves were c losed, the hack washing 

valve was opened so as to give about 30$ expansion of the 

f i l t e r media. The washing and the sludge measurement 

process was adopted as explained in the chapter 5 of 

t h i s t h e s i s . 

8.2.6 Hydraulic Design of the P i l o t Plant : 

a) Gravel bed f loccu la to r - one u n i t . 

i ) Size of bed = 9.5 cm x 10 cm 

i i ) Surface area of bed = 95 cm 

i i i ) Depth of gravel = 2 1 6 cm. 

iv) Water depth a t top = 10 cm. 

v) Total volume of gravel bed = 20,520 ml. 

v i ) Actual volume of xtfater upto = 8000 ml 
top of grave l bed. 

v i i ) Actual Vol. of gravels = 12520 ml 
( in wet condit ion) 

v i i i ) Poros»ity = 39$ say 40$. 
o f 

ix) Number^graveIs in the bed = 13350 

x) Mean d ia of the gravels = 1.47 cm. 

x i ) Surface area of the grave ls = 13350 x 4 x I I x r£ 

assuming spher ica l shape. 91,100 2 

x i i ) Flow ra te on the bed = 96 l i t / h r . 
2 

x i i i ) Loading on the gravel bed = 10,000 1/m / h r . 
c 

xiv) Volumetric loading on = _96_x_1_0__ 
the gravel bed. 20~"520 

= 4700 l /m 3 /h r . 

xv) Detention period in the = 8000_x 60 
gravel bed. 96,000 

= 5 min. 
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b) Tube settling tank one unit, 

i) Size of bed = 16 cm x 10 cm. 

ii) Number of rigid PVC square tubes = 6 

iii) Internal size of tubes = 48 x 48 ram. 

2 
iv ) Total cross s e c t i o n a l area of=H0 cm 

tubes . 
v) Flow rate in the plant = 96 lit/hr. 

vi) Actual loading on tube = J26_x_H?2000_ 

surface area. 140 

= 6850 l/m2/hr 

vii) Detention period in the tube =23.5 min. 
settler unit. 

c) Dual media filter bed = one unit. 

i) Size of bed = 9.5 cm x 10 cm. 
p 

ii) Surface area of bed = 95 cm . 

iii) Plow rate on bed = 96 lit/hr. 

iv) Surface loading on the bed = 10,000 l/m /hr 

v) Depth of coconut shell media = 40 cm. 

vi) Average size of coconut shall. = 1 to 2 mm 
media. 

vii) Effective size of the media - 0.95 m 

viii) Uniformity coefficient of media = 1.45 

ix) Depth of sand bed = 50 cm. 

x) Effective size of sand = 0.5 mm. 

xi) Uniformity coefficient of sand - 1.5 

xii) Depth of supporting = 15 cm 

gravel bed. 

xiii) Underdrain arrangement = perforated nozzles of 

PVC type. 

xiv) Inlets and outlet pipes = 12 mm dia G.I. pipes. 

xv) dontrol valves = Brass gate valves. 
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xvi) Water depth over the bed = one meter. 

xvii) Headloss measuring arrangements through 3 M dia. 

perforated probes from the top of the media at 

15,30,45,60,75,90 cm. 

8.3 EXPERIMENTAL OBSERVATIONS. 

The main purpose of this pilot plant study was 

to find out the actual performance of such a pilot plant 

for the same loading adopted for the Varangaon treatment 

plant and to compare the performances of both the plants. 

In addition to this the removal of sludge volumes and the 

proportions of sludge volumes removed at each stage was 

also studied on the pilot plant as such a study was not 

possible on the Varangaon treatment plant. From the 

hydraulic calculations it can be seen that the hydraulic 

loading given on the pilot plant was little more on gravel 

bed flocculator and tube settling tank as compared to the 

hydraulic loadings on the Varangaon treatment plant, while 

the loading on the dual media filter bed was about 50$ 

more than the designed load. The reasons for these are 

discussed latter in this chapter. 

8.3.1 Head Loss and Turbidity Observations : 

Table 8-1, showing the observations carried out 

for three sets of tests conducted for daily seven hours 

operation on the pilot plant are given below. Table 

8-II showing the removal of turbidity loads is also given. 

Other observations carried out during these tests are 

also shown in these tables. Number of filter runs were 

studied,however observations of three average runs are 

given in the Table 8-1. 
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TABLE 8-1 

Pilot plant observations on the Varangaon type 
treatment plant. 

Filter Run No.1 

Hours J Head losses in dual media filter "bed 
of •»• AT various-depths (cm) 

JL _ _ ± J- - - - » - - - i - - _ » 

Turbidities 

Run. 
15 30 , 45 

t 

t 

s 
60 75 90 sett-'f tit­

led, 'ered. 

0 

1 

2 

3 

4 

5 
6 

7 

1.0 

2 .0 

2 .0 

2.5 
3 .0 

3.5 

3.5 
4 .0 

2 .0 

3 .0 

3 .0 

3.5 
4 . 0 

5.5 
6 .0 

6 .0 

4 . 0 

5 .0 

6 .0 

6.5 
7 .0 

9.0 

10.0 
10.0 

6.0 

7 .0 

a.o 
9.0 

10.0 
12.0 
14.0 
14.0 

8.5 
10.0 
12.0 

12.5 
13.0 

15.5 
17.0 
17.0 

10.5 
12.0 
15.0 

15.5 
16.0 
18.0 

18.5 
19.5 

-

15 

14 

15 

15 
10 

8 

8 

*w 

0.8 

0.4 

0.4 

0.4 

0.3 

0.3 

0.3 

Filter Run No.2 

0 

1 

2 

3 
4 

5 
6 

7 

1.0 

1.5 
2 .0 

3.0 

3.5 
4 .0 

4.5 
5 .0 

F i l t e r Run 

0 

1 

2 

3 
4 

5 
6 

7 

1.0 

2 .0 

2.5 

3.5 
4 . 0 

4 .5 
5,0 

5.5 

2.0 

2.5 
3 .0 

4 .5 
5.0 

5.5 
6.0 

7 .0 

Ko.3 

2 .0 

3 .0 

3.5 
4.0 
5 .0 

6 .0 

7.0 

7.5 

4 . 0 

4.5 

5.5 
7.7 
8.0 

9.5 
10.0 
11.0 

4 .0 

5.0 

6 .0 

7 .0 

8 .0 

9 .0 

10.0 

10.5 

6.0 

7.5 
8.5 

10.5 
11.0 
13.0 
14.0 

14.5 

7.0 

8 .0 

9 .0 

11 .0 

11.5 
13.0 
14.0 

14.5 

9.0 

10.0 
11.0 
13.0 
14.0 
17.0 

17.5 
18.5 

9.0 

11.0 
12.0 
13.0 

14.5 
16.0 

16.5 
17.0 

11.0 
12.0 
13.0 
17.0 
17.0 
18.0 

18.5 
19.5 

11.0 
13.0 
14.0 
15.0 
16.0 
18.0 

18.5 
19.0 

~ 

20 

15 
10 

10 

7 
$ 

7 

»̂ 

20 

20 

20 

15 
18 

15 

15 

-

0.8 

0 .8 

0.7 

0 .7 

0.5 

0.5 

0.5 

— 

0.5 

0 .5 

0 .4 

0.3 

0..3 
0.3 

0.3 
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TABLE 8-II 

Turbidity removal. 
« x 

F i l t e r ! P r e t r e a t m e n t ' F i l t r a t i o n 
Run + T -T T T 

No. ' Raw , S e t t l e d ,Removal %, F i l t e r ,%removal 
' wa te r wa te r wa te r 

JTU JTU JTU 

1 100 12.2 87 .8 0.41 11.79 

2 100 12 . J 87 .7 0.64 11.66 

3 100 17.6 82 .4 0.37 17.23 

Average turbidity removal : 

1) During p r e t r e a t m e n t : 85 .95 i° 

2) During f i l t r a t i o n : 13.56 # 

8 . 3 . 2 Sludge Load Removed a t Every Stage : 

The s ludge i n t h e p r e t r e a t o r and tube s e t t l e r 

u n i t s was removed by g r a v i t y d e s l u d g i n g o p e r a t i o n and 

t h e sludge i n t h e wash wa te r was c o l l e c t e d c a r e f u l l y 

and was measured i n t h e measur ing c y l i n d e r s i n the same 

procedure a s g iven in the c h a p t e r 4 . The s ludge i n the 

dua l media f i l t e r bed was a l s o c o l l e c t e d from t h e back ­

wash wa te r c o l l e c t e d i n t h e bucke t s and was measured in 

t h e same procedure a s g iven i n the c h a p t e r 5 . Table 8 - I I I 

shows t h e a c t u a l s ludge c o l l e c t e d from the t h r e e u n i t s 

a l o n g w i t h the pe rcen tage removal of j?he same. 

8 . 3 . 3 B a c t e r i o l o g i c a l Obse rva t ions : 

The b a c t e r i o l o g i c a l o b s e r v a t i o n s of t h e raw, 

s e t t l e d and f i l t e r e d wate r samples were c a r r i e d out a t 

t h e end of d a y ' s work. The r e s u l t s of t he same a re 

g iven i n t h e Table 8- IV. . 
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TABLE 8-III 

Sludge removed in the pilot plant. 

Fil-' Volume of sludge removed 
ter ' in ml 
Run * -i ' ' 
No, •Gravel 'Tube 'Filter'Total 

1 bed. 'settler' bed 'sludge 
i 

x X 
« 

Percentage of 
sludge removal 

Gravel 'Tube 'Filter 
bed "sett- 'bed ' 

'ler. ' 
- _ - _•- - - x - - -

1. 
2. 

3. 

1255 
1300 

1415 

1640 

1640 

1940 

585 
450 

755 

3480 

3390 

4110 

36.0 

38.5 

34.5 

47.0 

48.5 

47.5 

17.0 
13.0 

18.0 

Aver­
age 

1323 1740 530 3660 36.0 48.0 16.0 

TABLE 8-IV 

Bacteriological observations (MPN) 

Raw 
water 

'?£ Removal of 
' coliform. 

T f T ,_ . 

, Settled , Filtered ,Pretrea-,Filtra-
, water , water. ,tnent. ,tion. 

Filter' Bacteriological observation. 
Run .' 
No. 

1 

2 

3 

1.1 x 104 4.6 x 104 4.6 x 103 

1.1 x 10' 

460 

4.3 x 10' 
150 

36 

36 

58.0 

96.0 

67.5 

Nil 
3.6 
25.0 

Average reduction in coliform by 

1 . Pretreatment : 74 % 
2. Filtration : H % 

8.4 DISCUSSION ON THE OBSERVATIONS. 

8.4.1 Head Loss Observations % 

i) Gravel bed flocculator : The head loss in the 

gravel bed flocculators was observed from 2 to 3 cm. 

through out these runs and hence these are not included 

in the Tables. This head loss may increase slightly more 
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during the further run of the bed for 12 to 16 hours 

which will be the normal day's run for such plants. At 

the end of day's run the gravel bed flocculator was 

drained for gravity flushing out action when all the 

sludge was completely drained out. To collect all the 

sludge the gravel bed flocculator was drained twice after 

refilling with tap water. At the end back wash was given 

to see if there is any remaining sludge, but it was 

observed during back wash, that hardly any sludge remained 

in the bed after carrying out two gravity flushing out 

operations. Normally one operation of draining may be 

adequate except when turbidity is very high. Further the 

back wash can be given once in a week to the gravel bed 

so as to make effective cleaning of the gravel bed flocc­

ulator in a prototype plant. This procedure has been 

already followed at Varangaon treatment plant and was 

found to be effective, 

ii) Dual Media Filter Bed : 

From the head-loss observations at various depths 

in the dual media filter bed it can be seen that the 

head loss in the crushed coconut shell media was about 

30 to 40$ of the total head loss developed in the filter 

bed. It can also be seen that there was marked increase 

in head loss between 30 to 45 cm depth, in which the 

coconut shell depth was 10 cm and fine sand depth was 

5 cm. Even due to this 5 cm fine sand depth there was 

sudden increase in the head-loss. The head losses in 

the sand depths at 60,75 and 90 cm also show the conti­

nuous rise in the development of head loss. This aspect 
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is fully discussed in the chapter 5 and further in the 

chapter 9 of this thesis. 

8.4.2 Turbidity Observations : 

i) Pretreatment : From the turbidity observations 

it is seen that the settled water turbidity was generally 

below twenty JTU. During the beginning of the plant the 

turbidity was slightly more and was in the range of 20 

to 30 JTU, and after about two hours the settled water 

turbidity was continuously maintained at about 10 JTU. 

The reason for this may be the time required for creation 

of the floe blanket below the tube settler. This was 

clearly visible from the sides of the transparent model. 

Further the gravel bed flocculator was also washed at the 

beginning and after about an hour there was also floe 

blanket in the voids between the gravels, which was clearly 

visible from the sides. The flexible sludge blanket gives 

additional opportunity to the newly created micro-floc 

particles to come together. During the short period of 

this continuous contacts with the sludge and the gravels 

in the gravel bed flocculator, the floe size got increased 

progressively and when the floe enters at the bottom of 

the tube settling tank, most of the floe was in settlable 

condition. 

A B a suspended sludge blanket was formed below 

the tube settler* the portion of the incoming finer floe 

particles got in contact with the sludge blanket and 

heavier floe particles settled down. The same action was 

continued up to the top of the tubes when additional 

surface contact was provided by the side surfaces of the 



tubes, which were prodded at 60° angle, for giving more 

effective action and to facilitate heavier sludge to flow 

down due to the gravitational forces of heavier floe. 

The comparative observations in the removal of 

turbidity load are given in the statement No. 8-II. Prom 
it 

this statement^is seen that the turbidity load removed 

during the pretreatment was about 86 i» while that during 

filtration was 13.50$. 

ii) Filtration : The settled water turbidity was in 

the range of 20 to 10 JTU while the filtered water turbi­

dity was below the one JTU. Here also the turbidity 

during the first one to two hours was in the range of 

0.5 to 0.8 JTU, while lihere after it was generally below 

0.5 JTU. The reason for this may also be the same as 

explained for the gravel bed flocculator. As the top 

coconut shell media is coarse one, during the starting of 

the run some finer floe particles enter the small voids 

and create a flexible blanket in the top layer. This was 

clearly visible from the transperant sides of the model. 

Even though the rate of filtration was 10,000 lit/sqm/hr 

the turbidity of the filtered water was generally below 

0.5 JTU. 

8.4«3. Sludge Removal : 

The sludge from all the units was collected 

separately as discussed in details in chapters 4 and 5 

of this thesis. The figures of sludge removed from the 

different units are given in Table 8-III. Prom the 

total volumes of sludge collected for each run, the 

percentages of sludge removed from each unit are also 
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given in this table. 

The average percentage of sludge removed from 

gravel bed flocculator was 36$ while that through the tube 

settler was 48$ and thus the total sludge removed from the 

pretreatment was 84$. The average sludge removed from 

the dual media filter bed was 16$. This shows the sludge 

load removed during the pretreatment process was quite 

satisfactory, and shows the good performance of this new 

technique of pretreatment process with the combination of 

gravel bed flocculator and tube settler. From the compa­

rative observations of turbidity removal as given in the 

Table 8-II, it can be seen that the turbidity removal and 

sludge removal observations from the pretreatment and 

filtration are fairly comparable. This may be a good 

measure for comparing the actual performances of the 

various units in the treatment plant. 

8.4»4 Bacteriological Observations : 

Prom the bacteriological observations as given 

in the Table 8-IV it is seen that the average reduction 

in coliform count in the pretreatment was about 74% 

whereas the same during the filtration was 14$. This 

fairly compares with the actual plant scale performance 

of the Varangaon treatment plant, as given in chapter 9 

(vide Table No. 9-III), where the average reduction 

of MPN during pretreatment was 78$. Thus the pretreat­

ment with gravel bed flocculator and tube settler was 

found quite satisfactory in the removal of coliform load 

in the raw water. 
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8.5 GENERAL CONCLUSIONS. 

i) Gravel bed flocculation unit may be a possible 

solution to replace the mechanical flocculation unit for 

the treatment of turbid water sources for the small . 

capacity treatment plants. 

ii) There is limitation in the use of size of gravels 

in the pilot plant study as there is possibility of short 

circulation of the flow from the sides of the unit. The 

gravels of 1 0 to 1 5 mm dia may give comparable results. '. 

It is possible to clean gravel bed flocculation unit by 

gravity desludging operation. However, back washing arran­

gements is recommended to clean the flocculation unit 

occasionally. 

iii) The tube settling tank with the use of rigid FVC 

square tubes of size 50 x 50 mm opening gives satisfactory 

performance in the treatment of the turbid water sources 

after the gravel bed flocculation unit,at high surface 

loading as compared to the conventional settling tank. 

iv) Pilot plant study shows the formation of a sludge 

blanket zone below the tube settler zone for about 1.3 m 

depth, which is not required to be controlled as in the 

case of a conventional sludge blanket tank. 

v) The dual media filter bed with the use of crushed 

coconut shell media over the fine sand media shows satis­

factory performance for higher filtration rates of 

10,000 1/m /hr after the pretreatment with gravel bed 

flocculation and tube settling tank. 

-oOo-



CHAPTER 9 

DESIGN AND EXPERIMENTAL OBSERVATIONS ON 

VARANGAON TREATMENT PLANT. 

9.1 INTRODUCTION. 

The ftegional Rural W^ter Supply scheme for five 

villages near Varangaon was sanctioned for the estimated 

cost of Rs. 41,10,400/- in the year 1974. The population 

to be served in the immediate and the ultimate stages 

are 25,000 and 30,000 souls respectively. The scheme 

is designed for the daily water supply of 4.20 mid to 

be supplied in 18 hours in the ultimate stage. The 

source of water sup̂ ply is the river Tapi and raw water 

is pumped to the new treatment plant from where the 

filtered water is pumped to the various elevated service 

reservoirs for the supply to the five villages near 

Varangaon. 

A new conventional treatment plant consisting ef 

mixing channel, two units of rectangular settling tanks 

with sixteen hoppers, and six units of pressure filters 

were proposed in the sanctioned scheme. The turbidity 

of raw water from the Tapi river source is 'generally * 

very high and some times reaches even up to 5000 

units= during the rainy season. 

The estimated cost as per the sanctioned scheme 

for the construction of the conventional treatment 

plant as stated above was Rs. 6,50,000/-. The actual 

cost of construction for a conventional plant of this 

capacity would have been above Rs. 8,00,000/-. Table 

9-1 showing the tendered costs received for the same 
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capacity plants during the year 1974-1978 in this 

region is enclosed for ready reference. In view of the 

very high cost of construction of the conventional plants 

for such small capacity water treatment plants, the 

author has proposed to the State Govt, a new simplified 

unconventional treatment plant for the treatment of 

the turbid water source for this scheme, as discussed 

in this chapter. 

The new simplified treatment plant near 

Varangaon consists of mixing channel, two units of gravel 

bed flocculation units, two units of tube settling tanks 

and three units of dual media filter beds. The actual 

cost of construction of -this plant was Rs. 4»00,000/-

which is less than 50$ of the cost of a conventional 

plant of the same capacity. The chief Engineer (ENE) 

and Joint Secretary to the Govt, of Maharashtra,Urban 

Development and Public Health Department has approved 

this new design and the plant was constructed during the 

years 1976-77. This new plant was put into trial runs 

from April 1977. 

The details of the pilot plant observations 

for this type of new treatment plant are given in the 

chapter 8 of the thesis. The details of design,- con­

struction and actual plant scale observations on the 

Varangaon treatment plant are discussed in this chapter„ 

9.2 QUALITY OF THE RAW WATER SOURCE. 

The source of water supply is the Tapi river 

which has low turbidity during eight months. However, 

the turbidity of the river water during the rainy 
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season for four months is very high as can be seen from 

the plant observations given in the Table 9-V. The 

typical chemical analysis results are given in the Table 

9-II, to get the idea of the changes in quality. The 

bacteriological observations of the raw, settled filter­

ed and tap water samples are given in the Table 9-IH. 

The quality of the raw water source for this 

scheme represents the category II, viz : raw water with 

high turbidity and moderate pollution as discussed in 

the chapter 1 of this thesis. The author has designed 

the Varangaon treatment plant specially to treat the 

category-II type of raw water sources. This is the most 

common type of raw water source for water supply schemes 

in the Maharashtra State. 

9.3 TEE NEW APPROACH. 

The new design adopted for this treatment plant 

includes baffle mixing channel, gravel bed flocculators, 

tube settling tanks and dual media filter beds, which 

are not adopted in the conventional treatment plants. 

The other special features provided at the plant, are the 

declining type of rate controlling arrangements for con­

trolling the rate of filtration, control room in which 

alum solution tanks and pure water pumping machinery are 

provided. The eilum solution and dosing tanks are 

provided in the first floor room where the alum mixing 

is proposed to be done by compressed air supply. A 

small laboratory with normal testing equipments is 

provided in the same room. A wash water tank of 

75000 lit. capacity has been provided on the top of the 
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chemical room. With all these arrangements the plant 

has became a very compact one and the total area provi­

ded for the same comes to about 33% of the area normally 

required for the construction of a conventional plant of 

the same capacity. The table 9-IX showing the comparison 

of the Varangaon plant and a conventional plant of the 

same capacity on some important aspects is enclosed in 

this chapter. 

9.4 DESIGN ASPECTS. 

The treatment plant has been designed for the 

hourly pumping flow of 1,75,000 litres. The hours of 

working will be eight and sixteen in the immediate and 

ultimate stages respectively. The raw water from the 

Tapi river source is pumped by submerssible pumps,through 

the intake well to the treatment works situated at a 

distance of about one k.m. from the river bank near the 

village Kathora. 

Following units are provided in the Varangaon 

treatment plant, 

i) Baffle mixing channel, 

ii) Two units of Gravel bed flocculators. 

ii) Two units of tube settling tanks, 

iv) Three units of dual media filter beds, 

v) Control room and disinfection arrangements. 

The detail design calculations are given in the 

Table 9-IV. The details of the various dimensions of 

the various units of the treatment plant are shown in 

the drawing K-2 enclosed in this chapter. 



PHOTOPLATE M i l 

•-

Eide view of the „ . . . 
Varangaon treatment plant showing 
inlet pipe, mixing chamber, gravel 
bed flocculation units, tube settlers 
and dual media filter beds including 
chemical room and wash water tank at 
the top„ 

FLOW DIA6BAM OF VARANGAON TREATMENT PLANT 
y 
I 
i 

^S 
if™* 

iM») fnO_ «IT»H— T*»i| f—* I B * '*.!%* MM I [j 

:^..-, .-•.*-- .--. • &^w***^mG**0limMH$ 

Cross section through the various 
units of the plant. 
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9.5 BAFFLE MIXING CHANNEL. 

The baffle mixing channel is provided on the 

top of the two side walls of the plant, as shown on the 

drawing K-2. The side walls of the channel are of 23 cm 

thickness and of 0.6 m in height. The width of the 

channel is 0.6 metre. The baffles of the Shahabad 

stone tiles are fixed at 60° angle in the side walls of 

the channel at one metre centres in the staggered posi­

tions to accelerate the mixing action, The approximate 

detention in the mixing channel is one minute and a bed 

slope of 20 cm is given in the channel to avoid the 

flooding in the channel. However the baffles created 

more head loss and to reduce the flooding at the begin­

ning in the channel, A. C.pipes 100 mm diaewcrc fixed 

in the vertical positions in place of baffles in the 

bed concrete in the stagged positions. 

The alum dosing tank is provided just near the 

inlet pipe and the alum dose is given just on the down 

stream of the weir provided near the raw water inlet-

pipe in the channel. A small stilling chamber is formed 

at the inlet end. It has been found that the alum 

mixing action is very satisfactory with this arrangement 

considering the instantan0ous chemical reaction of the 

alum solution with the incoming water. 

9.6 GRAVEL BED FLOCCULATION UUITS. 

There are two units of gravel bed flocculators 

of size 3 m x 3 m each with 2.5 m depth of gravels. 

Graded gravels of (4c mm to 20 mm sizes have been 



9.6 

provided in these units from the "bottom to the top. The 

top of the gravels is 30 cm "below the F. S.L. The surface 

loading on the gravel bed is 9700 l/m /hr while the 

detention time considering 40^ voids is about 6 rain. 

The volumetric loading on the gravel bed is 4000 l/nr/hr. 

At the bottom of the chamber, hoppers are pro­

vided with 45° slopes on all sides for the collection 

and removal of the sludge from the hopper bottoms through 

75 mm dia sludge draining pipes. The gravels are placed 

on the mild steel flat screen placed on the top of the 

hoppers as shown in the drawing K-2. The gravel bed can 

be cleaned with the raw water by gravity flushing out 

action in the bed for about five minutes,through a 200 mm 

dia outlet pipe provided just below the gravel bed. 

During such cleaning operation the inlet valves in the 

tube settling tanks are closed to avoid the back flow of 

the water from the tube settling tanks. 

Gravity flushing out action of the gravel bed is 

considered adequate. However to clean these beds 

effectively, a back wash line from the wash water tank 

is connected to the 200 mm dia wash out pipe, in the 

gravel bed for giving occasional back washing to these 

beds. Suitable wash water collection and outlet arran­

gements at the top of the gravel bed have been provided 

for giving effective washing, 

9.7 TUBE SETTLING TANKS. 

There are two units of tube settling tanks of 

size 3 m x 6 m each with 3 m depth, over the top of the 

hopper bottoms as per details shown in the drawing K-2„ 



9-7 

At the bottom of these tanks four hoppers are provided 

with 45° slopes from all sides for removal of sludge 

through 75 mm dia., sludge draining pipes by hydrostatic 

pressure. A layer of rigid PVC square tubes of size 

50 x 50 mm opening and 0.6 m in height is provided cover­

ing all the surface area. The top level of the tubes is 

kept one metre below the F.S.L. in the tanks. The PVC 

square tubes were first fabricated at 60° angle in the 

module forms of size 3 x 0.5 x 0.6 m and these modules 

were then lowered and placed on the angle irons fixed' to 

the sides for supporting the modules. The modules are 

strong enough to resist the necessary bending moment and 

separate bottom supports are not found necessary. The 

surface loading on the open surface area of the tubes is 
o 

about 6600 l/m /hr, while the total detention period in 

the tube settling tanks is about 35 minutes. 

The raw water after passing through th© gravel 

bed is introduced through four numbers of 150 mm dia 

perforated A.C. pipes fixed at the bottom of the tube 

settling tanks to distribute the flow uniformly. The 

water after passing through the PVC tubes in vertical 

direction, is collected through the 100 mm dia PVC 

pipes with side perforations and fixed at one metre 

centres, in the central collection channel. The sett­

led water from the central channel is then taken on 

the filter beds. 

