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SUMMARY.

1. BACK GROUMND.

A mass scale programme of providing drinking
water supply facilities in the rural and semi-rural
areas is 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-
tion of the world by community safe water supply and
sanitation.

For villages where the assured ground water
sources are not available in the near vicinity for
safe drinking water supply schemes surface water
sources are required to be tapped. Adequate treatment
has to be given to such waters irrespective of the
size of community to be served. Naturally the capaci-
ties of these water treatment plants in the villages
will be generally very small. The rcosts of const-
ruction of such small capacity conventional water
treatment plants, such as slow sand ,rapid sand and
pressure filter plants are seen to be disproportiona-
tely high. Moreover skilled supervision which is
necessary during construction and maintenance of the
conventional plants will not be available generally in
most of the rural areas. Hence, in many rural water
supply schemes water treatment facilities are seen to

be deleted partly 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 facilit;es 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 rurml 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 différent problems in the development of
gsimple and cheap water treatment methods suitable for

the rural and semi-rural areas.
3. ACHIEVEMENTS DUE TO NEW METHODS.

During thié 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-~
totypre plants are discussed in details in.this thesis.
In addition %0 this the experimental pilot plant

study for the development of non-mechanical and
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. continuous type flocculation systems as discussed in
Chapter 4 is an interesting one and may have a consi-
derable impact on the future developments of unconven-

tional as well as conventional treatment plants.
3.1 Ramtek Treatment Plant :

The Ramtek plant constructed in the year 73
for a capacity of 2.4 mld, is mainly designed for the
treatment of average low turbidity water scurces from
the storage reservoirs, canals and the urland waterss
However it can tackle occasional higher turbidity
loads even upto 1000 JTU. It has becn specially desi-
gned to substitute the conventional s low sand filtess,
which are likely to be choked up even by a single high
turbidity load. In the Ramtek plant gravel bed pre-
filters have been provided in place of the conventio=-
nal pretreatment works, and simplified dual media
high rate filter beds have been adopted in place of
the conventional rapid sand filter beds; Only hard
backwashing has been adopted for the filter beds,while
the prefilters can be cleaned by gravity desludging
operation as well as, by backwashing when required.
The actual plant performance showed very good results
for an observation period of three years. This may
perhaps be the first of such simple and cheap small
capacity water treatment plant provided for village
water supply scheme., The Ramtek plant is a very
simple and compact unit due to the unconventional

design as explained above, and the actudl cost




S-4..
(Rs. 1,25,000/~) was less than 1/3 of the cost of the
conventional treatment plants of the same capacity
constructed in the same year.

The crushed coconut shell has been used as a
top coarse media over the fine sand in the dual media
filter beds at Ramtek for the first time in the
world,and the author has received a patent ( No.
134979) for its use in India in 1974. The author is
of the view that this is one of the best media avai-
lable in the world at present for the use of high
rate filtration. The author is happy to state that
the patent rights for the use of this new media have

been donated to the Indian Water Works Asscciation.
3.2 Varangaon Treatment Plant :

The Varangzon plant having a capacity of 4.2
mld is comstruc ted during the year 1977, for a regio-
nal rural water supply scheme, for supplying water to
five villages. The plant is specially designed for
the treatment of high turbid water sources. In this
unconventional high rate treatment plant, baffle mixi
ing channel, two units of gravel bed flocculation,two
units of tube settling tanks and three units of dual
media filter beds have been provided in place of a
conventional rapid sand filter plant. The gravel bed
non-mechanical type flocculation units and the tube
settling tanks are the special features of this plant,
which may have been provided for the first time for a
rural water supply scheme. PVC square tubes of 50 mn

X 50 m size were specially got fabricated for the
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first time in India, and tube modules were fabricated
of required size to cover all the settling tank
area.

_ The other special feature is the declining
typre rate controlling arrangement provided at this
plant., Due to this arrangement, it is possible to acc-
ommodate: ‘the pure water pumping machinery in the
control room. The alum soluticn armd dos ing tanks
alongwith a small laboratory are provided in a che-
mical room over the control room, while the wash water
tank has been provided@ on the top of the chemical
room. The actual plant performance showed very satig-
factoxy results for a period of one year. The Varan-
gaon plant is a very compact unit due to the unconven-
tional design as stated above and the actual cost cf
(Rse 4,00,000/-) may be less than 50% of the cost of a

conventional treatment plant of the same capacity.
3.3 Chandori Treatment Plant :

The Chandori treatment plant is specially
designed to treat turbid water sources for the small
villages, and the plant is presently (1978) undef
construction. -This new plant includes a pretreator
unit which is followed by a dusl media filter bed.The
high rate pretreator, which is a combination of the
gravel bed prefilter of the Ramtek plant and the tube
settler of the Varangaon plant, is the special feature
of this new plant, designed to treat turbid water
gources for the small cépacity treatment plants. This

is a modified form of the Ramtek plant and has got a
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special advantage of two stage construction as expla-

ined in the thesis.
3.4 Field Applications :

About five such small capacity unconventional
treatment plants have been cons tructed recently and
the actual plant performance results for the three
plants at, Surya Irrigation Project, Murbad,and
Bhagur in the Maharashtra State are also included in
Chapter 11 of this thesis. The Surya Project and the
Murbad Plants are the modified forms of the Ramtek
Plant design, for the adoption for specific water
qQuality conditions, while the Bhagur plané is based -
on the design of the Varangaon plant with some chang-
es in the surface loadings, as discussed in details
in Chaper 11.

Further about twenty plants based on these .
new designs are under construction at various places.
In addition to this, these new techniques have also
been proposed for the conversion of the existing
bigger capacity plants in the Maharashtra State.
Table 11~I showing the places where these new treat-
ment plants have been adopted, alongwith the probable
saving due to the adoption of the new techniques, is
enclosed in Chapter 11. It can be seen from this
Table that the average saving is more than 50% of the
cost of the conventional plants of the same capacity
and the overall saving may be more than a crore of
rupees due to application of these new techniques

so far,




4. UTILITY OF THE NEW TECHNIQUES.

Considering the large scale programmc during the
proposed "International Drinking Water Supply and Sani-
tation Decadc" during 1980 to 1990, the provision of safe
drinking water suprly facilities will have to be provided
on priority basis. The new treatment methods as develb-
ped during this study have shown very satisfactory
resultcs as discussed in details in the thesis. Table
12-1 showing the recommended gencral design criteria
based on this study for adoption of such new trecatment
plants is cenclosed in chapteri2. It will be seen that
the ncw treatment plants as dceveloped in this study are
very simple for construction, and maintenance and are
also cheap as compared to Hae costs of the conventional
Plants of the same capacities. The author sincerely
feels that the new simplified treatment methods as
developed in this study may be able to help in solving
this great problem of providing safe drinking water

supPly in the rural and semi-rural areas.
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CHAPTER I
APPROACH TO THE PROBLE:

1.1 BACK GROUND.

Number of water treetmeht 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 meintenance,an intensive
gearch 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 ratcs of filiraticn through the
dual and multimedia filters. Ix additicn to thes=s,
extensive automation for the various controis in the
treatment plants are under development in the devcloped
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 develoding
countries cannot afford to adopt the same for their water
supply schemes. Further even in the conventional treat-
ment methods therc are some problems in the efficient
performance of the treatment vplants which can be observed
in the existing conventional treatment plants. However,
for want of new techniques and designs to scive these
treatment problems, conventional treatwment plants are
generally seen to be adopted for the city and village

water supply schemes.
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1.1.1 Task Ahead :.

If the present (1975) condition of urban and rural
water supply position in T,dia is considered,(29) out of
2921 number of towvms 1585 number of towns have been
supplied with protected water supply schemes while out of
5,67100 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 abcut 440 millions.
The protected water sunply 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 Assembiy has declared
in May 1977, to observe "International Drinking Water
Supply and Sanitation Decade 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 2s to fulfil these targets in their
respective countries. Thus the next decade (1980-1990)
will be very important for providing vrotected water
supply for thousands of villages for improvement in the
Conmunity 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
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number of problems to be tackled to;fulfilgfthis 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 basis in order

to fulfil +this great task before the world.
1.1.2 The Ain of Present Study :

The aim of the present study is to search out the
new techniques for the better perfoimances 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 vasis
of new techniques small pilot treatment plants for
actual observations of their performances and based on
these studies, to design a few prototypre plants in the
field and to study their actual plant scale performances,
80 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 econonic
filtration methods for the rural and small community

water supplies®,
1.2 IMPORTANT STEPS IN THE HISTORY OF WATER TREATMBENT.

If the history of water treatment is considered
for the developmen?t of the water treatment Processes

the important steps can be described as below.




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 1/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 importemt 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 pwrification of water through this
filter bed is said to be done by the biological activity
through the various algal and bacterial coloniesg 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 row 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 waters
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,




1.2.2 Rapid Sand TFilters :

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 presnt.
1243 Upflow Filters :

These filters were first developed in the
Buropean countries and USSR and then spread in the other
parts of the world. These filtvers with the same back
wash arrangements as that of a rapid sand 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 gare 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 filtex 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 ovér 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 1/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 éompletely and are
still under active resczarch. The mechanical equipments
required in the chemical mixing, flocculation, and clari-
fication processes nake this problem still more difficult
varticularly for the construction and maintenance of the
small capacity water treatment plants in the villages, in

the developing countries.
1.3 PIANT OBSERVATIONS.

Plant obscrvations on the existing water treatment

prlants are discussed below.

1e3.1 General :

The author has carried out the on-plant study on
the existing slow sand and semi-rapid filters and the
pretreatment works for the smnll capacity water treatment
pPlants constrctued by the Environmental Engineering
Organisation in the Maharashtra State in India. Two
comprehensive reports (33) (34) were prepared by the
author on the basis of these field studies as given below
for submission to the Govt. for further consideration
regarding the improvements to be carried out in these
plants.

Report 1 ¢ The evaluation ¢f the verformances of
the efficiencies of the slcw 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 settliing 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 authorityes
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 8and 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 paper
(25) "Observations on some semi--rapid and slow sand
filters in Maharashtra State"™, in the Journal of thé
Indizn Water Works Association, Vol.II No.4. (1970).

A copy of this paper is enclosed in the Appendix-~D which
gives the importont findings in the Report 1.

From 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 observotions, some improvements
were recommended to solve these nroblems 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 Hopvrer Bottom

Rectangular Settling Tanks

In this report the on-plant observations mainly on
the presreatment units coansisting of the serrated and
hopper bottom rectangular settling tonks, which are gene-
rally provided in the laharashtra 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 thc puatreatment 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 flccculation units, defective inlets
and outle#s, and absence of prcpe: siuvdge removel
arrangements.

From this study it is revealed that the multiple
hopper bottom rectangular settling tanks are 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 Envirommental 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 tlmnt "it must be a piece of
research work charscterize 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 canacity 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
gocs 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 constructioh 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 supnly 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 develovment 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 techrical 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
pProcesses 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 plans$s are =tudied
very critically in the faeld 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 fecls that as a resuit of
such a critical on-plant study of the existing snail
capacity plants and the study of the recent technclogical
advances in the field of water treatment, it was possible
to develop the new designs for the small capacity treat~
ment plants at Ramtek, Varzngaon 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 ape as given below.

(i) The use of gravel bed for flocculation as
adopted in all the three new treatment methcds 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 adovted for
the first time in India.
(11i) The development of the pretreator unit for the
treatment of turbid water sources as proposed at Chandori
treatment plant.
(iv) The use of crushed coconut shell media &3 a top
media in a dual media filter bed over the fine sarnd media
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 cdeveloped

in this thesis.
1.5 QUALITY OF WATER TO BE TREATED.

In the conventional water treatment practice the
slow sand filter is generally adopted for very iow turpvid
raw waters containing dissolved organic matters and *these
filters are generally recommended fozr tio Qterad'uatey
sources.(26) While for turbid raw water sources proireat-
ment consisting of coagulation flocculatioca and ccdimen-
tation is generally adopted before rapid sand filterc(25).
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 filitration
including pretreatment is provideé before the treatment
of water on slow sand filters. As the only rapiil sood

filtration is not adequate to treat such waters 1o ithe
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required standards,such type of double filtratiocn though
very costly, has to be provided at some places.

Low turbidity waters can also be treated directly
without conventional pretreatment through deep bed,uvpflow
or contact bed clarifiers,or through the dual oir muiti-

media filters as explained earlier.
1.6 APPROACH IN THE TREATMENT OF WATER QUALITY.

Even though the gquality aspects of raw water for
treatment as explained above are available,in practice the
conventional treatment plants are generally secen to be
provided even though thege are considerably costly for
construction. Further these techriques do netv give cheaper
solution to some type of raw waters as exPlained
hereafter,

In the present study raw water qualities are
malnly considered in the following three catagcries for the
design of simple and cheap treatment methods for small
capacity treatment works.

i) Raw water of low turbidity and pol.utiocn bus with
occasional increase in turbidity loada,.

ii) Raw water with high turbidity load and msisrate
pollution.

iii) Raw water with high turbidity and high
pollution load,

In the present study, first two catses are
proposed to be tackled as these are the comor cascs in
practice while the third case is rarely seen and‘it will
need further special treatment of either slcw sand filt-
ration or any other after the treatumcunt fov t:s ~ase No,
(ii) and hence the third case is not considered in She

present study.




1.7 TREATMERT OF LOVW 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 be 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 gener=ally adopted at present. At many places
with the policies of particular government orgnnisations
either only slow sand filters or conventional pretreat-
ment followed by slow sand filters arc also seen t0 be
adopted. But this practice is against the theoretical
design aspect of the slow sand filters and after some use,
such filters arec 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 thesc conditions of the raw water and the conventional
rapid sand filters with its pretreatment will be generally
costly as explained enrlier., 2 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 trestment of raw water with low
turbidity and vollution 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 s8a the popular method of
treatment at the present time. Apart from the high cost
of construction fior such treatment plants, there are a
number of problems which are discussed eerlier in this
chapter.

The author has therefore designed the new uncon-
ventional treatment plants at Varengmon 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 FILTZR.

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 complcte filtra-
tion unit for Ramtek Water Supply Scheme near Nagpur in
India. 1In this filter a grovel bed uvpfliow type prefilter
is provided before 2 duvual media filter unit., The filter
is designed for a higher rate of filtration of 7150
l/mz/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 chepters 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 the 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
Mahazashtra State and the on-~plant observations on the

same have also been given in this thesis in the chapter 11.
1.10 VARANGAON TREATMENT PIANT.

In the present study the author has designed a
new type of unconventional high rate simplified treatment
Plant as provosed for the~Regional Rural Weater Supply
Scheme for five villages near Varangaon, for the treatment
of high turbidity water sources. This plant consists, of
baffled mixing channel, two uniss of gravel bed floccula-
tion chambers nnd tube settling tanks and three units of
dual media high rate filter beds. Thus no mechanical
equipment is adopted for the chemical mixing, fiocculation
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 mld 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 s~me period in the Maharashtra

State.
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Similar fype of filter plants, with some minor
modifications have also been constructed at a few rural
water supply schemes in the Maharashtra State and the
pPlant observations on the Bhagur plant are also included

in the chapter 11 of this thesis.
1.1 CHANDORI TREATMENT PLANT.

The design of Chandori treatment plant consistsof
pretreator unit followed by duval media filter bed. The
pretreator unit is é combination of gravel bed prefilter
and tube settler as explained in details in the chapter 10,

This may be the cheapcst ®reatnent plant for the
treatment of turbid water sources for the rural water
suprly schemes, The plant is under construction anld the
actual plant performance results are yet to be obtained.
However the nilot plant results are included in the chapi-
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 treatmént 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 seni-
rural areas. In order to achieve this purpose compara-
tive study of the pilot plants =nd the new simplified
water treatment plants provosed at Ramtek Varangaon and

Chandori was considered necessary.
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From the comparative study it can be seen thm+
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., Purther 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 simnle and cheav small cavacity water
treatment plants. Further the thesis will also be useful
for the future 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.

=000 ~




CHAPTER-2.

LITERATURE REVIEV.

GENERAL APPROACIH.

The urgent nzed for the developrment of simple and
cheap filters for the rural and sm2l1l capacity water
treatment plants has been explained under the para 1.2
and 1.3 of the chapter 1. As stated in the para 1.3 of
the chapter~1, on the basis of the actual field observail
tions and the provlems faced in the existing small
capacity purificatica plants in the Maharashtia biate,
the autihor has developed three unconventional bui simple
designs for providing cheapPer water treatment plants for
the rural and semi-rural aresas,

As explained in the chapter~i, the dezign of
Ramtek filter includes, baffle mixing channel, gravel bzd
prefilter and the dual media filter bed for the treatment
of low turbid water sources, while the decign of
Varangaon treatment plant inéludes baffle mixing channel,
gravel bed flocculator, tube settling tank and the dual
media filter bed for the treatment of high turbid water
sources. While the Chandori treatment plant is based on
the design of a2 totally new type of pretreator followed
by a dual media filter 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 it is prorcsed to take a literature
review of the special theoretical aspects wlhich can be

compared or util&sed in the development of the new
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designs prcpospd in this thesis. This review work is
therefore, meinly carried out uvnder the five aspects as
given below.
2.1) Mixing and coagulation.

2,2) Tloceulstion and use of gravel bed for
fiocculaticn,

2.%) High rate tube clarification.

tration and

il
cheaver M\uLL

2.4) Dual and muli’i
findiag suitais

N
a
(S
~

Simplificasicn in the dosizgn and construction
for the small cadacity planis,

Although the refercrnces are given in short, in
some cases thess are piven in more detailz ag the author

Teels that thege are very Zamporitant in the design and

Q
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pticn of new technigues in the field of water Treat-
nent ard will be of grzat use to the students of this

sucject, The units in the references are not altersd.

2,1 MiZING AND COAGULATION.
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]
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General : In vractice mechanical well as
mixing is generally adopted for the small capacity wat
treatment plants. However there can be 6o sinpler and
cheaper method than the baffie mixing charnel fcr mizxing
of mkemical dose in the small capacity pizunts. Iampertant
liternture references in respect of mixing and ccagulation
are given below.

2.1.1 Cox (5) in the WHO monograph No.49, on "operation
and control of water treatment process" has clearly
exrlaincd the importance of mixing and flccculstion., He
states"an uvader~-standing of the coagulation and floccou-

leation processes requires a distinction beltvween successive
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steps in the process. First a coagulating chemical is
applied to the water. In order that the chemical may
- react uniformly it wmust be distributed promptly through .
out the body of water. This requires rapid agitation or
mixing of the water at the pilot where the coagulant 'is
added. Second, complex cherical and physicochemical rea-
ctions and changes occur, leading to coagulation and the
formation of microscopic particles. Third, much more
gentle agitation of the water causes the agglomeration of
the particles,1in other words, the fine particles are
flocculated into settleable floc.

In the past, flocculation was termed "mixing"and
the whwle Treocess was given that name. It is now xealised,
hdwever, that mixing for the distribution of the coagulant
in the water is only the first step in flocculaticn.

Never the less 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 intro-
duced. This would produce localized conditions quite
unlike those intended, because of the marked influence of
the concentration of chemicals on the resulting type of
regctions. On the other hand, if flash mixing were
followed by quiescent conditions, the fine precipitate
would not be agglomerated into sizable floc in a
reasonable period of time. Effective and economical
clarification, therefore, requires the completion of
coagulation and flocculation before the treated water

entewrs sedimentation baosins.
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Complex forces are at work in water coagulaticn and
flocculation, which are influenced by the character and
quality of the water, the type and dose of coagulant, the
water temperature, the pericd of time and the degree of
agitation. These factors which are of €hief 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 mixing to diztribute the coagulant throughout the
water being treated is freguently called "flash mixing".

The rapid egitation way be provided in special basins
with capacities equivalent to about one minute of flow,in
which emall propellers are dyriven by electric mosors.
Some times the hydraulic jump, or standing wave, 13 used
for flash mixing, being provided bty a chavacl with
sloping and widening sections. The coagulant is adled
just before the water flows down the chanrel atv high
velocity to enter to level portion of the chammel, where
the energy of rapid flow is suddenly tlransformed into
static head of deep water, turbulence being produced av
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 basing is not sufficiently
turbulent for flash mixing unless obctructions are placed
in the channels below the point where the cherical is

applied®,

2.1.2 Fair and Geyer (12) states, "The suspended 'or

dissolved chemicals that are to be added to water or
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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, amd
SPpray or injection aerators ; examples of the second are
heavily baffled basins,aor 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 tlm t "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 are being added, as in the case of lime or WM
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 hydraultc
level of water, as over a weir or through 2n orifice plate,
or may be produced by mechanical stirring. The degree of
agitation produced is of greater importance than the wime
over which the mixing continues and, if a svpecial mixing
chamber is provided, adequate dispersal of chemicals can

be obtained in a neriod as short as 30 sec. to 1 min., if
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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 floc 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 floc",

2.2 FLOCCULATION AND USE OF GRAVEL BED FOR
FLOCCULATION.

General ,: References for flocculation by ¥affled

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 zmall 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 Ranmtek,
Varangaon and Chandori. There is no reference in the
literature on the uvse of gravel bed as a prefilter unit
before duval 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 general,
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 provifion for subsequent gentle agitaticn
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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 o¢f agitation is
determined by the space beiween the baffles, the total
length of the ckannels so produced and the volume of

flow. While the spacing of the baffles may be altered,
his 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 wminute 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 vlants 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 are large
enough to provide the flocculation period of 15-30 min.
favoured by modern practices

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 horigontal 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
wvater, 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 rcquires

pronounced agitation for a brief neriod to mix the
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coagulant and favour the initial chemical reactions

associated with coagulation. SubB8equent flocculation
however, should be aided by controlled agitation repre-
sented by velccities 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 floc when it should be
in suspension aiding in the absorption of smaller floc,
where as velocities over 0.6 m/s (2.0 ft/s) will prevent
the growth of readily settling floc. In general, the
best results are secured with intermediate degrees of
flocculation secured wi%h 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 continuved for periods of 10-30 min. and even
longer periods heve been used. In general, the longer
periods permit lower coagulant dcses and the use of a
lower degree of agitation to ensure the formation of
large floc 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",

2.2.2 Fair and Geyer (12) states, "In their initial
phases, coagvlation and precipitation produce,finely
divided or colloidal, suspensions. These suspensions are
converted into settleable solids by aggloweration.

In a quiescent fluid, colloids collide because of their
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Brownian movement, and finely divided solilds come into
centact with one another whern more rapidly settling solids.
over take more slowly settling ones. As a resulit, flocs
cf ever increasing size are formed. TFloce growth by these
means, however is exceedingly slow., I% can be kaabtentod
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 Tflocculation devices they state”floc
groirth is enccuraged by gentie stirving. This too may be
accomrplished by hydraulic meaas such az haffling, by
mechanical means such as revolving paddies, or by air

ciffusion, Dstention periods must bc adjusted to chemical
but 30 to €0 min.

dosage. They may be as low as 10 nin, fare common. The
velocity in condutts connecting fl occulation chambers with
settling tanks should lie between 0.5 £ps. and 1.0 D3,
They should be large enough to prevent deposition of flioc
but small enough to prevent its disintegration. Means may
be provided for the teturn of slury or sludge in oxder to

promote floc formation and growth",

2.2.3 In the "manual of British Water Supply Engineerimg
practice™ (35) it is stated that"the object of floqcula._
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 largse surface area

offered by the floc, the supersaturated material rapidly

changes from the solution to the solid phase. At the sanme
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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
tyre of impurity being removed and the coagulant Qr
precipitant used. The degree of agitation required for the
most efficient results will vary, but frequently involves
water or raddle 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 ccnsist 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. TFlocculator, 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 floc 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 afthesincoming water. In general pover
required varies between 1/4 to 2 h.p. per 1000 gpm or from
9 to 72 in. (0.2 to 1.8 m) head loss where hydraulic pover

is used".

2.2.4 Babbitt and Doland,(1) state" 2mogng 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 ggeneral, the time of
mixing should be as short as pogssible consistant with
satisfactory results. The aim is to secure,&s nearly and
as quickly possible, a té?ough diffusion of the chemicsal
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
pzactice 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. Ca:~a should be taken
to keep the floc in suspension with just enough aéitation
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 floc,
resembling snow swirls, has been found best. It is
undesirable to form either a large, feathery, and fragil
floc, or a tough, tenacicus floc 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 itflows 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
i to 2 ft. in baffled basins and to practically nothing
in the mechanical flocculator and (3) greater expenge
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
flocculatdrs because they provide numerous gentle contacts
between the flocculating particles that are essential to
successful floc fomation. Such contacts occur in a
manner not provided by other methods of flocculation.
Amoung the advantages of mechanical flocculators may be
included (1) reduction of 10 to 40 percent of the amount
of chemical required by a baffled basin.(2) better floc
formation with resulting dimirution in required coagula-
tieg basin capacity. (3§ less filter washirg (4) cost of
installation lower than baffled basins (5) flexibility of
oreration through control of speed of paddles. (€) good
control of currents (7) relatively low head loss or pcwer
requirements (8) Case of installation in existing plants
and (9) marked improvement in treatment with achivated
carbon., Among# 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".
2.2e5 In the "Manual and code of practice on water
supply-sec, I-~A" (36) detailed description for floccula-
tion is gi&en. Some important aspects are given below.
ﬁFlocculation is the second phase of the process
of coagulation and is the.means by which the growth of
sub-=visual floc particles into the larger,rapidly csettle-
able flocs 1s facilitated. In this promotion of growth,
locculatloa dnpends on two factors,collision, which in
turn is depeadent 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 floc 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 floc which will settle readily. This is
obtained by continuous stirring. The ideal condition to
produce the flocs would be a continuously decreasing
turbulence as the floc becomes larger and more freagile.
The optimum velocity for coagulation is usually found to
be 0.5 to 1 ft. per sec.

Regarding timec factor, the floc 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 reriods of agitation it
is now usual to provide for coagulation veriod 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 sufiden changes in
direction of flow either vertically or horizontally
(or both) set up eddies in the water and a stirring

action results.
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By far the most satisfactory flocculation is obta-
ined by mechanical stirring devices and these are coning
into more general] 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 flocs could coalesce in the
body of the revolving water, agglomerate and gather mass.
Velocities in baffle chambers should be kept within a
range of 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 verticod
shaft type, maintenance of equipment and bad short

circubting. "
2.3 HIGH RATE TUBE CLARIFICATION.

General : The principle of the tube clarifica-

tion in the pretreatment process is now well accepted




2-117
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 tlnt
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 treatmept
Plants at Varangeon 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
discusse® 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 stuvdy. The flow rates
through the tubes were 2,5 and 8 gpm/sft.of ond area of the
tubes. Results of variows 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 turh 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 detenticn
times of 6 min. and less.

iii) Tube length, diameter, and flow rate, the nature
of the incoming scttlable material and the nature and
quantity of the chemicals added zffect the performance of
the tube settler. Raw water turbidities upto 1000 jackson
units were successflully treated in these studies.

iv) A tube settler, mized media filter combination
has successfully treated several types of raw wabers.

The tube settler provides settled water quslity dompatible
with the filtration e \Pibilities of the mized-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
equiprnent. 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 diameter tube allows proper flow
distribution to be readily achieved by maintaining proper
tube reservoir inlet and outlet conditions.,

vii) In cases where settling is required prior to

mixed media filtration, the tube settler, high rate filter
combination greatly reduces the space requirements and
cost for the water treatment facility. The tube

settvling process allows the long recognized advantages

of shallow depth sedimentation to be applied in a

practical mammer,
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2.3,2. Culp, G.IL.et.al. (8) while describing the
hisfbrical 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 40 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 cf water or
wvaste water clarification facilities. The experiences,
some of which are treated in this paper, gained in applying
the new technique in over 50 plahts indicate its applica-
bility to existing or new plants of any capacity.

Theoretical Asvpects 3

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 Reynolds 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.
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Basic Tube Clarification System :

The two basic tube settling systems are (1)
Essentially horizontal and (2) Steeply inclined. The
operation of the esgsentially horizontal tube settlers is
coordinated with that of the filter Follswing the tube ¥R
settler., The tubes essentially £fill with sludge before
any significant amount escapes. Solids leaving the tubes
are retained by the filler. Each time the filler back-
washes, the tube settler is completely drained. The 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 socurs
the sludge deposits from the tubes end carries them to

waste. No mechanical sludge removal equipment is required.

(2) In ﬁ steeply inclined tuves the settling solids
are trapped in a down ward flow system of concdntrated
solids. The continuous sludge removal achieved in these
steeply inclined tubes (greater than 45°% eliminates the
ne@d for drainage or backwashing of the tubes for sludge
removal. The advantage of the shall.w settling depth
coupled with that of continuous sludge removal extends the
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

° M . -
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self-supporting heam which needs support only at its 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 installa-
tion of these mocdules of steeply inclined tubes in an
existing clarifier enables the existing structure to
provide efficient clarification of flows far in exmcess of
its original designed capacity. Number of operating plant

experiences are given in this important parer.

In the conclusive remarks the writers state that
the capacity of the existing clarifier can be increased
from 2 to 4 times by installing modules of the steebly
inclined tubes in the existing clarifier structure. The
size of new clarifier facility can be reduced by integra-

ting steeply inclined tubes in the design.

2.3.3. Culp,G.L.et.cl. (7) have given the details for the
development of tube clarification process and discussed
the theoretical aspects. They have given the laboratory
and actual plant results in their paper and the vaper is
very important both for research and field engineers.

The paper is based on the similar ideas as discussed in-
the earlier paper (8). Hency only some other important
aspects are given below,

Regarding their laboratory study on the inclina-
tion of the tubes, they state, it was noted that tube
efficiency showed an increase as the angle of inclina-
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° inclination,
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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 floc settled and collided with
the smaller, upward moving floc, contributing to the
increased efficiency over that achieved at 5 deg. A con-
tinuing increase in angle eventuvally 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 tgnstudy 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
entrance 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 efflumet clarity. When the
flow rate was increased to 6 gpm/sqft., however the higher
settling velocities imparted by the polyelectrolyte were
of significant benefit. When the flocculator was operated,
the turbidities were fairly constant through out the run.
When the flocculator motor was not cperated, however, it
was found that the effluent turbidity decreased with time
as the solids concentration beneath the tubes increased.
This is not surprising as solids contact in and beneath
the tubes was the prime source of flocculation in this
case, Although it was found tlmt the sludge blanket could
be established with the steeply inclined tube settler with-
out subjecting the inccxing water to mechanical floccula=-
tion, flocculation hastened the development of the
blanket. After the sludge blanket was well established
the flocculator could be turned off with x5 noticeable
effect on the clarified effluent quality. This obsexrvation
suggests that by maintaining an uvupflow of newly coagula-
ted water, settled water turbidities consistent with the
capabilities of the mixed media filter under 2all the
conditions. (

%hey have glso given field evalﬁation data,on the
plant application for augmenting the existing capacity of
1.5 mgd to 3 mgd at the city of Wewport,fregon in Amecrica
The tube settler and mixed filter were both operated at
5 gpm/sqft. in these pilot tests. The actual hyaraulic
loading on the tube arca in the plant was 4.3 gpm/sqft.

From the plant scale observations it is stated,

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 gpp/sq.ft. based upon the entire surface area covered
by tubes. Even with this flow distribution, the tubes
were perforkhing as efficient sedimentation devices. The
tube effluent turbidity increased only slightly as the
flow rate increased from 2 gpm/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 timt
the length of filter runs increased from 26 to 60 hr.
following the modification of the clarifier.

The installgtion of the tube modules in an exist-
ing clarifier and the conversion of the filter to a
mixed media bed provides plant expension 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 gchieve efficient treat-
ment plant design produce a given quality finished water

from p 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 tlat
very high separation perfg?mance can be achieved. Lamellar
modules are operated for purposes i.e. (i) to extentl 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 E0° slove, sludges are removed almost
continuously and at 52° slope the deposiis 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 geométric dimengdions, the maximum
gain of performance is obtained with modules made of

tubes having a slope lying between 45° and 529. Shwm
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This technical conclusion is positive but must be
moderated for economic reasons.

Under the conclusions of this report it is stated
for about 40 years, pPreclarification procedures were
strongly influenced by flocculation methods, but they are
at present under examination for major revision.

The general trend now brings together the
Preclarification process and the final clarification
process, in one way or another.

In stead of increasing the velocity of the particles
of suspended matter in the direction of a settling
surface or collecting ayea, new methods are generally
directed to reducing the travel and statistically increa-
sing the probability of contacts with collecting surfaces.,

Inclined modules are easgsily adopted to existing
plants, with an arrangement of inclined flow modules loca-
fed at the surface of parallelipipedic structures.
Clarification efficiency is greatly improved, as well as

the capacity.

2.3.5. Culp and Culp (9) state "sedimentation in tubes
inclined at angles in esmcéss of 45 deg. does not accumu-
late but moves down the tube to eventually exit the tubes
into the plenum below. A flow pattern is established in
which the settling solids are trapped in a downward flow-
ing stream of concentrated solids. The continuous sludge
removal achieved in these steeply inclined tubes elimi=
nates the need for drainage or back flushing of the

tubes for sludge removal., The advantage of shallow

settling 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 gemis®
gallons per day".

Regarding fabrication of tubes they state,"various
manufactures have developed alternative avdproaches for
incorporating steeply inclined tubes into a modular form
which is economical to build and can be easily supported
and gnstalled 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 skeets of PVC. By inclining the tube passage
ways rather than inclining the entire moduie, 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 supnorting 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 horiéontal 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 im dependent upon the design and type of
ciarification equirment, character of the water being
treated, and the desired effluent quality".

Regarding the design criteria for upflow clarifiers
the writers have recommended the overflow rates in the : -
range of 2 to 4 gpm/sqft. for the portion of basin covered
by tubes, so as to get the effluent furbidity between 3 to
7 JTU. For horizontal flow basins also the overflow rates
are recommended between 2 to 4 gpm/sqft. to get effluent
turbidity within 3 to 7 §TU when the raw water turbidify
can be in range of 100 tp 1000 JTU, However these guide
lineg are based on the assumntion that both the chemical
coagulation and flocculation stcers have been carried out
properly. Also the sludge removal requipment has been

assumed adequate.

2.4 DUAL AND MULTI-MEDIA FILTRATION AJD FINDIMNG
SUITABLE CHEAPER [IM=I7YA.

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 1iteratufe. The auvthor has adopted dval media
filter bedd for all the thrée new designs proposed for
small capacity treatment plants for the reasons as given
in their detailed designs in the respective charpters,

However the present literature shows there are no
suitable cheap media which can be easily adopted for
dvual and nmulti~media filters., Author has therefore

carried out exverimesntal research to find out suitable
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cheap media for dual and multi-nedia filter beds. During
this study it wés possible to invent the new media of
crushed coconut shell which was used for the first time
at Ramtek filter.

It is,therefore,proposed to take the important
literature review for the development of dual media filter
beds and for the search of new cheaper media for the use

in dual and multi-media filter beds.

2.4,1 Huisman (15) in his paper "trends in the design
construction and operaticn of filter planta‘has explained
the advantages and necessity of adopling dual and muiti-
media filter beds. This is a very important peaper in the
field of filtration and the avthor has undertaken the
study of investigating new and cheaper filter media for
duval and multi-media filter beds mainly beccause of the
urgent need of research in this respect as expressed in
this paper.

Explaining the present difficulties in the rapid
sand filtration Huisman stateg", generally speaking,
effluent gwlity will be better as the filter bed is finer
grained, promoting the efficiencies of straining,sedimen-
tation and adsorption. With very fine filter grains 0.4
to 0.6 mm, for instance, the purifying effect is even so
high that impurities from the raw water penetrate the
filter bed over a short distance only, mostly not more
than a few cms, An excellent effluent quality is now
assured under all conditions but with the small silt

storage capacity the length of filter run would be
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extremely short if other than fairly clear water was
filtered at fairly low rates for instance 3 or 5 m/hour
(1.0 or 1.7 Imp.gallon/sq.ft. minutes). The cost of
rapid filtration in the mean while is about inversely pro-
portional to the design rate of filtration and indeed an
appreciable saving could be obtained by the application
of coarser grains, allowing the filtration of a more
turbid water at higher rates and still acceptable lengths
of filter run. This however, is only possible by a greater
silt storage capacity, by a deeper penetration of the
impurities from the raw water into the filter bed.

The difficulties mentioned above can be lessened
by the application of a multi~layered filter bed and
decreasing grain sizes in the direction of flow. Most
simply this is obtained with an upflow filter, equipped
with non uniform filtering material, hydraulically graded
by back washing. With this set up with the maximum
pPermissible filter resistance corresponds in theory to the
submerged weight of the filtering material and is about
equal to the bed thickness when sand is ugsed. With unavoi--
dable variation in pore space and the accompanying
danger of local break through of the raw water,the maximum
permissible filter resistance is in practice even smaller
and consequently fairly low, even when deep beds (2-3% m)
are applied., In the Netherlands this problem has been
solved by equipping the filters with a grid of steel bars.
This grid keeps down the sand,taking up the difference
betwecen filter resistance and submerged weight and again

prevents a break-through of untreated raw water as many
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installations constructed for industrial water supplies
has already shown.

With regard to the hydraulic olassification accom-

Panying back washing, downward filtration from ecomrse 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,
gand offers no difficvlty 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
obfain 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
per m3 range, that is 15 times as expensive as the best
quality filter sand. Nowadays artificial anthracite
(powdered, baked and broken) is on the market and although
practical experience is still scarce, the outlook is

permissing".
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He further states,"provided that skill supervision
is constantly available, coarse to fine filtration offers
enormous advantages of high filter rates and the same or
better effluent quality 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 mny cases it does
away with the necessity of pretreatment. Whether upflow
filtration and cheap and easy to obtain filtering material,
must be preferred to the more stable multi-layered downflow
filtration and,the difficulties and expenses of obtaining
suitable filtering material is still difficult to say.
In ary 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. The mathematical theory of
filtration is fascinating,helps greatly in a better under~
standing of filtration phenomena,but is (and will long be)

insufficient for this purpose',

2.4.2 Conley (4) states"results of laboratory,pilot
Plant and full scale plant tests with a variety of filter
types over a period of 16 years show that filters made of
Anthracite and sand together are superior to filters made
of either material alone". This is one of the very
important papers based on plant observations for a long
time and it is very useful for designing either new or
conversion of the existing rapid sand filters into dual
media filter beds. Some of the important observations in

this paper are stated below.
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"The plants have been used six main filter types.
The comparative value of these filters is determined by
their ability to produce high quality water at high filtra-
tion rates and with long filter runs. On this basis of
judgement, filters 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 filter types used.

The large capital savings were made possible by
increasing the flow through all plant components.
Consequently, flocculation and settling times are short
and filtration rates are high. ZFor a long time one plant
filter operated successfuily at 8 gpm/sq.ft.,with very
short flocculation and settling time. Most of the plants
are capable of operating at 6-7 gpm/sq.ft. There has been
no difficulty in keeping the filters clean. The percentage
of backwash water used is usually below 2% of gross output
and is often below 1%.

At about the same time a number of the filters
were changed to give a medium consisting of 6 in of
0.43 mm aand and 24 in of 0.9 mm anthracite. The anthra-
cite size in the filters was changed by adding coarse
material and skimming off the fine materials from the
surface of the filter beds. The results have been
excellent. The converted filters have a practical
capacity of 6-8 gpm/sq.ft. depending on the flocculation
and settling time and the size of the filter effluent
piping,

One filter was made of 1.3 mm anthracite and

0.43 mm sand. This filter 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. t 1is thought that
the air floats the anthracite out of the filter duvring
back wash, The loss is not a serious problem either in
terms of money or of operating efficiency. The lost mate~
rial is replaced aevery year or two. The annual cost of
the anthracite is less than 10% of the annval cost of
alum, OSome sand is lost through the under drain system
for some filters, The under drain system consists of

gravel and wheeler botton",

2.4.3 Camp (3) during the discussion on the above paper
has reported following observations.

"The coarse grained anthracite medium has been
exployed to allow deep penetration of floc and cocrrespon-
dingly long filter runs., The finer grained sand hbeneath
the anthracite is relied on as a polishing agert to remove
most of the floc 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 avcidance
of filter breakthrough which was reported in so many of

Cornley's experiments.
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Anthracite with a specific gravity of 1.4-1.6 and
greater angularity than silica sand must have a grain size
of 2~3 times that of the sénd with specific gravity of 2.6
to be lifted at the same wash rate. If the size ratio at
the interface between the sand and the coal is greater
than about 3, there will be mixing at the interface during
washing. The larger the size ratio the greater will be

mixing of the two media,

2.4.4 Diaper and Ives (10) have discussed the theoretical
considerations for rapid sand, upflow and multi-msdia
filters and this is one of the very important paper in the
field of filtration.

In the introduction of the paper they state "most
Practical water filters contain sand that is not of uni-
form size and consequently, the sand stratifies during the
backwashing process to form a size graded medium in the
filter. There is an inherent disadvantage in size graded
filters because they become rapidly clogged at or near,the
inlet surface where the medium is finest, with consequent
inefficient use of the depth of the filter, some develop-—
ments in filter design and practice have overcome this
disadvantage by using coarse grain anthracite overlying
the sand,or upward flow filtration or biflow filtration.

Modern filtration theory, developed brincipally
in the periad 1954-1964 has been mainly concerned with
filtration of suspensions through unisize granular media,
It has identified the irrationality of normal size
graded filters, but could not present rational compariscns

between upflow and downflow systems, or predict the
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performance of filters containing more than one filter
medium material®™.

They have discussed the experimental results to
compare filtration through size graded media in bocth upflow
and down flow filters. In additicn an experimental three
media filter has been operated to show the rationalg of
size grading combined and density stratification to
maintain a coarse to fine grain filter, stable in confi-
guration during reverse flow backwashing .

Some of the important observations given in the
analysis of their experimental results are givcen below.

"Conparing upflow with down flow, the efficiency
of removal was higher with down flow but because the head
loss increased more rapidly, the filter runs were usually
longer in the upflow tests, It was also noted that,whare
as in downflow the efficiency of removal decreased in the
lower layers of the filter, the up-flow filter showed an
increase in filtration efficiency towards the outlet
gurface ag would be expected from the theory.

These results show that the effect of gravity is
important in filtration because the removal efficiency of
anthracite is decreased in the upflow tests. Another
explanation of the improved performance in downflow could
be the higher removal efficiency of anthracite.

These results show that in the absence of the
formation of a surface blanket, the compcsite and sand
beds gave similar results. In general, the head logs
in the composite bed was less for a corresponding

efficiency. The composite bed in down flow appeared
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the
to beAbest for remcval efficiency and head loss combined.
Tnis is attributed to better rsmoval characteristics of
anthracite and the effect of graded media size on the cver-
all filtration performance.

With upflow filtration in the graded sand filter,
cleaning was generally more difficult thex with downflow.
It was not found possible to clean completely by allowing
the water to pass downwards through the filter, even at
high rates. This indicates that an important step in
liberating the suspended solids from the depth of the bed
is the initial fluidization of the layers, which effects
a physical break-up cf the devosit. Expansion of the bed
therefore soems To be essential if solids are devosited in
the depth of the media.

In the case of upfiow filter, because of the
direction of washing was the same as the dirsction of
filtration, 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 impervisus barrier,
It would appear, from these experiments, that special
wacshing arrangements should be built into an upflow filter.
The variation of washing rate if used in practice, might
cause difficulties with the supporting gravel media.

This requires further investigation.

In the 14-~22 compogite bed, the effect of the
coarse antﬁracite grading at the top of'the bed was to
allow penetration of solids in down flcw so that removal
was more evenly distributed throﬁgh out the depth of the

filter. Consequently back washing had to expand all the




2-38
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 their study are given
below which will be very useful for further study and
field applications.

1. In general, graded filtration appeared to follow
the equations that have developed from the existing
theory for filters containing media of one size
only.

2. Upflow filtration gave increased length of run to
a given head loss arising from the more even
distribution of deposit within the filter
compared with downflow.

3e Inlet surface deposition for the dicolite suspen~
sion was one of the principal differences between
upflow and down flow filtration, causing very
high head loss in the latter case.

4. The main disadvantages of upflow filtration
appeared to be (a) the tendency for the bed to
expand because of pressure diff erences overcoming
the weight of the media. (b) the difficulty of
backwashing if layers of deposit accumulate in
certain depths of the media, and (c¢) the possibili -
ty of deposition in the underdrains that may be
difficult to remove,

5. The principle of graded filtration (i.e. Passing
the flow through successively finer grains),can
be applied in down flow, using media graded by
density. An experimental three layer filter of
anthracite, sand and garnet sand was operated
successfully on this basis, giving the expected
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g. improved results compared with a normal repid-sand
filter. This three layer filter retained its
proper stratification after backwashing on several

occasions.

6. The best application of graded filtration appeared
to be to high concentrations of suspension and high
rates of flow.

T. Further investigations are needed on the extension
of the three layecr filter to a multi-~layer design
using a range of different media with suitable
densities,

2.4.5 Shull (54) has given the experimental pilot plant

and actusl plant results after conversion into a multi-med

media filter bed at the crum creck plant in America. The
nulti-media filter 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 size of 0.44 mm. The gravel

arrapngement was also unconventional. It was based upon the

excellent research of the late John R. Baylis at Chicago.

The results of nearly a year's operation with the two

experimental filters were so encouraging that it woags dee

decided to rebuild all 22 filters at the pickering creek

Plant. The renovation programme which began in December

1963 and completed in Feb.1964, consisted essentially of

removing all existing sand and gravel from the filters

and replacing it with new gravel, sand and anthracite

coal as per pilot plant experiments. It also included

installation of a polyelectrolyte aid system.

The important conclusions of their study are

given below.
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Improved water quality at normmal rates of
filtration.

Increased rates of filtration, without deprecia-
tion of water quality. .

Need of less alum and certain other chemical.
Haed for less wash water to back wash the filters.

The objective of water treatment include the
removal of turbidity, harmful bacteria amd other
organisms, colour and taste and odour. As the
pProcess 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 shouid play
an increasingly significant role in the quest for
quality water.

Rimer (5%) 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 upver fine layers of a conventional

single medium filter dominate the filtering capacity of

£

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

a multiloyered filter aprear to be essentially linear

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

the sand bed are nonlinear (4) the trimedia filter resvl-

ted in a substantiel 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 filtratiorn 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 fluidizz the
bed, should be used to assure proper backwashing of a

complex filter.

2,4.7 lMohanka (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. 1In
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 upimsh
fluidisation. He has explained the mathematical rodel
developed for multilayer filter bed.

In the pilot filter for his experiments, hz 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 fiirt saund,

ordinary sand, garnet, magnetite and alumina. As a result
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of these inﬁestigations the multilayer filter was comprised
of extruded granules of polystyrene, anthracite,crushed

flint sand, garnet and magnetite".

2.4,8 Tves (19) in his paper "Theory of Filtration" has
given the various theoretical aspects consisting attach-
ment and detachment mechanism of particles in the wter,
mathematical models, clarification process, head loss .
developments and optimisation of a rapid sand filter with
uniform media. In this respect he states", so far, these
fomal methods of optimum design have only been developed
for filters containing uniform media. Although highly
desirable, it has not yet been possible to extend the
theoretical methods to size graded or multiple layer
filters".

At the end of this paper he has discussed the
value of the theory which is very important for initiating
future research in the field of filtration. He states
"filtration theory can not be expected to be completely
Predictive. The complexity of particle aﬁd fluid motions
in filter pores the randomness of filter grain packing
and the variability of natural water quality prevent
predictive ealculations. Nor will optimisation studies
reveal the most economic design (i.e. the lowest cost per
cubic metre filtered), since this is partiélly dependent
upon price structures in each country, which are variable
with time.

Filter theory can, however, be useful in the

following ways :
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Theory can indicate what are meaningful observa-
tions both in practice and experiment. For
example : optimisation studies indicate the
importance of continuous monitaring of filtrate
turbidity.

Theory can indicate reasonable extrapolations

of observed data. For example : if head loss is
due to deposits within the pores a linear extra-
polation with time is reasonable.

Theory can indicate what types of experimental
models should be useful and those which would give
false results. For example : a 30 cm.deep bed of
size graded sand is not a good model of a 75 cm.
deep bed of similar size graded sand, because
there is no simple extrapolation of one to the
other.

Theory can indicate the usefulness of new or
alternative designs. For example : the multiple
layer filters and randial flow filters can be
shown theoretically to be superior to conventional
designs.

Theory can suggest a reasonable mathematical model
of filtration behaviour. Together with mathe-
matical models of other unit processes of water
treatment the relgtive role of each treatment can
be assessed and economic load showing can be
Planned. TFor example : should flocculation sedi-
mentation achieve most of the clarification
leaving filtration to treat the residuum or
should the efficiency of flocculation sedimen-
tation be deliberately reduced to make filtration
Play a greater part or can either process be
dispensed with entirely?"

Robeck ,Dostal and Woodward (52) have given

following general conclusions based on the pilot plant

study for 1.5 year to treat turbid water from the little
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Miomi River for suggesting various plant design
modifications,
1. A double layered bed of coarse media made of 18 in
of coal (e.s. 1.05 mm) on top of 6 in. of sand was able to
remove as much or more turbidity, colifomm bacteria, on
powdered activated carbon as a bed of coal or sand alone.
Such a bed also permitted the extention of filter runs.
2. With proper coagulation ahead of the filter,
6 gpm/sqft. filtration rate was as effective in removing
all test particulates listed in conclusion 1 as 4 or 2
gpm/sqft. rate.
3. Adequate floc strength was more important in
achieving clarity than a certain settleability, when
coarse media and high filtration rates were used. This
strength was frequently obtained only by addition of
5-20 ppm of activated silica as a coagulant aid or 0.50-
0.2 ppm of a synthetic polyclectrolyte as a filter aid.
4., When the water was relatively wlear ( <. 2.5
units), the flocculation and sedimentation steps of con=
ventional treatment design could be omitted if coarse
media were placed on top of sand.
5. For this particular river water, the inclusion
of flocculation and limited éedimentation permitted longer
filter runs and better water during winter and flood

conditions.