9o8 DUAL MEDIA FILTER BEDS. 

There are three units of dual media filter beds 

of size 4 m x 2.2 m each. The filter beds are designed 
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for the filtration rate of 6600 l/m /hr. However the 

plant observations given in Table 9-V are based only 

on ti*o filter beds, when run at a higher filtration rate 

of 10,000 l/m2/hr. The filter media consists of 40 cm. 

of crushed coconut shell of size 1 mm to 2 mm over the 

fine sand bed of 50 cm thick of effective size of 0.5 mm 

and uniformity coefficient below 1.5. The supporting 

graded gravel bed is provided for 50 cm thickness over 

the under drainage system. The under drainage system 

consists of m.s. manifold pipe of 375 mm. dia with side 

PVC perforated laterals, 50 mm dia, placed at 20 cm 

centres on both the sides. The side gutters are provided 

on all the sides of the filter beds, for wash water coll­

ection and further draining out through two numbers of 

300 mm dia. outlet pipes and valves. 

i) Filter Control : The outlet pipes are of 300 mm 

dia. and only one outlet chamber is provided to give 

declining rate controlling effect, with only one control 

valve before the chamber. Rectangular notch is provided 

at the centre of the control chamber to control the flow 

over the weir. The chamber is covered by glass 

shutters. 

Chlorination arrangements are provided by the 

side of the control chamber. The required chlorine 

dose is given in the control chamber after rectangular 

weir, so ae to mix effectively in the filtered water 

before flowing to the pure water sump. All these 

arrangements are provided in the control room., In 

addition to these, wash water and pure water pumps are 
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also accommodated in the control room. A liquid chlorine 

dosing arrangement is provided. 

ii) Back Wash : Only hard wash is given to these 

filter beds for about 10 to 12 minutes to clean the beds. 

A wash water tank of 75000 lit. capacity is provided on 

the top of the chemical house for giving effective back 

wash to the filter beds. The back wash line is connected 

to the filter outlet pipe line for giving back wash to 

any one of these filter beds, which is normally done in 

serial order. The back wash is given at such a rate to 

create expansion of 30 to 50$ of the filter media, 

iii) Head loss measuring arrangements : The head loss 

measuring arrangements are made by providing plastic 

tubing showing the water levels in the filter beds and 

before the outlet control valve. Arrangements for 

measuring head loss in the filter beds and a combined 

head loss before main outlet control valve have been 

provided. 

9.9 CONSTRUCTION OP THE PLANT. 

The plant was constructed during the year 1976-77 

and was put in-to the trial runs from April 1977. The 

net period of construction was about one year. As 

shown in the drawing K-2 most of the works are of gravity 

masonry walls with only R.C.C. structure for the wash 

water tanks. The work was got constructed through the 

local contractor by employing local labours, 

i) Fabrication of Tube-Modules : 

A special mention has to be made about the 

fabrication of the taa.be modules which were adopted 

http://taa.be
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probably for the first time in India. The PVC square 

tubes of 1.5 mm thickness and 50 x 50 mm clear opening 

size were not manufactured in India before 1975. 

However special efforts were made by the author to get 

these tubes manufactured by two firms during 1975 who 

have supplied the required tubes for this plant. The 

modules were then fabricated at the site and were inst­

alled departmentally in the tube settling tanks. The 

cost of tube modules came to about Rs. 2000/- per sqm. 

of the plan area. The cost may be cheaper in future as 

the tubes can be manufactured on large scale as the 

tube settlers are likely to be adopted for the constru­

ction of new works, and also for the augmentation of the 

existing water treatment plants. 

9.10 PLANT OBSERVATIONS. 

Day to day observations are recorded in a 

register kept at the plant. The proforma for recording 

the observations along with a typical observation from 

the register is shown in the Table 9-V. The actual 

plant observations for nine filter runs, regarding tur­

bidity, head loss, rate of filtration, etc. are given 

in the Table 9-VI when only two filter beds were operated 

at the filtration rate of 10,000 l/m2/hr for the period 

from 5.9.1977 to 17.10.1977. Table 9-VII showing the 

results for ten filter runs is also included when all 

the three filter beds were put into operation for the 

filtration rate of 6600 l/m /hr for the period from 

17.10.77 to 2.2.78 and when all the three filter beds 

were xrashed on the same day. Table 9-VIII showing 
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the results for the period from 5.3.78 to 2.4.78 is also 

included when all the three filter beds were put into 

operation but they were washed separately on alternate 

day each, so as to operate on the declining rate prin­

ciple. The bacteriological results are given in the 

Table 9-III. The Varangaon plant is specially designed 

for the treatment of highly turbid water sources, and 

from the results given in the Tables 9-VI to 9-VIII it 

will be seen that this new plant has given very satis­

factory results. 

i) Turbidity Observations : 

Maximum turbidity was seer- up to 4000 JTU from 

the Tapi river source during the rainy season of 1977. 

Such a high turbidity was successfully treated to give 

settled water turbidity below 20 JTU and filtered water 

turbidity in the range of 0.5 and 1 JTU. 

ii) Head Loss Observations • 

During first stage observations only two dual 

media filter beds were run at the filtration rate of 

10,000 l/m2/hr for the period 5.9.77 to 17.10.77 and the 

results of which are given in the Table 9-VI. Prom 

these results it is seen that the initial head loss 

after washing of the filter beds was in the range of 

30 to 40 cm while the average filter run was 40 hours. 

The filter beds were washed either when the head loss 

was reached to 2 m. or the filtered water turbidity 

exceeded one unit? os the plant was run intermittently 

for about 8 to 10 hours per day. During the first 

stage observations given in the Table 9-VI it was seen 
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that when the back washing was not given effectively the 

initial head loss after such ineffective back washing was 

increased and subsequently the lengths of such filter 

runs were also found reduced from the normal length of 

runs. From the second stage observations as given in %fe 

the Table 9-VII it is seen that the initial head loss 

was about 30 cm while the average filter run was 58 hours 

when ill the three filter beds were put into operation. 

From the table 9-VIII, it is seen that the initial head 

loss was about 30 cm and maximum head loss about 70 cm 

when all the filter were run on the declining rate 

principle and the beds were washed separately on the 

alternate day each according to serial order. The 

average filter run of each filter was kept about 48 to 

50 hours. 

9.11 PERFORMANCE OF THE GRAVEL BED FLOCCULATORS. 

The gravel bed unit in the Varangaon plant is 

adopted as a flocculation unit when the flow is in the 

downward direction. The floe size gets increased and 

consolidated as the water passes from the top to the 

bottom through the gravels and flocculated water is 

then introduced in the tube settling tanks. From the 

turbidity reduction in the settled water as shown in 

the Tables 9-VI and 9-VII it is seen that the floccu­

lation action in the gravel beds is very satisfactory. 

It is specially to be pointed out that the actual plant 

scale results of these gravel beds are superior to the 

pilot plant study on a perpex model of the same height 

and of 10 cm x 10 cm size as discussed in the chapter 8. 
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i) Cleaning of Gravel Beds : 

There is possibility of clogging of the gravel 

beds, particularly when the sizes of the gravels are 

of uneven and of small sizes or when the raw water 

contains heavy silt during the flodds. Prom the actual 

results the clogging was observed in the beds but the 

beds could be cleaned by gravity flushing operation with 

the raw water. For such gravity flushing action and to 

create adequate velocity for the removal of sludge, 

200 mm dia. washout pipe is provided below the gravel 

bed, with a valve outside. Raw water from the mixing 

channel can be taken on the bed without alum dose for 

cleaning of the beds adequately. 

ii) Back Wash ; 

Prom the actual performance of these beds gravity 

desludging operation was found adequate. However to 

clean these beds effectively a back wash line from the 

wash water tank was connected to the 200 mm dia wash out 

pipe in the gravel beds for giving occasional back wash 

to these beds. Suitable wash water collection and out­

let arrangements have been provided for giving effective 

back washing. 

9.12 TUBE SETTLING TANKS. 

The plant scale results from the Tables 9-VI 

to 9-VIII show very satisfactory performance in the 

removal of the turbidity load, which shows both the 

gravel bed flocculators as well as tube settling tanks 

work in perfect combination. The flocculated water 

coming out of the gravel beds, when passes through the 
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PVG square tubes at 60° angle, the floe particles get 

further consolidated due to the large surface area of 

the tubes and the heavy floe particles settle in the down 

ward direction to form sludge. In this process the zone 

below the tubes becomes a very active sludge blanket 

zone, as the heavy floe particles flowing in the down 

ward direction.and the new floe particles flowing in the 

upward direction, further accelerate the flocculation 

action in this zone. The natural sludge blanket thus 

formed in and below the tubes is not required to be 

controlled as in the case of a conventional vertical 

flow sludge blanket tank. 

Due to the accelerated action of the removal of 

the floe particles in the tube settling tanks the surface 

loading can be adopted in much higher range of 6000 to 

15000 l/m /hr through the tube opening area. The sur-

face loading adopted at Varangaon is about 6600 l/m /hr 
p 

as against the normal surface loading of 750 l/m /hr as 

adopted for a conventional rectangular settling tank. 

Due to the possibility of adopting very high surface 

loading the detention period is about 35 min as compared 

to three hours generally provided in a conventional 

settling tank. 

9.13 DUAL MEDIA FILTER BEDS. 

The three dual media filter beds are designed 

for 6600 l/m /hr. However the performance of these 

filter beds was found very satisfactory even at a 

much higher rate of 10,000 l/m /hr as given in the 

Table 9-VT when only two filter beds were run during 
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the first stage observations. The lower filtration 

rate of 6600 l/m2/hr has been adopted at this rural 

water supply scheme, as the operating personnel are not 

generally trained and considering the possibility of 

occasional lower performance of the pretreatment works, 

the filtered water quality should be acceptable, even 

at higher settled water turbidity. The plant perfor­

mance for the second stage observations are given in the 

table 9-VII, when all the three filter beds were run at 

the designed filtration rate of 6600 1/m /hr. Prom 

therse plant observations it can be seen that the dual 

media filter beds can be safely designed for the high 

filtration rate up to 10,000 l/nr/hr after the pretreat-

ment consisting gravel bed flocculators and tube 

settling tanks. 

The plant performance for the III stage obser­

vations are given in the Table 9-VTII ' when all the 

three filter beds were run at a designed filtration 

rate of 6600 l/m /hr, however the filter beds were run 

on the declining rate principle and the filter bedswere 

washed separately on alternate days after about 48 hours. 

Prom the Table 9-VTII it will be seen that the minimum 

and maximum head losses were observed between 30 cm 

and 70 cm. Further range of filtered water turbidity 

was between 0.5 to 1.0 JTU. Thus the advantages of 

declining rate operation are clearly seen from the 

plant observations as given in the Table 9-VTII. The 

minimum and maximum head loss and turbidity observed 

during the declining rate operation were observed 
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lower as compared to the observations in the Table 

9-VTI, when all the three filter beds were run at the 

same rate of 6600 l/m /hr but were washed on the same 

dates. Therefore the filter beds are proposed to be 

run on the declining rate principle as stated above 

during the normal run of the plant. 

The author has explained all these design and 

performance aspects of such dual media filter beds in 

chapter 7 for Eamtek filter and hence the duplication of 

the same is avoided in this chapter. 

9.H MAINTENANCE OBSERVATIONS. 

Prom the plant scale observations as discussed 

in this chapter it is seen tba t the Varangaon treatment 

plant is giving very satisfactory performance. Due to 

the simplicity in the day to day operation of the plant 

particularly in alum dosing, declining type of filter 

rate control, sludge draining, hard washing and disin­

fection arrangements, one operator with one labour 

assistant can maintain the filter plant efficiently as 

can be seen from the performance. The operator is of 

S.S.C. standard level and was trained at site for 

chemical dosing and filter rate control and washing 

operations. He maintains the up to date ragister for 

day-to-day observations of the filter plant. Further 

he can measure turbidity of raw, settled and filtered 

water and sends water samples regularly for chemical 

and bact. analysis. Due to all the simplified arran­

gements provided at the Varangaon treatment plant, the 

maintenance of the plant is trouble free, efficient 
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and considerably cheaper as compared to the maintenance 

of a conventional plant of the same capacity. The 

maintenance costs of the simplified treatment plants as 

compared to the conventional plants of same capacity 

are already discussed in the chapter 7. 

9.15 GENERAL CONCLUSIONS. 

Prom the actual plant scale results of this 

new Varangaon treatment plant, it is observed that the 

new techniques adopted in this plant may solve some of 

the important problems in providing simple and cheap 

water treatment plants for rural and semi-rural areas 

in the developing countries. Some important conclusions 

are given below. 

i) Gravel bed flocculation chamber may be a promi­

sing solution to replace the mechanical flocculation 

unit for the treatment of furbid water sources for the 
small capacity plants. 

ii) The tube settling tank with the use of rigid 

PVC square tubes of size 50 x 50 mm opening gives very 

satisfactory performance in the removal of the high 

turbidity, after the gravel bed flocculation chambers, 

at much higher surface loading as compared to the 

conventional settling tanks. 

iii) Dual media filter beds with the adoption of 

crushed coconut shell media over the fine sand media 

shows satisfactory performance for higher filtration 

rates upto 10,000 l/m /hr after the pretreatment 

with gravel bed flocculation and tube settling tank. 
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iv) The reduction in capital cost by adoption of 

the Varangaon type treatment plant may be more than 

50$ as compared to the costs of the conventional 

plants of the same capacity. 

-0O0-
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TABLE 9-IV 

Hydraulic design calculations for Varangaon 
treatment plant. 

Design flow = 1,75,000 lit/hr. (40,000 gall/hr.) 

or 4.2 mid. 

1. Mixing channel : Provided on the two s ides of the 

tube s e t t l i n g tank as shown in the drawing K-2 

Length = 20 m. 

Width = 0.75 m. 

Approximate detent ion per iod = One minute. 

Bed slope = 20 cm 

spacing of baf f les = a t One min. centres in 

staggered p o s i t i o n s . 

2 . Gravel bed f loccu la to r s = Two u n i t s . 

Size of each u n i t = 3 x 3 x 3 m. 

Depth = 2.50 m of g r a v e l . 
p 

Surface area of each bed = 9 m 
Surface loading = l ^ j O O O _ g 7 0 0 1/m

2/i1Tm 

2 x 9 
Volumetric loading =„J. J t752000__ -_ = 39QQ 1 / m 3 / h r < 

2 x 3 x 3 x 2 . 5 
say = 4000 l /m 5 / h r . 

Size of gravels used = 50 to 20 mm size,rounded 
grave l from bottom to top . 

Average porosi ty = 40$ 
Approximate detent ion period = 

2 x 3 x 3 x 2.5 x 60 _ , . 
————————• ——— = t> mm. 

1,75,000 
I n l e t pipes = provide 4 Nos. 10Orom dia p ipes . 

Outlet arrangements = Provide 4 Nos.. of 150 mra d ia 

C.I .pipes with bottom per fo ra t ion 25mn> d i a a t 1 0 cm c / c / 

for uniform d i s t r i b u t i o n of flow. 
Contd.. 
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Sludge removal = Provide four hoppers a t the 

bottom and 100 mm dia . sludge removal pipos with valves 

and 200 mm d i a . ou t l e t for g rav i ty draining and giving "back 

wash wi th s l u i c e va lves . 

3 . Tube s e t t l i n g tanks = Two u n i t s . 

s i ze of each un i t = 3 m x 6 m. 

Depth = 3 m over hopper top 
2 

Surface area = 18 m each. 

Considering 50 x 50 mm s ize square tubes , and tube 

thickness as 1.5 mm. The e f fec t ive area ava i l ab le of per 

sq.m. of tank area considering s ide support reduction in 
e f fec t ive area 75%. 

Effective open tube area = 2 x 18 x 0.75 
= 27 sq.m. 

. . Bate flow through the tube per min. 

= i iZ5i?2™ = 1 0 8 say 110 l/m2/min. 
6 0 x 2 7 s r 6600 l/m?hr 

(2.3 g a l l / f t ? / m i n . ) 
Actual number of tubes per sq.m. considering 

s ide support = 300 Nos. 

Number of tubes of 0.6 m length each 
= 2 x 18 x 300 
= 10,800 Nos. 

Length of tubes consider ing = 10,800 x 0.6 
0.6 m length each. _ ^AQQ m 

. . Number of 3 m. length tubes =_6480_ _ oign 
3 

Contd .c 
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De ten t ion per iod in the t anks 
= 2 x ^ x 6 x 3 - 2 x 5 x 6 x 0 . 6 x 2 , 5 

= 12?l5 .L = 1.02. 5_ = 0,58 hvs. 
1 7 5 175 = 35 E i n u t e s . 

. . P rov ide PVC tubes about 10,800 numbers a t 

60° a n g l e below one metre of F , S . L . i n the tank as shown 

i n the drawing K~2. Sludge wi thdrawal a r rangements : 

Provide four hoppers of 3 x 3 m. s i z e and 45° 

s l o p e s a t bottom wi th c e n t r a l s ludge c o l l e c t i o n p i t s 

of 0 .6 x 0.6 m. 

P rov ide 100 M d i a . s ludge wi thdrawal p i p e s wi th 

s l u i c e va lves on t h e o u t s i d e in d r a i n chambers as sho :o 

i n the drawing. 

4c Dual media f i l t e r beds = Three u n i t s . . 

Size of each bed = 4 x 2„2 m. 

Area of bed = 808 m2 

Rate of f i l t r a t i o n =» - l i 75 2 0ra_ = 6 6 Q O 1 / m 2 / i j _ r # 

3 x 8 ,8 
Rate of f i l t r a t i o n when only 
two beds a re i n o p e r a t i o n = 1,75,000 

2 x 8.8 

= 10,000 l / m 2 / h r . 

i ) Media d e t a i l s . 

Depth of crushed coconut s h e l l media = 40 cm. 

Average s i z e of coconut s h e l l media 1 t o 2 ra s i z e , 

E f f e c t i v e s i z e of coconut s h e l l media 0 .95 ra 

Uniformi ty c o e f f i c i e n t = 1 . 4 5 

Contd . . 
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Depth of f ine sand media = 50 cm 

Effect ive s i z e of f ine sand = 0,50 M 

Uniformity e f f i c i en t = 1.5 

Depth of supporting gravel bed = 50 cms. 

i i ) Under dra in d e t a i l s . 

Manifold s ize - 275 « d i a . M.S. pipe. 

Dia of l a t e r a l s = 60 m d ia . PVC 

Number of l a t e r a l s = 88 Nos. provided a t 20 cm 
c/c on both s i d e s . 

Perfora t ions for the l a t e r a l s = C ra dia holes a t 
5 cm staggered a t 
90° f o j l e . 

Total perfora t ions area = 400 sq.cms. 

Ratio of perfoiated and bed area = 0„045-

i i i ) Back wash tanko 

Rate of back wash = 7000 l/m /min. approx. 
(for 30^ to 40^ ( or 15 g a l l s / s q . f t . / m i n . ) 
expansion) 

Capacity of backwash tank = 75000 l i t t o give 
a back wash for 10 
to 12 min. 

The back wash tank i s provided on the top of 

the control room. 

-oOo-
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TABLE -9 -VI 

Observa t ions on Varangaon Treatmeni p l a n t , from 5/9/1977 to 1 7 / 1 0 / 7 7 . 

- j . i l _ . 

Fi'Date of «Sta« 
It'starting'rti1- -
er'and 'ng * 
Ru'washing 'he-' 
n » 'ad 'TH 
No' »io • 

t 

i 

_ r _ 

First Day- Second Day I T h i r d ^ y 

'ss 
'cm 

HL RT ST [FT TH • HL RT 

0 

ST FT1 TH HL RT ST FT 

Fourth Day 

TH f RT ST FT 

1. 5.9.77 35 7.0 36 2000 20 0.5 15 

2. 10.9.77 53 8.5 85 300 10 0.5 16 

3. 15.9.77 71 9.0 80 1000 40 0.5 18 

4. 19.9.77 60 8.0 107 100 8 0.6 16 

5. 23.9.77 25 8.0 27 100 8 0.6 16 

6. 28.9.77 48 12 80 60 8 0.5 20 

7. 2.10,77 30 8.0 32 50 10 0.5 16 

8. 6.10.77 30 7.0 35 1500 20 0.5 15 

9. 12.10.77 28 8.0 33 100 10 0.5 15 

76 

87 
176 

153 

64 
100 

40 

57' 
48 

1 500 (DO 0.5 

250 10 0.5 

800 

100 

95 

60 

55 
800 

64 

40 1.0 

8 0.5 

8 0.5 

18 0.5 

10 0.5 

16 0.5 

10 0„5 

23 

23 

27 

24 

24 

27 

22 

22 

23 

84 

89 

193 

200 

110 

140 

190 

67 

85 

1000 

150 

800 

100 

80 

50 

1500 

250 

64 

10 

10 

25 

8 

8 

18 

20 

10 

10 

0.5 30 

0.5 30 

1.0 36 

0.6 -

0,5 33 

0.5 35 

0.5 30 

0.5 20 

0.5 32 

86 300 

160 150 

205 500 

162 90 

207 50 

200 2000 

108 250 

128 60 

«„ 

1 
2 . 

3 . 

4 . 

5. 
6. 
7 . 
8 . 

9 . 

5 .9 .77 

10 .9 .77 

15 .9 .77 
19 .9 .77 

23 .9 .77 
28 .9 .77 
2 .10 .77 
6 .10.77 

12 .10 .77 

35 

53 
71 
60 

25 
48 
30 
30 
28 

40 

40 

-

-

40 
-

-

37 
40 

F i f t h Day 

96 

170 
— 

-

204 
-

-

138 

185 

300 
100 

-

-

90 
-

-

25 
55 

10 

30 
— 

— 

8 
-

— 

10 
10 

0*5 -

0 .5 -
_ — 

— — 

0 . 5 45 
_ _ 

— _ 

0.5 45 
0 . 5 48 

~* 

~ 

_ 

-• 

207 
_ 

_ 

190 
200 

i x t h 

~ 

.=• 

,_, 

_ 

60 
**• 

w 

100 
50 

Day 

«* **» 

«•» • • « 

„ 

_ 

8 0 .5 
^ 

- -

10 0 .5 

10 0 .5 

General Data 

Head losses are given in cm 

Turbidities are given in JTU 
2 

Ara-a of each filter bed = 8.0m 

Daily filter run between 
8 to 10 hours. 

Notations given in the above 
table are s I 
a) Total hours of run = TH i 

b) Head loss = HL i 

c) Raw wa te r T u r b i d i t y = ROJ 
d) S e t t l e d wa te r t u r b i d i t y |=ST 
e) F i l t e r e d wate r | 

t u r b i d i t y = FT. J 

10 0.5 

10 0.5 

10 0.5 

8 0.5 

18 0.5 

25 0.5 

10 0,5 

10 0.5 

Flow Data . 

1 . To ta l f low = 1,75,000 l i t / h r 

2 . Surface l o a d i n g on g r a v e l ~ 
bed f l o c c u l a t o r = 9700 l /m / h r . 

3 . Sur face l o a d i n g on t u b e s e t t ­
l i n g tank = 60O9l/m2/hr 

4 . Rate of f i l t r a t i o n on two 
dua l media beds . 

= 10,000 l / m 2 / h r . 
5. Average f i l t e r run d u r i n g 

t h e pe r iod = 40 h o u r s . 
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P l a n t from 17/10/1977 t o 

t 

2/2/1.978. 

Four th Day 
! 
T F i l ' D a t e of ' S t a r ' 

t e r ' s t a r t i n g ' t i n g ' - -
run ' and ' head ' 
No. 'washing ' l o s s 'TH 

F i r s t Day Third Day 

HL 
cms. 

RT'ST » 
i t 

FT 

F i f t h Day 

ST 

j . 

i 

FT TH , HL , RT ,'ST ,' FT \ TH 
t 

T 
i 

, HL , RT ,ST , FT , 
i 

i i i t 

1, 

2, 

?. 

4. 

5. 

6, 

7. 

8 . 

9. 

1 : 

2, 

3< 

4. 

5, 

6, 

7, 

8, 

9. 

17.10.77 

25.11.77 

4 .12 .77 

12.12.77 

20.12.77 

28.12.77 

5.1 .78 

12 .1 .78 

20.1 .78 

. 2 .2 .78 

17.10.77 

25.11.77 
4 .12.77 

12.12.77 

20.12.77 

28.12.77 
5.1.78 

12.1.78 

20.1 .78 

. 2 .2 .78 

28 

30 

28 

28 

30 

28 

28 

27 

28 

28 

28 

30 

28 

28 

30 

28 

28 

27 

28 

28 

10 

7 

11 

10 

12 

8 

10 

1 0 

10 

10 

43 

43 

4 8 

47 

48 

43 

45 

45 

43 

41 

43 

35 

40 

42 

37 

32 

40 

4 0 

38 

38 

S i 

135 

150 

157 

175 

138 

168 

178 

157 

80 

118 

35 

35 

80 

50 

38 • 

35 ' 

35 ' 

33 ' 

34 ' 
30 ' 

x t h Da: 

35 ' 
250 

60 ' 

40 ' 

40 ' 

35 

30 ' 

32 ' 

32 

52 

1 0 

12 

10 

10 

10 

10 

0 

0 

10 

10 

f 

10 

15 

0 

10 

10 

10 

10 

0 

10 

10 

0 .5 

0 . 5 

0 .5 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 8 

0 . 6 

0 . 7 

0 . 6 

0 . 5 

0 . 6 

0 . 5 

0 . 5 

0 . 6 

0 , 5 

0 . 5 

0 . 8 

0 . 8 

18 

14 

19 

17 

19 

15 

17 

17 

17 

16 

53 

50 

55 

54 

56 

50 

49 

52 

48 

47 

58 

63 

52 

65 

52 

48 

60 

60 

42 

50 

35 

3000 

80 

37 

38 

36 

35 

35 

32 

30 

Seventh 

203 

178 

187 

197 

167 

193 

195 

183 

85 

141 

35 

120 

50 

40 

37 

35 

30 

32 

30 

40 

10 

20 

10 

10 

10 

10 

10 

to 
10 

10 

Day 

10 

12 

10 

10 

10 

1 0 

1 0 

10 

10 

10 

0 . 5 

0 . 5 

0 .5 

0 .5 

0 . 5 

0 . 5 

0 .5 

0 . 8 

0 . 6 

0 . 8 

0 ,5 

0o5 

0 ,5 

0 .5 

0 .5 

0 .5 

0 .5 

0 ,5 

0C8 

0 , 8 

25 

22 

26 

24 

26 

22 

24 

24 

24 

" 2 2 

73 

88 

82 

93 

72 

66 

88 

80 

63 

63 

LOnger 

. 62 

62 

58 

63 

53 

49 

• V 

55 

8 0 " 

52 

205 

202 

208 

200 

200 

195 

»« 

197 

206 

155 

36 

2000 

8 0 

40 

40 

36 

35 

34 

32 

32 

Run 

80 

50 

4 0 

36 

35 

30 

* *. 