2.4.,10 TIaughlin and Durall (32) carried out simultangous
plant scale test of mixed media and rapid sand filters on
municipal plant at Greenville, U.S.A. during 19€65-67. The mi-

xcd mediza filter bei was composed of coarse coal, medium
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sand and fine garnet with approximnte specific gravities of
1.5, 2.5 and 4.5 respectively. They have carriei out
comparative study for 2,4 and 6 gpm/sq.ft. on both these
filters and gave the following conclusions from their
study.

1. Mixed-media beds have longer filter runs to a
iven head loss.

2. A clearer effluent is produced in mixed beds.

3. The new media can operate at the nomiral filter
rate of 5 gpm/sqft. a2nd a pesk rate of 8 gpn/sqgft. In
emergencies the filters can produce 10 gpm/sqft.

4. Mixed~media beds reguire less wash water,

5. Impreoved control equipment, including a pilct

filter for optimizing coagulant dosage, accompanies con-

version to mixed media and improves over all plant

performance.

6. For a minrimal cost, nominal plant capacity can be

increased 150 percent and peak capacity 100%.

2.4.11 Culbreath (6) described the experience with multi
media filter on williams creek plant. The 0ld rapid sand
filterg were designed for a filtration rate of 2 gpn/sqfts
After conversion of existing filters into multi media
filters the rate of filtration was increased to 5 gpm/
sqft., while the filter beds were designed for 8 gpm/sqft.
rate for possibility of changing to high rate at a
later stage.

The multimedia consists of 18 inch carbonaceous
media at top and below this finer media of black silica

sand 7 inch, pink 8and 3 inch and maroon sand 3 inch.
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were placed respectively over 12 inch gravel.

2.4.,12 DNasikkar, Bluole and Paramshivam (44) have given
the following conclusions of their study.

"Dual media filter gives longer filter run for
same head loss. Similarly the increase in loss of head
is uniform and linear. Dunl media filter can handle
unsettled waters efficiently as compared to conventional
filters. Anthracite being costly and scare must be suita-
biy replaced by cheap materials. Crushed coconut shell
gives good performance. But long range bacteriological

study will have to be done before using it on large scale'.

2.4,4%3 R.Paramashivam (45) et.a2l. state “CPHERI has made
an intensive search in the last 2 years to locate sources
of goocd quality anthracite in the country, but with
little success".

They have further stated "In view of this it was
considered worthwhile to explore the suitability of good
gquality bituminous coal as suvstitute for anthracite,
Samples of bihuminous coals were prccured and tested in
the laboratory for the following which are of significance
in the choice of coal as media for filtration.
i)Density,(ii)Durability,(iii)sphericity,(iv)icid
solubility,(v) Test for leaching of phenols,

The test results indicate that good quality
bituminous coals which are available indegenously in
large quantities can very well act as substitucs for
anthracite, though they do not equal anthracite in all

respects'.
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2.4.14 Ray (50) presecnted the General report No.2 on
"Recent advancas in methods of filtration" before the Tenth
International Water Supply congress (1974), is one of thé
very important report which gives the uptodnte new develop
ments in the field of filtration and will be very useful
both for research and field cngineers. This rcport gives

details on the following topicse.

1. Conventional Techniques.

2. Development of existing methods.
3. Irproved methods of cleaning.

4. New techniqgues.

his goaerar Report has becr drawa up followiang
a review and an~lysis of the informntion supplied in the
Naticnal Reports from the various countries. Impcriant
aspects concerning with multimedia filtration are given
below considering the scope of the Present study.

Development of existing methods; 411 the National
reports emphasise the increasing intercst in the develop-
ment of duvual and multi mediz filtration techniques and
particularly the application of dual media filtration to
the expoansion of the output existing plant. Dual media
filtration began to find favour about ten years ago and
represents a most significant development in filtration
practise, particularly since it can be applied to exist-
ing as well as new plant.

In dval media beds the most ccmronly used
combination is anthracite on top of quartz s2nd. In
Belgium,Holland and Germany hydroantbkracite, a German

synthetic product, is commenly used., The s»ecific
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gravity of anthracite varies from 1.4 to 1.7 according to
its source, that of quartz sand 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 10m/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 layer
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 floc
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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 .ekowed
. on higher rate of head loss development and no
effect on filtrate quality compared with commercial grad-
ings. Important observations and suvuggestionsg are given on
the back washing of the dual and multi-media filter beds

in this report.

2.4.15 Iosnier Jeffery, and Iaburn,(31) in their reports
under special subject No.4, at the I.W.S.Congress (1974)
on the subject "Cost and Treatment" practicai experience
"~ of increasing tﬁe capacity of an existing water 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 atudy of the effect of suspension properties
on filtration parameters, accumunlation and systematisations
of data for practical use in design.
iv) Improvement of methods and technique of technolo-
gical modelling, using pilot plants ani observations on
plant filters under different conditions of treating a
given water,
) 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 aé 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 practical
use of rapid filters.

xi) Thorough checking of scientific results by solving
Practical problems in design and operation of water treat-
ment plants on the basis of a closer working relationship

with practising engineers.

2.4.17 Culp and Culp (9) in their book "New Concepts in
water purification," have explained the development and the
theory of the Mixdd-media filter beds, and the important
aspects are given below.

Development of coarse-~to~fine principle of filtra-
tion has taken place in two major steps. The first step
was the development of the duwal media filter which typi-
cally uses 24 in of 1 mm anthracite coal above 6 in of
silica sand. Basically this provides a two layer filter
in which the coarse upper layer of coal acts as a roughing
filter to reduce the load of particulates applied to the
sand below., Because of the different specific gravities
of the two materials,(coal 1.4 and sand 2.65) the coal of
the proper size in relafion to the sand remain on top
of the sand during backwashing. With applied turbidities
of less than about 1% JTU, dual media filters can operate
under steady state conditions at 4 to 5 gpm/f° (180 to
250 1pm/m®) with the production of high quality water.

Dual media filters can retain more material removed from
the water than a sand filter, however they have a low
resistance to turbidity breakthrough with changing flow
rates. This serious short comings is due to the low

total surface area of media particles, which is actually
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less than that for a conventional sand bed, Coal sand beds
in which there is considerable mixing of the two materials
near the interface perform better and wash easier than
- coal sand beds which are designed for more distinc?t
layering.

Ideally the size of the media particles and the
pore space both should be uniformly graded from coarse~to-~
fine in the direction of flow through a filter beds In a
down flow filter, this would require almost an infinite
number of materials easch having a different specific
gravity. However a uniformly tapered void graduation and
a uniformly tapered average particle size can be obtained
using only three properly graded materials; coal (specific
gravity 1.4) sand (specific gravity 2.6%), and garnet
(specific gravity 4.2) approximately in the proportions of
60,30, and 10 percent respectively.

The particle size range from 1.0 mm down to 0.12 mm
from top to bottom of the bed. After backwashing, the
three materials are mixed throughly through out the depth
of the bed. At each level in the bed are particles of
coarse coal, medium sand and fine garnet. The top of the
bed is predominantly coal, the middle is predominately
sand and the bottom is mostly garnet, but all three are
present at all depths. In a properly designed mixed media
bed, pore space uniformity decreases from top to bottom,
to total number of particles at any level increases from
top to bottom of the bed, and the average grain size
decreases uniformly from top to bottom. Many persons
have the misconception that a mixed media bed is a three

layered bed. This is neither the case or the intent.
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A three layered bed is not nearly as efficient. Ives has
referred to mixed media as "mixed up" media, which is
Perhaps the phrase which best describes the composition of
the filter., Multi media is another less descriptive term,
which is sometimes loosely applied either to mixed media
or multilayered filters.

Particles of turbidity in the influent to 2 mixed
media filter first pass through a large pores and encounter
the coarse media, then reach the smaller pores resulting
from the mixing of the finer media with the coarse media
when more opportunities, for contact occur. Materials are
removed and stored throughout the full depth of the bed
in contrast to the same functions in a sand bed which occur
only in the top few inches of sand. The vast storage
capacity of the mixed media bed greatly increases the
length of filter run before terminal head loss is reached,
The total surface area of the grains in a mixed media is
much greater than for a sand or dual media bed which makes
it much more resistant to break through and more tolerant
to surges in flow rates., This provides a great factor of
safety in filter operation. Despite the greater total
svrface area of grains in mixed medla as conmpared to sand
or dual media fllters, the initial (clean filter) bead |
loss 1n the two types are comparable. At 5 gpnm through put
the initial head loss in either a 0.50 mm sand or a mixed
media bed is about 1-¥2 ft. in each.

‘Filter rates of 5:gpm/f£2 are commonly used for
design and operation of miked media beds as compared to

2 gpm/ft2 for sand filters. At the same time, water
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quality is improved, which was the original purpose behind
the developmemt of the mixed media bed. Along with the
development and acceptance of the mixed media filter has
come a recognition that the rate of filtration is only
one factor ( and a relatively unimportant one) affecting
filter effluent quality and that chemical dosages for
optimum filtration rather than maximum settling as well as
other variables are much more important to production of
good water,

In the modern concept of water treatment, coagu-
lation and filtration are inseparable, They are actually
each very closely related parts of the licuid solids
separation process. It is only because most water plants
utilize sedimentation for a preliminery gross separation
of settleable solids between coagulation and filtration
that the crucial direct relationship of coagulation to
optimum filterability has been over looked in the past.

Over the period of the last 10 years, the mixed
media filter has begun to gradually replace the rapid sand
filter as the standard of the indus try. In the late 1960
the use of mixed media filters spread to all parts of the
world, and there are now hundreds of operating installa-
tions as discussed in more detail later. In view of the
higher capacity, superior quality of water produced, and
greater safety and reliability of the mixed media filter
as compared to other types, its current wide spread use
is not so surprising as the fact that more than 10 years
elapsed after it was completely developed and fully

demonstrated before it became so widely recognized and
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used. But, then, the acceptance of new ideas is excrucia-
tingly slow in the water works field because of the public
health considerations which are involved.

One of the key factors in constructing a satis-
factory mixed media bed is the careful control of the size
distribution of each component medium. Rarely is the size
distribution of commercially availsble materials adequate

for construction of a good mixed media filter. The common
problem is failure to remove excessive amounts of fine

materials, These fines can be removed by placing a medium
in the filter, backwashing it, draining the filter and
skimming the upper surface. The procedure is repeated -
uptil field sieve analysis indicate on adequate Particle
size distribution has been obtained. A second medium is
added and the procedure repeated. The third medium is then
added and the entire procedure repeated, sometimes,20-30
percent of the materials may have to be skimmed and dis-
carded to achieve the proper particle size distribution.
Regarding dual media filter bed it is stated that
as compared to mixed media, the dual media (coal-sand)
filter has less resistance to break through because it is
made up of coarse particles and has less. total surface
area of particles. Mixed media is capable of producing
lower finished water turbidities than dual media. These
differences are greater and be come more pronounced when
the difficulty of the filtration application increases.
In polishing highly pretreated waters, the differences
are not great, and some designers continue to use coal

sand media. However it is doubtful that any one who has
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observed the two filter types running side by side on the
same water would do so. Typically, coal sand filters
consists of a coarse layer of conl about 18 in deep above
a fine sand about 8 in. thick., Some mixing of coal and
sand at their interface is desirable to avoid excessive
accumulation of floc which occurs at this point in beds
graded to produce well defined layers of sand and coal.
Also such intermixing reduces the void size in the lower
coal layer forcing it to remove floc which otherwise

might pass through the coal layer.

i) Capping of Sand Filters with Coal:

One very easy and inexpensive expedient to improve
rapid sand filter performance is to remove about 6 in. of
sand from a bed and replace it with 6 in. of énthracite
coal. Commonly 0.5 mm sand is capped with 0.9 mm coal.
This produces a layered type bed which has only part of
the advantages of a dual media bed that has been designed
for some intermixing at the interface, but which is
superior in performance to a single medin (sand or coal)

bed«

ii) Filter Backwashing : During the service cycle of
filter operation particulate matter removed from the
applied water accumulates on the surface of the gfains of
fine media and in the pore spaces between grains., With
continued operation of a filter the materials removed
from the water and stored within the bed reduce the
vporosity of the bed. This has two effects on filter
operation; it increases the head loss through the filter

‘Jand increases the shee ring stress on the accumulated floc.




2-57
Eventually the total hydraulic head loss may approach or
equal the head necessary to provide the desired flow rate
through the filter, or there may be a leakage or breakth-
rough of floc particles in to the filter effluent. dJust
pPrior to either of these potential occurrences, the filter
shovld be removed from service for cleaning.

As mentioned previously, in the 014 slow sand
filters the arrangements of sand particles is fine-to--coarse
in the direction of filtration (down)and most of the impu-
rities removed from the water collect 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 floc. In rapid sand filters, there is somewhat
deeper penetration of particulates into the bed because
of the coarser media used and the higher flow 1mtes employeds |
However most of the materials are stored in the top 8 in. -
0of a rapid sand filter bed. 1In dual media and mixed media
beds, floc is stored through out the bed depth to within
a few inches of the bottom of the fine media. Rapid sand,
duval media, and mixed-medjia filters are cleaned by hydrau-
lic backwashing (up~flow) with potable water, Thorough
cleaning of the bed makes it advisable in case of single
media filters and mandatary in the case of dual or mixed
media filters to use auxiliary scour or so called "surface
wash" devices before or during the back wash cycle,Back-~
wash flow rates of 15 to 20 gpm/sf. should be. provided.

A 20 to 50 percent expansion of the filter bed is
usually adequate to suspend the bottom grains. The

optimum rate of wash water application is a direct
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function of water temperature, as expansion of the bed

varies inversely with viscosity of the wash water. The
time required for complete washing process varies from 3
to 15 min. Following the washing process water should be
filtered to waste until the turbidity drops to an accept-
able value., TFilter to waste outlets should be through an
air gap-to-waste drain which may require from 2-20 min.
depending on the pretreatment and type of filter. This
Practice was discountinued for many years, but modern
recording turbidimeters have shown that this operation is
valuable in the produvction of a high quality water.
Operating the washed filter at a slow rate at start of a

filter run may accomplishing the some purpose.

265 SIMPLIFICATION IN THE DESIGN AND CONSTRUC TION
OF THE SMALL CAPACITY PLANTS.

General : Tae author has rarely come across the
literature references particularly om the subject of
simplification of.the design and comstruction for the
small capacity purification plants. This is one of the
very important aspect in providing simple and cheap
purification plants for rural amd semi-rural area, in the
developing countries. In the new designs proposed in this
thesis the author has tried to make maximum simplicity in
the design and construction of these small capacity plants
Important references in the available literature are

given below,

2.5.1 Varheul (56) presented a paper on "The water
supply situation in Developing countries™ before the ninth

International watdr supply congress (1972). It is 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 results of any research and development work may be
inplemented as appropriate, as early as possible.

In 1970, a WHO International conference on Research
and Development in community water supply was held in
Dubrovnik, Yugoslavia, the purpese,éf whicn was to explore
ways in which educational and reseérch organisations can
contribute to the practical soluti;ns of water supply
problems in their respective countries and in particular
to methods of overcoming the twin obstracles of inadequate
finances and in sufficient skilled staff; to discuss needs
for research and development studies and to plant for the
establishment of the international net work of collabera-
ting institutions, linked by the IRC. The ultimate goals
of the IRC were reviewed and general tasks were agrecd
upon., One of the important goal for providing cormmunity
water supply he states "To develop criterias for the
design and operation of community water supply facilities
especially in developing countries, and to encourage the
maximum use of local materials and &kills within such
countries"

While impressing the need for development of simple
and practical solutions he further states "“the céllection
of information relevant to these activities and studies
by the IRC, either‘alone 6f with the help of colloborating
institutions, will not of itself lead to optimum results,
The everyday water supply probicms of a country are
unusually best known by the local or regional water uner-
undertakings. Paretical, sinmple designs are usually

developed on the spot by local workers. Contacts with
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water undertakings be it indirectly should therefore be
maintained".

2,5.2 Richard (53) has presented a paper on "Smaller
capacity water purification installations for the supply of
water to rurnl communities and domestic consumers" under
special subject No.14 before the Eighth International water
supply congress at Vienna (1969). Though the paper is
important it mainly deals with the situations in the deve~
loped countries as he has recommended the use of automation,
remote control including closed circuit television, in the
small water supply installation units in ruml areas as

can be seen from some recommencations given below.

The increase in water comsumption, by encouraging
communities to group themselves together there by enables
greater financial resources to be‘made available and this
rermits an increcases in automation. Regarding the objects
of automation of plant, he states "let us make clear right
from the start that this automation will not be confined
merely to the treatment plant, but should also be extended
to the pumping installation and the distribution system.

Automation should 2llow better supervision of
treatment stations. It should also be so designed that
the staff need make only quick maintenance check at in-
tervals to be established according to the size of the
prlant. This is an essential aim, but it should not be
considered as a cure for all ills. Further more, the
study of the automated system should clearly establish the
economic feasibility of what it is required to do, the

more advanced the automation one requires, the more this
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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 amtomation, and is at the same time closely linked
with it. It is possible to have either remote indication
or remote control. Remote indicetion 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 eﬁpensive and delicate. This is closed circuit
television; in the extensive systems which are to be found
in rural areas, this wduld 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 EKardile (22)(23)(24)(25)(26)(27)(28) the author in
all these papers has explained the need for the design of
gimple 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 unit is provided before tube settling tank
and dunl media high rate filtration units have been proviad
provided for these filters, In the Chandori plant the
Pretreator is a totally new design in which the gravel bed
flocculater-cum-tube settler is provided in one unit for
high rate clarification of turbid water sauurces. All the
beds are open to sky except control room in which control
chamber and chlorination are provided. All the structu-
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 is adopted, while, under
drain, wash water gutters and piping are of simple type.
All these and other points are discussed in details in
the respective chapters of this thesis, where design for
the simplified treatment plants at Ramtek, Varangaon

and Chandori are given,

~000~




CHAPTER 3

PROBLEMS IN THE DESIGN OF SIMPLE AND CHEAP
SMALL CAPACITY WATER TREATMENT PIANTS

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 designh and construction of
the conventional treatment plants for the rural areas,
so as to find out new techﬁiques 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 «sloySand 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.

3,262 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
floc 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 Ifresh 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 filtgrate 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). 411 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 filtér was found in unaerobic
conditions and giving bad smell and taste of the effluent.
A1l these three filters are provided with coagulétion and
settlement as pretreatment. Even though the sources are
storage reservoirs, for all these three cases, the turbidity
during rainy season and summer secason 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.

3.263 Necessity of Acrobic Condition in the Bed :

The slow sand filter bed hns to be maintained in an
aerobic eondition and due to slow rate of filtration the
oxygen 1ls continuously provided in the filter bed for the
various aerobic activities in the filter bed. In this
vespect the relevent extract from the paper (55)!comparison
of slow and rapid filterst' is given below for rcady refer-
ence ag it is of fundamental importance in the treatment
by a slow sand filter.

"The speed of slow sand filtcers is merely a consc-
quence of their natural function,it is ncot caused by a
hidden falt in their construction. First too much increased
velocity tends to drive through the sand the algac thet
would otherwisce form loosc aggregates that lodge in the
spaces between the upper most grain and 0 produces
oxygen in the presence of light, and secondly it reduces
the period of retention in the filter,the specific germs

do not have sufficicnt time Yo destroy efficiently the
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more complex organic motter. The filter mey becone too
rapidly clhgged and the lower layers nay for this reason
become &oficicent in oxygen and hence be working undcr
anaerobic conditions which gives 2 mest undesirable
filtrrte,

These filters cannot cope with too much turbidity
certainly not with inorgonic turbidity. The cclluelose
threcad of the chlorophyceas and the silica bodies of the
diatoms being smaller than the finest filter sand, this
algac skin is very rapidly cloggod. Purther morc the
cloudy water in the filter,this dirinishes zhctosyathesis,
The brighter the watcer the grester is production of oxygen
by the algac., According to our expcerience the filters
function bcst when the turbidity of woter ot thelr inlet
is less than 2 ppm Sio,'".

3.2.4. Effect of Intermittent Oper=ations 3

It can be secn from the above explenstion that
the slow sand filte=ticn is a continuous process and
oxygen Trom the water is vital for keeping up the filtra-
tion process efficicntly. However, in the small capacity
plants which arc gencr2ally provided for rural schemes,
the plants arc dosigned fcr 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 nay be de ficient in cxygen
donation from the water as it remains in stagnent
conditions for 2 lang time, In such conditions the
specific microorganisms in the bed will not be able to

work in thec desired way ns mentioned above, Thus the
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effluent quality will not be to the required standard and
in many cases the filtor bed may go in unaerobic conditions
when the row water turbidity is high as explained above,
However, this important aspect is not veing considered by
the various authoritics,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 ccagulation and settlement, will
not give the satisfactory quality of the filtered water
and such filters will be the sources of permanent nuisance
in supplying pobable water to the rural population.

34265 Cost Aspects

Vhen 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 repid 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 a2 rapid sand filter as per actual cxperiences
on such plants.

3,246 Nced for the New Approach :

In most of the cases slow sand filters are
provided for rural schemcs because the construction is
simplc and there is also some simplicity in thce operation
of the valves. When the slow sand filters arc being
constructed on mass scalce for rurnl water supply schenes,
in such conditions as discussced 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 promis ing 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

arcas,.

343 PROBLEMS IN ADOPTING CONVENTIONAL RAPID SAND
FILTERS.

The capital cost of the conventional treatment
Plant consisting of mixing,flocculatiog,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 plantss In the present conven-
tional process there is no suitable and cheap process
for flocculation without mechanical equipment. For this
rcason in many small capacity treatment plants floccu-
lator is generally not provided. And cven if it is
provided the mechanical equipment is not properly maine-
tained, with the result it is generally not fcund in’
working. order. Thus the capital as well as maintenance
cost for sucﬁ~mechﬁnicall§ operated units are high and

hence the overall cost of the plant goes very high.:
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3.3.2 Rectangular Settling Tenks

Rectangular csettling tanks are suitable for smll
capacity plants 2nd generally these are prcovided 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 arrangemcnt is one of the important factor in the
design and operation of these tanks. Generally plain,
slightly sloping and serrated bottom recitangular settling
tanks arc secn to be provided. In this respecct the
Environmental Enginecring Organisation of the Maharashtra
State has developed multiple hoprer bottom settling taenks,
which have been provided at many water works in the
Maharashtra State. The author has an opportunity to carry
out on-plant stﬁdy on the serrated ard hopper tottonm
rectangular settling tanks in the Maharashtra Svate, and
a comprchensive report (33) has becn subaitted to the
State Govt. A copy of this report is enclosed in the
Appendix-D for the ready reference. It has becen found from
this on-plant study that the hopprer bottom rectangular
settling tanks arc far superior as compared to the serrated
bottom or plain bottom scttling tanks in the effective
sludge removal and clarifications
39303 Sludge Blanket Type Veriical Flow Tanks :

In many emall capacity water treatnent plants
these tanks have beon recently provided. The main
advantage claimed, is the sceparate mixing and floccu~

lation is not necessary in such tanks and highcr surface
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over flow rates can be adopted as compared to the rectan-

gular scettling tanks, However these are continuous flow
type tanks as the sludge blonket hns to be maintained at
a certain level by sludge withdrawnal arrongement. As the
rural water supply schemes arce gencrally designed for 16
hours pumping in the ultimatc stagce, the plants arc basi=-
cally of intcrmittent naturc and hence creation of sludge
blanket cvery day is not an casy job at such rural schemes,
as per actual cxpericnces on such plants. The author
during the on~plant study, of such plants has observed such
difficulty and cffluent turbidity is gcnerzlly high during
the rainy scason when the raw water turhidity is high. The
author is therefore, of the view that these sludge blanket
typc scttling tanks are not suitable for small capacity
pPlants based on intermittent working.
3,3.4 Rapid Sand Filtcrs g

The conventional rapid sand filters with the
auvomnatic rate controlling arrangements and washing systen
with air oand wash water cnd with R.C.C. rocf structurcs
becone very costly. There is a great need for simplification
of such filters and the author has therefore proposed
suitable metheds in his paper (26) con "Simplificd rapid
sand filters for rural areas". Such simplificd methods
arc adopted for the new plants developed in this thesis.
3e3e5 Prcssurc Filters

There is a growing tendency to provide pressure
filters for small capacity water supply schenmes. Even
though thesc are easy and quick to install at sitc and

cheaper than the conventional rapid sand filter beds,
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thesé are closed shells and difficult to repair and main-
tain properly at rural level. Tor 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 gencrally short. It is, there-
fore, normally recommended for small industrial water
requirements. It is, therefore, not generally suitable
for the small capscity plants except in the conditions
when, onc pumping stoge can be saved by adopiing a pressure
filter dircetly in the linc of pumping main. Further
these can be adopted for low turbidity sources only, as

there are no suitable and cheap pressure pretreatment

units yct available in the morket.
3.4 APFRCACH TO THEE NEW DESIGNS.

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 neced for the development of
sindle and cheap small capacity treatment plants for the
rural arcos. In order to solve most of fhe present problems
and difficultics in providing smnll capacity plants, the
author has developed threce new designs for providing
simple and cheap small capacity treatment plants in the
present study,

Bodo Ramtck Filter :
For the treatment of low turbidity water sources

a ncv design of Ramtek filter isc developed in this study
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which includes baffle mixing channel, gravel bed prefilter
and a dual media filter bcd. This is a type of complete
treatment unit without any mechrnical equipment. The
structure is also very simple and the cost of this plant
was Bs. 1,25,000/- in the year 1973, which was about ¥4 of
the cost of a conventicnal 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 discmsscd in the chapter 7 of this thesis.
3e4.2 Varangaon Trecatment Plant :

For the trcatment of high turbidity water sources
and with moderate pollution, thce new water treatment plant
at Varangaon has becen developed in this study. This now
treatment plant, includes baffle mixing channcl, two units
of gravel bcd flocculators and tube settling tanks and
three units of dual media filter beds. This is a high
rate sinplified treatment plant without any mechanical
cquipment. The structure is also simple and cost of this
plant was Bs. 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 caracity. The plant is working
satisfactorily and the detailed design and the plant
observations arc discussed in the chapter 9 of this
thesis.
3e4e3 Chandori Treatment Plant :

For thc trcatment of moderate turbid water sources
the Chandori treatment plant is specially developed for
small villages. The plant consists of one unit of

pretrcator which is a combination of gravel bed
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flocculator and tubo scettler, and is followed by a dual
media filter bed. Both the units have been designed for
fﬁé surface loading of 4,500 l/mz/h, The Chandori treat-
ment plant may be th: chearcst plant, which may be
reconncnded for any small rurcl water surply scheme for
the trcatnent of turbid water sources. The dctailed
design and pilot plant obscrvations are discussed in the

chapter 10 of this thasis.

000~




CHAPTER-4.

STUDY FOR THE DEVELOPMENT OF NON-MECHANICAL
FLOCCUTATION PROCESSES.

4.1 APPROACH TO THE STUDY.

The importance of the flocculation in the field of
water treatment is given from the various references from
the literature under the chapter 2. It can be seen from.
the various literature references that there is no suita=-
ble non-mechanical flocculation process in the present
pretreatment methods. Cox (5) in the WHO monograph No.49,
has thoroughly discussed the various design aspects of the
different methods of flocculation. It can be seen from
this discussion that a baffle channel flocculation,though
basically a non-mechanical unit, is not a practical solu-
tion for the design of a cheap and efficient flocculation
unit for the small capacity water treatment plants.
Therefore mechanical flocculation units are seen to be
adopted in practice in the conventional water treatment
plants.

To avoid the mechanical flocculation units in many
smll capacity water treatment plants, flocculation units
are seen to be deleted. 1In such small capacity plants,at
least in India, only the baffle mixing channel is generally
provided to work as mixing-cum-~flocculation unit, which
is not a correct approach. In such plants, when the
flootulation unit is not provided, the alum dose required
is considerably more and as the floc fdrmed is not of
goed and cénsoiidétedAsize, thé effiCiénéy of the setf—
iing tank is low in the remdval of turbidity. This is

particularly observed during the worst period in the
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rainy season. Due to the higher load of turbidity on
filters, during such periods,the filter runs become
considerably short and many times the effluent turbidity
goes beyond the acceptable 1limit from such plants. Thus
‘there is an urgent need for developing non-mechanical
and simplified flocculation units for small capacity water
treatment plants.

The author has 'therefore, introduced the gravel
bed flocculation units for the Ramtek,Varangzon and
Chandori water treatment plants, perhaps for the first
time in the field of water treatment. Considering the
basic importance of the flocculation process, a separate
chapter is included in the present thesis for the pilot
Prlant study on the different types of non-mechanical
flocculation units., Thus it is proposed to compare the
various flocculation processes so as to study the special
merits as well as limitations for adopting the non~
mechanical flocculation units. It is also necessary to
'find out the design criterias for adopting such simple
flocculation units in the small capacity water treatment

plants.
4.2 DESIGN OF PILOT PIANTS.

In this chapter it is proposed to discuss the
pilot plant observations as well as comparative performa-
nces of the different flocculation units. The author has
designed five types of pilot flocculation units for this
study and for comparison purpose the study on the
mechanical pilot flocculation unit was also done as

discussed in this chapter. The pilot plant study was




conducted on the below mentioned flocculation units
i) Gravel bed flocculation units.

ii) PVC tubes surface contact flocculation unit.
iii) PVC tube flocculation unit.

iv) IDP Film flocculation units.

v) Mechanical flocculation unit.

Fig.4-11I1I to 4-VI. . enclosed in this chapter show
the details of some of the above mentioned pilot floccu-
lation units., The various dimen$ions adopted in these
pilot plants are given in these figures. The details of
the design of each pilot plant are given latter before

conducting experimental observations on each unit.

4,2.1 Design of common Aspects for the Pilot Plant
Study :

The comparative performance study was carried out
on the various pilot flocculation units for the below
mentioned common aspects,

i) Raw water supply of constant turbidity of 100 JTU:
Raw water from the Ggngapur left bank canal was brought by
a jeep-trailor at the laboratory. The raw water turbidity
was then adjusted %o 100 JTU by mixing with clean tap water
as the raw water turbidity &as generally more than 100 JTU
during this period. Occassionally when the raw water
turbidity was less, some bottom fine silt of the canal,

was mixed in the constant turbidity supply tank of 1000 lit.
capacity so as to get turbidity of 100 JTU throughout

these pilot plant experiments conducted in the present
study. The constant turbidity (100 JTU) raw water was

then pumped by means of a small electrical pumping set
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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 was 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 with one 12 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
wifh one inlet connection at 15 cm from the bottom and
one outlet connection at the bottom on the oprosite sige.
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




RAW WATER 97
- FROM BALANCING TANK T ’
ELEC. + l
— ! ,
MOTOR el —;L 3
] ALLM DOSE.

OVERFLOW 1 Y

lw.x_ ¥ " outLET —qy '
e Ty
I (e S
I

i
w.L
+ T von |
- [ m— B . AND |
CONNECTING r | BLADE |
TUBE !
SLPPRORTIHNG , |
BlL.OCK -
L T . \_r_‘::;j__
’("\lofAz\l"T IRAVERS MIXING \ Lsvans
CHAMBER CHAMBIR
/i # \/ B .:,. C:‘ &
\,(oxzoc h) AT (
CONSTANT FLOW ARR; N(‘ MENT
s AR IRLZY TUC

r — REMD W‘...__ ZJ IOK CORK

7
7

. s
Voot
L7
Yl

\(,

/ \!./ /‘

—_— — - — ———

Al ALUY., SOLUTTION

BOTTLE 0F |
StiTcap -

PINCH COCRFar
ADJIUSTING DOSIE

v

(
\éf

—_ TO MIXING
PV QAN RER

716, 41
CONSTANT DOSING ARRANGEMENT

B ) (8P DO e ATV . 5 AT ) SAGIAIs  gy



4=5
flow for the further pilot plant study. The detention
period in the mixing chamber was adjusted to about one min.
by adjusting the top water level and constant flow through
the constant level chamber. One electrically operated
nixing unit was fixed by the side of the mixing chamber.
The mixing rod with a blade of 25 x 50 mm was fixed to the
rotor so as get mixing speed of about 100 rpm. in the
mixing chamber.

Purpose of adopting mechanical mixer : In all the
simplified treatment plants developed in this thesis, the
baffle mixing channel was adopted before the raw water
was introduced in the treatment plant, as explained in
the respective chapters. However, it was difficult to s
provide such a pilct baffle mixing ckannel in the pilot
pPlant study in the laboratory. In oxder to simplify the
mixing errangements and to give uniform mixing effect,the
mixing chamber with an electrically operated mixing unit
was adopted in all the pilot plant studies as explained
above.

iv) Constant dosing arrangement for alum solution : To
give constant alum solution dose in the mixing chamber,a
constant dosing arrangement bottle of 5 1lit. capacity was
prepared as per details shown in the Fig.4-II. It will

be seen that one glass tube was fixed in the rubber cork
in the top opening of the bottle and extending upto the
bottom to admit the required air to allow constant flow
from the outlet glass tube fixed in the bottqm opening.

A pinch=cock was fixed on the outlet plastic tubing

to adjust the required alum solution dose in the mixing
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chamber., Alum solution was prepared in the plastic bucket
of 10 1it. capacity by adding 15 grams of alum (0.15%} and
the solution was poured in the constant dosing bottle
whenever required, by removing the top rubber cork.

For adjusting a required alum dose for the stand-
ared raw water of 100 JTU the alum dose was fixed on the
laboratory flocculator model as and when required. After
fixing the optimum alum dose, by above mentioned standard
method, the required alum dose was adjusted in the pilot
Plant experiments as conducted during the present study.
A¥erage alum dose of about 55 ppm was given for the stand-
ard raw water turbidity of 100 JTU during these experiments.

v) Flow rate for the pilot flocculator study : During
all the pilot flocculator experiments a constant flow rate
of 1600 ml. per min. was adjusted to get comparative
results., This particular flow rate of 1600 ml/min. was
adjusted to give surface loading of 10,000 1/m%/hr for
the gravel bed flocculator adopted for the Varangaon
pilot treatment plant, as shown in the hydraulic design
caXculations in the chapter-8. The same rate of flow was
adjusted for all the other pilot flocculator studies as
discussed in this chapter.

The author has carried out number of experiments
with different surface loading rates,for the gravel bed
pilot flocculator study, and has fixed this optimum rate,
for the Varangaon treatment plant. The results for fhe
other flow rates are not given in this chapter to limit
the scope of the present study and to simplify the

comparative study on different flocculation pilot units.
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However the results for some other specific flow rates,
lower than the above mentioned loading are discussed,
during a few experiments. The results for lower loading
rates than 10,000 l/mz/hr will generally give better
results as the loading is reduced.
vi) Tube settler pilot unit : A tube settler pilot
unit as shown in the Fig.4-II1, is adopted after all the
different flocculation units, during this study so as to
give uniform clarification conditions for comparison of
flocculation efficiencies of the different pilot
flocculation units.

The surface loading on the tube opening area was
adopted as 6850 1/m2/hr and the detent ion time in the
tube settler unit as 23 min. as shown in the hydraulic
design claculations in the chapter-8.

The author has purposely adopted the pilot tube
settler unit after all the pilot flocculation units,as
he feels that the tube settler tanks are likely to be
adopted in the future in the place of the rectangular
settling tanks and the hopper bottom verticle flow sludge
blanket type tanks,for the small cavacity water treatment
rlants. This aspect is discussed in details in the
chapters 9 and 10,

4.3 PROCEDURE FOR EXPERIMENTAL S TUDY.

Same procedure was followed for this experimental
study to compare the efficiencies of the different pilot
flocculation units. As explained earlier, each pilot
plant was installed in the laboratory as per details

given in the respective figures., The main components
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of each pilot plant were (i) Chemical mixing (ii) parti-
cular flocculation unit and (iii) the tube settler unit.
The details of the chemical mixing and tube settler units
have already been explained earlier, while the details
for each pilot flocculator unit are given later in the

next para.

4.3.1 Procedure for Operation :

Before running the pilot plant, all the units
were first filled with the tap water. The raw water after
adjusting the desired flow of 1600 ml/min and adjusting
the required alum dose in the mixing chamber, was introdue
ced at the top of the flocculation unit. The flow in the
flocculator was in the downward direction. The floccula-
ted water from the bottom of the flocculator was then
introduced through the bottom of the tube settling tank
and about 15 cms. above the top of the hopper. The
settled water from the top of the tube settling tank was
then taken to the waste through a plastic tubing. The
rate of flow was also checked intermittently at the out
let end in a measuring cylinder. The pilot plant was
operated for seven hours during the laboratory working.
After stopping the plant operation after seven hours, the
sludge in the flocculation unit and the tube settler
unit was drained out on the next day before starting the
plant. The removed sludge, was then measured and the
sludge volume was noted as explained in the next para.

The pilot plant after removing the sludge was
cleaned by tap water and then filled 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 pilot
Plant,the flocculator unit was removed and the pilot plant
was installed for the next experiments after introducing

the required flocculation unit.

4.,3.2 Important Observations on the Pilot Plant Study:
i) Turbidity measurement : The turbidity of the
settled water samples was measured after every hour with
an Aplab turbidi meter. As the raw water turbidity was
adjusted to 100 JTU,only settled water turbidity was
measured.
ii) Sludge removed from the flocculation and tube
settling tank : The sludge removed from the flocculator
and tube settling tank was removed on the next day,
carefully from the bottom sludge outlets. Care was taken~
to see no sludge was remained in any of these units by
giving adequate washing to these units and collecting ' ‘
the washed water separately. The washed water from each
unit was then allowed to settle in the buckets for mbout
two hours. The clear supernent water was then taken out
by syphon action, care being taken to keep about five cm.
thick clear water above the settled sludge, so that no
sludge was lost during syphoning. The remaining sludge
and water in the buckets was then mixed properly and
poured in the measuvuring cylinders of 1000 ml.capacity.
This sludge was then allowed to settle for one hour in
the measuring cylinders and the total volume of sludge
was then recorded in cubic cent¢meters. |

it was tried to measure the sludge on the

weight basis but it was found that volumetric measurement
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was more suitable for comparing the sludge volumes in the
different units of the pilot plant study.

The author has not read any such reference of
measurement of sludge volumes in the various processes of
the treatment units. Further such observations may not be
pPossible on the prototype plants for various practical
difficulties. He has therefore, carried out the actual
sludge removal study in all the pilot plant experiments
carried out during the present study. This may be ocne
of the important parameters in the comparison of the
efficiencies of the different processes involved in the
water treatment.

iii) Head loss in the flocculation units : It was
observed that there was some head loss in the gravel bed
flocculator units. In all other flocculation units there
was practically no head loss. However the head loss in
the gravel bed flocculators was between 2 to 3 cm and
hence this was not recorded for comparison,

iv) Bacteriological observations : Samples of raw

and settled water were collected just at the end of the
seven hours in the sterilised bottles, and bacteriological
analysis was carried out in 2ll the pilot plant studies
to find out coliform removal efficiencies by adopting
different flocculation units.

v) Cleaning of flocculation units : In order to find
-out the sludge volumes and to clean the flocculation
units Sludge was removed by draining the units., Further
the units were cleaned by gravity desludging and

occasionally by giving back wash to some of the pilot
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plant units as discussed latter.
4.4 EXPERIMENTAL STUDY.

The experimental study was conducted to find out
comparative efficiencies of the different flocculation

units as mentioned below -

i) Gravel bed flocculation units.

ii) PVC tubes external surface contact flocculation
units.

iii) PVC tube double surface contact flocculation units.

iv) IDP sheet flocculation units.

v) Mechanical flocculation units.

The present study was carried out for the flow
of 1600 ml/min. and the principal parameters for the
comparison of the efficiencies of the different floccuia-
tion units are as below.

i) Surface loading.
ii) Volumetric loading.
iii) Detention period.

iv) Turbidity removal.
v) Sludge removzl.
vi) Bacteria removal.

The design of each type of flocculator and the
exrerimental observations on the same are discussed here-

after in this chapter.
4.,4.1 Gravel Bed Flocculation Units :

a) Back ground : In all the three simplified treat-
ment plants developed in the present thesis, the author
has adopted gravel bed for the basic flocculalion

process. In the Ramtek plant the gravel bed is aaopted
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in the prefilter unit, where the flow in the gravel bed is
in the upward direction and the design and the vilot plant
observations are given in the chapter 6, while the actual
Plant observations are given in the chapter 7 of this
thesis. In the Chandori treatment plant the gravel bed
is adopted in the pretreator where the flow is in the
upward direction and the design and the pilot plant
observations are given in the chapter 10 of this thesis.
In both these new treatment pProcesses the flow in the
gravel bed is in the upward direction so a&s to utilise
the portion of above the gravel bed for settlément action.
A separate settling tank is not adopted in both these
Processes to simplify the design aspects as already
discussed in details in the chapters 6,7, and 10 of
this thesis.

In the Varangaon treatment plant the author has
adopted .. the gravel bed as a separate flocculation unit
before the tube settling tank, and the pilot plant and the
actual plant observations are discussed in the cklapters
8 and 9 of this thesis. The author has not therefore,
carried out separate pilot plant studies for gravel bed
flocculation process in this chapter.

b) Pilot plant observations : Details of the gravel
bed pilot plant units are given in the chapters 6,8, and
10 of this thesis. The author has given below the
results of the pilot plant observations for the pre treat-
ment process,from the chapters 6,8, and 10 for the com=
parative study with the other pilot flocculation units.

Table 4-I gives the results of the pilot plant study
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on Ramtek, Chandori and Varangaon type pilot plants.
TABLE 4-1

Results of the Ramtek,Chandori and Varangaon
Pilot Plant Study.

Parameters. 'Average results of pilot
' plant study.
S
, Ramtek ' Chando-'Varan-
_______________-__'_____“_'_I‘_i_-____'gagn_;__
i) Raw water flow in ml/min 1060 1455 1600
ii) Surface lgading on gravel 7150 4500 10000
bed in 1/m“/hr.
iii) Volumetric loading on
gravel bed in 1/mJ/nr, 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
filter in ml. 756 690 530
x) Bacteria removal in
pretreatment in percentage 70.47 87.50 74,00

- P e s G o W e B we ww e we G G e e S B e ee S as @ S s ae e

4.4.2 PVC Tubes external surface contact floccula-
tion Units

a) The details ‘of the pilot plant unit are shown

in the figure 4-III. In this pilot plant 2 cm. dia FPVC
tubes were placed in horigzontal positions in the floccu-
lation unit as shown in the figure 4-I1I, so as to give
required surface loading on the outer surface arca of

these tubes. These tubes were placed in staggered
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positions in alternate layers with a clear spacing of
about one cm. between the layers to give effective surface
contact for flocculation, when the raw water was passed
| from top to bottom in the downward direection. The floce-
ulated water from the bottom of the unit was introduced
in the bottom of the standard tube settler unit as already

explained earlier.

b) Hydraulic design of the flocculation unit :
i) Size of unit = 13.1 cm x 6.9 cm.
ii) Depth of water = 110 cm.

iii) Volume of unit = 10,000 ml.

iv) Number of PVC tubes used = 113
v) Cutside dia of tubes = 2 cm
vi) Outside surface area of tubes = 9230 sq.cm.
vii) Internal surface area of sides of the
unit = 2 x 13.1 x 110 = 2880.

% _920 _160
756X 2 X 6.9 X~§$8¢T,5€ZG‘

viii) Total surface area of contact = 1.2870 sq.m.

ix) Volume of tubes = 4650 ml.
X) Net volume of water deducting tube volume= 5350 ml.
xi) Surface loading of the flocculator

for 1600 ml/min.

1600_x 100 _x 100 x 60_ _ 10600 l/mz/hr.
13.1 x 6.9 x 1000
xii) Surface loading of tube surface area

for 1600 ml/min.
1600 _ 60

r o TS o - e s o e

1.287 1000

75 1/m2/hr.

I

xiii) Detention period = 5350 _ 3.35 min.

e s Om e
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c) Pilot plant observations : Table 4-II-a shows
observations on the two flow rates of 1600 snd 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

Pilot plant observations with PVC tube external
surface contact flocculator.

- e e e e cw mE em A am e SO e A s G e W e R ar wm G cm e  em SV ay  as

Hours of Settled water turbidity Settled water

run. for flow water of turbidity for flow
1600 ml/min. rate of 800 ml/min.

0 - -

1 50 50

2 40 30

3 40 30

4 40 20

5 40 20

6 30 20

7 25 20

?
i
i
§
§
i
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EABLE 4-II-b
Comparative pilot plant observations.
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Parameters. Flow rate Plow rate
1600 ml/min. 800 ml/min.
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i) Surfacg loading flocculator 10600 5300
in 1/m“/hr.

ii) Surfgeg loading on FVB tube 75 37.5
in 1/m/hy.

iii) Detention period in min. 3.35 6.7

iv) Raw water turbidity in JTU 100 100

v) Settled water turbidity 25 to 40 20 to 30
range in JTU.

vi) Sludge removed from floccu- 250 270
lator in ml.

vii) MPN in raw water 930 24000

viii) Sludge femoved from the 410 270

tube settler in ml.
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--------------- Tiow rate - T Tlow 1=te
Parameters. 1600 ml/min. 800 ml/min.

ix) MPN of settled water 930 2100

x) Bacteria removal in Nil 91 %
pretreatment.

d) Other general observations : The head loss was

practically nil. The settled water turbidity eshowed’
improvement after there was sludge formation on the top
of the tube surfaces as observed from the side transper-

ent surface.

4.4.3 PVC Tube Double Surface Contact Flocculation
Units

a) Pilot plant details : The details of the pilot
plant unit are shown in the figure 4-1IV. In this pilot
plant 2 cm dia PVC tubes of 30 cm length were placed in
vertical positions in four rows of 9 tubes and with clear
spacing of 20 cm in between the rows as shown in the
figure 4-IV., The tubes were placed in such way that there
was about one cm clear space all around each tube. Thus
in this pilot plant study both the surfaces of the tubes
were in contact with the flowing water. Four rows of
tubes were fabricafed to bring water in to contact after
each layer to accelerate flocculation action by increa-
sing the contacts of the flocs: The flocculated water
from the bottom was introduced into the bottom of the
standard tube settler,
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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) Tength of tubes = 30 cm .

ix) Surface area of tubes = 36 x 2 x 30 x X d
=36 x 2 x 30 x7vx 1.8
= 12250 cm?.
x) Surface loading on the flocculator = 10000 l/mz/hr
for 1600 ml/min.
xi) Surface loading of tube = 1600 = . _ 60 __
surface area for 1.2250 1000

1600 ml/min.

78.5 l/m2/hr
say 80 1/m2/hr.
iii) Detention period in min = 21850 = 13.65

(neglecting tube = - An

material volume) 160gay 13 min

c) Pilot plant observations : Table 4~III-a shows
observations on the two flow rates of 1600 and 800 ml/min.
on the pilot plant, Table 4-~I1I~b gives the comparative

results for the general parameters of the study.
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TABLE 4-III-a

Pilot plant observations with PVE tube double
surface contact flocculator.'

= e ar e e S W em aw em P mE Gm S s S E an e M e am M S e e s

Hoursg of Settled water Turbidity
run, 1600 ml/min. 800 ml/min.

0 - -

1 20 20

2 20 20

3 20 20

4 20 20

5 20 18

6 18 16

7 18 15

s A e R Em wy M s e ew W S wr s e e e e - em B o S e e an =

TABLE 4-III-b
Comparative pilot plant observations.
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Parameters. Flow rate Flow rate
160C ml/min. 800 ml/min

1. Surface load1n§ on flocc~
hr

ulator in 1/m2 10,000 5000
2. Surface 1oading on PVC

tubes in 1/mé/hr 80 40
3, Detention period in min, 13 26
4, Raw water turbidity in JTU 100 100
5. Settled water turbidity range 20 18
6., Sludge removed from the

flocculator in ml, 150 240
7. Sludge removed from the

tube settler in ml. 1260 850
8. MPN of raw water 15000 110000
9., MPN of settled water 4600 2400
10, Bacteria, removed in

pretreatment 70 % 97 %
a) Othe? general observations : There was no

appréciable improvement when the loading was reduced




by 50% on the flocculator.
4.4.4 IDP 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 Dersity Polyethylene films of 210 cm length
were placed in verticel 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 em.2

1i1) Depth of the water = 230 cm.

iv) Volume of water = 21850 ml
" (neglecting sheet volume)
v) Number of IDP films (sheets) = 4
vi) size of films = 10 cm x 210 cm.
vii) Surface area of gsides of = 4 x 2 x 10 x 210
the films, = 16800 cm2'
viii) Surface area of sides =4 x 9,5 x 210
of the bed, = 7980 cm2.

ix) Total surface area of contact = 24780 cm?.
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x) Surface loading on the = 1600 x 100 x 100 x 60_
flocculator for 1600 T T T T
ml/min. 95 x 1000
say 10,000 1/w?/nr.
xi) Surface loading on the LDP = _ 96 _
films surface area for 2.478
1600 ml/min. = 38.75 l/mz/hr
xii) Detention period in min = _21@29_
1600
= 1%.65 min.
= say 13 nmin.
c) Pilot plant observations : Table 4-IV~a shows two

sets of observations with the LDP films in vertical
positions and the other in the slant positions at fpur
Places by suitable modifications. The purpose cf study
in slant position films was to see the improvement in the
flocculation with this modification, Table 4-IV-b gives

the comparative results for the general parameters of

the study.