5 2 
30 

40 

10 

17 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

' •«• 

10 

10 

10 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 .5 

0 ,5 

0 . 5 

0 . 8 

0 . 8 

0 . 8 

32 

30 

33 

32 

33 

29 

31 

31 

31 

28 

t 

0.5 » 
0 . 6 

0 .5 

0 .6 

0 .6 

0 . 5 

» • 

0 , 6 

0,8 i 

0 . 6 

I ? 8 

108 

112 

121 
; 92 

92 

117 

100 

70 

78 

35 

1000 

60 

40 

40 

37 

35 

34 

34 

32 

10 

15 

10 

10 

10 

10 

10 

10 

10 

10 

0 . 5 

0 . 5 

0 .5 

0 .5 

0 . 5 

0 . 5 

0 . 5 

0 . 8 

0 . 8 

0 . 8 

39 

37 

41 

39 

41 

36 

38 

38 

37 

34 

113 

132 

135 

149 

115 

140 

148 

131 

75 

93 

3 5 " 

250 

60 

40 

38 

35 

34 

33 

32 

30 

10 

15 

10 

10 

10 

10 

10 

10 

10 

1 0 . 

0 .5 

0 .5 

0 .5 

0 .5 

0 . 5 

0 . 5 

0 . 5 

0 .5 

0 .5 

0 .7 

1) 
2) 
3) 
4) 
5) 

J-m 
10 

G-e ne r a 1_ Da t a. 
Head l o s s e s a re g iven i n cm. 
T u r b i d i t i e s a r e g iven i n JTU 
Area of each f i l t e r bed : 8 .8 
Daily f i l t e r run between 8 t o 1 0 h o u r s . 
No ta t ions g iven i n the above t a b l e are : 
a ) To ta l hours of run = TH 
b) Head l o s s = HL 
c) Raw w a t e r t u r b i d i t y = RT 
d) S e t t l e d water t u r b i d i t y = ST 
e ) F i l t e r e d wate r t u r b i d i t y = FT 

u 
2) 

5) 
4) 

5) 

P l a n t Data . 
• • •W .1 » . • I . — | ^ • . . • • • 

Total flow = 1,75,000 lit/hr. 

Surface loading on gravel bed flocculator 
= 9700 l/m2/hr. 2 * 

Surface loading on tube settling tank = 6600 l/m / hr. 
Kate of filtration on three dual media ? 

beds = 6600 l/m /hr. 
Average filter run during the period = 58 hours. 
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TABLE 9-VIII 

Statement showing the p lant observat ions fo r 
f i l t e r runs on dec l in ing r^.te cont ro l 

from 5/3/78 to 2 /4 /78. a t Varangaon. 

-flow - 1,75,000 l i t / h r . 

Date 

1 

•Head 

' Bed 
1 No. 
s 1 
t 

i 

i 

-L2. 

loss in cm 

, Bed . Bed 
, No. No. 
! 2 ; 3 

.* 1 _,_ 4 „ 

Cornbi 
, ned 

5 

Turbidity in JTU 

Raw 'Sett-'Pilt-
' 'led. 'ered 

, 6 , 7 , 8 

'Filt-

-'back 
'wash-
'ing 
'for 
'bed 
'No. 

.-9- -

5,3.78 

6.3.78 

7.3.78 

8.3.78 

9.3*78 

10.3.78 

11.3.78 

12.3.78 

13.3,78 

14.3.78 

15.3.78 

16.3.78 

17.3.78 

18.3.78 

19.3.78 

20.3.78 

21 .3.78 

22.3.78 

23.3.78 

24.3.78 

25.3.78 

26,3»78 

27,3,78 

28.3.78 

35 
60 

32 

63 

37 
60 

30 

55 
36 

58 

35 

63 
30 

62 

35 

63 
36 

63 

35 
60 

40 

69 
42 

72 

35 
60 

32 

63 

37 
60 

30 

55 
36 

58 

35 

63 
30 

62 

35 

63 
36 

63 

35 
60 

40 

69 

42 

72 

35 
60 

32 

63 

37 
60 

30 

55 

36 

58 

35 

63 
30 

62 

35 

63 
36 

63 

35 
60 

40 

69 
42 

72 

33 

58 

30 

62 

55 
58 

28 

53 

33 
56 

32 

61 

28 

SO 

33 
62 

34 
61 

33 
53 

33 

68 

40 

70 

32 

35 
36 

34 

57 

36 

36 

36 

36 

35 
36 

36 

36 

35 
36 

32 

32 

32 

34 
32 

36 

33 
32 

35 

12 
10 

12 

12 

12 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

11 

10 

11 

10 

10 

12 

0.9 

0.9 
0o8 

0o8 

0o8 

0„9 
0.8 

0*3 

0.8 

0.8 

0.9 

1.2 

0.8 

0.9 

0.7 
0.8 

0.9 

0.9 

0.9 
1.0 

1.1 

1,2 

1.2 

1.2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

^ 
£ 

3 



9-32 

1 2 3 4 5 6 7 8 9 

29.3.78 

30.3.78 

31.3.78 

1.4.78 

2.4.78 

44 
73 
44 
70 

43 

44 
73 
44 
70 

43 

44 
73 
44 
70 

43 

42 
71 
42 
68 
42 

36 
32 

31 
32 
36 

12 
11 
11 
12 
12 

1.2 
1.1 
1.0 
1.0 
1.2 

Remarks ; 1) Each f i l t e r bed was back washed 
a f t e r about 43 hours of i n t e r m i t t e n t 
run on the 6th day in s e r i a l order 
as shown in t h i s statement. 

2) Turbidi ty was measured by Aplab 
t u r b i d i t y meter. 

3) Average da i ly hours of working was 
8 hours . 



CHAPTER 10 

DESIGN OP A SIMPLIFIED TREATMENT PLANT 
AT CHANDORI VILLAGE. 

10.1 INTRODUCTION. 

The village Chandori is situated on the bank of 

Godavari river in the Nasik District of Maharashtra State. 

The Chandori village water supply scheme was sanctioned 

for the estimated cost of Bs. 9,82,000/- in the year 1978, 

under the accelerated programme of village water supply 

schemes. The population to he served in the immediate 

and ultimate stages are 11000 and 14700 souls respectively. 

The rate of water supply will be 40 l/head/day. The 

scheme is designed for the daily water supply of 0.6 mid 

in the ultimate stage with daily 16 hours of pumping. The 

river Godavari is the source of water supply and raw water 

is proposed to be pumped through a jack well which is a 

combined headworks for the water supply schemes for 

Saikheda and Chandori villages. 

The raw water from the river is proposed to fce 

taken through a 150 Dim dia pumping main 2300 m long from 

the jack well to the treatment site at an hourly pumping 

rate of 36,750 litres. The filtered water is proposed to 

be pumped to the E.S.R. of 2,00,000 lit. capacity situated 

near the treatment plant. Water will be distributed 

through the E.S.R. to the Chandori village through stand 

posts. 
of 

A conventional treatment plant consisting/sett-
as 

ling tank followed by slow sand filter beds was proposed 

in the sanctioned scheme for the estimated cost of 
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Rs. 2,10,000/-. The actual cost of construction for such a 

conventional treatment plant of one mid capacity would 

have been about Rs. 2,50,000/- on the basis of a similar 

treatment plant constructed at Saikheda village situated 

on the other bank of the Godavari river. 

In view of the very high cost of construction of 

the xzonventional plants for such small capacity water 

treatment plants, the author has proposed a new simpli­

fied unconventional treatment plant for the treatment of 

turbid water sources for"-this scheme, as discussed in 

this chapter. 

The new simplified treatment plant at Chandori 

village will consist of mixing channel, one unit of pre-

treator and one unit of dual media filter bed. The con­

struction of the new treatment plant is likely to be 

completed by the end of May 1979, and hence the actual 

plant performance results could not be included in this 

thesis. 

However a pilot plant study has been carried out 

for this type of new treatment plant and the results of 

the same are discussed in this chapter. 

10.2 THE QUALITY OF THE RAW WATER. 

The source of the water supply scheme is the 

Godavari river which has very high turbidity through out 

the rainy season of four months. The maximum raw water 

turbidiiy is likely to be 5000 JTU, while the average 

turbidity will be below 100 JTU during the remaining 

season. The quality of the raw water source for this 

scheme may be as per catagory-II viz. the raw water with 
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h i g h t u r b i d i t y and moderate p o l l u t i o n a s d i s cus sed i n t h e 

c h a p t e r 1 of t h i s t h e s i s . The a u t h o r has s p e c i a l l y d e s i g ­

ned t h i s new t r e a t m e n t p l a n t t o p rov ide ve ry cheap and 

s imple t r e a t m e n t p l a n t s f o r t h e smal l c a p a c i t y r u r a l 

wa te r supply scBaemes for t u r b i d wa te r s o u r c e s . The t y p i ­

c a l chemical and b a c t e r i o l o g i c a l r e s u l t s of t he raw wate r 

a r e g iven i n t h e Tables 10-1 and 1 0 - 1 1 . 

10 .3 DESIGN ASPECTS. 

The new d e s i g n proposed f o r t h i s u n c o n v e n t i o n a l 

t r e a t m e n t p l a n t i n c l u d e s mixing channe l , u n i t of p r e t r e a -

t o r fol lowed by one u n i t of d u a l media f i l t e r bed. The 

p r e t r e a t o r u n i t i s a t o t a l l y new f e a t u r e of the des ign of 

t h i s p l a n t and may have been p rov ided f o r t h e f i r s t t ime 

i n t h e f i e l d of wa te r t r e a t m e n t . The des ign of t h e p r e ­

t r e a t o r has been mainly developed on t h e b a s i s of t h e 

a c t u a l p l a n t performances of t h e Ram;tek and t h e Varangaon 

t r e a t m e n t p l a n t s as exp la ined i n the c h a p t e r s 7 and 9 of 

t h i s t h e s i s . The new p r e t r e a t o r i s a combinat ion of t h e 

p r e f i l t e r of t h e Ramtek p l a n t and the t u b e s e t t l e r of t h e 

Varangaon p l a n t . I t i s a f l o c c u l a t o r - c u m - t u b e s e t t l e r 

u n i t . Such a p r e t r e a t o r may be a b l e t o t r e a t h i g h l y 

t u r b i d wa te r sou rces a t a h i g h e r s u r f a c e l o a d i n g r a t e s . 

The p r e t r e a t o r u n i t a s w e l l as t h e d u a l media f i l t e r u n i t 

f o r t h i s new p l a n t have been des igned f o r a s u r f a c e 

l o a d i n g of 4500 l /m / h r . However f o r t h e low t u r b i d i t y 

w a t e r sou rces t h e p r e t r e a t o r may be designed f o r h i g h e r 
o 

s u r f a c e l o a d i n g up t o 10,000 l /m / h r . 

The d e t a i l e d h y d r a u l i c d e s i g n c a l c u l a t i o n s f o r 

t h e Chandori t r e a t m e n t p l a n t a r e g iven i n t h e Table 10-IIX 



PHOTOPIATB • - 1 0 - 1 

plant 
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showing mixing 

gravel bed prefilter 
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room0 
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filter 

rhe top 
may be 

treatment 
channelp , 
and dual 

unit with control 

view of 
similar 

the Chan do ri 
as above. 
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while the details of the various dimensions of the treat­

ment plant are shown in the drawing K.3 enclosed in this 

chapter. The important design aspects are given helow. 

10.4 MIXING CHANNEL. 

The mixing channel is provided on the top of the 

two side walls of the plant as shown in the drawing K*-3. 

The side walls of the channel will he 23 cm thick and 50 

cm in height. The width of the channel is kept'60 cm and 

the bottom slope of 20 cm will be given to the channel to 

avoid flooding of the water. A.C.pipe pieces of 100 ram 

dia and of 30 cm height will be fixed in vertical positions 

in the bottom concrete of the channel in staggered posi­

tions as shown in the drawing K-3, to accelerate the 

mixing action0 

The alum mixing and dosing tanks will be provided 

just near the inlet pipe as shown in the drawing K-3, and 

the alum dose will be given just on the down stream of 

the weir provided near the raw water inlet pipe in the 

channel. A small stilling chamber will be available near 

the inlet pipe due to the weir wall provided in the . 

channel. 

10.5 PRETREATOR UNIT . 

There w i l l be one u n i t of p r e t r e a t o r of s i ze 

4 .0 m x 2.2 m. with 3.6 m depth in the bed. The p r e t r e a ­

t o r i s a gravel bed f locculator-cum-tube s e t t l i n g tank. 

Graded gravels of 50 to 20 ran s i z e s w i l l be provided a t 

the bottom of the u n i t f o r 1 .5m depth. The grave l s w i l l 

be d i r e c t l y placed on the underdrainage perforated pipe 
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laterals as shown in the drawing K-3. The PVC tube settler 

modules will he provided for 50 cm depth covering all the 

surface area over the gravel bed but keeping a clear space 

of 90 cm below the tube settler. Side gutters will be 

provided on all sides of the bed with the top of gutters 

10 cm above the top of the tube settler. Three 100 m dia 

perforated A.C. pipe settled water collectors will be 

provided at 60 cm above the top of the tube settler. The 

side walls above the gutter level will be provided at 60° 

angle from the inside face , so as to reduce the velocity 

of flow towards the collecting pipes. The surface loading 

on the gravel bed will be 4500 1/m /hr while the volume­

tric loading will be 3000 1/m /hr. The surface loading on 

the actual (tube opening area will be 5700 1/m /hr. The 

total detention period in the pretreator will be about 30 

minutes. The tube settler zone will consist of a layer 

of rigid PVC square tubes of size 50 BID X 50 ram opening and 

0.6 m in height which will be fixed at 60° angle in the 

form of modules as explained in the chapter 9 in connection 

with the tube settling tank of Varangaon plant. 

The raw water after passing through the mixing 

channel will be introduced at the bottom of the bed 

through the underdrainage system and will flow in the up 

ward direction through the pretreator unit. The water 

after passing through the gravel bed and tube settler will 

be collected in the perforated A.C. pipe collectors of 

100 m dia, from where the settled water will be introdu­

ced on the side dual media filter bed as shown in the 

drawing K-3. 
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At the "bottom of the pretreator the underdrainage 

system consisting 300 mm x 300 M manifold and 50 mm dia PVC 

pipe perforated laterals will be provided at 20 cm centre 

to centre as per details shown in the drawing K-3. The 

laterals will have perforations of 6 mm dia at 50 mm centre 

to centre in the staggered positions at 90° angle in the 

bottom of the laterals. 

10.5.1 Sludge Removal Prom the Top of Gravel Bed : 

For removal of the excess floe and sludge from 

the top of the gravel bed PVC sludge draining pipe 100mm 

dia with the side perforated laterals of 50 mm dia. with 

side perforations of 6 mm dia at 10 cm centre on both the 

sides will be provided on the top of the gravel bed. The 

operating sludge* draining valve will be provided in the 

side control room. The floe draining operation will be 

done periodically depending on the turbidity of the raw 

water. Daring high turbidity period, continuous sludge 

draining at suitable rate can be operated. 

10.5.2 Cleaning of Gravel Bed : 

The gravel bed can be cleaned with the settled 

water at the top by gravity desludging operation through 

the underdrainage system for a perioffl of 4 to 5 min. after 

the day's work* This will be generally adequate for 

cleaning the gravel bed. However to clean the gravel bed 

effectively a full back wash can be given periodically for 

8 to 10 minutes, so as to remove any clogged material in 

the gravel bed. The back wash may have to be given once 

a week or a fortnight in order to confirm the effective 

cleaning of the gravel bed. 
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There may be some more advan tages i n c l e a n i n g t h e 

p r e t r e s t o r a s compared t o t h e c l e a n i n g of the g r a v e l bed 

f l o c c u l a t o r i n t h e Varangaon p l a n t , as the r e q u i r e d s e t t l e d 

w a t e r w i l l be a v a i l a b l e a t the t o p of t h e g r a v e l bed for 

c l e a n i n g t h e g r a v e l bed i n the p r e t r e a t o r by g r a v i t y 

dcs ludg ing o p e r a t i o n . F u r t h e r the g r a v e l bed t o p w i l l 

always be below t h e tube s e t t l e r and hence a l g a e fo rmat ion 

a t t h e top of the g r a v e l bed w i l l a l s o be avo ided . 

10 .6 DUAL MEDIA FILTER BED. 

i ) There w i l l be one u n i t of d u a l media f i l t e r bed of 

s i z e 4 . 0 m x 2 .2 m and i t i s des igned f o r t h e f i l t r a t i o n 

r a t e of 4500 1 / m / h r . The f i l t e r media w i l l c o n s i s t of 

40 cm of crushed coconut s h e l l of ave rage s i z e 1 t o 2 • 

over the f i n e sand bed of 60 cm t h i c k of e f f e c t i v e s i z e 

0 .5 mm and u n i f o r m i t y c o - e f f i c i e n t below 1 .5 . The suppor ­

t i n g g r a v e l bed w i l l be p rov ided f o r 50 cm t h i c k n e s s over 

t h e under d r a i n s . The under d r a i n a g e system w i l l be 

s i m i l a r t o t h a t i n t h e p r e t r e a t o r a s expla ined e a r l i e r . 

The s i d e g u t t e r s w i l l be p rov ided on a l l t h e s i de s of t h e 

f i l t e r bed f o r wash wa te r c o l l e c t i o n and f u r t h e r d r a i n i n g 

out th rough 4he 300 m d i a o u t l e t d r a i n p ipe and s l u i c e 

v a l v e o r wa te r t i g h t s l u i c e g a t e . The depth up t o the top 

of t h e g u t t e r w i l l be 2.1 m., wh i l e t h e water dep th over 

t h e f i l t e r bed w i l l be 2.1 m. 

i i ) Cont ro l Room : One c o n t r o l room w i l l be provided 

by t h e s ide of t h e f i l t e r bed. The o u t l e t p i p e w i l l be 

200 mm d i a and i t w i l l have one c o n t r o l va lve be fo r e the 

c o n t r o l chamber as shown i n t h e drawing K-3 . There w i l l 

be ' V n o t c h i n t h e c e n t r e of the c o n t r o l chamber t o 
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control the flow over the weir . The chamber will be 

covered with glass shutters. In addition to this, pure 

water "Dumps can also be accomodated in the control room. 

Some space for office accommodation can also be provided in 

the control room. 

iii) Back VJash : Only hard back wash will be given to 

the filter bed for abcoit 10 to 12 minutes to clean the 

filter bed effectively. The back wash will be given 

through 200 mm dia. main from the proposed E.S.R. of 

2,00,000 lit. capacity to be constructed by the side of" 

the treatment plant. 

iv) Head loss Measurement : The head loss measuring 

arrangements will be made by providing plastic tubing show­

ing the water levels in the filter bed and before the out­

let control valve. The head loss in the pretreator will 

be negligible. However a minimum drop of 30 cm at the 

end of mixing channel will be provided between the F.S.L. 

in the pretreator and the bottom of the mixing channel at 

the outlet end of the mixing channel. 

10.7 PILOT PLANT STUDY. 

In order to study the probable efficiency for the 

required loading for the Chandori type treatment plant, 
of 

consisting/pretreator and dual media filter bed, pilot 

plant study was conducted in the laboratory. The pilot 

plant as shown in the figure 10-1 was fabricated in the 

laboratory to study the various design aspects. The 

design of the pilot plant and the experimental observa­

tions on the same are discussed in this chapter. 
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10.7.1 Design of the Pilot Plant : 

a) Pretreator : The details of the pilot plant are 

shown in the figure-10-1. The hydraulic design calcula­

tions are given in the table 10-IV. The perpex sheet 

pilot plant units were fabricated in the laboratory so 

as to observe the effectiveness of the pretreator which 

consists of gravel bed flocculator at the bottom and tube 

settler zone provided about 30 cm above the top of the 

gravel bed flocculator. The settled water was collected 

through a perforated pipe collector at the top water 

level. The size of gravels was 1.47 cm average as 

adopted for the pilot plant study for Eamtek treatment 

plant. 

The tube settler zone was fabricated with six 

numbers of PVC square tubes of size 50 mm x 50 m which 

were fixed at 60° angle as shown in the figure 10-1. 

Further the special feature of the pretreator was the 

hopper shape side walls provided for two sides above the 

top of tube settler zone. In the Chandori plant design 

the side slopes will be provided for all the sides above 

the tube settler zone to give improved settlement effect 

due to the progressive reduction in the upward velocity 

of water. 

For sludge removal and cleaning of the pretreator 

sludge drain perforated pipe with a gate valve was provi­

ded just at the top of the gravel bed, while for gravity 

sludge draining operation, one sludge outlet was kept at 

the bottom. The raw water inlet pipe with a gate valve 

was provided at the bottom of the gravel bed and the same 
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was also used for giving back wash to the pretreator. The 

wash water outlet was provided about 10 cm above the top 

of the tube settler. One sludge draining valve was also 

provided at the bottom of the pretreator. To collect the 

sludge at the bottom, hopper shape was provided. 

At the inlet end one constant flow arrangement and 

alum dosing and mixing chamber were provided as explained 

in the chapter 4. 

b) Dual media filter unit : The dual media filter unit 

was provided similar to the dual media filter unit . " 
2 

provided for Varangaon pilot plant with 95 cm surface 

area. Settled water was introduced at the top of the 

dual media filter unit through the inlet connection. The 

inlets and outlets of 12 mm dia. G.I. pipes and fittings 

were provided with brass gate valves to adjust the required 

flows through the pilot filter unit. At the outlet end 

of the dual media filter unit one rotameter was fixed to 

control the rate of filtration. 

10.7.2 Pilot Plant Operation : 

i) Plow control : Ibr running the pilot plant as shown 

in the figure 10-1, all the units were first filled with 

the tap water. Then the raw water from the canal and 

adjusted to the 100 JTU. turbidity was taken through 

the constant flow arrangements,in the mixing chamber, in 

which the required alum dose was given through a separatq 

eonstant rate controlled solution bottle. After mixing 

the alum dose the water was introduced from the bottom of 

the pretreator unit. The water in the pretreator unit 

flows in the upward direction through the gravel bed 
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flocculator and then through the tube settler zone and the 

settled water was thon collected through the perforated 

pipe collector from where it was introduced at the top of 

the dual media filter unit. The settled water was then 

taken through the dual media filter unit by controlling 

the required rate of filtration through a rotameter. 

ii) Head loss measurement : The head loss in the t>re-

treator unit was noted from the difference in water levels 

on the top of the pretreator and in the inlet tubing after 

mixing chamber. The head loss in the dual media filter 

unit was observed from the difference of water levels at 

the top of the bed and in the plastic tubes showing the 

head losses at various depths in the dual media filter bed. 

The head loss in the pretreator was between 2 to 3 cm 

throughout the run and hence these observations were not 

recorded. 

iii) Cleaning of the pretreator unit : The cleaning of 

the pretreator unit was done by three operations. During 

the operation of the pretreator the fioc and sludge coll­

ected on the top of the gravel bed was removed through the 

sludge draining pipe provided at the top of the gravel bed. 

Then at the end of the day's run the gravel bed was cleaned 

by gravity draining operation through the bottom sludge 

drainy pipe. The gravity desludging operation was found 

generally satisfactory. However to ensure effective 

cleaning the backwash was also given from the bottom of 

the gravel bed and the wash water was taken out throvLgh 

the outlet provided at the top of the tube settler. 
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iv) Washing of the dual media filter unit : For washing 

of the dual media filter unit, after closing the outlet 

control valve the back wash valve was opened so as to 

give the expansion of the filter media between 30 to 50 

percent. During the backwashing operation the fluidised 

media was kept sufficiently below the washout pipe level, 

which was kept 60 cm above the top of the coconut shell 

media. The backwash was given till the clear water was 

observed at the top. 

10.7.3 Experimental Observations on the Pilot Plant : 

The purpose of the pilot plant study was to find 

out the actual performance of the pilot plant for the same 

loading as proposed for the Chandori treatment plant,viz: 

4500 l/m /hr, so as to predict the probable performance 

of the actual Chandori plant. Further it was also inten­

ded to modify some of the design aspects as adopted for 

the Chandori treatment plant so as to give desired 

performance. 

As the pretreator will be adopted for the first 

time for the pretreatment at Chandori treatment plant,it 

was also proposed to study the removal of sludge volumes 

and the proportion of the sludge volumes removed at 

various stages. 

Following important observations were conducted 

for seven hours of daily working as done in the pilot 

plant studies for Ramtek and Varangaon pilot plants. 

Further the comparison of the performances of all the 

three pilot plants viz : Ramtek, Varangaon and Chandori 

was also possible to some extent as all these studies 
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were conducted for the adjusted raw water turbidity of 

100 JTU. Three sets of experiments were conducted for 

the surface loading of 4500 l/m /hr as proposed for the 

Chandori treatment plant. 

10.7.4 limitations of Pilot Plant Studies : 

Even though the aim was to conduct pilot plant 

studies for the designed rates for the Chandori treatment 

plant, it was not possible to adopt these rates for all 

the components. The main reason was the depths of the 

units. The total working depth in the Chandori treatment 

plants is proposed as 3.6 m where as the actual depth of 

the pilot plant was 2.6 m. The reduction of the depth in 

the pilot plant was adjusted below the tube settler zone. 

Therefore even though the surface loading on the gravel 

bed was 4500 l/m /hr, the volumetric loading was 6400 

l/nr/hr, as the depth of the gravel bed in the pilot plant 

was 70 cm in place of 150cm adopted in the actual Chandori 

plant. In order to adopt the surface loading of 4500 

l/m /hr on the dual media filter unit the required flow 

was adjusted for filtration after by-passing the remaining 

settled water flow through the over flow arrangement. 

10.7.5 Pilot Plant Study for Surface loading of • '. • 

4500 l/m2/hr : 

i) Head loss and turbidity observations s Table 10-V 

showing the observations taken for three sets of tests 

conducted for daily seven hours operation on the pilot 

plant are given below. Table 10-VT showing the removal 

of the turbidity loads at different stages of th© treat­

ment plant is also given. 
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TABLE 10-V 
Pilot plant observations on Chandori 

type treatment plant. 

Filter run 1 . 
- - - - - - - - - - - - - - - _ - _ _ - _ _ T _ _ _ _ - -

Hou-'Head loss in the dual media filter bed ,Turbidities 

of • 15 • 45 ' 60 « 75 ' 90 ' 105 {Sett-'Filte-
run.' cms ' cms ' cms ' cms ' cms ' cms ,led 'red. 