TABLE-4~1V-2a
Pilot plant obeservations with LDP films

flocculator,

Hours Settled water turbidity Settled water tur-

of run. - with vertieasl sheets. Pidity with slant

‘ 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 4-1V-b

Comparative pilot plant observations,

Parameters. Pilot plant Pilot plant
with verti~ with slant
cal sheeds,., sheets.

1. Surface loading on flocc-—-

ulator in 1/m2/hr. 10000 10000
2. Surface loading on IDP films
in 1/m2/hr. 38.75 38.75
3. Detention period in min. 13 13
4. Raw water turbidity in JTU 100 100
5. Settled water turbidity
range. 20 to 30 20 to 30
6. Sludge removed from the
flocculator in ml. 210 350
7. Sludge removed from the
tube settler in mi. 975 950
8. MPN of raw water 11000 24000
9. MPN of settled water 280 2400
10. Bacteria removal in
pretreatment. 97 % 90 %
a) Other general observations : There was no marked

improvement by placing the LDP films in slant position.
This may be due to the short circulation of the flow from
the outside space. Further, angle given to the sheets
was about 10° within the available size, which might have

been on the lower side.

4,4.5 Mechanical Flocculation Unit :

a) Pilot plant details : The details of the pilot
plant unit are shown in the figure 4-VI. In this pilot
plant one mechanical flocculaticn unit was Provided
before the tube settler unit. The purpose of this

pilot plant observations was to compare the results
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with the other types of flocculators studied for the

similar loading conditions.

b) Hydraulic design of the flocculation unit.
i) Size of unit = 30 x 30 x 25 cm.
ii) Water depth = 23 cm.

iii) Volume of water = 20700 ml

iv) Surface loading = 96 x 100 x 100

for 96 lit/hr. "‘—56-;—36--,__

1070 1/m?/hr.

]

v) Detention period for = 20700 .
PEr1oa 1or = cVivy = 12.93 min.
1600 ml/min. 1600
= say 13 min.
vi) Surface arca of paddles = 75 cm2.
vii) Percentage of paddle area

with cross sectional area of unit. = 10 %

viii) 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

flocculation unit are given below.

) TABLE 4-V-a _
Pilot plant obserfations with mechanical
' flocculator,
Hours of run. Settled water turbidity for

flow rate of 1600 cc/min.

B ae Ar e e Ml A em G G e M ai did A e ) ew el e s e am - am ep s e
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TABLE 4-V=b

Pilot plant observations.

Parameters. Observations for
flow rate of
1600 ml/min.

P mp EmE wme EB s WM E GE s N WY e Ee @ ew Ge e S M MR mp AP e e am WP e

1. Surface loading in 1/m°/hr. 1070
2. Detention period in min 13
3. Raw water turbidity in JTU. 100
4. Settled water turbidity range 10 to 15
5. Sludge removed from the
flocculator. Negligible.
6. Sludge removed from the tube
settler in ml. 2050
7. MPN of raw water 2900
8. MPN of settled water 150
9. Bacteria removed in pretreatment 95 %
a) 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 vilot plant observations without floccu--
lation unit. Thus in this vilot plant study raw water
from the mixing chamber was directly introduced through
the bottom of the standard tube settler unit. The purpose
of this study was to compare the results of the pretreat-
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 1600 ml/unit.

TABLE 4-VI-Db

Pilot plant observations without
flocculation unit.

Farameters. rate 1600 ml/min.
1. Detention period in mechanical

mixing chamber. One min.
2. Raw water turbidity in JTU. 100
3. Settled water turbidity range 50 to 70
4. Sludge removed from the tube

settler in c.c. 760
5e 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 floc 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 PIANT FIOCCULATION STUDILES.

a) Background :

Ag 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 limktation,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 séme 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 aettled water storage
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capacity on the top of the gravel bed, which can be
utilised 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 turbidity load,
the deflushing operation has to be done by refilling the
bed for 2 to 3 times as required or by giving a backwash
to the bed. However by adopting this cleaning procedure
there is no difficulty in cleaning the bed.

¢) Development of non-mechanical and continuously
operated simple flocculators :

After developing the gravel bed flocculation units
at Varangaon and considering the above mentioned limitations
in its adoption, the author felt 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 plants.

In fact, after studying in details the new processes
of flocculation, clarification and <filtration, at the
end of this study, the author found the urgent need for
the development of non-mechanical and continuously operated
simplified flocculation units. With the background of the
on~plant study of the gravel bed flocculation units, 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 practically
at the end of the present study, the author proposes to
discuss these along with the pilot plant study on the
game in this chapter. The pilot plant studies as dis-

cussed in this chapter have not been carried out in great
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deyails as the aim was to find out the possibility of
developing such non-mechanical and continuous type
flocculation units,

d) Pilot plant stddy on diff erent flocculation
processes :

The author has therefore, carried out the pilot
Plant studies on the below mentioned flocculation processes
in this chapter, so as to compare the performances and

limitations in all these flocculation processes.

i) Gravel bed flocculation units.,
ii) PVC tubes external surface contact flocculation
unit.

iii) PVC tubes double surface contact flocculation unit.
iv) IDP film flocculétion unit.
v) Mechanical flocculation unit.

| The observations on the pilot plant stuly as given

earlier in this chapter are discussed below

4.5.1 Gravel Bed Flocculation Unit

The observations on the pilot plant study on the
gravel bed flocculation units are discussed in details
in the chapters 6,8, and 10 of this thesis. It is now
proposed to compare the pilot-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 : The
comparative pilot plant observations on the above
mentioned two processes are given in the Table4d-I. In
the Ramtek and Chandori treatment processcecs dhe gravel

bed flocculation is a part of the pretreatment units
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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 settledent 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. From the compa-
rative observations as shown in the Table 4-I, 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 turbiq water
sources the pretreatment process consistingiﬁgravel bed
flocculation unit followed by tube settler 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 flocculétion
processes in this chapter,

iii) General comparative observations : In order R
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

W\
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mechanical pilot flocculation plant are given in the Table
4~V-b, to compare the results of these fiocculation
Processes. From the general observations on the Varangaon
Pilot plant as given in the Table 4-I, it can be seen that
the gravel bed flocculation uni% has given just comparable
observations with that of mechanical flocculation unit.
The author has therefore adopied the gravel bed floccula-
tion unit in place of the mechanicgl flocculation unit to
simplify the new treatment plant at Varangaon, for the
treatment of turbid water sources. The author 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 resulis
are comparatively of lower level, in turbidity removal.
However for lower loading rate and particularly for the
surface loading of about 40 l/mz/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 discusséd 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
crosgwise dirsctions, one layer of pipes over the other

with desired clear spacings between the pipes. As the
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surface of cement pipes is not as smooth as PVC tubes, the
rough surface may give? better surface contact for the
formation of flocs. In such a flocculation bed pipes may
not require side supports, as the pipe layers will rest
one over other. At the bottom however perforated suppor-
ting bed will be necessary. Further the bed will have
hopper bottom as provided for Varangaon gravel bed floccu-
lator. This tube flocculator will 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
l/mz/hr of pipes external surface the settled water turbi-
dity after tube s ettler unit may be within 20 JTU.

4.5.3 PVC Tube Double Surface CQntact
Flocculation Unit

i) From the general pilot plant observations as given
in the Table 4-I1I-~b, it is seen that the settled water
turbidity is within 20 JTU for both the loading rates.
Thus the flocculation action is considerably better than
the PVC tube external surface contact flocculation, even
though the contact surface area is about some (12250 cm2)_
Thus the PVC tube double surface contact flocculation
with surface loading of 80 l/mz/hr and the detention
period of about 13 minutes may give the settled water
turbidity below 20 JTU, and which fairly compare with the
results of the mechanical anmi gravel bed flocculation
units as discussed earlier,

ii) 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 it 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 like gravel bed, however at the bottom, hopper may
be necessary with sludge removal arrangements.

) The action in the tube flocculation may be increased
if the tubes will be provided in slant positions with 30°
to 40° angle. Further modules of PVC tubes similar to
that ih the tube settler can also be adopted, which will
cost more than the PVC tube double surface contact floccu-
lator as discussed above. The velocity through the bed
may be one of the criteria for effective flocculation

action.
4.5.4 IDP Film Contact Flocculation Unit :

i) From the general pilot plant observations as given
in the Table 4-IV;b; it is seen that the results are just
comparable with the results of the gravel bed flocculation
unit for the same loading rate. As compared to the mech~
anical flocculation unit the results are of little lower
efficiency as scen from the settled water turbidity
removal, The author has therefore,carried out second

set of experiment with the films in the slant positions
at four places by making suitable modifications. The
approximate angle of slant films to the verti;ﬁ‘ was

10°, Vith this arrangements it was presumed that the
flocculation action may be accelerated, on the basis

of the experience on the tube settler. However the

pilot plant results did not show any appreciable impro-

vement as compared to the results of the vertical film
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flocculation. The author feels that the reasons for this
lower efficiency than thé expected one of the slant film
flocculation, wmay be duvue to the short circulation of sme
raw water from the sides of the films due to imperfect
modifications.

The author is therefore of the openion that the
slant film flocculation with angle between 20° to 30°
with the verticRl may give equal effieiency with thaf of
a mechanical flocculation for the same detention period.
ii) Prototype applications : The author predicts that
if the detention period is kept between 15 to 20 minutes
and the film area is provided for a surface loading of
40 to 50 1/m2/hr and the films are provided with about 30°
angle with the vertic#li, the flocculation unit may give
similar results to that of a mechanical flocculation units
when it will be followed by a tube settler unit. Thus
it may be possible to adopt a non-~mechanical and continu-
ous type of flocculation unit, not only in the simplified
treatment plants, but also in the conventional treatment
plants. The author feels that the IDP films may be a
suitable cheap material for such film flocculation unit,
however the life of the LDP sheets may have to be found
out from the prototype studies. The fixing of films in
the required slant positions in the flocculation unit

may be a simple job.
4,6 GENERAL COMPARISON.

The observations on the mechanical flocculation
unit with the detention period of 13 minutes,showed the

superior results in the turbidity removal as compared to
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the results of the other non mechanical type pilot plants
as discussed earlier in this chapter. The purpose of
carrying out the comparative study with the meclanical
flocculation unit was to search out if the non-meclmanical
flocculation units can be developed of equal or of littke
lower efficiency which can be utilised in the simplified
treatment plants.

The main reason for carrying out this search, is
t0 reduce the capital as well as maintenance cost of a
flocculation unit for the small capacity plants. With the
adoption of non-mechanical flocculation units as discussed
earlier, the author feels that the capital cost may be
equal or little less to that of a mechanical f locculation
unit, but the maintenance cost may be practically nil ,
except the gravel bed flocculation unit, as there will be
no power consumption, and the maintenence and repairs of
the mechanical paddéls etc, which is = must in the case
of 2 mechaniéal flocéuiation unit. Further there will be
considerable simplicity in the design and constrution
of the non-mechanical type flocculation units, and such
flocculators can be constructed evenat village level.

Apart from the maintenance cost of power, it has
been experienced from the study of the existing small
capacity plants that the proper maintenance of such
units is difficult at the village level and at many places
the author has Seen that the mechanical flocculators are
out of order for long times, for want of easy facility
of repairs. At such situations the performance of the

pretreatment is suffered considerably and there is
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additional load on the filter beds, with the results of
Poor effluent quality of filtered water and dissatisfaction
of the consumers. Even when there is power failure or
shut-off for short periods, which is a normal case at
many rural places, in the developing countries, the plant
Performance is likely to be severely affected as explained
above.

The author is therefore of the opénion that the
non-mechanical type of flocculation units, particularly
the gravel bed flocculation unit 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 plants., The operation of
such non-mechanical flocculation units is considzsrably
Simpler than that of &a mechanical flocculation unit.

The non-mechanical and the continuous type flocculation
units, 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

criterias for such new flocculation units.
4.7 PROTOTYPE APPLICATIONS.

As the author has developed the idea of gravel
bed flocculation units at the begimning of this study,
he has adopted the gravel bed flocculation units in all
the three simplified treatment plants developed in this

thesis. The new ideas on the non-mechanical and
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continuous type flocculation units were developed
practically at the end of this study. The author therefore
could not put these new ideas in the prototype plants, so
as to include the actuval plant scale results in this
thesis.

However the author has proposed a few designs for
simplified treatment plants units with the non-mechanical
and continuous type of flocculation units for a few rural
water supply schemes near the Nasik City. Further the
author has proposed a non-meclanical and continuous flow
flocculation units tased on the principal of tapered
flocculation for the augmentation of the Nasik Road Water
Works capacity from the existing 9 mld to 27 mid capacity.
In this augmentation proposals it is proposed %2 ccavert the
existing mild steel circular settling tanks in to the non-
mechanical flocculation units followed by tube settler
tanks, while the existing three rapid sand filters are
proposed to be converted into the duval media filter beds.
The work is in progress.

All the above mentioned new works are situaved
near about the Maharashtra Engineering Research Institute,
at Nasik where the author is working at present and the
plant scale results on these plants are likely to be
available within one year.

The author is of the opinion thmt after the
successful plant scale results, as stated above, these
non-mechanical and comtinuous type flocculation units may
be adopted on the mass-scale particularly for the small

capacity water treatment plants.
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4.8 GENERAL CONCLUSIONS.

i) The gravel bed flocculation units can be equally
efficient to the'méchanical flocculation units, when the
tube settler is followed for clarification of water.

ii) It may be possible to adopt non-mechanical and
continuous type flocculation units, viz. the PVC tube
double surface contact flocculation unit and the LDP

film contact flocculation units, for the design of the
simplified as well as conventional water treatment plants.
iii) The three non-meclenical type flocculation units

as mentioned above, may be cheaper in capital as well as
maintenance cost as compared to the mechanical flocculatinn
unit, as such these can replace the mechanical flocculation
units for the small capacity water treatment plants.

iv) The plant verfomance with a mechanical floccu-
lation unit, is likely to be severely affected either

when the unit is under repairs, or when there is power
shut~off for some time,

v) The plant performance of the small capacity

water treatment plants, where non-mechanical type of
flocculation units are adopted will give uniform,

performance due to non-dependecnce on power supply.

=000=-




CHAPTER 5
SEARCH FOR THE NEV FILTER MEDIA.

5.1 NEED FOR SEARCH FOR THE IEW FILTER MEDIA.

The principle of dval 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 beéds,
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
a logical choice but prices will be in U.S. § 250/~ per w
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
of fers 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
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many cases it does away with the necessity of pretreatment.
Whether upflww 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 imposs ible, 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 nced of research
as expressed by Huisman and Ives in their papers as
discuased 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 Vgrangaon filter beds as explained in the

chapters 7 and 9 of thims thesis,.

5.2 EXPERIMENTS WITH NEW FILTER MEDIA.
In the study of finding new filter media the

author has studied the below mentioned mzterials for




developing new filter mediz.

i) Crushed coconut shell.

iif 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 experimcnts were also conducted
with some selected media for single, two layer and threce
layer filter beds for different rates of filtration, and
the results of these experiments arc 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 sigze
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 SELECTICN.

Following important tests were ccnducted as
discussed by Ives (20) in his paper "Problems in Filtra-
tion". The results of these tests are given in the
Table 5-1I.

i) Microscopic test : Under low power (about 20 to
40 times) the media was examined by transmitted and
reflected light. Qualitative assessment of shape,rough-

ness, durability, staining was made. Though the
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microscopic examination is not definitive, it gives sonme
useful observations.

ii) Solubility test : Loss in weight of material was
measured in 20% Hel after immersion for 24 hours. This
is one of the important tests for selecting the media.
iii) Durability test : Extonded backwashing for 100
hours was carricd 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 &de a very
ilmportant test for selection of the media,

iv) Density test : This was found out by standard
density bottle. However because ©f the micropores tThe
media was thoroughly scaked for 20 hours beforc carrying
out the test. This is a very important tezt in selecting
the media for different filters.

V) Water absorption : Percentage of water abscrbed
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 se ttling
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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vii) Sphericity test : How angular grain is can not
be readily defined from geometric measurements so that 17
has meaning from a hydraulic point of view. For rounded
sand it is about 0.85 and for anthracite it is about 0.7.
This test was not conducted ag this may be not so import~

ant for the sdetion of the media.

viii) Percentage utilisation of the material : This is
one of the important test from the point of its economi-
cal use for adopting in the dval and multimedia filtration.
A1l the materials were crushed thorough disintegrator
with two moving hammers at about 3000 rpm. for comvarative
study. After crushing 2ll the materials, it was sieved
through 2.0 m and C.Z25 mr opering brass sieves. The tcp
coarser wredig,the next media between 2.0 to 0.85 size and
the finer material were collected separately and weights
were found out. The percentage availability was found

out from the ratio of weight of media size 2.0 to 0.85

and votal weiglht of moterisl passing from 2 m size sieve.
The top coarser material can be again cruched and utili--
scd in the same procedure. The results are shown in the

Table 5-II.
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5.4 SELECTION OF THE SUITABLE MEDIA FOR DUAL
AND MIXED MEDIA FILTER BEDS.

St General Comparison :
From the results given in the Tables 5-I and
5-IT it can be seen that the bituminous coals and the
crushed coconut shell material have near about similar
qualities while the fused concrete and fused brick mate-
rial have considerably different qualities. The fused
concrete material even though has got specific gravity
of 1.765, its solubility is 56.17% and hence this material
is out of eonsideration for use for filtration purpose.
The fused brick material has got high specific
gravity of 2.385 with high settlement rate which is just
near to sand, and hence this material is also not suita-
ble for use as 2 coarse media in a dual media filter bed.
However as the solubility is within permissible limit of
5% and it is lighter than the sand media, it may be
useful for adoption in 2 mixed media filter bed. The
author has therefore, carried out some pilot plant studies
by using this material in the mixed media filter bed
comprising coconut shell, fused brick and sand media,as
discussed later in this chapter under mixed media study.
Thugs the main comparison is between the bituminous
coals and the crushed coconut shell media for adoption
in a dual media filter bed. |

5¢4.2 Comparison between Bituminous Coals and Crushed
Coconut Shell as Coarse Filter Media

i) It can be seen tat the specific gravity of the
bituminous coals very between 1.38 to 1.44, while for

coconut shell the specific gravity is 1.428. However
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from the solubility test it is scen that the solybility
varics between 1.83 to 3,05, whereas the solubility of

the coconut shell is only C.69, which is one of the impor-

t
6]

tant test for the comparison. <The mattlement tests also
show that the resulis are more or less in the same range.
ii) The water absocrption test is generally not

censidered for comparison. However the test shows that

the watcer absorption in the bituminous coals is in the
range of 41 to 49% wherews for coconut sheil it is Ti%.

It is difficult to explain the reccong for this discri-
pancy, even though the specific graviziy is about sans.

The reason for this wide gad may be that the coccnut shell
material readily abcorbs the waver in the fine pecrous

.

structure of the material, while the coal structwre is
not a uniformly porous as that of coconut shell and
furthe r there may be some water repellexnt action by the
chemical constituents of the coal. Due to this effect
some fine Pporecs in the coals may not be filled up with

water and thus during back wash there is a tendency 1o

overflow above the gutters for this material Particularly

=}

when air bubbles accompsny duriaz raclkiwashing.
iii) The microscopic tests foir the coals and cocozut
shell and fused brick miterials :in dry condition giw W
the following information.
a) Bituminous coals :
Shape : Longtudinal ,roundsd, trisngulzrriiece
Colour : dark black,.
Internal structure with reflected light : sligh-

tly transparent, irrecgular shape cells are present,
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crystaline irreguiar shape, solid surface contact with
angle,

b) Crushed coconut shell.

Shape : Rectangular, tridngular 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 surfacé contact with angle.
c) Pused brick.

Shape : Longiiudinal, and rounded particals.

Colour : Redish, black colour.

Internal structure, slightly transparent,cellular
type structure with vacuum.
5.4.3 Percentage Utility Test :

The percentage utility tests as given in the
Table 5-~II are of great interest. This test is genera-
1lly not carried out in the standard procedure for sele-
ction of the media, However the author feels that this
is the most important single test for the selection of
the coarse media for dual and multi-media filter beds.
The author has adopted the "Disintegrator machine with
10 H. P, motor" for crushing of all these materials for
the preparation of the required size media,between sieve
openings 2 and 0,85 m. Twc hammers are rotated at the
speed of about 3000 rpm above the mild steel screen with
4 mn openings, placed in the half round bottom position.

The crushed naterial 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
(petween 2 to 0.85 m) 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 be
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 1life 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 amthracite media being utili-
sed at present in this field.

This test is further directly relateé to the
cost of the media as the percentage utility of the crushed
coconut shell media is about 2¥2 times higher than the
coal media.

5e4e4 Use of Crushed coconut Shell Media in the
Present Study :

From the above discussions it can be seen that
the crushed coconut shell media is superior in almost all
respects to the coal media., The author has adopted
therefore the crushed coconut shell media in all the
simplified treatment units in which dual media filter
beds have been adopted as discussed in the chapters
7,9, and 10, Results of the pilot plant perfomances @
as well as actual plant performances by the use of

crushed coconut shell media are discussed in deteails
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in the respective chapters in this thesis.

e CA I
ceQ LOX

e

The crushed cocorutv siell media wes ado
the first time, in the dval media filtcr beds in the
Ramtek treatment plant in the year 1973. The media in
the Remtek filter bed was then periodically examined,
which showed no deterioration sr any other bad effects,
after the use of the media or about six years. It is
felt that this media may have a life for more than ten to
fifteon years. However the actual plant performances will
now show the results in this respect.

54405 dditional Advuntages with the Use of Crushed
%

Shell HMzdia
$) Uniform cua
with the coccnut shell med&a is its vairoim guality. In
thls respect the specific gra7rity of eny coconut whell
is in the range of 1.35 to 1.45 in wet condition, waile
in the case of bituminous coals and anthracitos
considerable variation of quality, mairiy due to the
variation in the specific gravity ¢f the materials. Thus
there is no problem of sclection of the coconut shell
materials ags in the cases of coals and anthracite -
naterials.

ii) Cost of the ccarse crushed coconut shell media
The fine crushed materizl below 1 m size which igs not
useful for the dval media filter bed can be useful, as
filler material in the plastic and bacalite materials
for manufacturing various axrivicles for uvuse, The mrket
rate of this fine filler material ig actvally mcere than

the coarsesize material required for the ual media
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filter bed. Thus the cost of the coarse media is actually
reduced due to this use as there is no waste of crushed
material., The present market price (1978) for coarse
media of size between 1 to 2 m was quoted as k. 800/-
per m3. There is possibility of reduction of this rate
if the market demand is increased for this media as there
will be more competition. PFurther the cost of crushing
and sieving can also be reduced by developing suitable
capacity meclanical equipments., Thus the cost of the
media may be about 3 times the cost of the fine sand and
may be cheaper than any other coarse media of equivalent
quality for the use in the dual media filter bed. Further
the fine media of coconut shell with effective: size of
0.5 m and u.c, below 1.5 may have some more advantages as
compared to the fine sand media in a rapid sand filter as
discussed letter in this chapter. The author therefore
feels that the crushe@& coconut shell media is likely to
be a popular media for the use in dual and multimedia
filter beds in the near future,

5.4,6 Coconut Plant its Availability and Uses :

The coconut plants are cultivated in most of the
topical countries, If the total cultivation in the world
is considered then Philipines grows 26% wanich is the
highest, while the Irndonesia grows 19% and the India 18%.
The total area under cultivation is about 1.1 m hectors
dnd the present annual production is about 6000 million
nuts. The industry provides employment to over 10
million people.

Among the cultivated plants of the world, the
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coconut is the most versatile. It grows upto a height
of 25 metres and lives up to 100 years, Its solide
trunk &s 30 to 40 cm in dia and is marked by ring like
leaf scars. Its botanical name is cocus Nucofera and it
belong to Palmac family aund covers under the group of
flowering plants monocetyledons. It is known as nasikera
in Sanskrit, nariyal in Hindi, tenkaro in Telgu and
thenguin in Malayalam.

The productivity is measured in terms of yield
per hector and non-bearing plants are also included in
this computation. In Izdia, Kerala State grcws 90% of
the countryt!s total production of coconuts, and during
the past ten years, the area under the crop has increased
by 100%. In Tamilnadu State, the crop is regulariy
~irrigated while in Kerala it is mostly rainfed. Tgze
density of planting is yet another factor. There are
_about 225 plants per hector in Kerala, There is no xnown
tree which gives as continuous a return as the coconut.
After every 30’to 40 days the grower can harvest a bunch.
Every year the farmer is assured of 80-100 nuts per tree
wotth of B, 100/~. Iarge scale cultivation of the crops
gives an annual income of about Rs. 5000/~ per hector,
under the rainfed conditions. The gverage yield per
hector in Kerala is about 500C nuts lower than the all
India average of 5,344, The yield in the Tamilnadu and
Karnataka State are 8,785 and 5,408 respectively.