0 1.0 1.5 3.0 5.5 6.0 8.0 
1 1.5 2.0 4.0 6.0 7.5 9.0 30 0.6 
2 2.5 3.0 5.0 7.0 9.0 10.0 25 0.5 
3 3.0 4.0 6.0 8.5 10.0 11.5 25 0.5 
4 3.0 4.0 6.5 9.0 11.0 12.0 20 0.4 
5 3.5 4.5 7.0 9.5 11.5 12.5 25 0.3 
6 4.0 5.5 7.5 11.0 12.0 13.0 20 0.3 
7 4.5 6.0 8.0 11.5 12.5 13.5 20 0.3 

Filter run 2 

0 

1 

2 

3 

4 

5 

1.0 

1.5 

2.5 
3.0 

4 .0 

4 .5 

1.5 
2 .0 

3.0 
3.5 
5 .0 

6 .0 

3 .0 

4 . 0 

5 .0 

6 .0 

7.5 
8 .0 

5.5 
6 .0 

6.5 
7.0 
9 .0 

10.0 

6.0 

7.0 
7.5 
8 .0 

10.0 
11.0 

7.5 
8.0 

9 .0 

10.0 
12.0 
13,0 

„ 

25 

25 

25 

25 
20 

-

0.8 

0.6 

0.5 

0.5 

0.5 
5.0 6.5 9.0 11.0 12.0 H.O 20 0.4 
5.5 7.5 10.0 12.0 13.5 15.0 20 0.4 

F i l t e r run 

0 1.0 
1 1.5 
2 2.0 
3 3.0 
4 4.0 
5 4.5 
6 5.0 
7 5.5 
= » « = J C • « . 

3 

2 . 0 

2 .5 
3 .5 
4 . 5 
5 .0 
6 .0 

6.5 
7.0 

- . M mM> mm* 

4 .0 
5 .0 

5.5 
6 .0 
7 .0 

8 .0 

9 . 0 

9 .5 
« * • « • « • • » 

6 .0 
7 .0 
8 .0 

8 .5 
9 .0 

10.0 
11.0 
12.0 

<M tmm -mwi « 

7 .0 
8 .0 
9 .0 

10.0 
11 .0 
11.5 
12.5 
13.5 

-> • » mt+ mm 

9.0 
10.0 
11 .0 
12.0 
13.0 
13.5 
14.0 
14.5 

*K> «=>. c = . O 

«=> 

25 
25 
25 
25 
20 

20 
20 

m m*r »ra 

WW 

5.5 
0 .5 
0 .4 

0 .4 
0.4 
0 .4 

0 .4 
«*» 
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TABLE 10-VI 
T u r b i d i t y removal i n the p i l o t p l a n t . 

Filter' 
run y 
No. 

• - r - - - - T 
Protreatment. 

raw 
, wa te r 
, JTU 

_ _ _ T _ _ - _ T _ - -
, Filtration. 

_ _ _ _ _ ^ _ „ _ - T _ _ ^ _ _ _ ^ -

7 S e t t l e d . P e r c e n t a - , F i l t e r e d .Pe rcen tage 
, w a t e r ,ge remo- ,water , removal of 
, JTU , v a l Turbi-r JTU . T u r b i d i t y . 
, i t y . , , 

1 
2 

3 

100 

100 

100 

23.5 
23.0 
23.0 

76.5 
7 7 . 0 
77 .0 

0.43 

0.53 

0.43 

23.07 

22.47 

22.57 

Average t u r b i d i t y removal : 
1. During p r e t r e a t m e n t L 76 .83 f° 

2 . During f i l t r a t i o n : 22.70 ^ 

i i ) Sludge removal a t every s t a g e : The sludge i n t h e 

p r e t r e a t o r u n i t was removed by g r a v i t y des ludg ing o p e r a ­

t i o n from the top and the bot tom of g r a v e l bed and the 

s ludge i n t h e dua l media f i l t e r bed by back washing. The 

sludge i n t h e wash wate r was c o l l e c t e d and measured i n 

t h e measuring c y l i n d e r s i n t h e same procedure a s g iven i n 

t h e c h a p t e r s 4 and 5 . Table 10-VII shows t h e a c t u a l s ludge 

c o l l e c t e d from the two u n i t s a l o n g wi th the p e r c e n t a g e 

removal of the same. 

TABLE 1 0-VII 

Sludge removal in the p i l o t p l a n t s t u d y . 

Fi l 'Volume of s ludge removal i n ml. 

r u n p-r*o-f-ve5^-t-mQK>+ <t> . T?I i toy.. To ta l ' P r s t r e a ( F i l t e r 

% fo of s ludge 
removal 

No.-* a P r e t r e a t m e n t g tFilter 
'From From • bed 

/the top bottom, mn+fl1 t 
•of g r a . o f g r a - , 1 0 . 

v e l b e d . v e l bed , , 

• to r bed 
volume 

b e d 

2 35 
2 90 
3 120 
Ave — - " 
rage 

1200 
1150 
1300 

1218 

1235 
1240 
1420 

1300 

640 
710 

720 

690 

1875 
1950 
2140 

1990 

65.85 
63.60 

66.35 

65.33 

34 .15 
36.40 

33.65 

34.67 
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i i i ) B a c t e r i o l o g i c a l o b s e r v a t i o n s ; The b a c t e r i o l o g i c a l 

o b s e r v a t i o n s of t h e raw ; s e t t l e d and f i l t e r e d wa te r 

samples were c a r r i e d out a t t h e end of d a y ' s work. The 

r e s u l t s of t h e same a re g iven i n t h e Table 10-VII I 

TABLE 10 -VI I I 
B a c t e r i o l o g i c a l o b s e r v a t i o n s (MPN) 

- _ - ! _ > _ _ _ _ _ - - - » - -

Filter•Bacteriological observations. » % Removal of 
run ' ' coliform. 
fi0. + ) ^ - - - k tJ 

[Raw water ^Settled ,Filter-« Pretre-'Filtra-
t ' water. ,ed ' atment.'tion. 
1 ' -water. • ' 

1 

i 

2.4 x 10 4 930 36 96.12 3 .72 

2 1.4 x 105 24000 9 82.85 17.13 

3 2.4 x 10 4 1500 0 93.75 6.25 

Average reduction in coliform count by t 
1. Pretreatment : 90.77 

2. Filtration : 9.00 

10.8 DISCUSSION ON THE OBSERVATIONS ON THE 
CHANDORI TYPE PILOT PLANT STUDY. 

10,8.1 Head Loss Observations : 

a) The head loss in the pretreator bed was observed 

from 2 to 3 cm through out the runs and hence this was 

not included in. the observations. At the end of day's 

run the pretreator was cleaned by gravity desludging 

operation when all the sludge was seen to be completely 

removed. To. collect all t&e; sludge in the gravel bed, 

the pretreator was drained twice after refilling the 

gravel portion with water. Before desludging the 

pretreator from the bottom, the sludge from the top of 

tho gravel bed was drained out till the clean water 



10-17 
was 

was seen. At the end, "back wash/given to see if there is 

any remaining sludge, however it was observed that there 

was practically no sludge remained after carrying out two 

gravity draining operations. 

Normally one operation of draining at the end of 

day's run will be adequate in a prototype plant, and a 

full back wash can be given once a week, so as to have 

effective cleaning of the pretreator. 

b) Dual media filter bed : From the head loss obser­

vations at the various depths in the dual media filter 

bed it can be seen that the head loss in the crushed 

coconut shell media was between 40 to 50% of the total 

head loss developed in the filter bed. This shows that 

even though the absorption of the sludge load was mainly 

in the coconut shell media zone tlie head loss was consi­

derably on the lower side as compared to sand media. It 

can also be seen that there is marked increase in the 

head loss between 45 to 75 cm depth, which is the top layer 

of the fine sand below the coconut shell media. These 

head losses in the sand media show steep rise in the 

development of head loss. 

10.8.2 Turbidity Observations : 

i) Pretreator : From the turbidity observations it 

can be seen that the settled water turbidity was generally 

below 25 JTU. During the beginning of the plant the 

turbidity was slightly more as some time is required to 

create initial floe blanket in the gravel bed portion. 

The flocculation action in the pretreator is further 

accelerated in the tube settler zone and the heavier floe 



10-18 

settles down on the top of the gravel bed. This was 

clearly visible from the transparent side walls. There 

is sudden reduction in the upward velocity of flow at 

the top of the gravel bed and then at the top of the tube 

settler zone. Due to these velocity drops at two stages 

there is further acceleration in the settlement of the 

floe formed in the gravel bed and further in the tube 

settler zone. In order to give further velocity reduction 

effect the side walls at the top of the gutter level have 

been provided with 60° slope from the bottom of the gutt­

ers up to top water level. Thus the pretreator bed acts 

as an accelerated flocculation-cum- settling zone and 

therefore the pretreator may treat highly turbid water 
to 

sources at higher loading rates as compared/that of the 

Ramtek type treatment plant where gravel bed prefilter Is 

adopted for pretreatment. 

The pretreator in the Chandori type treatment 

plant is therefore specially designed to treat highly 

turbid water sources at considerably high surface loading. 

Thus the removal of such turbidity load was found satis­

factory during the pilot plant study, 

ii) Filtration : When the settled water turbidity 

was in the range of 20 to 25 units the filtered water 

turbidity was between 0.3 to 0.6 JTU. Here also the 

turbidity removal efficiency was increased after a 

period of one to two hours and the reasons for this are 

discussed in details in the chapter 5. The main reason 

for providing the dual media filter bed after the pre­

treator is to absorb more load from the settled water 
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at the beginning of the run, and also during accidental 

higher turbidity load in the settled water due to the 

operational mistakes. As the detention period is very 

small in the pretreator bed, due to the failure in giving 

alum dose even for a short period, there is possibility 

of sudden increase in the settled water turbidity. These 

aspects are already discussed in the chapters 6 and 7 

of this thesis. 

10.8.3 Sludge Removal : 

The sludge from the gravel bed pretreator and the 

dual media filter units was collected separately as dis­

cussed in details in the chapter 4 and 5 of this thesis. 

The sludge from the top of the gravel bed was collected 

separately at the end of each filter run so as to observe 

the percentage of sludge removed in the pretreatment. 

Further this sludge will be generally removed during the 

running of the plant, when the turbidity of the raw water 

is on the higher side during rainy season. 

The figures of sludge removal from the pretreator 

and filter units are given in the table 10-VIII. As 50% 

of the total flow was adopted for filtration the actual 

sludge removal by filter was doubled to get total value of 

sludge removed by filter. Prom the total volumes of 

sludge collected during each run, as given in this table 

it is seen that the average percentage of sludge removal 

from the pretreator unit was about 65% while the sludge 

from the dual media filter bed was about 35%. Further 

the sludge removed from the top of the gravel bed was 

about 6%, of the sludge removed from the pretreator, while 
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it was about 4$ of the total sludge removed from the plant. 

This shows that the sludge removed during the 

pretreatment process in the Chandori type pretrcator is 

satisfactory for the treat..uc-nt of turbid water sources. 

From the comparative observations of turbidity removal as 

given in the Table 10-VI, it is seen that the turbidity 

removal and sludge removal observations from the pretrea­

tment and filtration are fairly comparable. 

10.8.4 Bacteriological Observations : 

Prom the bacteriological observations as given in 

the Table 10-VIII it is seen that the average reduction in 

the coliform count in the pretreator was about 90$ while 

the same during the filtration was about 9$» This shows 

that the coliform removal efficiency of the pretreatment 

is considerably more due to the adoption of the pretreator. 

Further the coliform removal by the dual media filter bed 

is also good. 

10.8.5 Predictions on the Actual Chandori Plant 
Performance : 

i) Pretreator : The various limitation on the pilot 

plant studies on the Chandori type treatment plant are 

given earlier in the para 10.7.4. From these limitations 

it will be seen that the volumetric loading on the gravel 

bed portion as given in the hydraulic design was about 

3 5 

6430 l/nr/hr as compared to 3000 l/m /hr as proposed for 

the actual Chandori treatment plant. This was mainly 

because the adoption of the 70 cm depth of gravel bed 

in the pilot plant as against 150 cm. depth adopted in 

the Chandori plant. Further the clear depth between the 
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top of the gravel bed and the bottom of the tube settler 

was 30 cm in the pilot plant, where as it will be 90 cm. 

in the Chandori plant. This clear space below tube sett­

ler is a very active zone of the sludge blanket as already-

discussed in the chapter 4. The depth of the tube settler 

zone and the clear depth above the tube settler was 

however same in both the pilot plant and the proposed 

Chandori plant. 

With the above limitations and considering the 

pilot plant observations on the pretreator the author 

predicts that the actual plant performance of the pre­

treator of the Chandori treatment plant may be conside­

rably superior to the results of the pilot plant. The 

settled water turbidity of the actual Chandori treatment 

plant may be in the range of 10 to 20 JTU, even during 

the high turbidity period. This was already observed in 

the actual performance study in the Ramtek treatment plant 

as discussed in the chapter 7. 

ii) Dual media filter bed : As discussed earlier in 

the para 10.7.4, the loading on the dual media filter bed 

was adopted as 4500 l/m /hr in the pilot plant study by 

diverting the remaining 50$ flow to waste through over 

flow arrangement. The author therefore,predicts that, 

considering the settled water turbidity between 10, to 

20 units, and the rate of filtration as 4500 l/m2/hr the 

actual plant performance of tho Chandori. dual media filter 

bed may also be superior to the performance of th? pilot 

plant observations. Thus the filtered water turbidity of 

the dual media filter bed of Chandori plant may bo between 
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0.3 to 1 JTU continuously for the filter runs beyond 50 

hours. This was already observed in the plant performan­

ces for such loadings at Ramtek and Varangaon treatment 

plants as discussed in the chapters 7 and 9 of this thesis. 

10.9 GENERAL CONCLUSIONS. 

i) From the study on the Chandori type pilot plant, 

it is observed that such a complete treatment plant will 

be a possible solution for adopting the design for the 

small capacity water treatment plants for the treatment of 

turbid . water sources. 

ii) The pretreator as adopted in the Chandori treat­

ment plant may be a possible solution to replace the 

conventional pretreatment process for the treatment of 

high turbidity raw water sources for the small capacity 

plants. 

iii) The dual media filter bed is not a necessity in 

such units after pretreator bed, however it is recommen­

ded for economy in the wash water use and general impro­

vement in the treatment process. It will be specially 

useful to absorb the occasional loads of turbidities in 

the raw water. 

-oOk-
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TABLE 10-1 

Typical chenr cal analysis of raw water samples 

of Godavari Rivers source. 

Description of Tests in • 10-7-78 ' 19-9-78 
mg/fcit. except pH ' ' 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 
1 0 . 

1 1 . 

12 . 

1 3 . 

1 4 . 

1 5 . 

1 6 . 

PH 

T o t a l s o l i d s 

D i s s o l v e d s o l i d s 

T o t a l A l k a l i n i t y a s CaCo., 

P . A l k a l i n i t y a s CaCo~ 

T o t a l H a r d n e s s a s CaCo, 
3 

Calc ium a s Ca 

Magnesiam a s Mg 

I r o n a s ( F e + + ) 

S u l p h a t e a s So . 

C h l o r i d e s a s CI 

F l u o r i d e s a s F . 

N i t r i t e s a s No2 

N i t r a t e s a s No, 

Alubumino id Ammonia a s 

F r e e and S a l i n e Ammonia 

TABLE 

NH3 

a s NH, 

1 0 - 1 1 

7 . 9 

388 

276 

160 

N i l 

150 

3 6 . 0 

1 4 . 4 

0 . 2 

20„0 

9 . 0 

0 . 5 0 

N i l 

1.0 

0 . 1 3 4 

0 . 0 1 4 6 

8 . 4 

294 

275 
160 

10 

147 

3 2 t 0 

1 6 . 0 

0 . 1 6 

4o0 

1 0„0 

0 , 4 5 

N i l 

0 . 8 

0 . 1 3 2 

0=012 

Typical Bacteriological analysis of raw water 
samples. 

Date JMPJT . Plate, count 

10/7/78 
4/8/78 
19/9/78 

1.5 x 105 

2.9 x 103 

1.1 x 104 

TNC 

TNC 

TNC 

TNC : Too num­
bers to 
count. 
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TABLE 10-111 

Hydraulic design ca lcu la t ions for Chandori 
t reatment p l an t . 

1. General : A new s impl i f ied p lant cons i s t i ng one 

un i t of p r e t r ea t o r and one unit of dual media f i l t e r 

"bed i s proposed. 

Hours of working = 16 hours in the u l t imate stage 

Design flow = 40.000 l i t / h r . 

(The actual flow u i l l about be 36,750 l i t / S i r . ) 

2. Mixing channel : Provide on the side of the 

p r e t r ea to r un i t and dual media f i l t e r un i t as shown in 

the Drawing K~3. 

i ) length = 1 3 m. 

i i ) Width = 0.6 m. 

i i i ) Bed slope ; Provide 20 cm drop in the bed and 

75 mm d ia . A.C.pipe pieces 20 cm in length in v e r t i c a l . 

staggered pos i t ions in place of ba f f l e s , for mixing 

purpose and t o avoid f looding in the channel. 

3 . P r e t r e a t o r un i t : One Number, This i s designed 

on the combination of gravel bed f loccu la to r and tube 

s e t t l e r with the flow in the upward d i r ec t i on . 

i ) Size of un i t = 4.0 x 2.2 m. 

i i ) Area = 8.80 sq.m. 

i i i ) Loading on gravel bed = 40,000 
~8780~~ 

= 4500 10m2/hr. 

iv ) Volumetric loading on the gravel bed of 

1.5 m. depth =.40^000. . = 3 0 0 Q l / r Q 3 / h r > 

8.8 x 1.5 
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v) Net surface loading on the open tube area of 

the tube s e t t l e r cons is t ing 50 mm x 50 mm square tubes 

of 0.6 m in height and fixed at 60° angle and a l t e r n a t e 

raws in the opposi te d i r ec t ions and considering 80$ 

ef fec t ive area of the tube modules. 

= 40-522— = 5700 l/m2/hr 
0.8 x 8.8 

v i ) Total Detention period = 45 minutes. 

v i i ) Provide s ide wall s lope from the bottom of 

the gu t t e r s a t 60° angle to reduce the v e l o c i t y of flow 

towards the s e t t l e water co l l ec to r pipes 100 mm d ia 

3 numbers as shown in the drawing. 

4 . Dual media f i l t e r un i t % One number. 

i ) Size of u n i t = 4.0 m x 2.2 m. 

i i ) Area of beds = 8.8 sq.m. 

i i i ) Bate of f i l t r a t i o n = 40,000 
8.8 

= 4500 l /m 2 /h r . 

iv ) Direct ion flow down wards. 

v) Velocity" through bed = 4.5 m/nr. 

v i ) Depth of coconut she l l media = 40 cm 

Size of coconut s h e l l media between 1 and 
2 mm s i ze sieve opening. 

Ef fec t ive s i ze of media = 0.95 mm 

Uniformity co-e f f ic ien t = 1.45 

v i i ) Depth of f ine sand below coconut = 60 cm 
s h e l l media. 

Effect ive s ize of sand = 0„5 mm 

Uniformity co-e f f ic ien t of sand = 1.5 
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v i i i ) Depth of supporting gravel "bed = 50 cms 

ix) Under dra in d e t a i l s : 

M.S. manifold s ize = 300 x 300 mm 

number of l a t e r a l s = 400_ = 2 Q ± n e a c h s M e 

20 

. . Total = 20 x 2 = 40 Numbers. 

Perfora t ions : for 50 mm dia l a t e r a l s of P.V.C. 

pipes t e s t ed 6 kg. pressure and 6 mm dia per fora t ions 

a t 50 mm c/c in staggered pos i t i ons a t 90° angle in the 

bottom s ide . 

Desired capaci ty of the wash water tank cons i ­

dering back wash flow of 500 l i t / s q m / h r . 

= 8.8 x 10 x 500 

= 44,000 

The proposed ESR of 2,00,000 capacity to be 

constructed near the t reatment p l a n t s i t e , can be u t i l i ­

sed foE* giving back washings t o the dual media f i l t e r 

bed and the p r e t r e a t o r bed. 

-oOo-
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TABLE 10-IV 

Hydraulic design calculations for pilot 
plant study. 

1. General : - The pilot plant consisting mixing 

chamber, pretreator and dual media f i l t e r unit was fabri­

cated from the perpex sheets as shown in the figure 10-1. 

The hydraulic design calculations are given below. 

2. Mixing chamber : - Raw water after mixing of 

alum dose in the mixing chamber was introduced in the 

inlet plastic tube as explained in the chapter 4. 

3. Pretreator : 

a) Gravel bed flocculator at the bottom : -

i) Size of pretreator : 18.5 cm x 10.5 cm. 

i i ) Depth of gravel bed % 70 cm. 

i i i ) Dia of gravels : 1.47 cm 

iv) Total volume of gravel bed : 18.5 x 10.5 x 70 
= 194 x 70 

= 13580 cm5 

iv) Actual volume of water in the bed : 5830 cm 

vi) Actual vol. of gravels : 7750 cur 

vi i ) Porosity : 43 °/° 

v i i i ) Clear depth between top of gravel ; 30 cm. 
bed & bottom of tube se t t le r . 

ix) Clear depth above tube set t ler % 60 cm 
upto F.S.I. 

x) Surface area of the bed : 194 cm1" 
p 

xi) loading rate on the bed % 4500 l /a /hr. 

xi i ) Flow per hour =_4500 x 194 - 87 30 l i t / h r 
100~x~T00~ 

x i i i ) Flow rate per min. = 87..30__ = K 4 5 5 nt/min 
6 0 or 1455 ml per min. 
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b) Tube s e t t l e r zone : -

i ) No. of P.V.C. square tubes : 6 numbers 

i i ) Length of tubes : 60 cm 

i i i ) Size of tubes = 50 x 50 mm in s ide . 

iv ) Total cross s ec t iona l a rea of the = 6 x 5 x 5 
tubes . = 1 50 seem. 

v) Surface loading f o r the = 87.30 l i t / b r . 
f l ° W ° f 87^30_x_1_00_x_1_00_ . 

150 
= 5800 l /m 2 / h r . 

c) Surface loading en the top s e t t l i n g zone ; 

i ) Size of bed at the = 41.0 x 11.5 
top water l e v e l . 

i i ) Surface area s t the co l l ec t i ng = 471 cm . 
l eve l . 

i i i ) Surface loading a t the top = 4500 l/m / h r . 
of tube s e t t l e r . 

iv ) Surface loading a t the top = Q^^JiJOO^lJ^l 
water l e v e l . '""'471 

- 1850 l /m 2 / h r , 
d) Dual media f i l t e r bed : -

p 
i ) Surface area of the bed = 9.5 x 10 = 95 cm' 

i i ) Flow ra te to be adjusted =• 4500 l/ia /hr , . 
f o r the surface loading of 

= 450C_x_95 
100 x 100 

= 42.75 l i t / f c r . 
or 750 ml/iiin. 

i i i ) Depth cf water over the bed = 100 cm. 

iv) Depth cf count she l l media = 40 cms 

v) Average s i ze of media = Between 1 to 2 m< 

v i ) Effective s ize of coconut s h e l l media =• 0.95 M 

v i i ) Uai forni ty coeff ic ient of media = 1 .45 

v i i i ) Depth of fine sand media = 60 cm 
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ix ) Effective s i ze of sand = 0 , 5 

x) Uniformity co-ef f ic ien t = 1 . 5 0 

x i ) Depth of graded gravels = 20 cms 

x i i ) I n l e t and ou t l e t arrangements = 12 mm d i a . G-. I . 
pipes and brass 
gate va lves . 

-oOo-



CHAPTER 1 1 . 

PLANT OBSERVATI CNS ON SIMILAR NEW TREATMENT 
PLANT. 

11.1 INTRODUCTION. 

The d e s i g n and the p i l o t p l a n t o b s e r v a t i o n s and 

a c t u a l p l a n t d e s i g n s and o b s e r v a t i o n s f o r the Ramtek, 

Varangaon and Chandori t ype t r e a t m e n t p l a n t s a r e g iven in 

the chap te r s 6 to 10 of t h i s t h e s i s . The main purpose of 

the development o f these t h r e e t y p e s of t h e new t r e a t m e n t 

p l a n t s i s to develop v e r y s imple and cheap new d e s i g n s 

f o r p rov id ing w a t e r t r e a t m e n t p l a n t f o r t h e r u r a l and 

s e m i - r u r a l a r e a s . The a c t u a l p l a n t r e s u l t s show very 

s a t i s f a c t o r y performances fo r the Ramtek and Varangaon 

p l a n t s as d i s c u s s e d i n the e a r l i e r c h a p t e r s of t h i s 

t h e s i s . 

The a u t h o r has given s i m i l a r a s w e l l a s some 

modified de s igns of t he se t h r e e types of t r e a t m e n t p l a n t s 

t o about twenty seven s m a l l c a p a c i t y p l a n t s i n t h e 

Maharashtra S t a t e i n c l u d i n g one p l a n t each i n t h e Gujra t ^ 

Har iyana and Punjab S t a t e s . The Table 11-1 showing t h e 

c a p a c i t i e s of these p l a n t s ; approx imate c o s t of t h e s e 

p l a n t s , and c o s t s of the same c a p a c i t y c o n v e n t i o n a l p l a n t s 

showing the p robab l e sav ings due t o t h e adop t ion of t h e 

new des igns a s developed i n t h i s t h e s i s i s enc lo sed i n 

t h i s c h a p t e r . The p r o p o s a l s f o r augmenta t ion i n which 

t he se new t e c h n i q u e s have been adopted a re a l s o shown 

i n t h i s Tab le . I t w i l l be seen t h a t t h e r e may be a 

s av ing over one c r o r e of Rupees due t o the adop t ion of 

the new t e c h n i q u e s f o r t h e d e s i g n of t h e s e p l a n t s . 
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In t&e design of these new treatment p l a n t s , the 

author has given some modificat ions i n the o r ig ina l designs 

as adopted a t Ramtek and Varangaon, The main purpose of 

these changes in the designs iH to see i f these can be 

fur ther s impl i f ied and made cheaper in t h e i r const ruct ion 

and operation and a l s o i f the performances of these p lan t s 

can he fur ther improved. The author fee l s tha t "by t h i s 

approach i t may be possible to improve upon the o r ig ina l 

designs for Ramtek,Varangaon and Chandori t reatment p l a n t s , 

so as to develop most economical designs fo r the t r e a t ­

ment of low and high t u r b i d i t y water sources. 

In t h i s chapter i t i s proposed to give t y p i c a l 

modified designs and ac tua l p lan t observations on some new 

treatment p l a n t s , r ecen t ly constructed in the Maharashtra 

State for which the designs have been given by the 

author . Most of the t reatment p lants as given i n the 

Table 11-1 are under cons t ruc t ion . The following t r e a t ­

ment p lants have been completed recent ly and i t i s 

proposed to give t h e i r des igns and p lant performance 

r e s u l t s in t h i s chapter . 

1) Surya Project t reatment p lan t . 

2) Murbad v i l l a g e treatment p lan t . 

3) Bhagur v i l l a g e t r e a t m e n t p l a n t . 

11.2 SURYA PROJECT TREATMENT PLANT. 

11 .2 .1 Genera l Design J 

The t r e a t m e n t p l a n t i s c o n s t r u c t e d f o r p r o v i d i n g 

f i l t e r e d wa te r supply t o the s t a f f colony fo r the Surya 

I r r i g a t i o n p r o j e c t i n the Thana D i s t r i c t . The c a p a c i t y 
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of the plant is 0.65 mid with the hourly pumping rate of 

27000 lit/hour. As the raw water turbidity is low for 

the most of the period except the rainy season, a simpli-r 

fied treatment plant on the basis of Ramtek filter has 

been proposed for this scheme. The treatment plant con­

sists of baffled mixing channel, one gravel bed prefilter 

and one rapid sand filter bed. The hydraulic design 

calculations are given in the Table 11-11. The prefilter 

and the filter units are of the .size 3.5 m x 2.2 m with 3 

m total depth upto the tap water level. A blue print 

drawing No.11-I is enclosed at the end of this chapter. 

A separate rectangular masonry wash water tank of 40,000 

lit.. CMpcOity La-i l-oen provide-:"! rr the s?.̂ e hillock at a 

distance of 30 meters to ^et the required, head of 0 m 

for giving back wash. The filter effluent is given 

bleaching powder solution dose of the required quantity 

in the side control room and then it is stored in the 

pure water sump. Water from the sump is then pumped to 

the G.S.R. in the colony for further distribution. Alum 

dose is given just at the beginning of the mixing channel* 

The plant was put into operation from the month of 

December 1976. 

11.2.2 Special Design Aspects : 

The special design feature of this unit is the 

provision of rapid sand filter bed in place of the dual 

media filter bed as provided in the Ramtek filter. The 

purpose of this change is to see for lower rate of 

filtration at 4000 l/m2/hr, if the rapid sand filter 

will give the required performance of this plant. The 
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capacity of the plant being small, the treatment plant 

will become simple and cheap by the adoption of a rapid 

sand f i l t e r bed in place of a dual media f i l t e r bed. 

Further the same bed can be converted in-to a dual media 

f i l t e r bed for higher rate of f i l t r a t i o n in future i f i t 

is found necessary. 

11.2.3 Plant Performances : 

The plant observations for a period of s i x months 

are given in the Table 11-111. From the resul ts given 

in this Table i t i s seen that the average f i l t e r run for 

a period of four months was 55 hours. The period of study 

can be said as the worst part of the year as regards the 

turbidi ty of the raw water. The f i l t e r bed was operated 

for the head loss of one meter upto 5.10.77 and then i t 

was operated upto 1.5 meters. When the f i l t e r bed was 

operated upto 1.5 m of head loss the f i l t e r runs have 

been increased beyond 100 hovirs when the raw water turb i ­

di ty was within 20 JTU. 

The special feature of t h i s f i l t e r i s the rapid 

sand f i l t e r in place of a dual media f i l t e r bed as pro­

vided a t Ramtek. However from the resul ts the perfor­

mance with the rapid sand f i l t e r af ter the gravel bed 

p r e f i l t e r was found to be very sa t i s fac tory . The maxi­

mum turbidi ty was found to be about 400 JTU during the 

study while the sett led water tu rb id i ty was generally 

with 20 JTU and the f i l te red water turbidi ty was gene­

ra l ly less than one JTU. Thus the dual media f i l t e r bed 

is not a necessity for such a simplified treatment plant 

and for lower f i l t r a t i on rates upto 5000 l/m /hr and for 
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the lower raw water t u rb id i t y the t reatment p lan t as ado­

pted for Surya project can be provided. However,if a 

dual media f i l t e r bed i s adopted in p lace of a rapid sand 

f i l t e r bed as in Eamtek plant then e i t h e r the ra te of 

f i l t r a t i o n can be increased immediately or i n the next 

stage o r , the lengths of f i l t e r runs can be increased by 

about 100^. Fur ther fo r lower r a t e of f i l t r a t i o n the 

qua l i t y of f i l t r a t e can a l so be considerably improved. I t 

i s the re fo re , recommended that a dual media f i l t e r bed 

be general ly provided for such a t reatment p l a n t un i t of 

Ramtek type . The wash water consumption during t h i s s tudy 

for washing rapid sand f i l t e r bed was seen to be 2.66$ of 

the t o t a l water f i l t e r e d during worst condition which i s 

a l so seen reasonable . 

11.2.4 Construction and Cost : 

The ac tua l cost of the Surya Project t reatment 

plant i s as given below. The work was got executed 

through a regular contrac t ing agency. The work was 

executed by employing local labours from the Adiwasi a rea . 

i ) Cost of the t reatment p l an t 
completed with p r e f i l t e r , rapid sand 
f i l t e r and control room and i n l e t 
and ou t l e t connections, Rs. 65 ,000/-

i i ) Cost of masonry backwash tank 
of 40,000 l i t . c a p a c i t y of s ize 5.0 x 
4.0 m ins ide , inc lud ing cost of s l u i c e 
valves and G. I . shee t roofing. Rs. 22 ,000/ -

i i i ) Cost of 200 ram d ia H.D.Poly­
ethylene pipe l i n e for back washing 
65 m. Rs. 14,500/-

T o t a l . . . Rs4 1 ,61,500/-

s a y . . . Rs. 1 ,00 ,000 / -
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11 .3 MURBA.D VILLAGE TREATMENT PLANT. 

11 .3 .1 General Design : 

The Murbad v i l l a g e i s s i t u a t e d about 30 km. from 

the town Kalyan i n the Thana D i s t r i c t . The t r e a t m e n t 

p l a n t was c o n s t r u c t e d f o r p r o v i d i n g f i l t e r e d w a t e r supply 

t o t h e Murbad v i l l a g e . The p r e s e n t p o p u l a t i o n of t h e 

v i l l a g e i s 8500 s o u l s and t h e w a t e r supply scheme i s 

des igned f o r t h e u l t i m a t e p o p u l a t i o n of 11000 s o u l s . 

The c a p a c i t y of t h e t r e a t m e n t p l a n t i s 0.93 mid wi th hourly-

pumping r a t a of 38,500 l i t / h o u r . As t h e source of wa te r 

supp ly i s a s m a l l s t o r a g e dam, t h e raw water t u r b i d i t y 

i s g e n e r a l l y low f o r t h e normal pe r iod except in t h e r a i n y 

s e a s o n . Therefore a s i m p l i f i e d t r e a t m e n t p l a n t on t h e 

b a s i s of t h e Eamtek p l a n t has been proposed f o r t h i s 

scheme. The t r e a t m e n t p l a n t c o n s i s t s of a b u f f l e mixing 

c h a n n e l , one g r a v e l bed p r e f i l t e r u n i t and one u n i t of 

dua l media f i l t e r bed . The h y d r a u l i c design c a l c u l a t i o n s 

are g i v e n i n the Table 11-IV. The p r e f i l t e r and t h e 

f i l t e r u n i t s a r e of s i z e 3 ,5 m x 2 .75 m w i t h , 3 m t o t a l 

depth up to t h e top w a t e r l e v e l . A blue p r i n t drawing 

No. 11-11 showing the d e t a i l e d d e s i g n a s p e c t s i s enc lo sed 

a t the end of t h i s c h a p t e r . The e x i s t i n g E .S .R. of 

2 ,25 ,000 l i t . c a p a c i t y w i l l be used f o r g i v i n g hard wash 

to the dual media f i l t e r hed. The f i l t e r e f f l u e n t i s 

g iven b l e a c h i n g powder s o l u t i o n dose of t h e r e q u i r e d 

q u a n t i t y i n the c o n t r o l room and then i t i s s t o r e d i n 

t h e pure water sump. Water from t h e sump i s t h e n 

pumped to t h e E .d .R . from where i t i s d i s t r i b u t e d in t h e 

Murbad v i l l a g e , t h r o u g h s t and p o s t s and some p r i v a t e 
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connections. 

11.3.2 Special Design Aspects : 

The spec ia l design fea tures of t h i s u n i t are t he 

provision of two seperate un i t s for p r e f i l t e r and dual 

media f i l t e r u n i t s , in place of a combined un i t above 

g u t t e r l eve l as provided in the Ramtek p lan t . However 

the ra te of f i l t r a t i o n i s 4000 l/m / h r , which i s about 

half the loading as adopted for Ramtek f i l t e r beds. The 

raw water a f t e r passing through the gravel bed p r e f i l t e r 

in the upward d i r e c t i o n i s co l l ec ted in the A.C.perfor­

ated pipe co l lec tors a t the top water l e v e l . The 

s e t t l e d water i s then introduced in the s ide g u t t e r of 

the dual madia f i l t e r bed as shown i n the drawing. The 

purpose of t h i s change i s to see i f the moderately turbid 

raw water can be t r ea ted in a b e t t e r way than in the 

Ramtek type u n i t . This aspect i s fu l ly discussed in ta e 

chapter 6 in which p i l o t p lant comparative study has been 

carr ied out on the Ramtek and Murbad p i l o t p l a n t s . For 

t h i s purpose i t was o r i g i n a l l y proposed to give slope a t 

60° angle to the ins ide faces of the p r e f i l t e r w a l l s , so 

as to reduce the ve loc i ty of approach towards the 

perforated co l l ec t ing p ipes . However t h i s change was 

not adopted during the execution and only v e r t i c a l eide 

wal ls were const ructed. 

11.3.3 Plant Performances : 

The Murbad p lan t was completed in July 1978, 

however the v i l l a g e Panchayat did not agreed to run the 

plant for some f i n a n c i a l d i f f i c u l t i e s . So the p lant 

was put for a t r i a l run for a period'-of-only ten days 
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and t h e p l a n t o b s e r v a t i o n s a r e g iven f o r t h i s pe r iod i n 

t h e Table 11-V. As t h e pe r iod of s t u d y was ve ry s h o r t i t i s 

d i f f i c u l t t o g ive any conc lus ive remarks on the p l a n t 

performance. From the two f i l t e r runs conducted on e x p e r i ­

mental b a s i s i t i s seen t h a t t h e p l a n t performance was 

g e n e r a l l y s a t i s f a c t o r y . F u r t h e r p l a n t s t u d y Tirill be con­

duc ted when t h e p l a n t w i l l be put i n r e g u l a r o p e r a t i o n . 

-11 .3 .4 Cons t ruc t i on and Costs : 

The work was go t executed th rough the r e g u l a r con­

t r a c t i n g agency by employing l o c a l l abou r s from the 

v a i l l a g e . The pe r iod of c o n s t r u c t i o n was about one y e a r . 

The a c t u a l c o s t of t h e c o n s t r u c t i o n of t h i s new 

t r e a t m e n t p l a n t i n c l u d i n g an o f f i c e room over t h e c o n t r o l 

room was about Rs. 1 , 5 0 , 0 0 0 / - . The p r o v i s i o n made in the 

s anc t ioned scheme f o r t h e t r e a t m e n t p l a n t c o n s i s t i n g of 

s e t t l i n g tank and slow sand f i l t e r s was Rs. 4 , 4 3 , 7 0 0 / - . 

Thus t h e a c t u a l cos t of works was about 1/3 of t h e s a n c t i o n ­

ed p r o v i s i o n , due t o t h e adopt ion of the new s i m p l i f i e d 

t r e a t m e n t p l a n t a t Murbad. 

11 .4 BHAGUR VILLAGE TREATMENT PLANT. 

11 .4 .1 General Proposa l : 

Bhagur v i l l a g e i s s i t u a t e d about 15 km. from t h e 

Nasik C i t y . The p r e s e n t p o p u l a t i o n of the v i l l a g e i s 

12,800 s o u l s and t h e water supply scheme i s des igned f o r 

t h e u l t i m a t e p o p u l a t i o n of 17,000 s o u l s . The c a p a c i t y 

of t h e water t r e a t m e n t p l a n t i s 1.8 mid wi th the h o u r l y 

pumping r a t e of 75,000 l i t pe r h o u r . A new c o n v e n t i o n a l 

t r e a t m e n t p l a n t c o n s i s t i n g of s e t t l i n g tank and p r e s s u r e 
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filters were proposed in the sanctioned scheme. The 

source of water supply scheme is the Darna river which 

has very high turbidity during rainy season, and raw 

water turbidity some times goes beyond 5000 JTU. The 

Varangaon type high rate simplified treatment plant with 

some minor modifications have been adopted for this 

water supply scheme. 

11.4.2 Design Aspects : 

The new treatment plant consists of mixing channel, 

one unit of gravel bed flocculator, one unit of tube 

settling tank and one unit of dual media filter bed. 

The hydraulic design calculations are given in the Table 

11-VI, while the details of the works are shown in the 

drawing No. 11-III. 

The size of the gravel bed flocculator is 3.75 x 

3.75 m with 3.0 m depth. The surface loading on the £ p 
o 

g r a v e l bed i s 5330 1/m / h r , wh i l e t h e v o l u m e t r i c l o a d i n g 

i s 2130 1 / n r / h r . The s i z e of the tube s e t t l i n g t ank i s 

a l s o 3.75 m x 3.75 m wi th 3 m d e p t h . The su r face l o a d i n g 
gettior>oA , 2 / 

on t h e open c r o s s MMMHBBi a r e a of t ubes i s 7140 1/m / h r . 

The d e t e n t i o n p e r i o d i n the t a n k i s about 30 min. The 

s i z e of dua l media f i l t e r bed i s of 4 m x 2 .2 and t h e 

r a t e of f i l t r a t i o n i s 8500 1/m / h r . For backwashing of 

t h e f i l t e r bed the e x i s t i n g e l e v a t e d s e r v i c e r e s e r v o i r 

of 2 ,00 ,000 l i t . c a p a c i t y c o n s t r u c t e d a t t he s i d e of 

the t r e a t m e n t p l a n t i s used. 

The f i l t e r e f f l u e n t i s g iven b l e a c h i n g powder 

dose i n the s i d e c o n t r o l room and then i t i s s t o r e d i n 

t h e pure wa te r sump. Water from t h e sump i s t hen '• 
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pumped to the E. S.R. near the p l an t . The plant was put 

i n t o operation from the month of August 1978. 

11.4*3 Special Design Aspects : 

As compared to the design of the Varangaon p lan t , 

the spec ia l design aspects are the bigger s ize of the 

gravel bed for lower rate of loading , and the higher ra te 

of f i l t r a t i o n in the dual media f i l t e r bed. Al}. the uni t s 

are open to sky. The p lan t is a very compact one and can 

be considered a s a very safe t rea tment plant fo r the 

treatment of highly turbid water sources for the small 

capaci ty water t reatment p l a n t s . 

11.4.4 Plant Performances : 

The typ ica l plant observat ions fo r the period 

from 20.9.78 t o 6.11.78 are given in the Table 11 -VII . 

Prom these r e s u l t s , i t i s seen t h a t the average f i l t e r 

run for the typ ica l e ight f i l t e r runs with i n t e r m i t t e n t 

operations was 55 hours . The tube s e t t l e r modules were 

ac tua l ly introduced from 10.10.78 and t i l l then the plant 

was operated without tube s e t t l e r modules in the tube 

s e t t l i n g tank. Even though the per iod of study was not the 

worst period from the point of high t u r b i d i t y of the 

raw water, the maximum t u r b i d i t y reached during t h i s 

period was 1500 JTU. The average da i ly hours of working 

was about 10 hours. The wa&h water consumption : for the 

f i l t e r wash during t h i s period was about 0.7$ of the 

t o t a l water f i l t e r e d . The wash water consumption for 

gravel bed c leaning was i jegl ig ib le as the gravel bed 

was cleaned by g rav i ty deflushing operat ion a f t e r two t o 

three days as requi red . The sludge from the bottom of 
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the gravel bed and the tube s e t t l e r un i t s was drained da i ly 

by hydros t a t i c pressure for 2 to 3 minutes t i l l the c lear 

water was observed through the o u t l e t drain p ipe . Thus 

i t can be seen tha t the Bhagur p l an t give very s a t i s f a c t o r y 

performance during the typ ica l observat ions conducted 

fo r about 45 days . 

11.4.5 Construction and Cost : 

The work was got executed through the regular 

cont rac t ing agencies by employing l o c a l labours from the 

v i l l a g e . The period of cons t ruc t ion was about one and 

hal f year which was some what more* However t h i s was due 

to the d i f f i c u l t y in s e t t i n g the proper con t rac t ing 

agencies and normally t h i s type of work c&n e a s i l y be 

cons t r i c ted within a period of 8 to 10 months. 

The a c t u a l cost of cons t ruc t ion of the new t r e a t -

of 

ment plant cons is t ing/ gravel bed f loccu la to r , tube s e t t ­

l i n g tankj dua l media f i l t e r bed and control room was 

about Rs. 1,50,000/- . The cost of the conventional p lant 

of the same capacity may be more than Rs. 3 ,00 ,000/ - and 

thus there was a saving of more than 50$ by adopting the 

new design as explained above. 

11.5 DISCUSSION. 

11 .5*1 Background : 

The de ta i led design and the p i l o t and the a c t u a l 

p lant performances on the Ramtek and Varangaon p lant 

have already been discussed in d e t a i l s in the e a r l i e r 

chapters . As explained in the para 1 1 . 1 , the main purpose 

of the study of the a c t u a l performances of the new plants 

a t Surya p r o j e c t , Marbad and Bhagur was to see i f the 
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original designs can still be made simpler and cheaper "by 

carrying out some minor modifications, based on the 

actual plant performances of the original plants at 

Ramtek and Varangaon. 

11.5.2 Water Quali ty Aspects : 

Out of these three new p lan t s the Surya pro jec t 

and Murbad p lan t s are based on the Ramtek p lan t design for 

t h e treatment of low t u r b i d i t y and low pol luted raw water 

sources, VJhile the Bhagur p l an t i s based on the design 

of the Varangaon p lant for the t rea tment of high t u r b i d i ­

ty raw water sources . The typ ica l chemical and the b a c t ­

e r i o l o g i c a l ana lys i s of the water samples of the raw 

water sources for these three p lan ts are gi-vBn i n the 

Tables 11-VIII and 11-IX enclosed a t the end of t h i s 

chapter. I t can be seen from these re su l t s and the raw 

water q u a l i t y S a i l s i n the category I fo r the f i r s t two 

plants and the category I I fo r t he Bhagur p lan t , as 

discussed in the chapter I . 

11.5.3 Special Aspects of Designs : 

The spec ia l aspects of designs of the new t r e a t ­

ment plants a t Surya p ro jec t , Murbad and Bhagur and 

t h e i r a c tua l performances are discussed beJ.ow. 

i ) Surya p ro jec t treatment p lan t : -

As explained e a r l i e r in the psra 11.2, the main 

change in t h i s new plant was the adoption of the rapid 

sand f i l t e r bed i n place of the dual media f i l t e r bed as 

adopted a t Ramtek. Further the r a t e of f i l t r a t i o n was 

adopted as 3500 l/m /hi* which i s about ha l f the r a t e 

of f i l t r a t i o n adopted for the Ramtek p l a n t . From the 
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plant observations i t i s seen that the actual performance 

was very sat isfactory par t icular ly during the worst period 

of the year when the raw water turbidi ty reached to 400 

JTU; Thus th i s type of plant can be safely adopted for 

a f i l t ra t ion rates upto 5000 1/m /hr . However for be t te r 

quali ty of effluent, higher ra te of f i l t r a t i on and longer 

lengths of f i l t e r runs, i t i s recommended to adopt dual 

media f i l t e r bed in place of rapid sand f i l t e r bed after 

the gravel bed pretreator . Further the dual media f i l t e r 

bed with some additional cost of the top crushed coconut 

shel l media, wil l act as a sa.fety factor against the 

possible break-through of the rapid sand f i l t e r bed in 

such small capacity plants , in the village as already 

discussed ea r l i e r in the chapter 7 and 9. 

i i ) Murbad treatment plant %-

As explained in the para 11.3 the important change 

in th i s new plant was the adoption of two seperate 

chambers for the gravel bed pre f i l t e r and the dual media 

f i l t e r bed. This change was made to see if such a plant 

can t rea t occasionally moderately turbid water up \\\e_ 

turbidi ty of 2000 JTU. Prom the Table 11-VIII i t can be 

seen that the raw water turbidi ty can reach to 2000 JTU 

in the worst conditions. However as the plant was con­

structed just recently i t was not possible to collect 

the actual plant observations for such worst conditions. 

Prom plant observations as given in the Table 11-V i t i s 

not possible to give any conclusive remarks as already 

discussed ear l ie r . However the author feels that i f 

the inside walls of the pre f i l t e r are given a slope a t 
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60° angle to increase the surface area in the se t t l ed water 

zone, upto the perforated s e t t l e d water c o l l e c t o r s , i t may­

be possible to t r e a t the moderately turbid water sources 

s a t i s f a c t o r i l y when a dual media f i l t e r bed i s adopted fo r 

fur ther t reatment . The u n i t can be designed general ly fo r 

a loading of 5000 l/m / h r , however, i t may be poss ib le to 

2 

design uptc a loading of 7000 l/m / h r fo r t he small capa­

c i t y water t reatment p l an t s . Fur ther a Murbad type t r e a t ­

ment plant can be converted in to a Chandori type t r e a t ­

ment plant-- as discussed in the chapter 10 

i i i ) Bhagurdtreatment plant : -

As explained in the para 11.4 , there i s no bas ic 

change in -foe design of the main components of gravel bed 

f loccu la to r , tube s e t t l i n g tank and a dual media f i l t e r 

bed. However, the gravel bed loading has been reduced t o 

5300 l/m / h r which i s about h a l f the surface loading . 

adopted at the Varangaon p l an t , while the loadings on t h e 

tube s e t t l e r and the dual media f i l t e r bed have been in 

increased considerably as discussed e a r l i e r . 

Even though the plant was commended a f t e r the 

worst period condi t ions , the p l an t observations as shown 

in the Table 11-VII show very s a t i s f a c t o r y performance, 

when the raw water t u r b i d i t y was considerably high and 

maximum t'urbidi-ty has crossed 1500 JTU. I t was an 

i n t e r e s t i n g point to note tha t even when the PVC tube 

modules were introduced by about 10.10.78 in the tube 

s e t t l e r u n i t , the s e t t l e d water t u r b i d i t y with only 30 

min. detent ion per iod was wi th in 15 JTU when the raw 

water t u r b i d i t y was genera l ly h igh. These were r a the r 
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s u r p r i s i n g o b s e r v a t i o n s and the a u t h o r f e e l s t h a t t h i s may­

be due t o t h e lower l o a d i n g on the g r a v e l "bed f l o c c l l a t o r 

a s mentioned e a r l i e r , and the un i fo rm l o a d i n g on t h e s e t t ­

l i n g t ank u n i t wi th the p e r f o r a t e d d i s t r i b u t i o n and c o l l ­

e c t o r pipes t o avoid s h o r t c i r c u l a t i o n . Thus a f t e r 

p l a c i n g of t h e tube modules in Hie tube s e t t l e r t h e r e was 

no marked improvement i n 1he s e t t l e d w a t e r q u a l i t y . Thus 

the l o a d i n g on t h e g r a v e l bed, i t s s i z e s and i n l e t and 

o u t l e t c o l l e c t i o n s a re a l s o the impor tan t p o i n t s f o r 

fu tu re r e s e a r c h i n "this new t r e a t m e n t p rocess a s d e v e l o ­

ped a t Varangaon p l a n t . 

11.6 GEHJRAL CONCLUSIONS J 

1) The Surya p r o j e c t t ype t r e a t m e n t p l a n t c o n s i s t i n g o f 

g r a v e l bed p ' r e f i l t e r followed by a r a p i d sand f i l t e r bed in 

a combined u n i t , can be ad opted f o r the t r e a t m e n t of low 

t u r b i d i t y wa te r sources fo r a l o a d i a g u p t o 5000 l/m / h r . 

This p l a n t can t a c k l e t h e occas iona l t u r b i d i t y load 

upto 500 JTU. 

i i ) The Murbad type t r e a t m e n t p l a n t c o n s i s t i n g of two 

s e p e r a t e beds of g r a v e l bed p r e f i l t e r and d u a l media 

f i l t e r bed, can be adopted f o r the t r ea tmen t of modera-

t e l y t u r b i d water sources f o r a l o a d i n g up to 5000 l/m / h r . 

Such a p l a n t may be a b l e to t a c k l e t h e o a c a s i o n a l 

t u r b i d i t y load up to 2000 JTU. The Murbad type p l a n t may 

be conver ted i n t o a Chandori t y p e t r ea tmen t p l a n t . . 
of 

i i i ) The Bhagur type t r ea tmen t p l a n t cons i s t i n g / t h r e e 

s i n g l e u n i t s , of g rave l bed f l o c c u l a t o r , t ube s e t t l i n g 

tank and dua l media f i l t e r bed, can be adopted f o r the 
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treatment of high turbidity water sources for higher 

surfaca loading r a t e s . 

iv) Even though the dual media f i l t e r bed i s not a 

necessity in a l l these plants , i t i s recommended as a 

safety factor, against the possible breakthrough, and 

also for be t te r effluent quali ty, longer f i l t e r runs 

and the higher surface loadings. 

- 0 O 0 -



11-16 

TABLE 11-1 

The probable savings due to the proposals "based 
on the new techniques in water t reatment as 

developed in t h i s thesiss. 

— — 
S r . 
No. 

1 

— _ — _ _ _ _ . „ • _ , „ ' „ „ 

Names of wa te r lAyorox. 
t r e a t ment p l a n - : c a p a c 1 -
t s ( D i s t . / S t a t e - . t ies of 

: p l a n t s 
°in mid. 
0 

.*. _ , . J.. _ = - , . . . ~ V- • 

:Pro'babi<?. := A":-v. ;;•>(•; :';;s-' 
1 C O i j 0 'A,'-) J > ':"• C' *• '• CO 

: p e r c o n - : p e r new 
: v e n t i o ~ : t echn iq -
;na l meth.ties Rs. 
. ods inRs ' ( l akhs ) 
' . ( l a k h s ) : 

i ± : > 

. ; . . . • • - . . L 

I • • . ; - , • - ; •, 

lZ.i.. '.•' '• i ' . - . .:'• 

: i n ks. 
" * ( l akhs ) 

« 
• 

1 6 

SIMPLIFIED TREATMENT PLANTS FOR SMILL CAPACITIES. 