The coconut ranks firs+t among the oil yielding
crops of the world, follwed by ground nuts, cotton,

sesame and oil palm, More than half the total world
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Production of nuts goes in supporting a great bulk of
humanity at the subsistance level. The reminder is
Processed in-to o0il, oil cake, charcoal and coir. Each
one of these is put to further use in a wide range of
manufactured products for human or animal consumption and
the manufacture of the industrial products, Kerala is
believed to derive its name from Kera meaning the coconut.
The State is deservedly known as the land of coconuts.
Most of its scenic beauty owes to its palm fringed lagoons.

Every part of the coconut palm is put to some
use. The trunk of a matured tree is used to build houses
and the fronds are matted to thatch roofs. The juice
extracted from the inflorascences is converted into
Jaggery, Sugar, Vinegar and Sweet or fermented fcdly.

The Coir is produced from the outer husk of the coconut
and it is onc of the foreign exchange item, ne shell
is hard and can take up high polish and it lends itself
to variety of handicrafts. However the shell is mainly
used as fuel, which is indirectly a waste.

With the proposed use of crushed coconut shell
as a cozrse media for the dwuwal and multimedia filter beds
as developed in this thesis the author feels that the
only waste material part of the coconut shell will now
be utilized as a valuable filter media for high rate
filtration and thus the present utility of coconut will
still be increased.

Thus the coconut palm is rightly called the
"Ralparriksha" the treec of heaven oxr the wish-tree,

Bhe coconut is indispensible to most Hindu ceremonies.
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Coconuts are given to guests as an auspicious present.
They are broken in thousands before the immeges of Ganapaii
and other gods as a part of worship. But the author
feels that the use of éoconut shell media for filtgration
may be the most valuable gift of the nature to the

mankind.,

5.5 PILOT PLANT STUDY.

In this chapter it is also provosed to discuss
the pilot plant observations as well as comparative per-—
formances of the different pilot filter units. This
pilot plant study has been conducted mainly on the below

nentioned three important techniques in the filtration.

i) Single media filtration.
ii) Dual media filtration.
iii) Mixed media filtration.

For the study of these techniques two pilot filter
units approximately of the same dimentions were fabricatéd
and the figure 5-I1 shw ing the details of the pilot plant
set up is enclosed at the emd of this chapter. The
approach for the pilot plant study and the experimental
observations on each of these filtration techniques are
discussed latter in this chapter.

5.5.1 Design of Common aspects for the Pilot
plant Study :

T he comparative performance study was carried
out on the various pilot filtration units for the below
mentioned common aspects.

i) Raw water supply of constant turbidity cf 20
JTU : The raw water turbidity was adjusted to 20 JTU
by mixing with fine silt at the eanal bed in the tap
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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) Flow rates for the pilot plant study : The pilot
pPlant study was conducted for three filtration rates
viz., (a) 5000 1/m2/ hr (b) 7500 l/m2/hr (¢ )1 0000 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
tubidngs were connected to the perforated probes insetbted

at the various depths in the pilot filter units.
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v) Pretreatment before filtration stuly : To simplifﬁ
fy the study on the pilot filier units pretreatment with
only chemical mixing was adopted befere filtration., A
constant alum dose of about 1C prm wusg £iven to thz raw
water with the agjusted +tu-bidity of 20 JTU duriug il
these filtration exveriments. Flocculaticn and settlement
were not provided bhefore filtration in these studies.
5.5.2 Procedure for Experimental Study :

Same preccedurce was followed for the experimentel
study to compare the efficiencies of the different pilot
filter units. ‘Belore running pilot plants both the units
were first filled with the tep water. The rav water after
adjusting the recuired combined flow for the pilet filter
units, and adjusting the required alum dose in the nixing
chanmber was intrcduced at the top of the two pileot plants
through inter connections. The flow rate througa each
piklot filter uvnit was then adjusted to the requizrzd Tilt-
ration rate fur the pilot study. The mis of flow was
also checked intermittently at the outlet ends of the
pilot filter units. As the raw water was allowed to
trickle from the over flow outlet, raw water flow in the
mixing chambér was adjusted accordingly.

The pilot units were operated for seven hours
during the lcboratory werking. After stopping the filter
units, the sludge in the filter beds was taken out sepra-
rately by backwashing each unit with the tap water. The
filter units were backwashed till the claan water was seen
through the wash water drain cutlet, After conmpleticn of

backwash the filter beds were filled with tap water up to




y
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The outlet arrangements of
the dwal media pilot filter bed,with
a rotameter to control the rate of.
flow and side head loss tappings
to measure the head losses at
various depths,
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the top water level and the units were ready for the next

experiments.

5¢5¢3 Important Okservations on the Pilot Plant
Study

i) Turbidity removal : As the raw water turbidity was
adjusted to 20 JTU, filtered water turbidity was measured
after every hour during these stuldies.

ii) Fead loss in the filter units : Head losses were
measured at various depths in the ssirgle,dual and mixed-
wedia filter beds, throvgh the 3 m dia perforated alumi-
nium probes fixed at different depths through the sides.
The perforated probes were inserted about 3 cm in the bed.
T he prcbes were provided with fine perforations of about
0.25 m dia. so as not to allow the fine media in the
Probes during back wasning and filtration. Further brass
mesh pieces were introduced at the outlet ends of the
Probes to prevent the draining out of any finer media.
Plastic transmrent tubings were comnected to these
probes, to show head losses at varicus depths as shcwn in
the figure 5-I.

iii) Sludge removed from the filter beds : Studge from
each filter unit was collected separately during the back-
ﬁash given on the next day. The back wash was given till
the clear water was seen from the wash water outlet. The
washed water from each unit was then allowed to settle

in the buckets for about two hours. The clear supﬁgnent
~water was then taken out by syphon action, care betiilge?fco
keep about five cm thick clear watey above the settled
sludge. The remaining sludge and water in the buckets

was then mixed properly and poured in the measuring
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cylinders of 1000 ml capacity. The mixture was then
allowed to settle for one hour in the measuring cylinders
and the total volume of the settled sludge was recorded
in cc or mi.

iv) Bacteriological observations : Samples of raw and
filtered water were collected at the outlets of the filter
units at the end of the seven hours, in the sterilised
bottles. The bacteriological tests were conducted for
these samples to findout the bacteria removal efficien-

cies in the different filter units.

5.6 EXPERIMENTAL STUDY ON THY SINGIE MEDIA FILTER BED.
The comparative study was conducted to find out
Pilot plant performances of the single, dual media and
mixXed media filter units, so as to suggest suitable media
and filter units for small capacity water treatment plants,
The details of the dilot filter units are given
in the figure 5-I. The pilot plant experiments were con-
ducted for three filtration rates ot 5000,7500 and 10000
l/m2/hr. Two single media pilot filter units with fine
sand, and crushed coconut shell mediza were prepared for
this study. Uniform size of each media after sieving thr-
ough 0.4 and 1.2 m sieves was used for each single media
filter bed. The media depth of 75 cm was adopted for each
filter unit. Vater depth of 120 cm was kept on the filter
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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Type_of media. Depth  E.S. = _U.C. _FPorositypj
i) Fine sand. 75 em 0.5 1.50 35.70
ii) Crushed coconut 7% em 0.6 1.45 38. 60
shell,

The results of the pilot plant study are given in
the Tables 5-II1 to 5-VI

5.7 EXPERTIMENTAL STUDY ON THE DUAL MEDIA FILTER
BE]B.

Two pilot duvual media filter units were prepared
for this study. In one unit fine sand and crushed coconut
shell media were used while in the other unit fine sand
and crushed coal were usedl Pilot plant experiments were
conducted for three filter rates of 5000,7500 and 10,000
1/m°/hr. The depths of the media and the effective sizes
and uniformity coefficients of the media are given below.

Type of media. Depth Effective Uniformity
size in m coefficient

s i s r D > 0 G e €W s WP B WP s s s Wt > D D WD s PRI G D s D s P et A et ey i, S P T

i) Fine sand for 5¢ cm. 0.5 1.5
both units.

ii) Crushed coconut 45 cm. 0.9 1.39
shell.

jii) Crushed coal. 45 cm. 0.9 1.42

The results of the pilot plant study are given
in the tables 5-VII to 5-X.
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TABLE 5-III

Pilot plant observations on the single media
filter bed with fine sand media

Filter Bed-T
Rilter run 1 : Rate of filtration : 5000 1/m?/hr.

mr o e e aw mw e ae me aw s o mr o e mw e wm e mm e o e - |
Hou-'Head losses in the single media filter 'Filtered
rs ‘'bed in cn. ‘'water

OFf "o = - e e e e m - - e - e e - —- - 1Turbidi-
Run.? 15 ' 30 ' 45 ' 60 ' 75 ' ty.

- e d o e el e e Ll e L e et e - -
o ' 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 3740 41,0 44.0 0.4

7 40.0 45.0 50.0 53.0 57.0 0.2

W S ean eW RS e B e e MM G M R mm R Ma G A e WP S8 ew @ aw e aw  we A OO

0 6.0 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
Filter Run 3 : Rate of Filtration : 10,000 1/m%/hr.

0 9.0 17.0 25,0 33.0 39,0 -

1 12.0 20.0 28.0 37,0 44.0 0.8
> 19.0 27,0 36.0 44.0 50.0 0.6
3 35,0 44,0 52,0 60.0 65.0 0.4
4 68.0 74.0 83.0 90.0 94.0 0.3
5 86.0 94.0  100.0  105.0  100.0 0.3
6 108.0  114.0  120.0  125.,0  128.0 0.3
7 115.0  137.0  142.0  146.0  150.0 0.3

e P mm CD O s £D 3 G W @3 om e WD @ G Y e wD WD e O Cw €2 o oe e @ oo
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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 1/m°/hr.

v
Hou~, Head loss in the filter bed in cm.  Filter-
TS § = = = = = = m e e e = e = e e = = - - ed water
of ' ' 1 ' ¢ Turbi-
Run., 2 30 ' 45 ' 60 ' 15 4%y,

- e m e e o m - e m e e — = m = — o~ - - - - -
0 2.0 3.0 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 1.0 12.0 14.0 16,0 0.4

6 15.0 16.0 17.0 18.0 20.0 0.3

1 20.0 21.0 23,0 24,0 25.0 0.2

TR mn GE ew Se em ™ e e SE G me e em S e e W AW s A A we  m eus e ame  em o

- EE wm AP A B am s TS eI AR Ge A3 e MR EH A e WS BB M v e Be e GBS  @® e @D

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
Filter run 3 : Rate of filtration : 10,000 1/m2/hr.

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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TABLE 5-V
Sludge removal in the pilot filters.
PiT43 L o o e e e e = = d o - = — - L o e = - -
riT Py Yolume of ehdge removed ' Rate of ! Baurs of
Ngn ' in ml. ' £filtrati~ ' filter rum.
‘ fe = = = = = - - - ' on in '
. . " Z -
R TR e
- e we b e e e e oee e Tem e e e = B S . e e -
1 285 200 5000 T
2 380 350 7500 T
3 420 380 10000 7
TABLE 5~VI

Bacteriological observations (MPN)

- e w8 G em e W SY wm N ST o E Gw SR WE e B S s @ e v em aS ey M em

Filter, Bacteriological observations.' % Removal of

Run. Ve e e G- - = - L~go;i§o§m% _____
b paw , Filter , Filter , Filter ,Filter bed
' water. , bed. , bed. . ved , bed.
! . No.1 y No.2 s 10,1 y No.2
o me s L me e um w8 e et e s ms w8 e me  eme wn  em  rme e wm e s am am e oo
v 2.4 x 104 4600 2400 80, 00 90. 00
2 2.4 x10% 4300 930 82,00 96.00
3 1.4 x 10% 4600 2400 58,20 78,20

C3 EE e an em 3 e GE ew NE em Ge e m B W M M WP eR Wk M OB L0 s B e D

Other Observations : During the pilot plant study
it was specially observed that the head loss development A
in the sand media bed was considerably more as compared to
the coconut shell media of the same sike 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 obdened condition after

6 hours of working.



TABLE 5-~VII
Pilot plant observations on the dual media filt
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er

bed with crushed coconut shell as coarse media.

Filter Bed I
Filter run 1 : Rate of filtration 5000 1/m%/hr.

e d e e e e e e e e e - - - Lo = =
gro—fﬁead losses in the duvsel media filter 'Filter
rs ' bed in cm. _'ed wa-
of ' T T T T TTT T T T T 7T T T T Tiger
Run.' 15 ' 30 ! 45 ! 60 ' 75 ' 105 'Turbidi

1 ' ' ' ' ' Tty
U U (Ut U PN (U U U
0 0.5 1.0 1.5 4.0 T.5 12.0 =
1 0.5 1.0 1.5 4 &5 8.0 13.0 0.6
2 1.0 1.5 2.0 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 2.0 360 6,C .85 14.5 CeH
5 1.5 2.5 3.5 7.0 10.0 15,0 0.4
6 2.0 3.0 4,0 8.0 4.0 17,0 0.4
7 265 3.5 4.5 9,0 13,0 1¢.0 0.4
Filter »un 2 : Rate of filtration T5CO l/mz/hr.

0 0.5 1.0 1.5 4.5 8.0 12.5 -

1 0.5 1.0 2.0 5.0 8.5 13.5 0.8
2 1.0 1.5 2.5 565 3.0 14.0 0.5
3 £.5 2.5 3.0 7.0 10.0 15.0 0.5
4 2,0 2.5 3¢5 8.0 11.0 16.0 0.5
5 2.0 3.0 £.0 9.0 12.0 18.0 0.4
6 2.5 3.5 4.5 2.5 13.0 20,0 0.4
7 360 4.0 5.0 10,0 14,0 22,0 0.4
Filter run 3 : Rate of filtration 10000 l/mz/hr.

0 1.0 2.0 4,0 10.0 18.0 28.0 -

1 2,0 345 5.0 13.5 20.0 31.0 0.8
2 3.0 5.0 6.0 16,0 22.0 23.0 0.6
3 3.5 6.0 7.0 17.0 25,0 %5.0 0.5
4 4.0 7.0 8.0 18,0 24.0 36.0 0.4
5 4.5 T.5 9.0 18.5 25,0 37.0 0.4
6 5.0 8.0 10.0 19.0 26.0 38.0 0.4
1 6.0 9.0 11.0 20.0 27.0 40,0 0.4

e o S 6 5 @@ 0 an P W o3 % gm &0 e 8 B €D D a0 OF oy omo G e

- .- e




Filter run 1

TABLE 5-VIIX

Pilot plant okservations on the dual media filter
bed with crushed Bituminous coal as coarse media.

Filter Bed 11I.
o
: Rate of filtration 5070 1/m"/hr.

5=27

ar v wl e e e e am e mr cw mm e e it o am e e e me e em  wm I S -
Hol ‘hgad losses in the dual medin filter bed in caliirered
N = ,wat?f
By 15§ 300 LT L%, iy
o ' 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 13.0 16.0 0.5

5 2.5 3.5 5.0 9,5 12.5 16,5 0.4

6 3.0 4.5 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
Filter r;n:2 “Rate bf"fil;fétion 7500 1/wl/nee
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 e.5  i2.0  17.0 0.8

3 1.5 4.0 5.0 9.0 5.0 18.0 0.6

4 2.0 3.5 6,0 10.0 150 19,6 0.5

5 3.0 5.0 7.0 12,0 17.0 24,0 0.5

6 3.5 6.0 9.0 13,0  18.0 23,0 C.5

7 4.0 7.0 11.0 15,0  19.0  25.0 0.4
Filter run 3 te of filtration 10,000 1/m/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  27.0  34.0 44,0 0.5

6 10.0 15.0 18,0  29.0  3%6.0  46.0 0.4

7 13,0 17.0  21.0 32,0  38.0  49.0 0.4

€O O &0 oo @B M) oo B ae T S e EP Wn QN ER D OO m e O cm 6D e om i em  em
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TABLE 5-IX
Sludge removal in the pilot filters.
A b e e ot am ms ogp em e e em wm
Filter'Vclume of sludge removal'Rate of ? Hours of
Run ; in ml. 'filtration , filter
No. e YT T T T T Ttin , run.
Filter Filter 1. /s
'No,1 : Mo 2 '11t/sqm/nr. ,
L | = - = = = = L S
1 255 280 5,000 Seven
2 300 325 7,500 Seven
3 380 400 10,000 Seven
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TABLE 5--X
Bacteriological ohservations (¥PK)

- en e ™ em em EW e am em e s e am T e e S L my S0 mm M S e M e A

!
Pilter, Bacterioiogical obserwationg. % Recmoval of

““““ Voo e = 21T o,
W ipay Water | Pilter ! Fiiter ‘e - ~CIRETOTR._
No. i @ T taps ) S
No.1 Hu. 2 Filter ‘Tilter
! ' ! ' el ' iTo.2
s me mr b oe e e e mv lae cn e e e lae em ke e er lm mm oem own e Vem e e we o
1 1.1 x 10t 230 92 97.90 99,20
2 2.4 x10% 1500 11,000 93.75  54.20
3 1,5x% 10° 930 2,400 99,40  98.40

2 = ) e3 S3 &3 e £ &9 6D e) M gy OB OO 3 e e e €3 9 63 oo oD 3 & an G

Other Observations : The development of the head
loss in the dval media filter bed No,1 with the crushed
coconut shell media was conciderably lower then the

filter bed No.2 where crushed coal ves used,

5.8 EXPERIMENTAL STUDY ON TH® MIXED MEDIA FILTER BED.
One pilot mixed media filter unii ws prevarad
for this study. In this unit fine sarnd, fused brick and
crushed coconut shell media were adopted. The pilot
experiments were conducted for three filter rates of
5000,7500 and 10,000 1/n°/hr. The depths of the modia
and the effective sizes and the uniformity coefficients

of the media are given below.
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Media used. Dzpth Iffective Uniformity
in cunm. gize in co-cffici~-
ent.
1) Fine sand 30 0.45 1.3
2) Crushed fused brick. 2Z0 1,00 1.2
3) Crushed coconut shell. 40 1.3 1.15

5.8.1 Design of the Mixed Media Unit :

In the duval media filter units it was observed
that there was no intermixing of the two media and after
back washing, two media were clearly visible with a dist-
inct line of interface betwecen the two media.

In an ideal mixed medis filter bed the filter
redia are designed in sucil a way *hat there is cifective
intermixing of the mediz so that there is no seraration
of media and the conbined media is such that there is
uniform increase of the media size,with finest material
at the bottom and coarsest material at the top., This
aspect is fully discussed in details by Culp and Culp(9).

Even though it is very difficult to achieve the
ideal conditions of a mixed media bed for want of the
availability of proper media, it may be possible to achi-
eve partially effective mixed media beds by selecting
suitable media of different sizes and different
specific gravities for desigrning such mixed media filter
units. The author has therefore, designed the experi-
nental mixed media filter unit with sizes of media as
stated above.

The resvits of the pilot plant study are given

in the Tables 5-XI to 5-XIII.
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TABIE 5-XI

Pilot plant observations on the mixed media
filter bed.

Filter run 1 : Rate of filtration 5000 1/m°/hr

Hou'Head losses in the filter bed in cm. 'Filtered
S 4 = o e e e L e - - - e J-wate?
fa 15 ' 45 . 60 , 75, 90 i 105 ,FYiviT
__t____;____'_____t_____v____t____{.___-
0 1.0 3.0 8.0 1.0 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 16,0 22,0 25.0 28.0 0.2

T 7.0 13.0 18,0 23.0 27.0 30.0 0.2

- - - e -y — e s - —ap — - g - L4 om e e LW s - -~ - g - -

an em @ e e G EE e TR Ly am s M e M aw e T G SN e e a0 ey S am e e O

()
Filter run 3 : Rate of filtration 10,000 1/m“/hr.

- o em a - e M e em oo R s Y @ an e T8 WM Am s ap wn Em wp W &S a3 e Bo

8.0 10.0 21.0 28.0 33,0 38,0 0.5
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TABLE 5-XII
Sludge removal in the pilot filter.

Filter ' Volum of sludge'Rate of filtra- ' Hours of

Run ' removal in 'tion in ' filter run.
No. ' mi. ' 1it/sqm/hr. :
— e = amlee e e we e e e L e e e o em aw e =l e e e e e e
1 300 5,000 7
2 350 7,500 T
3 390 10,000 7

TABLE 5-XIII

Bzeheriological observations (MPN)

- am e W b e e em en ww m e Smp m e B ey T ms e @B @ A% W= em  An A

Pilter, Bacteriological Qbservatlons ' %4 Removal of
Ran ;- -~~~ ~"~- -~y -=-~-===-" '  coliform
No. + Raw water. 'Filtered water. ' during filtra~
] ! ! ion,
____________ O it
1 2.4 x 10% 240 99,0
2 2.4 x 10% 2,400 90,0
3 4.6 x 10% 3,900 99,50

e e om & e m en € EX  CD =0 e =3 OV @ e EX s O @O U @3 63 <y e3 o e oo

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 theilr proper placements. However the crushed coconut
shell media was found at the top with clear interface
line above the other itwo mixed up media.

5.9 DISCUSSION ON THE PILOT PLANT FILTRATION STUDY.
5.9.1 General Comparison :

i) Turbid ity Removal : From the pilot plant

T




5-32
observations given in the earlier paras for the single,
dual and mixed-media filter beds for seven hours of filter
runs, it is seen tlmt for the same rate of filtration the
single media showed better results than the dual and
mixed-media filter units. VW hile the mixed-media bed
showed comparatively better results than the dual media
filter beds.

In the beginning of the filter run single media
bed will show better turbidity removal due to the fine
media of e.s. 9.5 and u.c, 1.5 with 75 cm depth than the
dual and mixed-media beds as the latter two have coarser
media depths above the fine sand media. However this is
only true for the particular media siges and depths
adopted in the pilot filter units. By adopting finer
sizes of the coarse media in the duzl and mixed-media
beds, the turbidity removal may be done equal or even
better than a single media bed, as given in the various
references in the chapter 2.

ii) Head loss developments : From the head loss obser-
vations it is seen that the dual media filter beds show
the lowest head loss éevelopments in both the media as
compared to the single and the mixed-media beds, for the
same rates of filtration and in similar conditions.

Theoretically the mixed media bed should have
shown the lowest head loss among the three, howsver as
explained ju the above observaiicnz, the lower 4wo nedina
were totally mixed up being the low difference in the
specific gravities and as such the actual head loss was

mote than the dual media beds. 1In case of single media
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filter beds, as predicted the head losses were more than
the dual media filter beds. However, it was rather sur-
Prising to note that the head loss developed in the coconut
shell single medin bed was about 50% to 35% of the head
loss developed in the mingle sand media bed. The probable
reasons for these unuswal observations are discussed
latter in this chapter.

Figures 5-I1 to 5-IV showing the head loss develo-
red in the three typies of pilot filter units are enclcosed.
From the Fig. 5-I1 it can be scen that the head loss deve-
lopment in the fine crushed coccnut cshell media was sur-
pPrisingly less than the head lcss develepment in the find
sand media in similar conditions. Tig. 5-I1I shcws the
head loss developments in the Gdual media filter unit with
crushed coconut shell over sand is some what lower than
the head loss developments in the dval media filter unit
with bituminous ccocal cver fine sand in the similar condi-
tions. Fig. 5-IV shoss the head loss developments in the
mixed-media pilot filter unit which are practically
straigat lines paréllel to each other,

iii) Sludge Remowal : From ths sludge volumes colleched
from the washed water after seven hours of orerztiorn, vwhen
the raw water turbidity was adjusted to 20 JTU, it is seen
that the sludge vclumes are fairly coxparable. Theoreti-
cally the sludge volumes should have been near about same
for each rate of filtraticn, considering the raw anrd
filtered water turbidities. However the actual sludge
volume chor some variaticns viz : for the wmte of filtra-

>
ticn of 5000 1/m“/ar the range of sludge volumes wad
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between 250 to 300 ml, while for the rate of filtration
of 7500 1/m%/hr, it was 300 to 350 wl nnd for the rate of
filtration of 10,000 1/m°/hr, the range was 350 to 400 ml.
It is difficult to give theoretical reasons for this
variation in sludge volumes. Hcwever this may be due to
some variations in the artificial raw water turbidity of
20 JTU as prepared for all thesz experiments. As the
canal silt was used to prepare the artificial raw water
turbidity of 20 JTU, it was not as effective as the
natural raw water turbidity and there was necessity for
stirring the turvidity suepensions intermittently. Thus
this variation in sludge remowvel is understandable.

The study of sludge volumes was mele to give sonme
indications of suspension removal efficilency and ©Thls
basic method can be perfected by trying diffsesrent typss of
measured suspension hoads and maintaining the constans
raw water turbidity.

However from the present sludge removal observa-
tions it can be noted that the mixed-media bed showed the
higher sludge removal then the other two, while the single
media beds showed somewhat more sludge removal than the
duval media bed. This may be due to more percentvage of
finer grains in the mixXed media and single media filter
beds . © which is but natural.