1 . 

2 . 

3 . 
4 . 

5. 
6. 
7. 
8 , 

9. 
10c 

1 1 . 

1 2 , 

1 3 . 

H . 

1 5 . 

1 6 . 

1 7 . 

1 8 . 

£9. 
2 0 . 

Ramtek (Nagpur) 
Varangaon 
( J a l g a o n ) 

Chandori ( F a s i k ) 

Surya Colony 
(Thane) 
Bhagur (STasik) 

Murbad (Tirana) 
Pe th (Nasik) 

J e j u r i (Pune) 
Bhor (Pune) 
Akola (Nagar) 

Mahad (Ratnagi r i ) 
Mahaba1eshwar 
( S a t a r a ) 

Kusumble (Kulaba) 
Deogad ( R a t n a g i r i ) 
Taloda (Dhul i a ) 
Dhulia Dai ry 
(Dhul ia ) 

Bhatsa Colony 
(Thana) 
Panahet Colony 
(Pune) 
Talegaon (Pune) 

Kasbe Sukene 
(E'asik) 

2 . 4 
4.22 

C 3 6 

0.65 

1 .0 

1.0 

1 .0 

2 . 4 

1 .8 

2 . 3 
2.16 

3.5 

2 . 2 

2.68 
6 .72 

1.5 

2 - 0 

0.75 

3 . 0 

1.04 

4,5 
8 . 0 

2 . 5 0 

2 . 5 

3^0 

3*0 

3 , 0 

4 , 5 
3 , 0 

2 . 0 

3 . 0 

2„0 

4 . 0 

4 . 0 
1 0 . 0 

3 . 0 

1 .0 

2 . 5 

10 .0 
2 . 5 0 

1.5 
4 . 0 

1.50 
1.0 

1.5 

1.5 
1 . 0 
2 . 0 

1o5 

no 
1.5 

1.0 

1.5 

1.5 
5 . 0 

1.5 

0.50 

1.0 

5 . 0 

1.50 

3 . 0 

4 . 0 

1.0 

1.5 

1 .5 

1.5 
2c0 

2 , 5 

1,5 

1 .0 

U5 
1 .0 

2 . 5 

2 . 5 

5 , 0 

1.5 

0.50 

1.5 

5 . 0 

1 .0 
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1 . 2. I 

21. Bdlabad (Jalgaon) 1.73 4.0 

22; R.R.W.S.3. for 49 3.3 
villages (Handed) 

23. Baudhan (Gujrat 0.74 
Stats) 

24. Kandla Port Trust 2.0 
(Gujrat State) 

25. Hissar (Hariyana 3.0 
State) 

25. Bhatinda (Punjab 4-50 
State) 

B : AUGMENTATION OF EXT3TJ2TC- WATER WORKS - 3Y 
ADOPTION OP NEW TECHNIQUES. 

1 . Nas ik -Road ( N a s i k ) 2 7 , 0 

2. Pune Cantonment 130.0 
(Pune) 

-3. Pashan (Pune) 
4c Aland! (Pune) 
5 . U d g i r ([Usmanabad) 

6 . B a d l a p u r ( T h a n e ) 5 0 . 0 

4.0 
10.0 

2 .0 

3 .0 

5 .0 

8 .0 

110.0 
— • • — 

2.0 

4 .0 

1.0 

1 .5 

2 .0 

3.0 

50,0 
—— TZ-rz7r:~ 

2.0 

6.0 

1.0 

1.5 

3.0 

5.0 

60,0 
—.—. 

2 7 , 0 

3 0 . 0 

2 0 . 0 

9 . 0 

4 . 3 2 

5 0 . 0 

2 0 . 0 

5 0 , 0 

1 6 . 0 

7 . 0 

2 . 0 

2 0 . 0 

1 0 , 0 

2 4 . 0 

6 . 0 

4 . 0 

1 .0 

1 0 . 0 

10., 0 

26:, 0 

1 0 . 0 

3 . 0 

1 . 0 

1 0 , 0 

1 1 5 . 0 5 5 . 0 6 0 . 0 
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TABLE 11-11 

Hydraulic design ca l cu la t ions for Surya Pro jec t 
treatment p l a n t . 

1. Design flow = 27,000 l i t / h r or~ 0.65 mid. 

2. Mixing channel = Provided on the s ide wall of the 
t reatment p lan t as shown in the Drawing No. 11-1 
slope fo r channel ."bed = 20 cm 

3 . P r e f i l t e r bed = One u n i t . 

i ) Size of the bed = 3.5 m x 2.2 m 

i i ) Area of bed = 7.7 m2 

i i i ) Rate of flow = .27000. = 3 5 0 0 l / m 2 / h r > 

7.7 
iv) Depth of bed = 3 m 

4. Rapid sand f i l t e r bed = one u n i t . 
i ) s i z e of the bed = 3 . 5 m x 2.2 m 

ii) Area of the bed = 7.7 m2 

iii) Rate of filtration = 27000 _. ^ 0 0 i/m
2/hr. 

"7T7 
iv) Sand media = 75 cm depth 

5. Control room i- Provide manual control for rate 

of flow by operating control sluice valve* Provide 'V 

notch control chamber after sluice valves. Simple head-

loss measuring arrangements. 

6. Back wash Tank s- Provide 40,000 lit. capacity 

masonry tank for giving effective back wash with 8 m. 

head at a suitable location on the same hillock. 

-0O0-
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Observations on the Surya Project Treat 

_ 
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ment P lan t , from 2/7 /1977 t o 24 /11 /1977 . 

F i l i a t e of ' S t a r ' 
"ter, s t a r t i n g ' t i n g * - -
ftm.and 'Head' 
N o . , w a s h i n g . ' I O S S ' T H 

F i r s t Day ' Second Day 

cms 

t i 

1 HL | RT ' S T ',FT 5 TH * HL ' RT JST 
i » 

' - _ i . - _ . J l _ _ i _ _ _ _ X _ _ ' _ . 
t 

FT 

Third Day Longer Runs 
_ _ _ _ _ _ _ _ 

TH ' HL • RT ' 
t » » 

- - g 1 _« 

T 
t 

ST , FT 
t 

_ 

TH • HL RT 

- — — — -
i 

ST • FT 

1. 2 .7 .77 18 9 20 80 20 1.0 20 23 40 20 0.5 
2 . 11.7.77 22 10 32 300 10 0.5 20 41 20 10 0.5 

3 . 18 .7 .77 10 11 15 400 30 0.5 22 26 20 10 0.5 
4 . 25 .7 .77 21 11 35 360 10 0.5 22 41 300 10 0.5 

5. 2 9 . 7 . 7 7 13 9 25 30 5 0.5 18 52 30 5 0.5 
6. 4 .8 .77 5 10 12 30 5 0.5 20 16 30 5 0.5 
7. 8 .8 .77 5 10 15 600 15 1.0 20 28 300 15 1.0 

8. 13 .8 .77 10 9 18 360 10 1.0 18 42 30 5 1.0 

9. 16 .8 .77 9 9 22 30 5 1.0 18 32 30 5 0 ,5 
10. 23.8 .77 12 10 21 30 5 110 19 43 180 10 1.0 

1 1 . 26.8 .77 10 9 18 300 10 1.0 18 43 400 10 1.0 

12. 2o9o77 7 8 22 200 5 0,5 17 44 600 10 1,0 
13. 10 .9 .77 8 9 25 30 5 0.5 18 58 30 5 0„5 
14. 17 .9 .77 13 8 23 30 5 0.5 18 32 30 5 0.5 

15. 24 .9 .77 7 10 20 20 5 0 .5 20 32 20 5 0.5 
16. 1 .10.77 30 10 50 30 5 0 .5 20 60 20 5 0,5 
17. 5 .10 .77 5 11 13 20 5 0 .5 22 23 20 5 0.5 
18. 24 .10 .77 5 H 8 20 5 0 .5 26 17 20 5 0.5 

31 
52 

33 
42 
28 
39 
29 
27 
28 
27 
27 
25 
28 
28 
30 
40 

33 
30 

36 
36 
48 
59 
63 
50 

29 
52 
42 
71 
85 
25 
60 
32 

55 
80 
36 
25 

30 

20 

20 

400 

30 

30 

30 

30 

30 

300 

200 

30 

30 

30 

20 

20 

20 

20 

10 

10 

10 

15 

5 

5 

5 

5 

5 
10 

10 

5 

5 

5 
5 
5 
5 
5 

0 .5 
0 .5 
0 .5 
0 . 5 
0 .5 
0 .5 
0 .5 
1 .0 
1 .0 
1 .0 
1 .0 
0 .5 
0.5 
0 .5 
0.5 
0 .5 
0 .5 
0.5 

87 
95 
77 
67 
56 
48 
47 

90 
42 

89 
77 
91 
70 

72 

320 
300 
300 
360 

30 
30 

600 

10 

15 
10 
10 

5 
5 

25 

0 .8 
0 .6 
0.5 
1.0 
0 .8 
0 .5 
1 .0 

65 

82 
62 

68 
58 
60 

80 

95 
92 

95 
90 
88 

30 

600 
30 
30 
30 
20 

5 

10 

5 
5 
5 
5 

0.8 

0.8 
0.6 

0.5 
0.5 
0.5 

200 
>uu i . ? 

20 

20 c 
-J 

1.0 

1) 
2) 

3) 
4) 
5) 

GENERAL DATA 

Head l o s s e s a r e g iven i n cm 
T u r b i d i t i e s a r e g iven i n JTU 
(Measured by s t andard su spens ion b o t t l e s ) 

FLOW DATA 

1) 

2) 

3) 
Area of f i l t c :ed = 7*70 nT 
Daily f i l t e r run between 12 t o 1 5 hours 
N o t a t i o n s g iven i n t h e above t a b l e are 
a ) Total hours of run = TH 
b) Head l o s s = HL 
c) Raw water t u r b i d i t y = RT 
d) S e t t l e d water t u r b i d i t y = ST 
e) F i l t e r e d water t u r b i d i t y = FT 

Total flow = 27,000 l i t / h r . 
Surface loadihg on both the beds = 3500 l /m / h r . 
Average f i l t e j r run during the period = 55 Hours. 
(Neg lec t ing t h e l a s t two runs for £00 & 200 h r s . ) 

http://'-_i.-_.Jl_
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TABLE 11-IV 
Hydraulic design ca l cu la t ions fo r 

Murbad treatment p l an t . 

1. Design flow : 38,500 l i t / H r . 
or 0.93 mid capaci ty . 

S. 

2 . Mixing channel = Provided on the s ide wal ls of 

the treatment p lan t as shown in the drawing No. 1 1 - I I I . 

3 . P r e f i l t e r bed : One u n i t . 

i ) Size of the bed $ 3.5 m x 2.75 m 

i i ) Area of the bed = 9.6 m 

i i i ) Rate of flow ^ S ^ O O ^ = ^ l/m2/hT 

9. 6 
4 . Dual media f i l t e r bed = One u n i t . 
i ) Size of the bed = 3.5 m x 2.75 m. 

i i ) Area of the bed = 9.6 m" 

i i i ) Rate of f i l t r a t i o n = 4000 l /m 2 /h r 

iv) Depth of media : a) f ine sand = 5 0 cm. 

b) Crushed coconut s h e l l = 30 ca 

5. Control room : Provide man̂ ial control for rate of 

flow by operating control sluice valve. Provice 'V 

notch control chamber after sluice valve. Provide simple 

headloss measuring arrangement. 

6. Backwash T*nk = Existing E.S.R. of 2,25,000 lit. 

capacity to be used for only hard back washing. 

-oOo-
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TABLE 1 1 -V 

P l a n t o b s e r v a t i o n s on tBae Murbad Treatment p l a n t 

Pe r iod : 24 /8 /78 t o 5 /9 /78 

Da te 

2 4 / 8 / 7 8 

2 5 / 8 / 7 8 

2 6 / 8 / 7 8 

2 7 / 8 / 7 8 

2 8 / 8 / 7 8 

2 9 / 8 / 7 8 

3 0 / 8 / 7 8 

3 1 / 8 / 7 8 

1 / 9 / 7 8 

2 / 9 / 7 8 

3 / 9 / 7 8 

4 / 9 / 7 8 

5 / 9 / 7 8 

1 t 
1 H o u r s , 
•of , 
' r u n . . 
I t t 

5 

14 

22 

31 

41 

50 

8 

18 

28 

37 

46 

55 

60 

Head l o s s ' T u r b i d i t y 

•Raw 
t 

10 70 

11 60 

12 80 

14 60 

16 60 

18 80 

9 80 

10 60 

12 60 

13 60 

15 00 

17 80 

20 60 

' S e t t 
' l e d . 

45 

40 

40 

30 

30 

30 

40 

40 

40 

30 

30 

30 

30 

i n JTU ' 
— _ — J. 

- ' F 7 . l t - 1 

' e r e d . ' 

1 . 0 

0 , 8 

0 . 6 

0 . 6 

0 , 6 

0 . 6 

0 . 8 

0 . 8 

0.6 

0 . 6 

0 . 5 

0 . 5 

0 . 6 

T? P m c» v V c; 
XYt? i l l Ct X Zl O 

F i l t e r Run 1 

F i l t e r e d 
w a s h e d . 

F i l t e r Run 2 

F i l t e r e d 
w a s h o d . 

Plant operat ion stopped from 6/9/78. 

http://F7.lt-1
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TABLE 11 -VI 

Hydraulic design ca lcu la t ions for Bhagur 
t reatment p l a n t . 

Capacity = 75,000 l i t / H r . or 1.8 mid. 

f.. Mixing channel = Provided on the s ide walls of tfe. 
the f i l t e r u n i t a s shown in the 
Drawing No. 11 - I I . 

length = 12.00 m. Width = 0.75 m. 

Bed slope = 20 cm. 

Mixing arrangements : Provide 75 mm dia RCC pipes 
(30 cm long) in staggered 
v e r t i c a l pos i t ions in the 
bed concrete . 

2. Gravel bed f l o c c u l a t o r : Length = 3-75 m. 
Width = 3.75 m. 

Depth of gravel= 2.5 m 

Size of gravel provided = 50 to 20 mm s i ze 
rounded gravels from bottom to top . 

p 
Surface area = 14.00 m 
Surface loading = 75000_ = 5^Q 1 / m 2 / h r # 

14 

Volumetric loading = 75°.90 = 2130 l /m 2 / h r 
5.?5 

Average poros i ty = 40$ 

Approximate de ten t ion period = 11 min. 

I n l e t and ou t l e t = Provide 4 Nos. of 100 M d ia . 
RCC pipe i n l e t s and o u t l e t s . 

Sludge removal = Provide two hoppers a t the 

bottom with 100 mm dia . sludge d ra in piprj and one 200 

mm dia o u t l e t for g rav i ty d ra in ing and giving backwash. 
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3 . Tube s e t t l i n g tank = One u n i t . 

l e n g t h = 3.75 m 

Width = 3.75 m.. 

Depth = 3 .0 m over hopper . 

Surface a r e a of tank = 3.75 x 3.75 = H m2 

Consider ing 50x50 mm s i z e PVC square tubes and 

o u t s i d e t h i c k n e s s of 2 \w. 

Number of t ubes i n one sq .m. = 1000 x_1000_ 

~~54 x 54 
= 18.5 x 18.5 

\ = 340 Nos. 
\ 

. . Open a r e a provided pe r sq.rfa. = 342_5_50_x_50 
\ 1000 x 1000 

However c o n s i d e r i n g average e f f e c t i v e open a rea 

a t 75$ on t h e b a s i s of Varangaon p l a n t expe r i ence 

= 14 x 0.75 = 10 .50 m2 

" Rate of flow th rough = „75y000_ 
tube opening a r e a . "To •So" '̂ 

= 7140 1/m^/hr. 

The a c t u a l d e t e n t i o n pe r iod = 3,75 x \ 3 - 7 5 x 3x60 

75/900 

= 34 min. 

Number of tubes t o be provided = 14 x jy40 

= 4760 

Length of tubes considering 0,6 m height' 

= 4760 x 0.6 = 2856 metres. 

Add 5% say 140 for adjustment for gaps 

Total tubes required = 3000 metres. 
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Therefore provide 3000 metres of 50 x 50 mm s ize 

r i g i d PVC square tubes of 60 cm length-in1" suitable?"rdws 

a t 60° angle in module forms below one meter of F,S.l. in 

the tank as shown in the drawing. 

Sludge withdrawl = Provide one hop^dr with 50° " 

s lopes a t the bottom with a c e n t r a l p i t of 0.6 m x 0r6 m 

fo r sludge withdrawal. ~-CTJ:;:J . : - . ' ' 

Provide 100 mm d i a . sludge withdrawal pipe with a 

s lu i ce valve on the outs ide . 

4 . Dual media f i l t e r bed :-- One u n i t . 

Length = 0.4 m 
Width = 2.2 m 
Depth = 2.0 m upto g u t t e r l e v e l . 

2 
Surface area = 8.8 m 

Rate of f i l t r a t i o n = 8500 l /m 2 / h r 

Velocity through bed = 8 . 5 m/fer. 

4.1 Media provided : 
Depth of crushed coconut s h e l l media = 40 cm 
Effect ive s i ze of shel l media = 0.95 mm 
Uniformity coef f ic ien t = 1.45 
Depth of f i ne sand below s h e l l = 60 cm 
Effective s i z e of sand = 0.45 mm 
Uniformity coef f ic ien t of sand = 1.50 

4.2 Underdrain d e t a i l s : 
Manifold s i z e = 300 dia mild s t e e l pipe 
Dia of l a t e r a l s = 53 m& dia PVC tubes . 
Number of l a t e r a l s = 18 Nos. a t 20 cm c/c ;' 

on each s ide . 
Perfora t ions per l a t e r a l s = 6 mm d ia , a t 50 mm c/c 

s taggered. 

4 .3 Backwash tank : The E.S.R, fo r Bhagur Water Supplj? 

Scheme of 2,00,000 l i t . capac i ty i s used for giving only 

hard backwash. 
-oOo-



I 

F i l ' D a t e o f 
t e r ' s t a r t i n g 
Run ' and 
No. ' w a s h i n g . 

i 

t 

1 , 2 0 . 9 . 7 8 

2 . 2 7 . 9 . 7 8 

3 . 4 . 1 0 . 7 8 

4 . 9 . 1 0 . 7 8 

5 . 1 4 . 1 0 . 7 8 

6 . 1 9 . 1 0 . 7 8 

7 . 2 4 . 1 0 , 7 8 

8 . 3 0 . 1 0 . 7 8 

• S t a r ' 
• t i n g ' 
'Head 
' l o s s ' 
' i n ' 
'cm. ' 

22 

20 

28 

30 

3 0 

2 8 

3 0 

28 

Obse rva 

F i r s t Day 

TH 

c 

4 

11 

5 

5 

5 

5 

4 

HL *RT ' 
t t 

t t 

i t 

41 5 0 

40 70 

45 60 

35 6° 

35 60 

38 45 

41 100 

38 50 

t i o n s on 

i 

ST 'FT ' 
> r 
t t 

i i 

^ u . 4 

10 0 . 4 

9 0 . 4 

10 0 . 4 

9 0 . 4 

7 0 . 4 

12 0 . 4 

7 0 . 3 

TABLE 1 1 - V I I 

t h e Bhagur T 

TH ' 
t 

» 

15 

12 

21 

16 

17 

15 

10 

12 

r c a t m e n t 

Second Day 

HL 'RT ' 
t t 

t > 

56 5 0 

48 1000 

62 50 

60 60 

5 8 50 

60 150 

50 100 

60 65 

ST 'FT 
i i i 

9 0 . 4 

14 0 . 5 

10 0 . 4 

1 0 0 . 4 

9 0 . 3 

10 0 . 4 

9 0 . 4 

8 0 . 4 

P l a n t 

TH 

24 

24 
3 0 

27 

27 
26 

15 
18 

I 

from 2 0 / 9 / 7 8 t o 6 / 1 1 / 7 

Third Day ' 

1 ! f 1 

HL • RT 'ST 'FT ' TH 
i i t i 

65 
66 

85 
82 

71 
110 

65 
72 

1500 

1000 

60 

60 

50 

120 

100 

50 

15 0 . 5 37 

15 0 . 4 33 

10 0 . 4 41 

10 0 . 4 3 7 

9 0 . 4 39 

18 0 . 4 36 

9 0 . 4 23 

8 0 . 3 23 

8 

Fourth Daj J 

t i i i 

tlj • RT • ST1 FT,' 
! i « i 

j 1 » 1 

32 

105 

12*8 

115 
92 

140 

85 
90 

1500 

90 

5 0 

6 0 

50 

1500 

80 

50 

15 0 . 5 

10 0 . 4 

1 0 0 . 4 

1 0 0 . 4 

9 0 . 4 

15 0 . 5 

9 0 . 5 

8 0 . 4 

1 1 - 2 5 

1 . 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8 , 

1) 
2) 
3) 

F i f t h day • S iz t i i Day 

20. 
27. 
4.1 
9.1 
14. 
19. 
24. 
30. 

9 .78 
9 .78 
0.78 
0 .78 
10.78 

10.78 

10.78 

10.78 

22 

20 

28 

30 

30 

28 

30 

28 

45 
44 
53 
48 
47 
47 
33 
29 

96 800 
141 80 
170 50 
145 55 
140 45 
170 450 
120 60 
120 40 

15 0 .5 

10 0 .5 

10 0.4 

9 0 .4 
8 0 .4 

18 0.5 

8 0.4 

8 0.4 

54 
52 
60 
54 
54 
52 
40 
35 

130 

1 60 

185 
180 

185 

90 

60 

60 

60 

45 
185 120 
1 60 60 
150 45 

15 0 ,5 
10 0 ,4 
10 0.4 

9 0.5 
7 0 .5 

12 0 . 5 

7 0.4 
8 0.4 

- Seventh Day_ Eighth_Day_ 

65 150 70 12 0 .4 70 185 70 10 0 .4 

64 205 55 10 0 .5 - - - - -

45 180 50 7 0.4 -

46 185 45 7 0.4 Washed on 6.11.78 

General Data :• 

Head losses are given in cm. 
Turbidity in JTIT. 
Notations in the Table. 
i) Total hrs of run : TH 
ii) Head loss : HL 
iii) Raw Turbidity : RT 
iv) Settled Turbidity 

1) 

!J 
4 
5 
6) 

Flow Data : 
T o t a l f low : 1 ,75,000 1 /hr . ? 
Surface l o a d i n g on g r a v e l bed : 9700 1/m / h r . 
Surface l o a d i n g on tubs s e t t l e r : 6600 l / m ^ / h r . 
Rate on f i l t e r bed was : 10,000 l / m 2 / h r . 
Average f i l t e r r u n d u r i n g t h e p e r i o d : 55 h r s . 
Wash wa te r consumption1 was about 0 .7 $ 

v) F i l t e r e d T u r b i d i t y 
ST 

FT. 
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TABLE 11-VIII 

Typical chemical analysis of raw water sources 

Description of 
tests in 
mg/lit. 

i i 

fjiurya P r o j e ­
c t Surya 
River . 

$30-10 
1976 

113-3 
1978 

Murbad Lake ' Bhagur 
1 Darna 
1 R ive r . 

31-7 ' 18-8 ' ,29.8.78 
1978 x 1978. ;_ _ 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

1 1 . 

1 2 . 

1 3 . 

H . 

1 5 . 

1 6 . 

PH 

Total so l id s 
Dissolved s o l i d s 
Total A lka l in i ty 
as CaCo, 3 
P .Alka l in i ty 
Total Hardness 
Calcium as Ca 
Magnesiam as Mg 
Iron (Fe ) 
Sulphate(SO.) 

Chloride as CI 
Fluoride as F 
N i t r i t e as Nop 

Ni t r a t e s as No, 

Albuminoid 
Ammonia as NE* 

Free and Sal ine 
Ammonia as NE* 

8 , 3 

312 

300 
104 

4 . 0 

84.0 
20.4 
6.72 
0.08 
4 .0 

9 . 0 

N i l 

N i l 

0 . 5 

0.126 

0.009 

8 e 2 

278 

245 

156 

Nil 
146.0 
28.0 
18.3 
0.24 
5 . 0 

15.0 
N i l 

Nil 

0 . 4 

0.131 

0.009 

6 . 5 

284 

268 

120 

N i l 

102 

16.0 
14.88 
0.24 
5 . 0 

6 . 0 

N i l 

N i l 

1.0 

0.126 

0.012 

7 , 6 

274 

262 

156 

N i l 

130 

28.0 
14.4 
0.16 
5 . 0 

5 . 0 

N i l 

N i l 

0 . 9 

0.129 

0.012 

8 . 5 

285 

198 

160 

15.0 
140.0 
3 6.0 
14.4 
0.16 
6 . 0 

10.0 
N i l 

N i l 

0 . 7 

0.124 

0.012 
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TABLE 1 1-IX 

Typica l b a c t e r i o l o g i c a l a n a l y s i s ' of Raw wa te r 
s a m p l e s . 

_ _ _ _ _ _ _ _ _ _ _ _ _ t _ _ _ _ _ _ _ _ i _ _ _ _ - - . - . 

Plate ' Raw water 'Settled water 'Filtered water 
and « _ - _ _ _ _ — .!_-.__, _ x _ _ — , _ 
D a t e • MPN » P l a t e - MPN ' P l a t e » MPN ' P l a t e • ^ N • count. ' U ±^ . count J *UN , count 
— _ — - . . ! . _ _ _ _ ' _ _ _ _ • _ _ _ _ ' _ _ _ _ _ _ _ _ « _ — —.-

1. Surya Project water supply. 

30/10/76 - 4 

18.12.76 2,4 x 103 TNC 930 TSC 930 210 

2. Murbad Water supply 

3 1 / 7 / 7 8 9 .3 x 10 2 TNC 73 120 0 80 

18 /8 /78 4 .6 x 10 4 TNC 9 .3 x 102 TNC 95 210 

3 . Bhagur Water supply 

17/10/78 3.5 x 102 300 1.4 x 10 2
 1 2 0 61 30 

24 /10 /78 1.1 x 10 4 TNC 1. 2 x 1 0 3 TNC 2 .4 x 1 0 2 230 
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ANALYSIS OF EXPERIMENTAL RESULTS. 