One of the interesting observaticnsto note in
this comparative stwdy is that, in both the single and
dval media filter units, the filter units, in which
crushed coconut shell media was used, showed lower sludge

volumes than the other d&imilar units in which sand and
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sand plus coal were used in the single and dual media units.
This special observation may have a direct relation with
the lower head loss developed in the filter units in which
crushed coconut shell media was used, as discussed in the
earlier para. Thus the crushed coconut shell media may
have some special advantages as compared to the sand and
coal media, in the single as well as dual media filter
beds. This aspedt is further discussed in the para 5,9.2.
iv) Bacteriological Observations : From the bacterio-
logical observation it can be seen than bacteria removal
efficiency of all the filter beds is within the range of
90 to 99 % and is seen fairly satisfactory. However dis-
infection has to be done before the supply of water to the
consumers as Per accepted practice.

One of the important observation to be noted in
the bacteriological results of the single and duval media
filter units is that the filter units in which crushed
coconut shell media was used showed better bacteria
removal in both the units. This aspect is further dis-

cussed latter in this chapter.

5.9.2 Special Observations

In addition to the above mentioned general obser-
vations some special observations were made in the study
of single, dual and mixed-media filter beds which are
discussed below.
i) Single media filter units : From the pilot plant
observations on the fine sand and fine coconut shell

media filter units it can be seen that even though the

size and depth of these filter units were same and they
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were run for the identical conditions; the coconut shell
media unit showed number of advantages over the sand media
unit. As already discussed in the above para when the -
turbidity removal is about same for geven hours of run,in
both the filter units, the head loss developed is about ¥2
to ¥3 of the head loss developed in the sand filter unit.
Further the sludge volume was c¢n lower side, while the
bacterial removal is on higher side,

The most important advantages among these may be
the lower head loss develcpment in the coconut shell unit
for the similar other conditions as compared to the sand
mcéia unit as can be scen from the Fig. 5-II, L is
rather surprisiang %o sece that the heid loss develcpment
in the cocorut shell media unit for the filtration rate
of 10,000 l/m2/hr is practically wame after seven hours
of run as compared to the head 1lcse2s {4 O cm) in the dmal
and mixed-media filter unitis. Theoretically the nead
losses should have been in the decreasing mnge in single,
dual and mixed-media filter units, and after continuous
operation of these filter units, the same may be proved.
However the fact that the head loss in the coconut shell
media unit is about ¥3 of that in the sand media urnit for
filter run No.3 is certainly a point of further
investigation.

The reason for this important observation may be
the more Yore space in the coéonut shell media for the
same size as comparcd to the sand redia., Tne author
feels that this is the sigrificant adventage of the

crushed coconut shell media. One of the prcbable reason
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for this special advantage of the coconut shell media may
be the range of natural specific gravity of this materigl
which falls in between 1.35 to 1.45. With this range of
specific gravity of this material, when the media is
Prepared to of a specific mize, this media itself farms a
mixed-up-media, with some fine particles of higher specific
gravity at the bottom and same coarser particles of lower
specific gravity at the upper or at various depths accor-
ding to the individual specific gravities of particles
within the rangcec. Thus the hydraulic gradation which is
distinctly marked in a sand media filter bed, was not
observed in the fine as well as coarser crushed coconut
shell media in a single or dual media filter urnits. This
may be the most probable reason for having more porc
space for the same size media as compared to the sand
media. It is felt that even in the case of bituminous
coal and anthracite media &s the specific gravity of a
particular material from & locsl spot is the same, these
media may also behave similar to a sand media in hydraulic
gradation and thus the coconut shell media may have this
special advantage over all other natural media in use.

With the above mentioned natural advantage of the
crushed coconut shell media it will be very desirable to
adopt single media crushed coconut shell than a sand
media bed in place of a conventional rapid sand filter
unit. The additional advantages of such a coconut shell
single media filter unit will be the lower perceuncage of
wash water quantity and requirement of lower head for

wash water for such a filter unit. It will be further
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desirable to design such a single size dual media filter
unit with 15 cm of fine sand 2nd 69 cm of crushed coconut
shell media of the same size in place cf a single media
20 as to avoid the possibility of any breelkthrough and
advantage of polishing material at the bottom as in a dual
media filter bsd. Such a single size, dual media filter
unit may be cheaper than a dual media filter bed as the
fine material below one mm size of coconut shell ( or
anthracite) can be utilised for such filter bed,; as this
fine material gs otherwise a waste. Further the existing
rapid sand filter unit can be replacsd by such & single
size dual media filter bed, in the same bed, to give
higher filtration rate with better quality of the cfifluent.
ii) Dual media fil%er units ¢ From the observations
of the dual media filter unit, ons with crushed cocoxnuvt
shell over the fine sand and the other with cruched bitu-
minous coal over the fine sand, the performances are of
the same nature. Lveun in these duvual media units, the
filter unit with crushed coconut shell media over fine
sand showed lower head loss developments, for the same
rates of filtration os comparzsd to the other as can be
seen from the Fig, 5-III. Further the veiuvme of gludge
removed is less while the bacterial removel is more in th
the filter unit with crushed coconut shell media cver san
sarmd as compared to the other unit. Thus as already echig-
cussed in the earlier para thers is scre natarael advantarse
of the crushed cocouni shell media over tihe crucsied coal

media as a coarser media in the dual media filter unit.
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In all the three new treatment plants developed in
this study the autihor has adopted the dual media filter
units, with the coarser crusheé coconut shell media over
the fine sand to bring in 40 practice the special alvan-
tages of the crushed coconut shell media in the dual media
high rate filter bede.

iii) Mizxed-media filter uniis : The mixed-melia pilot
plant filter unit in the present study was a puirely
experimental exercise, &s a suitable media of specific
gravity of about 2.0 was not available to introduce in
between the top c¢rushed coconut shell and bottom fine sand
media. The fuzed brick media with specific gravity 2,38
was therefore zadopted as a central media in the experimen-
tal mixed-media unit. As expected the lower two media,
being of similar specific gravities, were secen completely
mnixed~up, and thus loosing adVvantage of the ideal mixgdw
media filter unit.

It is thereforc,one of the important field of
future rescarch to find out arnd to bring Iin to pxactice
the coarser media of specific gravities in between 1.9
to 2.1 so as to design an ideal mixed media filter bed by
introducing such 2 media in between the coarser cocoaut
shell ( sp.gr. 1.4) at the top and fine sand media (sp.
gr. 2,65) at the bottom.

5.10 CONCLUSIONS.

i) The crushed coconut shcll media has shown superi-
or qualities as compared Lo the crushed biluminous coal

Lia

s

media for use as a comarse media in a Al ard mixed-me

filter units for high rate filiratione
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ii) The crushed coconut shell media as adopted for the
first time in the dual media filter beds at Rymtek plant
(1973) showed very satisfactory results and without any
sign of deterioration of this mew media for period of more
than five years of i%s use.
iii) The crushed coconut shell media can be advantage-
ously used in a single media filter in place of fine sand
in a rapid gravity filter bed.
iv) There is urgent need for a search for new filter-
media having specific gravities between 1.9 to 2.1 for
the use in mixed-media filter beds for high rate and

better gquality water filtration.
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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
hmve 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-I was
fabricated in the laboratory to study the various aspects
of the design adopted for Ramtek trecatment 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 pPlants and their experimental observations are

discussed in this chapter.,
6,2 DESIGN OF THE RAMTEK TYPE PILOT PLANT,

The detailed sizes of the Ramtek type pilot

plant are shown in the figure 6-I., The main components
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6-2
are gravel bed prefilter followed by the duval medka
filter bed. The hydraulic design c&lculations 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 floc formation, cleaning of the gravel bed prefil-
ter unit, including the floc and sludge removal from the
top of the gravel bed, and the performance of the dval
media filter bed for the treatment of low turbidity raw
water sources,

The inlets and outlets of 12 m 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 contant flow arrangement was made
as explained in the chapter 4. The alum dosing and nmixing
arrangementswere 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 wall of 30 cm height was provided
above the top of gravel bed to represent the gutter level
for £llowing the settled water to flow on the dual media
filter bed. One 25 mm 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 runnﬁg the p_i]i.vot plant both the units were
first filled with the tap water. The raw water for &ll
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 TLlowing on the
top of the dual media filter bed. The rate of filtration
through the dual media filter bed was controlled at the
outlet end 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 gra¥el bed prefilter can be
noted from the difference in the watcr levels in the pilot
plant and the inlet 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 it was
not reccorded. The head losses at various depths in the
dual media filter bed were observed from the difference
of water levels against the top water level in the bead
through the plastic tubings as explained in the chapter 5.
6.2,3 Turbidity Measurements :

The turbidities of raw, settled and filtered water




~ PHOTOPIATE 6-I

Experimental pilot plant
of the Ramtek type treatment
plant showing the gravel bed
pre-filter and the dual mediag
filter bed. '

The gravel bed pre-filter with sludg
blanket before cleaning. .

The gravel bed after cleaning and fhé;
dual media bed und er backwash g

operation,
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samples were measured after every hour with an Aplab .
turbidimeter. Both head loss and turbidity measurements

vere 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 sluage outlet valve at the ton 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 rcmoved 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% 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

i)
ii)
iii)

iv)

vi)

vii)

viii)

ix)

xi)

xii)

xiii)

xiv)

Hydraulic Design of the Ramtek Type Pilot
Plant :

Gravel bed prefiiter : one unit.
Size of bed = 9.5 x 9.5 = 90.0 cn®
Depth of gravels = 155 cm

Water depth at the top = 90 cm
Total volume of gravel bed = 13,950 ml

Actual volume of water up to the
top of the gravel bed = 6,000 ml

Actual volume of gravels = 7,950 ml
( in wet conditions)

Porosity = 43 %
Number of gravels in the bed = 8,460
Mean dia of the gravels = 1.47 cm

Surface area of the gravels = 5.43 m?
assuming sperical shape.

Loading on the gravel bed = 7,150 1/m2/hr
Flow rate on the bed = 7,150 x 90

100 x 100
= 64.35 1lit/hr
or 1,060 ml ver min.

Volumetric loading on the = 64.35 x 100

- s S B e  ——

gravel bed. 13,950
= 4,600 1/m>/hr
Detention period in the = 6000 x 60
gravel bedo 64.35 X 1000
= 6.0 mino

Dual media filter bed : one unit.
Size of bed = 9.5 x 9.5 = 90.00 cm?

Flow rate on the bed = 64.34 lit/hr,
(same as above)

Surface loading on the bed = 7,150 1/m2/hr,

Depth of coconut shell media = 37 cmn.

6-5
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v) Average size of coconut shell media = 1 to 2 m
vi) Effective size of the media = 0.95 m
vii) Uniformity coefficient of the media = 1.45
viii) Depth of fine sand media = 58 cm.

ix) Effective size of sand = 0.5 m

X) Uniformity coefficient = 1.5

xi) Depth of supporting gravel bed = 20 cm

xii) Underdrain arrangement = perforated nozzle of
PVC type.

xiii) Inlet and outlet pipes = 12 w dia G.I. pipes.

xiv) Control valves = Brass gate valves.
xv) Water depth over the bed = 100 cm .
xvi) Head loss measursing arrangements =

Through 3 m dia perforated probes from the top
of the media at 15,35,45,55,75 and 95 cm .

6.3 EXPERIMENTAL OBSERVATION ;

The purpose of this pilot plant study was to
find out the actual pe¥formance 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 wvarious
stages was alse studied on the pilot plant ags 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 :

In the prefilter of Ramtek plant, gravel sizes of
50 mm to 10 m 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 mere carried out,however only two
sets of observations are given in the Table 6-I for
information. This effect w=s m2inly due to the direct
flow of water through the spaces between the side smooth
perpex sheet and gravels whereas the flow thrcugh the
gravels was negligible. This was clearly seen from the
flow of the floc 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. Sbme
times this may give wrong conclusions from the pilot plant
studies. In the actuval prototype plant the flow is dis-
tributed vniformaly 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-I

Pilot plant observations on Ramtek type treatment
plant,with gravel size between 30 to 10 mn

Filter Run 1

e e e e e e e e e e e e e - e e - - "o e e e - -
Hou~' Head losses in the dual media filter ! Turbidi-
) bed ot varion dovthe [on) o lHenn,
Run.' 15 1 35 . 45, 55 , 75 + 95 "1ed. ‘ered.
niial St il Tt Sl Sl Rl St Sl Rl
0 1.0 1.5 4,0 6.0 8.0 11.0 50 0.6
1 2.0 2.5 5.0 7.0 9.0 13.0 50 0.6
2 3.0 3.5 6.0 8.0 11.0 14,0 50 0.5
3 3.5 5.0 6.0 9.0 13.0 15.0 35 0.5
4 5.0 7.0 7.0 10.0 14.0 15.5 35 0.6
5 5.0 Te5 10.0 12.0 15.0 16.0 35 0.6
6 5.0 8.0 1.0 12.5 15.5 18.0 40 0.5
7 5.0 8.0 12.0 14.0 18.0 20.0 40 0.4

0 0.5 1.0 2.0 4.0 7.0 11.0 50 0.5
1 1.0 2.0 4,0 5.0 8.0 12,0 40 0.5
2 2,0 3.0 6.0 8.0 11.0 14.0 32 0.5
3 2.0 4.5 7.0 9.5 13.0 17.0 35 0.4
4 3.5 6.0 10.0 13,0 17.0 20.0 40 0.4
5 5.0 7.0 11.0 14.0 18.0 21.0 40 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-IT.
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 water
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 :

The bacteriological observations of the raw
settled and filtered water samples were carried out at
the end of day's work. The results of the same are given

in the Table 6-V.
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TABLE 6-II
Pilot plant observations on Ramtek type treatment
plant with average gravel size of 1.47 cm

Filter Run !

- es wn En ae WP ol G an G e o W wr A M an S g P am e AR G e wme W ww e

Hour' Head losses in the dual media filter '"Turbidities
8 of' bed at various depths (cm) '
TUN Lt = = o o e o o e m = = o o= - L
V15, 35 , 45 , 55 , 75 , 95 ,Sebi-Filte-
T e T Ut N K DR O,
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 0.5 2.0 3.0 4.5 7.5 10.0 - -
1 1.0 2.5 3.5 5.0 8.0 1.0 30 0.8
2 145 2.5 4.0 5.5 8.5 12,0 30 0.5
3 2,0 3.0 5.5 7.5 10.5 13.5 30 0.5
4 3.0 5.0 6.5 9.0 11.5 15.0 25 0.4
5 4.0 6.0 10.0 12.5 16.0 19.0 20 0.4
6 4.5 6.5 11.0 13.0 17.0 20,0 20 0.4
1 5.0 7.0 11.5 13.5 18.0 21.0 20 0.4

W e em AR e S G wm W m e a ap ew S Gp R ok AR Wk op WP R G s T ap G e

0 0.5 2.0 3.5 6,0 11,0 14.0 - -

1 1.0 2.5 4.0 7.0 12,0 16.0 20 0.5
2 1.5 3.0 5.5 10.0 14.0 19.5 20 0.5
3 1.5 4.5 7.0 11,0 16.5 21.0 19 0.4
4 2.0 5.5 8.0 12.5 17.5 22.0 18 0.4
5 2.5 6.5 10.0 14.0 20.6 26.0 18 0.4
6 3.0 8.0 1.0 15.5 21.0 27.0 18 0.4
7 4,0 2.0 12,0 17.5 23.5 29.C 18 0.4
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TABLE 6-~III
Turbidity removal

OF Em wn ew W ae e A e e R e S o wp WP S M s S aw e e R @ em ae e e

Filter'_ - _P;ejrga}mgnf _____ '_ _ Eﬂ}tgagxon. _ 5
§3? Raw water' Settled ,% removal, Filtered 7 Removal
' ¥ water , , water .
S T L T2 L S T A L
1 100 - 20.7 79.3 0. 41 20.29
2 100 25.0 75.0 0.50 24.50
3 100 21.3 78.7 0.50 20.80

W wE ar Am Gt AR wn W S an an A e EE G s S e Gn Am s @R e SN s em e o

Average turbidity removal :
1. During pretreatment : 77.66 %
2. During filtration : 21.86 %

TABLE 6~IV
Sludge removed in the pilot plant study.

c.n—.lwt—....—.‘...-.-..—-.—-‘-—-——--.---—-—n--n-

Fil-' Volume of sludge removed in ml. '% of sludge
ter ! _ - 8 ' removal.

Rom T~ J - - " -~- =573~ = "8 ==~ == -
No. '_ Preyfilter, tFilte-iTotal aPretre—tFllter
A t '

"From 'From ' Total':igd '.VOlume :%égf’ ' bed.
‘top 'bottom' ° ! ‘ !
PR AR PUN SO RS SN DO S

1 100 1120 1220 690 1910 63.87 36.13
2 150 1180 1330 720 2050 64.87 35.13
3 210 1140 1350 860 2210 61.10 38.90

- ot o - e st s M G U B s e - > e o s -t - e —— s e Wt S D e e

Aver- 454 1146 1300 756 2057 63.28 36.72
ager

N  ee @ E ME B M M M s e D A GD ED AR S e B AR o A b @ E W wR we e
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TABLE 6~V

Bacteriological observations (MPN)
e e g e e e e e e e e e d e e e e e - -
Fil- Bacteriological observations. '% rempoval of
ter , _ _ _ _ _ _ _ _ __ ! collform by _ _ _
2un ypaw water 8 Settled ,Filtered " Pre treat- Filter
- ! water. ,water. 'ment. ; ed.

R S o L. A S S,

1 1.5 x10° 110 0 92. 66 7.34

2 9.3 x 10° 230 36 75.27 20.86

3 4.6 x10% 2.4 x 10% 750 43.48 54.89

Average reduction in coliform by :

1., Pretrestment : 70.47 %
2. Filtration : 27.70 %

6.4 DISCUSSION ON THE OBSERVATIONS ON THE RAMTEK
TYPE PILOT PLANT STUDY.

6.4.1 Head Loss Observations :

i) Gravel bed prefilter : The head loss in the gravel

bed prefilter was observed from 2 to 3 cm +through out

the runs and hence these are not included in the obser-

vations. At the end of day's run the gravel bed prefilter

was drained for gravity flushing out action when all the

sludge was seen to be completely removeds. To collect all

the sludge the gravel bed prefilter was drained twice

after refilling with water. At the end, backwash was

glven to see if there is any remaining sludge, however

it was observed 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 may be adequate in a prototype plant, when

a full back wash can be given once &4 week, so as to have

effective cleaning of the graveli Heg prefilibter, Such
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procedure has been already followed at the Ramtek and
other treatment plants and was found to be effective.
i1) Dual media fTilter bed : From the headloss obser-—
vations at varicus 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 % of the totzl head losd
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

redia. The head losses in the cand 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 observaticns it
is seen that the settled vater tirbidity was gercrally
below 30 JTU. During the begirning of the plzat fthe
turbidity was slightly more and the rcascn for this may
be the time required for the creation of the floc blanket
in the gravel bed prefilter. This was clearly visible
from the sides of the transparent model. The flexibdble
sludge blanket thus created in between the voids of the
gravels accelerates the flocculation process in the bed
as there is ccntinuous remixing of the floc rarticles
along with the watér flow in the uvpward direction. Taus -
the micro-floc particles created in the mixing channel,
go on increasing progressively duve to the increased
contacts and remixing action in the bed and when the

floc particles come out at the top of the gravel bed

there is svdden drop in the velocity of flow of water due
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to the increased cross section arca and there is a tenden-
cy for settling of the heavier floc 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 Jjust 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 floc particles. The settled
water thus flows above the gutter level to the duval media
filter bed. The comparative observations in the removal
of turbidity loed 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 Bamtek filter is mainly designed for the
treatment of low turbidity raw waters and turbidity of
100 to 500 units may come only for short veriods 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 rrefilter pProvided in the Ramtek
treatment plant design. The results of the prefilter 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 ie 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. TFurther
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. From the results
given in thig table it is seen tlmt the average percen- '
tage of sludge removed from the gravel bed prefilter was
about 63% while the sludge from the dual media filtef
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% of the total




6-16-2
sludge removed from the plant.

This shows that the sludge removed during the
simple pretreatment process of gravel bed prefilter as
provided in the Rgmtek treatment process is quite satis-
factory. From the comparative observations of turbidity
removal as given in the Table 6-III, it is seen tlnt 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
80 as to make it adoptable for the treatment of the
moderate turbid water sources. During the observations
of the perfomance of the Ramtek plant it was noticed
that a portion of the fine floc 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 dval media filter bed.

In order to improve upon this sspect 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 uvp 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. 1In 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 colleeting pipes for giving better settlement effect.
However at Murbad plant this modification was not adopted
and verticol 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 pilet trcatment 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.

1) Size of bed = 9.5 x 10.0 = 95.00 cm?

ii) Depth of gravels = 170 cm

1ii) 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 wet condition)

vii) Porosity = 39% say 40%
viii) Number of gravels in the bed = 10,500




ix)

xi)

xii)

xiii)

1)

ii)

iii)

iv)

vi)
vii)
viii)
ix)
x)

6.6

i

Mean dia of gravels = 1.47 cm.

Loading on the gravel bed = 7,150 1/m2/hr

(as on Ramfek treatment plants
Flow rate on the bed = 7,150 x 95

7100 x 100
= 67.90 1lit/hr.
= 1,130 ml/Min.
Volumetric loading on the = 67.90-x 196

- st A 2 s Tt B LD s W o

gravel bed. 16,150

4200 1/m3/hr.

i}

Detention period in the = 6300 x 60 _
gravel bed. 67.90
= 505 min.

Dual media filter bed : one unit separate.
Size of bed = 9.5 x 10,0 = 95 cm2

Flow rate on the bed = 67.90 1lit/hr.
(same as above)

Surface loading on the bed = 7150 l/mz/hr
Depth of coconut shell media = 37 cm

Average size of the coconut =1 to 2 m
shell media,

Depth of fine sand media = 58 cm .
Effective size of sand = 0.5 mm
Uniformity coefficient = 1.5

Depth of suprorting gravels = 20 cm
Water devth over the bed = 120 cm.

EXPERIMENTAL OBSERVATIONS.

6.1

Even though the Murbad treatment plant is desig-

ned for the loading of 3500 1/m2/hr the pilot plant for

the Murbad type treatment plant was tezted for the

same loading as fOr Ramtek plant for 7150 1/m2/hr, g0 as
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to compare the results of these two pilot plants.

The procedure for the pilot plant study and the
observations, were the same as adopted for the Ramtek
type pilot plant study as discussed earlier in this
chapter.

6.6.1 Head Losa and Turbidity Observations :

Table 6~VI showing the observations carried out
for the three sets of tests conducted for daily sefen
hours operation on the pilot plant are given below.
Table 6~VII showing the removal of the turbidity load

at different stages of the treatment plant is also given.
6.6.2 Sludge Removal at Every Stage :

The sludge load removed from the prefilter and
the dual media filter units is given in the Table

6.6.3 Bacteriological Cbsecrvations

The bacteriological observations of the raw
settled and filtered water samples ware carried out
at the end of day's work. The results 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.

Hou~' Head losses in the dual media filter 'Turbidities.

r; ' bed at various depths (cm) :

0 e e e e o o e e e e e m am e o e mlem e e = e -
SR B35 45 5 0 T8 %5 mal e L
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

T 4.5 6.5 9.0 11.0 14.5 17.5 20 0.4

" am N e e e G g WS G G e SR s @A S E e em A e TS WP @ o ee W & o

e 0.0 1.5 3.0 4.5 7.5 1.0 - -~

1 1.0 2.0 3.5 5.0 8.5 1.5 25 0.5
2 1.5 2.5 4.0 5.5 9.0 12.0 30 0,5
3 2.0 345 4.5 6.0 9.5 12.5 25 0.4
4 2.5 4.0 6.0 8.0 11.0 13.5 25 0.4
5 3.5 5.5 7.5 9.5 12.5 16.0 20 0.4
6 4,0 6.0 8.0 10.0 13.0 17.0 40 0.5
7 4.5 6.5 9.0 11.0 16.0 19,0 70 0.6
Filter Run 3

0 0.0 1.0 2.0 3.0 7.0 9.0 - -

1 0.5 2.0 3¢5 5.0 8.0 10.0 40 0.5
2 1.5 3.0 4.5 6.5 10.5 13.0 35 0.5
3 2.5 4.0 6.0 7.0 1.5 14.0 40 0.4
4 3.5 5.0 T.5 9.0 12.5 15.5 40 0.4
5 4.0 6.0 8.0 10.0 14.5 17.0 35 0.5
6 4.5 6.5 10.0 11.5 15.5 18.5 35 0.5
7 5.0 7.0 10.5 12.5 16.0 19.0 35 0.5

CI e 9 e B SN GB G v rw O W o3 G g SR M e s e e G D AP o o e A e
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TABLE 6-VII

Turbidity removal.