12.1 INTRODUCTION. 

After carrying out the pilot plant and the actual 

field plant study on the three new treatment plants as 

described in the previous chapters, it is now proposed to 

do the analysis of the experimental work carried out 

towards the development of these new methods in the field 

of water treatment. It is proposed &o compare the theo­

retical aspects in the design of the various units of 

pretreatment and filtration of the conventional treatment 

methods and the unconventional methods adopted in the 

development of these new treatment plants at Ramtek, 

Varangaon and Chandori, as described in details in this 

thesis. In fchort the author feels that this chapter may 

give the main objectives and achievements of the present 

study carried out by the author towards the development 

of simple and cheap water treatment methods for the rural 

water supply schemes in the developing countries. 

12.2 AIM OF RESEARCH AND ANALYSIS OF WORK DONE, 

12.2.1 As explained in the chapter 1, the aim of the 

present study was to develop the new techniques for the 

better performances of the various processes in the 

field of water treatment, so as to utilise them in the 

design of very simple and cheap water treatment plants 

particularly for the villages and small capacity water 

supply schemes. 
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The author has also given in the chapter 1, the 

important steps in the history of water treatment and the 

general theoret ical aspects in the design of the various 

units in the conventional treatment plants. The author 

has then discussed in deta i l s the on-plant study carried 

out by him and the d i f f i cu l t i e s faced in the design of 

simple and cheap water treatment plants par t icular ly for 

small capacity and rura l water supply schemes. 

I t wil l be seen that the major problems in the 

f ield of water treatment are in the design and operation 

of the pretreatment units than in the design of f i l t r a t i o n 

un i t s . The present pretreatment method? are not only 

costly with the i r mechanical mixing and flocculasioz. 

arrangements, but these are d i f f icu l t to operate p a r t i ­

cularly for the small capacity plants» I t is therefore 

very necessary to develop non-mechanical type simple-

treatment uni ts for the small capacity water treatment 

p lants . I t wil l be seen from the three new treatment 

plants developed during this study, that the pretreatment 

units are to t a l ly new and different for these plants 

where_as the f i l t e r units are same for a l l the three 

plants . As explained in de ta i l s in the chapter 1, the 

new techniqi.es in the pretreatment. are mainly designed 

for the treatment of low and hi-^h turbidity water sources,, 

The theoretical aspects of the important steps i.r. the 

conventions-L methods and the nevr techniques developed In 

th is study are discussed below :_n short , 

12.2.2 Coagulation and Flocculation °. 

Cox (5) s t a t e s , "suspended solids in water range 

http://techniqi.es
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in size from coarse material, which settles readily, to 

very fine material, which will not settle unless the 

particles coalesce naturally and precipitate or unless a 

coagulant is used. The precipitating solids formed by 

coagulation are finely divided unless they are agglome­

rated into larger solids or well developed floe by agita­

tion of the water to cause the fine solids to contact 

and adhere to one another and form progressively larger 

particles. These larger particles of floe will then 

settle in sedimentation basins or will be removed by 

filtration. Flocculation, therefore follows treatment of 

water by coagulants and is essential for the preparation 

of the water for sedimentation and filtration at economi­

cally high rates of flow through rapid or mechanical 

sand filters. 

An understanding of the coagulation and flobula­

tion processes requires a distinction between successive 

steps in the process. First a coagulating chemical is 

applied to the water. In order that the chemical may 

react uniformly it must be distributed promptly throughout 

the body of water. This requires rapid agitation or 

mixing of the water at the point where the coagulant is 

added. Second, complex chemical and physicochemical 

reactions and changes occur, leading to coagulation and 

the formation of microscopic particles. Third, much 

more gentle agitation of the water causes the agglomera­

tion of the particles; in other words the fine particles 

are flocculated into settleable floe. 

In the past flocculation was termed "Mixing" and 
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the whole process was given that name. It is now reali­

sed, however, that mixing for the distribution of the 

coagulant in the water is only the first step in flobu­

lation. Nevertheless this rapid or flash mixing is 

necessary, because otherwise the coagulant would diffuse 

through quiescent water very slowly and the initial 

chemical reactions would be restricted to that portion 

of the water in which the concentrated coagulant happened 

to be introduced. This would, produce localized conditions 

quite unlike those intended, because of this marked influ­

ence of the concentration of chemical on the resulting 

type.of reactions. On the otherhand, if flash mixing were 

followed by quiescent conditions, the fine precipitate 

would not be agglomerated into sizable floe in a reaso­

nable period of time. Effective and economical clarifi­

cation therefore requires the completion of coagulation 

and flocculation before the treated water enters sedimen­

tation basins". 

In the existing plant study, carried out by the 

author on the small capacity conventional plants, coagula­

tion and flocculation was not found effective, as stated 

above in the most of these treatment plants. The design 

of flocculation unit is a major problem in the small 

capacity plants and it was generally found absent in 

most of these plants studied by the author. Even in the 

new conventional small capacity plants, the properly 

designed flocculation units are rarely provided. 

The important reason for not providing the 

proper flocculation units in the conventional small 
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capacity treatment plants is the requirement of mechanica.1 

agitators, which has to be provided for effective floccu­

lation, even for small capacity plants as already discu­

ssed in the chapter 1 . Even the mechanical flocculation 

units at many small capacity plants are not seen working 

efficiently due to the improper design. 

The author has therefore,developed the gravel 

bed flocculation units as provided in the Varangaon treat­

ment plant, the gravel bed prefilter unit in the Ramtek 

filter and the pretreator unit in the Chandori treatment 

plant. These gravel bed flocculation units have been 

found very effective in the development of good and sett-

lable floe. These gravel beds are solid contact basins 

where large surface area is available, which accelerates 

the formation of consolidated floe particals. Further 

there is little chance of short circuiting for a portion 

of water as it is generally seen in the conventional 

mechanical flocculation units. 

The actual detention period in the gravel bed 

flocculation units is hardly 5 to 7 minutes as compared 

to 30 minutes detention period provided in the mechanical 

flocculation units. Thus the surface action is seen to 

be more effective es seen in the gravel bed flocculation 

than the detention period. Further the volumetric 

loading can be given as high as 4000 1/m /hr, with the 

2 

surface loading of 10,000 1/m / h r . Further the upward 

d i r e c t i o n of flow as in the gravel beds a t Eamtek and 

Chandori p lan t s may have some more advantages than tha t 

of the down ward d i r e c t i o n of flow in the Varangaon p l a n t . 
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The gravel bed flocculation units will however 

require the periodic cleaning, e i ther by gravity desludging 

action or by the back washing of the beds. As the small 

capacity plants are generally operated for 16 to 20 hours 

a day, such a cleaning w i l l not be a problem in the day 

to day operation of the plants . 

The author has not seen the use of gravel bed for 

flocculation purpose in any of the l i t e ra ture references 

and i t may be an original idea In the f ie ld of water 

treatment. 

Further from the p i lo t plant studies carried out 

by the author (chapter 4) , i t i s also seen possible to 

adopt non-mechanical and continuous type of flocculation 

un i t s , viz ; the PVC tube surface contact flocculation 

units and the LDP film surface contact flocculation uni ts 9 

for the design of the simple and cheap small capacity 

water treatment plants . 

12.2.3 Sedimentation : 

Regarding principles of sedimentation,Cox (5) 

states,"The purpose of sedimentation is to permit s e t t l e -

able f loe to be deposited and thus reduce the concentra­

tion of suspended solids that must be removed by f i l t e r s . 

The basins used for tikis purpose should not be considered 

coagulation basins , because both coagulation and floccu­

la t ion should be completed in flocculation basins. 

Water does not flow through basins as an undis­

turbed body but rather by i r regular flow. Conditions 

in flowing through basins, therefore, are quite unlike 

those prevailing in a vessel in which quiescent . 
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sedimentation occurs, the intent i s to provide conditions 

in which the flow i s as uniform as possible for a period 

long enough to permit the greatest practicable amount of 

the se t t leable solids to be deposited before the water 

reaches the effluent end of the basins. 

The factors that influence sedimentation are 

(a) s i ze , shape and weight of the f loe, (fr) viscosi ty and 

hence temperature of the water, (c) effective average 

period available for sedimentation, (d) effective depth 

of the basins, (e) t he i r areas, (f) surface overflow 

ra te , (g) velocity of flow and (h) in le t and outlet design. 

Each of these presents problems of designs and operation. 

Sedimentation theory is complex and of l i t t l e avai l 

because floe i s not uniform and hence i t s basic sedimen­

tat ion properties cannot be given quantitative values, 

and because the influence of eddy currents can not be 

predicted. Hence the discussion of these six factois in 

re la t ion to design and operation re l i e s largely on 

experience". 

From the on-plant study carried out by the author 

(33) on the small capacity conventional plants , the 

sedimentation tanks have not been found functioning 

effectively in many cases. The main reasons for t h i s 

may be the improper coagulation and flocculation of the 

water before sedimentation basins as discussed in the 

ea r l i e r para. The other important reasons as found out 

from the ac tual plant study are ( i ) improper in le t and 

outlet design, ( i i ) short circui t ing due to intermediate 

baffles provided in the basins and( i i i ) improper sludge 
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removal arrangements. Due to these important factors the 

sedimentation is not effective even if other designs • 

factors, viz : the detention period, surface loading and 

depth of "basin, are provided as per standard conventional 

practice. Even if the above mentioned factors are desi­

gned properly the sizes of the sedimentation tanks are 

considerably big and at many places the wind velocities 

also disturb the rectangular horizontal flow basjLns, which 

are generally provided for small capacity tanks. 

Considering all these aspects the author has 

designed the totally new and unconventional pretreatment 

basins for the three treatment plants as described in 

this thesis. The detailed theoretical and design aspects 

are given in the respective chapters and also as dis­

cussed in the later part of this chapter. 

The new concept of "tube settler" has been now 

well accepted in the theory of sedimentation. As in the 

case of flocculation, the surface contact has great sig­

nificance in the design, of sedimentation basins, with 

this new technique of "tube settler" there may be a 

revolutionary change in the design parameters of a sedi­

mentation basin. The author feels that, by providing tube 

settler basins the flocculation action is further conti­

nued up to the top of the tube settler and the heavy and 

consolidated floe particals formed in this process get 

settled in the bottom of the basins which can be removed 

by hydrostatic pressure. 

The surface loadings that can be applied on such 

tube settlers can be very high and are generally in the 
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range of 5500 to 11000 1/m /hr of the open tube area. 

The detention period in such tube settling tanks is about 

30 minutes. Thus it can be seen that the surface loading 

on a tube settler can be given more than six times than 

that for a conventional rectangular settling tank. 

Even though the tube settlers were not adopted so 

far in India, in the treatment plants the technique is 

not a difficult one. The author has therefore provided 

tube settlers in the new designs of Varangaon and Chandori 

plants as discussed in this thesis. This item has mainly-

reduced the total plant area and therefore the cost of 

these treatment plants as compared to the conventional 

rectangular horizontal flow settling tanks. 

The actual plant performance of the tube settling 

tanks at Varangaon treatment plant after gravel bed flo-

cculation units showed excellent performance in the removal 

of turbidity, even when the raw water turbidity reached 

4000 JTU, as discussed in the chapter 9. The pilot plant 

results of the tube settler as provided in the pretreator 

of the Chandori treatment plant were also found satis­

factory even for high surface loading as discussed in 

the chapter 1 0. 

Regarding the prefilter unit provided at the 

Ramtek plant, it was mainly designed for treating low 

turbidity water sources, and only for a short period in 

mansoons, it should be able to tackle the higher turbi­

dities upto 500 JTU. 3Prom the actual plant observations 

as discussed in the chapter 7, this object is achieved* 

However, the author has observed a portion of the fine 
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floe was passing from the p re f i l t e r uni t to the dual 

media f i l t e r bed, as discussed in deta i l s in the chapter 7° 

He has therefore t r ied to improve t h i s aspect in the 

design of the Murbad treatment plant by providing a 

separate unit of p re f i l t e r by ra is ing the side walls upto 

the top,and by taking the se t t led water through the per­

forated pipe collectors on the dual media f i l t e r bed. 

With th is small modification the performance of the pre­

f i l t e r unit may be considerably improved. The p re f i l t e r 

un i t of Murbad plant i s l ike ly to tackle moderate t u rb i ­

dity load effectively as compared to the Ramtek plant 

as discussed in the chapters 6,7, and 11. 

The pre t reator uni t proposed for the Chandori 

plant is the further improvement on the p re f i l t e r unit 

of the Murbad plant , as a tube s e t t l e r i s introduced 

above the gravel bed as discussed in the chapter 10„ 

Thus the pre t rea tor of the Chandori plant may be able to 

t rea t highly turbid water sources. Thus for the t r e a t ­

ment of highly turbid water sources for small capacity 

rtiral water supply schemes, the Chandori type treatment 

plant may be the cheapest and the simplest solution for 

the treatment of surface water sources. 

12.2.4 F i l t r a t ion : 

In a l l the three new treatment plants described 

in th i s thes i s , the author has provided dual media,open 

to sky f i l t e r beds, as already discussed in de ta i l s in 

chapters 7,9, and 10. The author feels that the dual 

media f i l t e r bed with a l l i t s advantages over the rapid 

sand f i l t e r bed as already discussed in the e a r l i e r 
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chapters may be the cheapest and the simplest f i l t e r unit 

for the small capacity rural water supper schemes. As 

there i s di f f icul ty in getting the sui table top media, 

over the f ine sand media in India, author has developed a 

new media of crushed coconut she l l over the fine sand 

media as discussed in de ta i l s in the e a r l i e r chapters. 

In due course of time i t i s very l ike ly that similar 

other sui table top media may be developed as discussed in 
where 

the chapter 5 ,^ i t was t r ied to find out some other media 

which can be u t i l i s ed for the dual and the multi-media 

f i l t e r beds. The present cost of the new media may be 

comparatively high however, the cost may come down af ter 

finding out other suitable top media for th is purpose. 

The dual media f i l t e r bed i s not a must in a l l 

these new treatment plants,, As discussed in the chapter 

11p the rapid sand f i l t e r bed provided af ter the p re f i l t e r 

unit in the Surya project treatment plant gave sat isfactory 

r e su l t s . The reasons for providing the dual media f i l t e r 

bed in the Ramtek plant have been fully discussed in the 

chapters 6 and 7. On the basis of the sa t i s f ac to ry per­

formance of the pre f i l t e r units of Ramtek plant the author 

has provided a rapid sand f i l t e r bed a t Surya project 

plant as discussed in the chapter 11. However, i t can be 

clearly seen that a dual media f i l t e r bed in the Ramtek 

type plant is bound to give far be t te r performance of the 

f i l t e r bed, both in the higher rate of f i l t r a t ion and 

be t te r quality as compared to a rapid sand f i l t e r bed„ 

I t is for th i s reason that the author recommends to 

provide dual media f i l t e r beds in the Ramtek and Murbad 
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type treatment plants. 

As regards the Varangaon and Chandori treatment 

plants, the pretreatment is of improved and better type 

and hence the rapid sand filter beds can be safely provi­

ded in such treatment plants. However the author has 

provided the dual media filter beds, mainly because these 

are cheaper and more efficient methods for high rate 

filtration purpose. It is for this reason even though 

the filter beds at Varangaon plant have been designed for 

6600 l/m /hr, the author has given the actual plant 

performance results in the chapter 9, for the higher 

filtration rate of 10,000 l/m /hr by running only two 

filter beds out of the three beds. 

The other important reason for providing the 

dual media filter beds for the rural water treatment plant 

is the safeguard against the breakthrough of the filter 

bed and therefore preventing the deterioration of the 

quality of the filtered water. In a rapid sand filter 

bed such a safety is not available and at many places, 

filter breakthrough is observed. In a dual media filter 

bed the top media is a coarse one and the breakthrough 

does not occur easily. Even if the breakthrough in the 

top coarse media occurs, the breakthrough in the fine 

sand media below the top media does not occur immedia­

tely and takes further considerable time. 

12.2,5 Comparative Design Criteria % 

The comparative performances of the new treat­

ment methods as developed in this study are discussed 

below in short. Table 12-1 showing the recommended 
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p r i n c i p a l d e s i g n c r i t e r i a i s enc losed a t t h e end of t h i s 

c h a p t e r fo r ready r e f e r e n c e . 

12 .3 RAMTEK TREATMENT PLANT. 

This was iiie f i r s t unconven t iona l s i m p l i f i e d 

t r e a t m e n t p l a n t t h a t t h e au thor h a s des igned and c o n s t , 

r u e t e d fo r t h e Ramtek wate r supply scheme. The main 

idea was to develop such an ex t remely s imple and cheap 

t r e a t m e n t p l a n t f o r a d o p t i n g f o r the s m a l l community 

and r u r a l wa te r supp ly schemes. As a l r e a d y s t a t e d i n t h e 

c h a p t e r 7 and 1 1 , number of such p l a n t s a re now under 

c o n s t r u c t i o n in the Maharashtra S t a t e . As the a c t u a l cos t 

of c o n s t r u c t i o n f o r Ramtek p l a n t was about YA of the cost 

of t h e same c a p a c i t y conven t iona l t r e a t m e n t p l a n t in 

1973-74 5 and t h e l o c a l l a b o u r s cons t ruc t ed t h i s p l a n t 

w i t h i n a p e r i o d of s i x months , bo th t h e purposes of 

development of such a s imple t r e a t m e n t p l a n t have been 

achieved to a g r e a t e x t e n t . 

The Ramtek p l a n t i s mainly des igned f o r t h e t r e a t ­

ment of low t u r b i d i t y raw w a t e r s . Fu r the r t h e pre f i l t e r 

provided be fo re t h e d u a l media f i l t e r u n i t a s adopted i n 

t h i s p l a n t i s not an i d e a l p r e t r e a t m e n t u n i t . The 

r e a s o n s f o r t h i s a r e a l r e a d y d i s c u s s e d i n the c h a p t e r s 7 

and 1 1 , and i n t h e e a r l i e r para i n t h i s c h a p t e r . The 

s e t t l e d wate r zone over t h e g r a v e l bed p r e f i l t e r i s not 

u t i l i s e d e f f e c t i v e l y i n the Ramtek p l a n t as a c e r t a i n 

amount of f l o e i s p a s s i n g over t h e d u a l media f i l t e r bed 

j u s t above t h e g u t t e r l e v e l . In order t o improve upon 

t h i s a s p e c t a smal l m o d i f i c a t i o n was iMde i n the s e t t l e d 

wa te r flow and c o l l e c t i o n sys tem in the Murbad t r e a t m e n t 
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plant as explained in details in the chapter 11. As a 

separate settling zone is provided with side vertical 

walls over the gutter level, and the settled water per­

forated pipe collectors are provided, the settling con­

ditions can he considerably improved. This modified form 

of Ramtek plant is now recommended for the treatment of 

low turbidity raw waters. The Murbad treatment plant has 

further advantage-, as 'discussed in chapter 10 and 11 

that this plant can further be converted into the Chandori 

type treatment plant by introducing a tube settler just 

below the gutter level by reducing the depth of the gravel 

to about one meter. Thus the Murbad plant is likely to 

be a popular plant for the treatment of low turbidity 

water sources for small capacity rural water supply 

schemes. 

12.4 VARANGAON TREATMENT PLANT. 

The author has designed this unconventional 

treatment plant for the treatment of highly turbid water 

sources for providing cheap water treatment plants parti­

cularly for the rural water supply schemes. The plant, 

though not as simple as that of the Ramtek treatment 

plant, is considerably simple as compared to a conven­

tional treatment plant for the same capacity. The cost 

of construction of the Varangaon type plant may be less 

than 50$ of the cost of the conventional plant of the 

same capacity. From the actual plant performance as 

given in the chapter 9, it is seen that this plant 

has shown very satisfactory performance for the treat­

ment of highly turbid water source. 
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In the Varangaon treatment plant , the gravel bed 

has been adopted as a flocculation uni t , where the flow 

is in the downward direct ion. The rate of application 
p 

of surface loading can be as high as 10,000 l/m /h r . The 

detention period i s hardly 5 minutes in th is unit which 

shows the surface contact may be the prominent factor 

in providing effect ive flocculation. 

The important aspect in providing th i s unit i s 

the effective cleaning of the gravel bed. Even though 

the gravity desludging operation i s found adequate for 

cleaning the gravel bed, a back wash arrangement i s 

recommended for th i s uni t , so as to give occasional back 

wash to ascertain the effective cleaning of th i s bed. 

The tube s e t t l e r as provided in th i s plant may 

be the f i r s t such uni t adopted in India. The square PVC 

tubes 50ra x 50 mm size were specially manufactured for the 

f i r s t time in India for the fabrication of the tube 

modules at Varangaon plant . The surface loading 0 n the 

tube s e t t l e r i s about six times higher than that of a 

conventional rectangular s e t t l i ng tank, while the deten~ 

t ion period is about 30 minutes in the tube s e t t l i ng tanko 

The in le t d is t r ibut ion and se t t led water collectors are 

the special design features of th i s plant f o r g i v i n g 

uniform loading, which has mainly avoided the poss ib i l i ty 

of short c i rcu i t ing of the flow0 The fabrication of 

the tube modules and the placing of the same in the 

tank i s not a d i f f i cu l t work and can be easily adopted 

even for rural treatment plants . The fabricated tube 

modules of required sizes can be supplied e i ther by 
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manufac turers o r from t h e c e n t r a l s t o r e s of t h e depar tments 

a f t e r f a b r i c a t i o n . The main s a v i n g i n the Varangaon 

t r e a t m e n t p l a n t i s due t o t h e adop t ion of the tube 

s e t t l e r . 

The advan tages of t h e d u a l media f i l t e r "beds a s 

provided a t Varangaon t r e a t m e n t p l a n t have been f u l l y 

d i s c u s s e d in the c h a p t e r s 7 , 9 , and 1 1 . Even though t h e 

d u a l media f i l t e r beds have been des igned fo r 6600 l /m / h r 

t h e l o a d i n g can be i n c r e a s e d by 100$ i f i n f u t u r e t h e 

p l a n t c a p a c i t y i s t o be i n c r e a s e d to t h a t e x t e n t . The 

a u t h o r t h e r e f o r e f e e l s t h a t t h e Varangaon t r e a t m e n t 

p l a n t may be t h e a p p r o p r i a t e t r e a t m e n t p l a n t f o r the 

t r e a t m e n t of h i g h l y t u r b i d wa te r s o u r c e s not on ly f o r t h e 

r u r a l a r e a s bu t a l s o f o r t h e smal l munic ipa l t owns . 

12.5 CHANDORI TREATMENT PLANT. 

The des ign of the Chandori t r e a t m e n t p l a n t i s t h e 

outcome of t h e a c t u a l p l a n t performance r e s u l t s of t h e 

Ramtek and t h e Varangaon t r e a t m e n t p l a n t s . As a l r e a d y 

d i s c u s s e d in the c h a p t e r 10 , and e a r l i e r pa ras i n t h i s 

c h a p t e r , t h e Chandori t r e a t m e n t p l a n t i s a modif ied form 

of Ramtek and Murbad t r e a t m e n t p l a n t . 

The p r e t r e a t m e n t u n i t v i z : t h e p r e t r e a t o r a s 

p rov ided i n the Chandori p l a n t i s a combination of t h e 

p r e f i l t e r and t u b e s e t t l e r , so a s t o t r e a t turfcid wa te r 

s o u r c e s . The d e t a i l s of t h e des ign of t h e Chandori p l a n t 

a r e g iven in the chap te r 10 . The d i r e c t i o n of flow i n 

t h e p r e t r e a t e r i s upwards and t h e s e t t l e d water c o l l e c t e d 

through t h e p e r f o r a t e d p ipe c o l l e c t o r s i s taken on t h e 
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the dual media f i l t e r bed, where the flow i s downwards. 

Both the un i t s are designed for a surface loading of 

4500 l /m 2 / h r . For the cleaning of the pre t r e a t or , g rav i ty 

desludging can be adopted as a rou t ine prac t ice a f t e r 

the day ' s work. However, fo r a s c e r t a i n i n g the e f fec t ive 

cleaning of the bed, back wash can be given p e r i o d i c a l l y 

say once a week. The sludge s e t t l e d on the top of the 

gravel bed can be removed by sludge draining pipes p e r i o ­

d i c a l l y and depending on the ra-3 water t u r b i d i t y , d u r i n g 

the operat ion of the p l a n t , with the ava i l ab le hydros t a t i c 

p ressure . With these sludge d ra in ing arrangements; the 

p r e t r e a t o r bed can be e f f ec t ive ly cleaned. The dual media 

f i l t e r bed i s the same as provided in the Eamtek and the 

Varangaon treatment p l a n t s . However for lower r a t e of 

f i l t r a t i o n , rapid sand f i l t e r bed can be adopted inplace 

of a dual media f i l t e r bed. 

The Chandori type treatment p l a n t has fu r ther 

advantages of two stage cons t ruc t ion . In the f i r s t s tage 

for the normal surface loadings upto 5000 1/m / h r , and 

for the low t u r b i d i t y sources , the p l an t can be constructed 

without tube s e t t l e r and the dual media f i l t e r bed, but 

keeping the same dimensions of the p l an t , In the second 

s tage f o r higher surface loadings even upto 10,000 1/m / h r 

the same p lan t can be augmented by introducing the tube 

s e t t l e r and the dual media in the respec t ive beds., 

S imi lar ly when the raw water furb i t i i ty data i s r.ot 

ava i l ab le for t h e new r u r a l water supply schemes, when 

these a re constructed for the normal surface D.oadings 
2 

upto 5000 1/m / h r the Chandori type plant can bo 
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c o n s t r u c t e d i n two s t a g e s a s exp la ined above . The a u t h o r 

f e e l s t h a t t h i s may be t h e cheapes t and the s i m p l e s t 

t r e a t m e n t method f o r t h e t r e a t m e n t of t u r b i d wate r sou rces 

f o r t h e sma l l c a p a c i t y r u r a l wate r supply schemes and 

hence may be a p o p u l a r t r e a t m e n t p l a n t i n the f u t u r e . 

12 .6 OBSERVATIONS IK THE SIMILAR NEW TREATMENT 
PLANTS. 

The main purpose of u n d e r t a k i n g the s tudy of some 

new t r e a t m e n t p l a n t s des igned on the s i m i l a r l i n e s , i s t o 

confirm t h e r e s u l t s of t he Ramtek and Varangaon t r e a t m e n t 

p l a n t s a s d i s c u s s e d i n t h i s t h e s i s . The f u r t h e r o b j e c t 

of t h i s s t u d y was t o p r o v i d e n e c e s s a r y changes i n t h e 

o r i g i n a l d e s i g n s on the b a s i s of t h e a c t u a l p l a n t p e r f o r ­

mances so a s t o improve upon the o r i g i n a l des igns towards 

t h e b e t t e r performances of t h e new p l a n t s . The a u t h o r 

b e l i e v e s t h a t w i th t h i s approach i t may be p o s s i b l e t o 

make t h e s e d e s i g n s p e r f e c t . 

12 .6 .1 Surya P r o j e c t Treatment P l a n t : 

The d e t a i l e d d e s i g n c a l c u l a t i o n s and t h e a c t u a l 

performance of t h e p l a n t a re g iven i n t h e chap te r 1 1 . 

The p l a n t i s based on the des ign of Ramtek t r e a t m e n t p l a n t , 

however only rajbid sand f i l t e r bed i s adopted i n p l a c e 

of d i a l media f i l t e r bed as t h e r a t e of f i l t r a t i o n i s 
2 

only 3500 1/m /hr. The plant performance shows very 

satisfactory results of this plant even during the rainy 

season, when the turbidity of the raw water was between 

100 to 600 JTU. 

The plant was run intermittently from 8 to 1 2 

hours a day, and the average filter run was found to be 
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55 hours which is very sa t i s fac tory . Even though the 

working of the plant with the gravel bedprefi l ter followed 

by rapid sand f i l t e r was found sat isfactory the author 

proposes to improve i t s performance further "by s l ight 

modifications so as to adopt the Murbad type plant for 

such small capacity p lants , as discussed below. 

12.6.2 Murbad Treatment Plant : 

The detailed design calculations and performance 

of this plant are given in the chapter 11. The f i l t e r 

uni t may be able to tackle moderate turbidi ty load between 

1000 to 2000 uni ts during the rainy season due to the 

improvements in se t t l e water collection system and the 

provision of the dual media f i l t e r bed. 

Even though the plant i s designed for a f i l t r a -
p 

tion rate of 4000 l/m /hr, the plant may be able to tackle 

the filtration rates up to 7000 l/m2/hr. This is a 

modified form of Ramtek filter and the author feels that 

the unit can be recommended for providing for the small 

capacity water treatment plant where the raw water turbi­

dity is generally low. Further the cost of the constru­

ction of ••'lie- plant ie also considerably low as compared 

to that of a conventional plant of the same capacity. 

Hence the Murbad plant being a very.simple and cheap 

water treatment plant can be recommended safely for the 

small capacity plants in rural areas, for the treatment 

of low turbidity water sources. 
12.6.3 Bhagur Treatment Plant : 

This is a Varangaon type treatment plant of 
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1.8 mid capaci ty with the hourly pumping ra te of 75000 l i t / 

hour. The small change in the design of t h i s t reatment 

p lant i s the bigger s ize of gravel bed adopted fo r t h i s 

p l an t . The surface loading on the gravel bed i s 5330 

1/m / h r , while the volumetric loading i s 2130 1 /nr /hr 

which i s about 50$ as compared to the loading a t the 

Varangaon treatment p l a n t . The surface loading on the 

tube s e t t l e r i s about 7140 1/m / h r , which i s h igher than 
2 

the surface loading of 6600 l/m /hr adopted at the 

Varangaon plant. While the dual media; filter bed is 

designed for 8500 l/m /hr which is about 35$ more as 

compared to the rate of filtration adopted at Varangaon. 

The plant performance as discussed in details in 

the chapter 11 is very satisfactory. The cost of constr­

uction of the plant may be less than 50$ as compared to 

the cost of conventional plant of the same capacity. The 

maintenance of the plant is also simple. Thus the Bhagur 

treatment plant may be a very simple and cheap type of 

design for the construction of. the small capacity treat­

ment plants in the rural and small municipal towns for 

the treatment of highly turbid water sources. 
12.7 MATHEMATICAL APPROACH. 

12.7.1 Background : 

The purpose of the present study was to develop 

simple and cheap water t reatment metfcods for the small 

capaci ty water treatment p lan t s to be adopted in the 

ru ra l and semi- rura l areas p a r t i c u l a r l y in the develop­

ing coun t r i e s . For t h i s purpose the author has f i r s t 

s tudied in d e t a i l s the presen t conventional methods 
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fthich are being adopted for the small capacity treatment 

plants. After studying the major difficulties which are 

"being faced in the design and the construction of the 

present conventional methods, the author has tried to 

develop new and unconventional methods so as to design 

and construct very simple and cheap small capacity water 

treatment plants as discussed in this thesis. From the 

actual plant performance as discussed in this thesis the 

purpose of the present study has been achieved to a 

great extent. 

12.7.2 The Role of the Mathematical Theories in the 
New Developments in Water Treatment : 

Ives (19) states, "Filtration theory cannot be 

expected to be completely predictive. The complexity 

of partical and fluid motions in filter pores, the 

randomness of filter grain packing and the variability 

of natural water quality prevent predictive calculations" 

Regarding mathematical model of filtration he states 

Theory can suggest a reasonable mathematical model of 

filtration behaviour. Together with mathematical models 

of other unit processes of water treatment the relative 

role of each treatment can be assessed and economic load-

sharing can be planned; e.g. should flocculation sediment 

tation achieve most of the clarification leaving filtra­

tion as a polishing process or should the efficiency of 

flocculation sedimentation be deliberately reduced to 

make filtration play a greater part or can either process 

be eliminated entirely ?" 

Huisman,(15) states, "The mathematical theory of 
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f i l t r a t i on is fascinating, helps greatly in a be t te r Tinder-

standing of f i l t r a t i o n phenomena but is (and wil l long be) 

insufficient for th is purpose". 

These short statements give valuable information 

about the role of mathematical theories in the new 

developments in water treatment. 

12.7.3 Views on the Present Study : 

The author has limited h i s present study to the 

p i lo t plant and the prototype studies of the new techni­

ques developed in th is thes i s . He has tr ied to find out 

some references so as to study the poss ib i l i ty of mathe»-

matical approaches in the f ield dif the new techniques 

developed in t h i s thes i s . He has already discussed the 

various theoret ical aspects in the design of the various 

water treatment processes in connection with the present 

study in the chapter 2. A few aspects about the mathe­

matical approach towards the present study are discussed 

in short below. 

i ) Use of the gravel bed for flocculation : 

The gravel bed flocculation i s one of the 

important new technique which has be en developed in a l l 

the three new treatment plants as discussed in th i s 

thes i s . However,the author has not come across any 

reference of t h i s new technique in the United technical 

l i t e ra tu re studied by him. This aspect has been discu­

ssed in de ta i l s in the chapter 2. The author feels that 

i t may be d i f f i cu l t to develop any mathematical model 

for the gravel bed flocculation as no two gravels are 
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equal in shape and s i z e . However i t may be poss ib le to 

develope such a model with uniform s i ze c i r cu l a r g lass 

ba l l s or PVC b a l l s . I t i s , t he re fo re , seen tha t t h i s 

w i l l be an important f i e ld of future research. 

i i ) Non-mechanical and continuous Type Plocculat ion 
Systems : 

The development of non-mechanical and continuous 

type f loccula t ion systems viz : the PVJS tube surface 

contact f loccu la t ion u n i t s and the LDP film surface 

contact f loccu la t ion u n i t s , as discussed in the chapter 

4 , w i l l be an urgent f i e l d of research . I t may be possible 

to develop mathematical models for these new f loccu la t ion 

systems. 

i i i ) High Rate Tube C la r i f i c a t i on s 

The t h e o r e t i c a l aspects of tube s e t t l e r s have 

been discussed in the chapter 2. I t i s seen tha t the 

mathematical theor ies in the tube c l a r i f i c a t i o n processes 

are presen t ly under development. Thus the development of 

the mathematical t h e o r i e s in tube c l a r i f i c a t i o n w i l l 

a l so be an important f i e l d of research in fu ture . 

iv) Dual and Mixed-media F i l t r a t i o n ; 

The t h e o r e t i c a l aspects have been given in the 

chapter 2. The mathematical theor ies for the mixed-

media or multi-media f i l t r a t i o n as discussed by Ives (19) 

are present ly under development and w i l l a l so be an 

important f i e l d of research in fu tu re . 
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CHAPTER 13 

COCCLUSIONS AND FUTURE SCOPE OF RESEARCH. 

13.1 FINDINGS OF THE PRESENT STUDY. 

13.1.1 General : The aim of the present study was to 

develop simple and cheap water treatment methods for the 

small capacity water treatment plants to be provided in 

the rural and semi-rural areas. The author has mainly 

developed three new and unconventional water treatment 

plants, for Ramtek, Varangaon and Chandori villages in 

the Maharashtra State in India. In addition to this the 

author has designed similar new water treatment plants as 

constructed at Surya Irrigation Project, Murhad village 

and Bhagur village with a few modifications in the designs 

of the original treatment methods developed in this study. 

The detailed designs and the actual plant performances of 

these plants are given in the earlier chapters of this 

thesis. From the plant performance results, and as dis­

cussed in the chapter 12, it is seen that these new and 

unconventional treatment methods as developed during this 

study have shown very satisfactory results. The author 

feels that these new and unconventional treatment plants 

developed in this thesis are so simple and cheap for 

construction as well as maintenance, that these techni­

ques are likely to be adopted on large scale for the 

design of particularly small capacity water treatment 

plants in the rural and semi-rural areas in the 

developing countries. 
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13.1.2 Main achievements ; 

The main achievements in the present study are 

as given below. 

i) The use of gravel bed for flocculation Vs adopt­

ed in a 11 the three new treatment methods developed in 

this study. The interesting aspect in this new technique 

is that the use of gravel bed is made in different ways 

in all the three treatment methods developed in this 

thesis. 

The conventional flocculation units are mainly 

based on the mechanical type of units, which are generally 

seen deleted in the small capacity water treatment plants, 

with the result of ineffective clarification in such 

plants. As the flocculation is an essential process in 

the water treatment, the gravel bed flocculation may be 

able to replace the mechanical flocculation in the small 

capacity plants. 

ii) The adoption of a tube settling tank for a rural 

water supply scheme is the next main achievement,which 

may have been provided for the first time in India. The 

surface loading on such tube settling tanks can be 5 to 6 

times higher than that adopted for the conventional 

rectangular settling tank. With this new technique it 

will be possible to augment the eapacities of the 

existing settling tanks by more than two times. 

iii) The pretreater unit with the combination of the 

gravel bed flocculation and the tube settler, with the 

hopper shape settling zone and perforated pipe collect­

ors as proposed in the Chandori water treatment plant may 
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be very s u i t a b l e for the pre+reatment of turbid water 

sources fo r the small capaci ty water treatment p l a n t s . 

iv) I t is poss ib le to use the crushed coconut she l l 

media as a top coarse media in the dual media f i l t e r bed 

over the f ine sand media f o r higher f i l t r a t i o n ra te upto 

10,000 l/m / h r , and b e t t e r e f f luen t qua l i ty . The author 
of 

has been granted a pa ten t for the u se^ th i s new media for 

f i l t r a t i o n purpose in media. 

v) The s i m p l i f i c a t i o n in the design of the s t r u c t u ­

res fo r the small capac i ty water t reatment p lants in the 

ru ra l and semi-rural areas as developed in t h i s t h e s i s 

can reduce the cost of construct ion of these p lants from 

50$ to 75$ of the costs of the same capaci ty conventional 

p l an t s . 
13d»3 The Ramtek Treatment P lan ts % 

The fiamtek treatment p lan t has been designed 

s p e c i a l l y fo r the t reatment of low t u r b i d i t y water sources 

for small capaci ty water t rea tment plants for r u r a l water 

supply schemes and may be the f i r s t such unconventional 

type of f i l t e r constructed in the world. The gravel bed 

p r e f i l t e r un i t followed by the dual media f i l t e r bed with 

the use of crushed coconut s h e l l media over the f ine sand 

media are the spec i a l fea tures of t h i s treatment p l a n t . 

!The crushed coconut she l l media has been used for the 

f i r s t time for the high r a t e f i l t r a t i o n in the dual media 

f i l t e r un i t a t Ramtek. 

The Murbad t reatment p lant i s a modified form 

of the Ramtek p l an t , with the adoption of separate 

s e t t l i n g zone on the gravel bed p r e f i l t e r . With th i s 
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small modification it may be possible to treat moderate 

turbid water sources with better clarification. Hence the 

Murbad treatment plant can be generally recommended for 

the small capacity water treatment plants in the rural 

and semi-rural areas for the treatment of low turbidity 

water sources. The Murbad plant may be the simplest and 

the cheapest treatment plant for the small capacity water 

treatment plants among the three treatment plants develo­

ped in this thesis. 

13-1.4 The Varangaon Treatment Plant ; 

The Varangaon plant is mainly designed for the 

treatment of highly turbid ' • water sources for the design 

of small capacity water treatment plants. The special 

features of this plant are the gravel bed flocculation 

unit, tube settling tank, and the dual media filter bed. 

The gravel bed flocculation unit and the tube 

settling tank are the most outstanding features of this 

new plant and may have been adopted for the first time 

in India. The dual media filter beds have been adopted 

in this plant for the higher rate of filtration and better 

effluent quality. The plant results show very satis­

factory performance and as such it can be recommended 

generally for the treatment of highly turbid water sour­

ces for the small capacity water treatment plants in the 

rural and urban areas. The most of such a plant may be 

less than 50$ of the cost of a conventional water treat­

ment plant of the same .capacity, 

The Varagaon Plant can also be recommended for 

highly turbid water sources for the bigger rural water 



13-5 

supply schemes and the small town water supnly schemes. 

The "Varangaon type plant may further "be recommended even 

for bigger water supply schemes for continuous operation 

with the provision of non-mechanical continuous flow 

flocculation systems in place of the gravel bed floccula-

tor, as developed during this study. 

13»1.5 The Chandori Treatment Plant : 

The Chandori treatment plant is particularly 

designed for the treatment of turbid water sources for 

the small capacity water treatment plants for the raral 

water supply schemes. The plant can be considered as a 

further modification over the Murbad plant, The Chandori 

plant consists of the pre treat or which is a combination 

of the gravel bed flocculator and tube settler unit and 

is followed by the dual media filter bed. The p3ant has 

got an additional advantage of two stage construction as 

discussed in the chapter 12. 

The plant is under construction and is likely to 

be completed by June 1978. However the author feels that 

the plant performance may be scery satisfactory based on 

the pilot plant experiments conducted during this study. 

Thus the Chandori treatment plant can be recommended for 

the small capacity rural water supply schemes for the 

treatment of turbid water sources. 

13.2 FUTURE SCOPE OP RESEARCH. 

^he technological developments in the field of 

water treatment will always be continued and perhaps in 

the faster rate as compared to the progress in the past. 
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The present new techniques as developed in the design of 

the three t reatment p lants as discussed in t h i s t h e s i s , 

are bound t o be developed fu r the r in due course of time 

towards more s impl i c i ty and ef f ic iency. The author himself 

a l so intends to work towards t h i s goal . In this respect 

thfi author fee l s t h a t the fur ther study on the below 

mentioned aspects may be he lpfu l towards the fur ther 

per fec t ion of the new techniques as developed in t h i s 

t h e s i s . 

13.2.1 Gravel Bed Flocculat ion : 

As a l ready discussed in the e a r l i e r chap te r s , 

there i s a g rea t scope of research in the fur ther develop-

ment of t h i s new technique in the f ie ld of water t rea tment . 

The s i z e , shape of the gravels and the d i r e c t i o n of flow, 

the surface as well as volumetric loadings for d i f f e ren t 

turbid waters and cleaning of the gravel bed wi l l be some 

of the important aspects of research in the development 

of e f f i c i e n t gravel bad f looou la to r s . 

13.2.2 Development of Non-mechanical and Continuous 
Type Flocculat ion Units : 

The development of the non-mechanical and con t i ­

nuous type f loccu la t ion un i t s v iz 1 the PVC tube surface 

contact f loccu la t ion un i t s and the LDP film contact f l o ­

ccula t ion u n i t s , i s an urgent f i e ld of research, fo r the 

dtesign of the s impl i f ied as well as conventional water 

t reatment p l a n t s , as discussed in the chapter 48 

13*2,3 Development of Cheaper Tube S e t t l e r s s 

This w i l l include cheaper mate r ia l of f a b r i ­

cat ion of tubes , s i z e and shape of tubes , depth of tube 
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s e t t l e r , re la t ion of the tu rb id i ty and surface loading, 

methods of supporting tube modules, clear depth of water 

below and above the tube modules, in le t d is t r ibut ion and 

outlet se t t led water collection ; and the methods for- "the 

conversion of the existing se t t l i ng tanks in-to the tube 

s e t t l i n g tanks, wi l l be some of the important aspects of 

future research in th i s f ie ld . 

13.2.4 Development of New and Cheaper F i l t e r Media : 

The developments of the sui table cheap media for 

the dual and the mixed-media f i l t e r beds for adopting 

higher rate of f i l t r a t i o n and be t te r effluent quali ty wi l l 

be an important field of research in future. This can 

be considered as the most important problem in the develo­

pment of high rate dual and mixed-media f i l t e r s . The 

sizes and depths of the different f i l t e r media with 

respect to the i r specific g rav i t i es , and'the back wash 

techniques for effective f i l t e r washing will be some of 

the important aspects towards the development of high 

rate f i l t r a t i o n . 

13.2.5 Effects of continuous and intermittent flow 

through the f i l t e r beds on the f i l t e r effluent, will also 

be a useful research. 

13«2„6 The development of simple, automatic or semi­

automatic f i l t e r rate controlling methods will also be 

aft useful f ield of future research. The declining rate 

controlling methods for the small capacity water t r e a t ­

ment plants wi l l a lso be an in teres t ing field of research. 
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13.2,7 The mathematical theories in the developments of 

the non-mechanical flocculation systems, tube s e t t l i ng 

tanks and the dual and mixed-media f i l t r a t i o n , as discussed 

in the chapter 12 wil l also be the important f ie lds of 

research. 

13 .3 INTERNATIONAL DRINKING WATER SUPPLY AND 
SANITATION DECADE, 1 980-1 990. 

One of t h e recommendations of the Uni ted Nat ions 

Water Conference, which was he ld i n March 1977,was t h a t , 

p r i o r i t y shou ld be given t o the p r o v i s i o n of s a f e wa te r 

supp ly and s a n i t a t i o n f o r a l l by t h e yea r 1990. The 

conference approved the p r i o r i t y a r e a s f o r a c t i o n w i t h i n 

t h e frame work of a p l an of A c t i o n , o u t l i n e d t h e a c t i o n s 

t o be taken a t n a t i o n a l l e v e l a s w e l l a s th rough i n t e r ­

n a t i o n a l c o - o p e r a t i o n , and made a p roposa l t h a t 1980-1990 

should be d e s i g n a t e d as t h e I n t e r n a t i o n a l Dr ink ing Water 

Supply and S a n i t a t i o n Decade. 

Cons ide r ing these recommendations and WHO'S 

l o n g - s t a n d i n g commitment t o t h e improvement of community 

wa te r supply and s a n i t a t i o n , t he Hea l th Assembly urged 

member s t a t e s to t r e a t t h i s s u b j e c t a s a ma t t e r of urgency °9 

t o formula te by 1980, w i t h i n t h e con tex t of n a t i o n a l 

development p o l i c i e s and p l a n s , programmes t o ach i eve t h e 

t a r g e t by 1990 ; t o impliment d u r i n g t h e decade 1980-90, 

t h e programmes formula ted i n t h e pe r i c i . 1977-1960. 

13.4 UTILITY OF THE NEW TECHJHQUES DEVELOPED IN 
THE PRESENT STUDY. 

From t h e above mentioned programme i t can be seen 

t h a t t h e p r o v i s i o n of safe d r i n k i n g wa te r supply 
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facilities will be an urgent task before the public 

health' engineers in the world during the next decade. As 

the position of the safe water supply for the rural comm­

unities in the developing countries is very poor, in this 

respect, a large scale programme will have to be under­

taken on top priority. 

The rural water supply schemes where the surface 

sources are adopted, the suitable water treatment plants 

will have to be provided for such rural schemes. As the 

conventional water treatment plantsyparticularly the 

small capacity plants are very costly and also difficult 

for construction and maintenance in the rural areas,there 

is urgent need for the development of the simple and 

cheap water treatment methods. The author sincerely 

feels that the new water treatment methods as developed 

in this thesis may be able to help in solving this great 

problem of providing very simple and cheap water treat­

ment plants for the rural water supply schemes. In this 

respect the WHO International Reference Centre has 

already published in the 'Newsletter' the extract on the 

Eamtek treatment plant (Feb. 1976), and the Varangaon 

treatment plant (Sept. 1978), and the photostat copies 

(in French and English versions resp.) of the same 

are enclosed in the Appendix-D for ready reference. At 

the end of this useful study the author is very happy to 

dedicate this work to the World Health Organization 

towards the goal of safe water supply in the rural and 

semi-rural areas. 

-oOo-
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APPENDIX - A 

LIST OF SYMBOLS AND ABBREVIATIONS 

Symbol 

in 

ft 

A 
mm 

cm 

m 

in2 

ft2 

2 
cm 
2 m 

in' 

ft3 

3 
cm 
m? 

ml 

cc 

vol 

ft/sec 

m/s 

g/h 

1/h 

gpm 

1pm 

mga 

• 

• • 

0 

* 
9 

« 

• 

: 

• • 

• • 

« 

O 

o 

I 

o 
o 

° 

inch 

foot 

Micron 

millimetre 

centimetre 

metre 

square inch 

square foot 

square centimetre 

square metre 

cubic inch 

cubic foot 

cubic centimetre 

cubic metre 

millilitre 

cubic centimetre or ml 

volume 

feet per second 

metre per second 

gallon per hour 

litre per hour 

gallons per minute 

litres per minute 

million gallons per day 



mid 

l/m2/hr 

l/m3/hr 

sec 

min 

hr 

rpm 

B.S. 

I.S.S. 

B.S .S. 

gpm/sq.ft 

ppm 

MPN 

: megalitres per day 

x litres per square metre per hour 

: litres per cubic metre per hour 

: second 

: minute 

: hour 

: revolution per minute 

: British standard 

: Indian Standard Sieves 

: British Standard Sieves 

: gallons per minute per square foot 

: parts per million 

: most probable number of coliform 
organisms per 100 ml of sample'* 

-0O0* -
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APPENDIX - B 

LIST OF INSTRUMENTS AND APPARATUS USED 
DURING THE STUDY. 

1. Turbidimeter : 

Aplab Turbidimeter Type IE2-T supplied by 

M/s Applied Electronics Private Ltd., Thana, was 

generally used for measurement of turbid ites of raw, 

settled and filtered water samples for the pilot plant 

study in the laboratory. For field studies, also 

generally Aplab turbidimeters were used as available 

at the sites. However at Ramtek and Varangaon plants 

standard turbidity suspensions in clear glass bottles 

were prepared as per procedure given in the standard 

methods for the examination of water and waste water 

jointly published by A:P.H.A; AWWA ; WPCF , in the 

beginning till the date of purchase of Aplab turbidi­

meters. Turbidity rods were used to measure the higher 

raw water turbidity during the rainy season. 

2. Flow Meter : 

The rota-meters made by M/s Associated Inst. 

Manufactures, (India) Ltd.,Bombay, were used to 

measure and control the rate of flow at the outlet 

end of the pilot filter units. 

3. Electrical Stirrers : 

Electrical stirrers of 1/20 H.P. made by 

M/s Associated Instrument Manufacturers (India) Ltd., 

Bombay, were used for mixing of alum dose for pilot 

plant studies. The speed was kept about 100 rpm. 

4. Electrical Pumping Sets : 

Small capacity (1/20 HP) Tulu make electrical 

pumping sets were used for pumping raw water to the 

balancing tank in the pilot plant study. 
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5. Jar Test Equipment : 

The special jar test equipment supplied by 

The Kadungaigar sewdse Reenamantion Research Unit 

T.V.A.D. Road Madras, was adopted for finding the 

optimum alum dose for the pilot plant study. 

6. pH Meters : 

Lovibond disc type pH meters were generally 

used for field study. 

7. Pipes and specials for laboratory Study : 

Galvanised iron and plastic pipes and brass 

gale valves,with plastic nozzles and specials were used 

as found suitable for the pilot plant study,for conne­

cting units, backwashing and measurement of head losses. 

8. Laboratory Facilities : 

The laboratory facilities including various 

standard equipments such as ovens,incubators,autoclaves, 

furnaces, microscopes, and various glass ware and che­

micals required fcr the standard chemical and bacterio­

logical tests for pilot and prototype plant study were 

available in the laboratory of the Environmental 

Engineering Research Division, in the Maharashtra 

Engineering Research Institute,Nasik-4, where the author 

has carried out the major study. 

-oOo-
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Jou r . IWA,Vol . IV, No. 1 , (1 972) . 
' S imp l i f i ed r a p i d sand f i l t e r s for 
r u r a l a r e a s ' . 

Jou r . IMA, Vol. IV, tfo.3,0 972) . 
'Water t r e a t m e n t p r o b l e m in r u r a l 

a r e a s ' . 

Jour . IWA, Vol .V, No. 1 , ( 1973 ) . 

'Development of ground v a t e r sources 
f o r r u r a l wa te r supply sc i ies-os ' , 
Jou r . IWWA, Vo l .V ,No .2 , (1973 ) . 

'An u n - c o n v e n t i o n a l 0„50 mgd t r e a t ­
ment p l a n t f o r Ramtek Town,Kagpur' , 

Jour.IWWA,Vol.VI, No. 1 , ( 1974 ) . 

Copies 
enc losed . 

P h o t o s t a t 
copy. 

-do-

- d o -

Repr in t copy 

-do-

-do-

'One year observation on filter plant 
at Ramtek near Nagpur', 

Jour. IWWA, Vol. VIII, No. 1,(1 976). 

'A new unconventional treatment 
plant at Varangaon', 

Jour.IWWA, Vol.X, No.1,(1978). 

-do-

-do-

'A new unconventional treatment plant 
for Chandori villages . 

Paper accepted for publication in 
the Jour.IWWA, Vol.XI, No. 1,(1 979). 
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II News letters of WHO International 
reference centre for community 
water supply. 

1. News letter No.62 for February Photostat 
1976 for Ramtek treatment plant copy. 
(French version). 

2. News letter No.91 for September 
1978 for Varangaon treatment plant 
(English version). -do-

III. Reports. 

1 . The report on the evoluation of Reprint 
the efficiency of the serrated and copy 
hopper bottom rectangular,settling 
tanks.Departmental report of MERI,Nasik. -do-

2. The report on the performances of Reprint 
existing semi-rapid and slow sand not 
filters in the Maharashtra State. available 
Departmental report of MERI,Nasik. 

3= Final report on WHO Fellowship for 
three months in Yugoslavia and 
United Kingdom during May 1976 to 
July 1976 on 'Village Water Supply' Copy not 
submitted to the WHO by the author. enclosed. 

N.B. : The copies of papers, news letters and reports 
as stated above are enclosed in the Appendix-D 
in a separate folder only for the 
University submission. 