S N S
Filter:? Pretreatment. ! Flltratlon.
Run T ST TSNS TSy - -
No. v Raw Settled , % Remo- 1 Flltered % Removal
v+ water t+ water 1 val. 1 water '
v JTU , dJTU ! v JTU '
- e e = = - X S O
1 100 22.85 T77.15 0.46 22.39
2 100 33,60 66.40 0.50 33.10
3 100 37.14 62.86 0.50 36.64

- em we G EGn AR e en @r EGD ws e G NM ME EE e wr S o e em e e @ Eme e @ e

Average turbidity removal :
1. During pretreatment : 68.80 %
2. During filtration : 30.71 %

TABLE 6-VIII
Sludge Removal in the pilot plant study.

Filter' Volume of sludge removed ' % of sludge
Run ' Jin ml. O _ - . ; . _ removal.
No.  Vprom bott: Filter ! Total | Prefil- ' Filter
,om of gra' bed.  volume. ; ter bed.’ Ded.
]

~ Vel _bed, !

==} --o‘-ulﬂﬁ-“o‘“uud-“-—ic--w

1 1850 465 2315 79.90 20.10
2 .. 1Mo . 950 . 2660 : 64,28 35.72

3 1430 820 2250" . 63455 36.45
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TABLE 6-IX
Bacteriological observations (MFPN)
e e d e e e e e e e e e . - - ey o e e e . = - - -
Filter: Bacteriological observations.' % removal of
Run ! ! coliform by _
b A | Bt e
No. ! Raw water ' Settled 'Filter-} Pretrea-' Filtra-
' ' water. ‘ed wat-} tment. ' tion.
L} ] 'er. 1 ] t
- e d o - - - - e e - = = Jeo o e e - m - - e e = = =
1 4.6 x 10° 230 0 95.00 5.00
2 1.5 x 10° 73 0 51.34 48.66
3 2.4 x 104 2400 0 90.00 10.00

Average reduction in coliform by :

1. Pretreatment : 78.78 %
2. Filtration : 21.22 %

6.7 DISCUSSION ON THE OBSERVATIONS ON THE
MURBAD TYPE PILOT PLANT STUDY.

6.T.1 Gravel Bed Prefilter :

The turbidity observations of the settled water

show the average removal of 69% and the normal settled

water turbidity was in the range of 20 to 35 JTU. As

compared with the results of the Ramtek pilot plant, the

turbidity removal of Ramtek pilot plant was better than

¥hat of the Murbad pilot plant; - The remson for this may

bé the more rediiction in the upward velo¢ity at thé

g@tter level 1ﬁ thé’Bamték ﬁlant as both the units are

cbmbined,'with‘su:face aréaéIOf both the units available

at the'gﬁtter level. While in the case'of4Murbad pilot

Plant two units were separate and only area of prefilter

is available 4t the outlet level at the top.

Hence the

upward velocity is more than that in the Ramtek plant

and hence the turbidity rgmoval ih Mirbad Pilot Plant
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was on the lower side.

It is for this reason tlmt the author preposes 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 Jamnagar in the
Gujrat State, The auvthor feels that the actual turbidity
removal of such a plant with slant side walls may be
considerably improved even for moderate turbid raw water
souress. However it is proposed to design such plants
generally for the surface loading of 5000 1/m2/hr and only
where the raw water turbidity is very low as at Ramtek,
the loading may be adopted upto 7000 l/mz/hr.

Regarding the sludge removal from the prefilter,
the Murbad type pilot plant showed about 70% sludge
reméval, as against 63% in the case of the Ramtek type
prilot 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 stovage 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 actuval gravel
bed of the Murbad plant is not made and hence in the
pilot plant also it was not made.

6.T.2 Dual Media Filter Bed :

The dual media filter bed is similar in both

the Murbad and Ramtek type pilot plants, and hence the
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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 thke 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 T79% 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 os

discussed above.
6.8 GENERATL CONCLUSIONS.

i) | From the'study on‘the Ramtek tyﬁe pilot plant it
is obgerved that sunh a complete treatment unit may be a
possible solution for adopting the de91gn for the small
eapacity water treatment plants for the treatment of low
turbidity water eources.'°"

ii)i'g The gravelvbed prefiltér 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 gravcl bed prefilter, however it is
recommended for economy in the wash water use and general
improvement in the treatment process. It will be specia=-
11y 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 af about 10 to 15 m dia.
may give comparable results.
) 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.

~=000=




CHAPTER 7

DESIGN AND EXPERIMENTAL OBSERVATIONS
OF THE RAMTEK TREATMENT PLANT.

7.1 INTRODUCTION.

Ramtek 1is situated adbout 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. ﬁécently 'Kalidas Smark’ has bzen congtru-
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 is2.4 mld (0.53 mgd) with the
hourly pumping rate of 1,00,000 1it/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 townm,

The Ramtek water supply scheme was undertaken as
a State Government Scheme which was estimated to the
cost of Bs. 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 of
the rectangular scttling tank in the year 1971, was seen
to be 75% higher theh the estimated cost of B. 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 cost of construction of a conventional treatment
plants of 2.40 mld (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 Bs. 1,25,000/-. Table 7~I
showing the tendered costs received for the conventional
treatment plants for the small capacity treatment plants
in the year 1971-72 in the ¥idarbha region along with the
actual cost of construction of Ramtek filter ds enclosed
at the end for ready reférence. From this table it can
be seen that the cost of Ramtek filter was about ¥4 of
the cost of a conventional treatment plant of the same
capacity. ‘

The then Chief Engineer (Public Health) and
Joint Secretary to the Govt. of Maharashtra, has approved
this new design and the author constructed the 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 obgervations on the Ramtek 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 irrigation tank is the source of
the water supply scheme and the raw water is pumpéd from
the canal just down stream of the dam to the treatment
gite. A few results of chemical analysis of the raw
feikv. . 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 it 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 ¢aviier in the chapter 1 of this thesis. The
Ramtek filter is mainly designed to treat this type of

raw water sources.
T.3 THE DESIGN OF THE REMTEK TREATMENT PLANT.

Following units are provided in the design of the
Ramtek treatment plant.
i) Mixing Channel.
ii) Gravel bed prefilter units.

1ii) Dual media filter units.
iv) Disinfection arrangehents.
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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 CHANKNEL.

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 aie 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 desireble
to give proper mixing in the channel and to avoid flood-
ing 2t 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 end side, as shown in the drawing,




7.5 GRAVEL BED PREFILTER UNITS.

Te5e1 Design Aspects :

The plant is devided by the central wall in-to
two compartments. Each compartment has one gravel bed
pPrefilter unit and one dual media filter unit. Both the
Prefilter units are of the same size and dejails for one
unit are given below.

The length and width of each gravel bed is 3.5 m
X 2.0 m, with the depth of 2,0 m upto the top of the wash
water gutter level., At the bottom of the bed, central
M.S. manifold of 300 x 200 mm. size and perforated laterals
of 50 mm G.I.pipes are provided at 20 cm centres on both
the sides of the manifold. The perforations of 6 mm dia
holes are provided at 50 m centre to centre at 90° angle
in the staggered positions at the bottom sides of the
laterals. The manifold ani laterals were fabricated out-
side and were then fixed in the bottom of the beds.
Manifold is fixed in the bottom concrete in such a way
that only 10 cm portionwas kept over the bed, in which
side laterals were fixed by welding collers to the mani-
fold.

Te5.2 Gravel Size and Depth :

The gravels of rounded shape and of 50 mm to 10 mn
size were provided for 1.70 m depth over the bed and
keeping 0.30 m clear space at the top for floc collection
and withdrawal. It was difficult to get the gravels of
uniform size and hence all the gravels were sorted into
four sizes and were then provided as shown in the

drewing K-1.




7.5.3 Floc Draining Arrangements :

At the top of the gravel bed, sludge draining per-
forated pipe assembly is provided. One 75 m dia pipe with
side perforated laterals of 50 m dia and with 10 m dia
perforations were provided at 50 mr centres on the both
sides at the centre fér draining out the sludge collected
at the top by hydrostatic pressure. The outlet valve for
the sludge draining arrangeﬁent'is provided in the control
room of the filter, The filter operator can operate this
valve periodicallyvby visually observing the colour of the
flow of the sludge thrbugh the same. This has to be
operated mainly in the rainy season when the turbidity is
high and so the sludge collectibn is also high at the top
of the gravel bed. '
7f5;4' The Direction of Flow :

- The direction of flow in the gravel bed is upward

and the settled water from the fop~is taken on the dual
media filter bedé Wash water gﬁtters are provided 30 cm
above the gravel bed top, on all the four sides.

Te5.5 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‘odtlet 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.




MIDDIE
Bottom view of the dual
media filter bed showing
- under drainage system and
supporting gravel bed undex
filling operation.

BOTTOM )
Crushed coconut shell media
from bags is being placed
%ndthe dual media filter
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TOP
View of the Rambtek

treatment plant, with
wash water tank at the
1eft from the top of the
hillock.
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7.5.6 Theory Behind the Gravel Bed Prefilter :

The prefilter bed in this unit has béen provided
in place of the conventional flocculation and settling
tank¢ The graded gravel bed acts as an accelerated
flocculation unit in which there is idegl condition for
continuous remixing of the water in the upward directionm.
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 floc particles when reached to the surface of the
bed drop down, when therc is sudden drop in the velocity.
Further at the gutter level there is further sudden drop
in velocity to about 3 m/ hr, and there is further drop
down of the remaining floc in the water flowing in the
upward direction. Thus most of the floc.settles down on
the gravel bed and only the fine floc particles are
carried further on the dual media filter bed.

In order to absorb somewhat higher floc load, as
compared to a clarified water through a convention pre-
treatment works, the filter unit Provided here is of
the dwal media type with a layer of coarse media of

crushed coconut shell at the dop 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 Rgmtek plant may be a new
concept in the field of filtration. Due to this new
concept only, it was possiblc 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.
T.6 DUAL MEDIA FILTER BEDS.,

Tt 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 floc 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 earlier para for .prefilter bved design.
T7.6.2 TFilter 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/mz/hr for the hourly
pumping rate of 1,00,000 lit/hr and the plant capacity of
2.4 mld. The other design details are shown in the

Table 7-1IV.

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 1lit, capacity is provided near
the filter plant for this purpose. The back wash is givan
when either the head losa 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. 604 Rate Contro:].-
The rate of flow through the filter bed is
controlled by a2 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 walves. All the piping is of
cast iron of dia 225 and 250 m¢ 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., 1In addition to
these, verforated pipe probes are provided at various
depths in the filter media as shown in the figure 7-I
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 roomn.

T.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 advantageée in the duval and nmulti-
mcdia 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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8ludge storage capacity in the filter bed itself and
there by distributing the head loss uniformly in the filt-
er bed, Due to this advantage cither the length of the
filter run can be considerably increcased 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 Ramtek 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, &nd there may be some more load of floc 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 "
WPheory 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 5S¢ 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 resfﬁum, or should the efficiency
of flocculation sedimentatio; be deliberately reduced to
make filtration pay a greater part, or can either process

be dispensed with entirely".
1.7 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 the
liquid chlorine is not available or the dosing arrangement

is out of order.
T.8 COST OF THE RAMTEK PLANT.

Actual cost of construction of the Ramtek treat-
ment plant was Rs. 1,25,000/~ which was cmstructed in the

year 1972~73. These works include following main items.

RS. hauhad

i) Construction of filtration

Plant as per drawing K=i. 90,000/~
ii) Construction of masonry wash

water tank of 50,000 1lit.

capacity. 20,000/~
iii) Providing duplicate sets of

wash water pumping sets. 10,000/~
iv) Aqua-pura chlorination

Net Total Bs. . . . . 1,25,000/~
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7.9 APPROACH TO THE EXPERIMENTAL STUDY ON THE
RAMTEK TREATMEWT FLANT.

The purpose of the on-plant experimental study on
the Ramtek treatment plant was to find out the actual per-
formmance of such a new filter unit for the treatment of
low turbidity raw water sources. Further it was also
necessary to find out the actual difficulties faced in
the maintenance of such an unconventional treatment plant
80 as to improve it further.

With the above mentioned purpose all the possible
observations at the filtration rates for 9650 l/mz/hr and
7150 l¢h2/hr, were carried out on the dval 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 1/m2/hr. The remaining flow after diverting the
required flow from the filter bed 1, was diredted through
the dual media filter bed 2.

To get revresentative 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 @mnclude,headloss,turbidity
bacterig removal, wash water use, the general performanced
of the prefilter units and the dual media filter units
with special reference to the new filter melia of crushed
coconut shell, which 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 fun for a filtration
rate of 9650 l/m2/hr for one year period. This filter
bed was then run for the designed rate of 7150 l/m2/hr
for one year and plant observations for both these rates

are given in this chapter.

7.10.1 TUnexpected 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 comditions of the raw water quality.
The Ramsagar tank, the source of water supply, was almost
dry in the month of May 1973. 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-
dition the filter was run at a lower rate of 2000 1/m%/hr.
Both pre and post chlorination was 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
opreration was pumped to the treatment plant. With the
filtration rate of 4500 1/m2/hr it was possible to obtain
effluent of acceptable quality, with turbidity less than
oné unit, This was continued ¥ill theé énd of July 1973

when the tank got replenishmént due +t6 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 paver (27) cbpy of
which is enclosed in the Appendix-D. There after when
the filter beds were tried for higher rate of filtration
of 9650 1/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 m 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 pm 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 parsicles hg
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 fitter 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 Obscrvation :

Trial observations were taken on the modified
filter bed 1, and it was seen that the filter can easily
take desired higher load of 9650 l/mz/hr and hence the
filter bed 1 was operated to the higher rate of filtration
of 9650 1/m2/hr from 1/5/1974 contingously 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/mz/hr continuously and all these observa-
tions are given in this chapter.

7.10.4 Observations for the Filtration Rate of

9650 1/m%/hr for One Year :

In this study the filter bed 1 was run for a
filtration rate of 9650 1/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 1/m’/hr.

i) Observations of Head Igsses at Vgrious 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-I. These probes were made of perforated 12 m dia
G.I. pipe and wrapped by a fine brass mesh of size smaller
than 0.3 m 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 floc 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-I1 shows the development of total head
loss in the filter bed 1 for two typical rumns. The Fig.
T7-III shows the development of head losses in the filter
bed 1 at various depths. The {Fig. 7~IV shows the deve-
lopment of head loss in the two filter media in the dwal

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 gew 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~-ITI.

7.10.5 Observations for the Filtration Rate of 7150 1/m®/hr

In this study the filter bed 1 was operated for
the designed filtration rate of 7150 l/m2/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/m2/hr during this study.

The 8ame precedure was adopted as explained in
the para 7.10.4 for rumning 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

headlossg observatiohs 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 Fig. 7-VII shows the
development of head loss in the two filter media in the

dual media filter bed 1.

T.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 1/m2/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 T7-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
veriod from 4 to 6 hours a day as per actual demand of
water to the town, the floc formed in the gravel bed was
disturbed due to the frequent closings of the filter beds,
The result of this was that some increased floc 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.

T.11.2 BSludge 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 ved. 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 nrin.
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.

T7-11.3 Cleaning of Prefilter :

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 pProvided for the prefilter beds similar to the dval
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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T.11.4 Floc Passing on the Dual Media Filter Beds :

It was observed that some floc 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 floc 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 floc without increasing the head loss in the
bed.

However to reduce the floc 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 iﬁcrease the surface area progre-
gsively 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 gctual performance of these prefilter beds,

7.11.5 Comparison of the Performances of the Pllot 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 tlmt 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 tlmt turbidity
after gravel bed unit was considerably high as compared
to the turbidity after prefilter &t the Ramtek plant.

The probable reasons for this difference in the perfor-
mances are discussed below.

a) 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 comared to the surface area of the
gravel bed., Due to this effect there may be some better
pPerformance 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 40 ~ 26.5, while for
. : e - = o)y
. 1.5
the Ramtek plant the ratio was 11 5_199~ = 550 Thus
2

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 pgrforﬁance of the prototype gravel

Bed prefilter éf Ramfek. o |

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_100

1.5
the Ramtek plant, it was 3,5 X 2 x 100 x 100 _ z500.

- - b AR o G5 -

2

- = 66,70 where as for
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This may also be an important factor for giving better
efficiency of the prototype gravel bed prefilter.

Due t0o the above reasons fhe flow through the
sides may be considerably more due to least resistance in
the pilot plant as compared to the protothpe plant and
therefore the flocculation action is more effective in the

prototype gravel bed prefilter.
T7.11.6 The Headloss in the Prefilter Bed :

The head loss in the prefilter bed at Ramtek 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 mame it as “"pre-filter". As compared to the
conventional pretreatment unit this gravel bed prefilter
is 2 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, depth; size of gravel, washing etc., and any

limitations of the plant capacity in its adoption.
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T.12 PERFORMANCE OF THE DUAL MEDIA FILTER BEDS.

As comparecd to the use of gravel bed prefilter,
the adoption of 2 durl 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 1/m%/hr :

a) Length of filter runs.

As seen from the Table T7-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 awerage 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 thn 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 the filter media at various depths
were made through the perfo}ated probes provided in the
filter bed 1. One such typical observation during the
study for one filter run is showa in the Table 7-VI,while
Fig., 7-II to 7-IV, show the head loss developments in the
filter bed in the different conditions. The Fig. 7-II
shows the head loss development in the filter bed against
the hours of run., The graph shows the uniform increase
in the total head loss in the dvual media filter bed.
The Fig. 7-I1I shows the head loss development at various
depths in the filter bed. The curves show the peculiar
development of head loss in the coconut shell and sand
media. The Fig. 7=~IV shows the typical head loss develo~
Pments in the crushed coconut shell and the fine sand
media. All these graphs show the uniform develcpment of
head loss throughout the dvual media filter bed, and this
may be the main reason for the increase in the length of
the filter runs.
c) Turbidity observations.

Table 7-V shows the turbidity removal efficiency
of the duval media filter bed, even for the higher rate
of filtration. ihe turbidity of the filtered water was
maintained below one unit through out all these filter
runs. It was also observed that with the development
of the head loss the turbidity was also steadily increa-
sing and for the maximum allowable head loss the turbi=-
dity was also just below one unit. This shows that the

filter bed performance was in the optimum condi tion.
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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 the 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 1/m°/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 1/m%/hr.
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a) Length of filter runs.

As séen 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 the average filter ruan 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 observations.

The general head loss observations are given in
the Table 7-VII. The head loss development in the
filter media at various depths as observed through the
verforated pProbes in the filter bed 1 are shown in the
Table 7-VIII for a typical filter run from 6/7/1976 to
13/8/1976., Fig,7- V to 7-VII show the head loss develop~-
ments in the filter bed 1 in the different conditions.
All these graphs show the uniform development of head
loss through out the dual media filter bed as already

discussed in the para T.12.1.

c) Turbid ity observations.

Table 7-VII shw 8 the turbidity removal effici-
ency of the dual media filter bed. It was also observed
that with the development of the head loss the turbidity
was also steadily increasing and for the maximum head
loss the turbidity was also just at one unit. This also
shows that the filter bed ps®formance was in the optimum
condition even for larger filter runs of the filtexr

bed.
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a) Back wash observations.

As shown in the Table 7-VII, the consumption of
the wash water was only 0.7% of the total filtered water
from the filter bed 1. The hard back wash as given to the
filter bed 1 was found quite satisfactory as can be seen
from the initial head losses after washing in the

Table 7-VII.

T.13 MAINTENANCE OBSERVATIONS ON RAMTEX PLANT.

From the plant scale observations as discussed in
this chapter it is seen that the Ramtek filter is giving
very satisfactory performance. Due to the simplicity in
the day to day operation particularly in alum dosing,
filter rate control, back washing and disinfection arran-
gement; one operator with one Chowkidar-cum-labour 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 waghing operations. He maintains
the register for day-to-day observations at the filter
plant. Further he can measure turbidity of raw,settled
and filtered water and collects and sends the water
samples regularly for chemical and bacteriological
analysis. Hé also runs the electrically operated pumps
for filling the back wash tank when required. Due to
all these simplified arrangements provided at the Ramtek
plant the meintenance of the plent is trouble free,
efficient and consid erably cheaper as compared to a

maintenance of a conventional plant of the same capacity.
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T.14 GENERAL CONCLUSIONS.

i) From the actual pilot and plant studies at the
new treatment plant at Ramtek it is observed that such a
gsimplified 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
t0 replace the conventional pretreatment units when

dealing with the raw water of low turbidities.

iii) For rural and small capacity water supply schemes,
when the raw water turbidities are generally low, with
the occasional increase in turbidity upto 500 uanits
during rainy season, slow sand filters without pre--treat-
ment may not be suitable for adoption. The conventional
treatment plants consisting?ﬁechanical mixing, floccula-
tion, settling tank and rapid sand filter may be genera-
11y very costly for such smll capacity treatment plants.
In such situation, Ramtek plant may be a Rroper 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% 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
Prefilters is considered necessary so as to adopt such
simplified treatment plants for higher raw watér

turbidities.

-~000~
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TABLE 7~III.
Bacteriological results of raw settled and
filtered water samples at Ramtek
Period : 22.5.74 to 24.1.77.

MPN of 'MPW of '‘MPN of '% Removal

t

collect ' raw ' settled 'filtered 'Tap lonly from
ion of 'water ' water ' water 'water 'dual media
sample. ! ' 0 ' Ofilter.

- an e wm e Ve o e o e Ve ov o oo e e e e e o Ve o v mll e o - e -
22/5/74 + 180 180 50 0 72.0
1/6/74 + 180 90 30 0 66.5
17/7/74 + 180 30 20 0 33.0
17/8/74 + 180 35 17 0 51.0
13/9/74 + 180 90 %0 0 66.5
11/10/74 + 180 40 25 0 37.5
5/11/74 + 180 90 20 0 78.0
3/12/74 + 180 35 20 0 43,0
2/1/75 + 180 40 14 0 65.0
5/2/75 + 180 30 20 0 33.0
2/4/75 + 180 35 17 0 51.0
9/6/75 + 180 30 20 0 33.0
7/7/715 + 180 20 11 0 45.0
6/8/75 + 180 40 18 0 55.C
30/9/75 + 1800 278 172 0 37.0
18/10/75 + 1800 225 110 0 51.0
22/12/75 110 32 14 0 56.3
11/2/76 141 109 63 0 42.0
11/3/76 221 130 13 0 85.0
13/4/76 + 1800 900 17 0 98.0
18/5/76 300 170 25 0 85.5
31/8/76 + 1800 278 79 0 69.0
21/9/76 900 141 63 0 5545
15/10/76 278 33 14 0 577
22/12/76 + 1800 141 0 0 100.0
24/1 /77 900 221 0 0 100.0
“Notes : 1) Average reduction in MPN in Ffiltration

Tt only = 50 % T

2) + sign shows MPN count more than2180 or 1800
%) Rate of filtration : i) 9650 1/m/hr upto 22.4.76

ii) 7150 1/m2/nr from 22.4.76.
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TABLE 7-IV

Hydraulic Design calculations for the Ramtek
treatment plant.

Design for flow = 1,00,000 1lit/nr.
Flow through each unit = 50,000 lith r.
1. Mixing channel :~ Provided on the two side walls
of the filter unit as shown in the Drawing K-1
Length = 16.00 m Width = 0.64 m.
Approximate detention = One min. from float test.
Bed slope = 20 cm in 16 m , Approx. 1 in 80

Spacing of baffles provided = 16 Nos. at 1 m
centres in staggered
positions.

2e Gravel bed prefilter = 2 units.
Size of each unit = length : 3.5 m
Width : 2.0 m

Depth : 2.0 m upto gutter 1le
level,

Depih of gravels : 1.70 m
Size of gravels : 50 to 40 mm : 60 cm
40 to 30 mm : 40 cm
30 to 20 mm : 40 cm

20 to 10 mm s 30 cm
Surface area : T7.00 e
Surface loading = 7150 1/m2/hr.

Average porosity = 50%

Approx. detention in gravel bed = 7 min.
Velocity of flow at surface of bed = 7.15 m/4r.
Surface area at gugger level = 25.15 m2

Velocity at the gutter level = 1.98 m/hr.




3.
i)

ii)

iii)
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Dual media filter beds = 2 units.
3.5 m
width =2.0m

Size of each unit : Length

depth = 2.0 m upto gutter
leve l.

Surface area = 7.00 m2
Rate of filtration = 7150 1/m*/hr.
Velocity through bed = 7.15 m/Er.
Details of media =
Depth of coconut shell media = 35 cm
Effective size of coconut shell media = 1.45 mm
Uniformity co-efficient of shell media = 1.47
Depth of fine sand below shell = 55 om
Effective size of fine sand = 0.45 mm
Uniformity co-efficient of fine sand = 1.5
Depth of supporting gravel bed below sand = 50 cm
Under drain details :
M.S. Manifold size = 300 mm x 200 mm
Number of laterals = 34 Nos. (17 on each side)
Diameter of laterals = 50 mm G.I. pipes

Perforations for lateral = 5 m @ at 50 mm ¢/c, in
staggered positions.
Total perforation area = 2.38 cm2

Ratio of perforation of filter area = 0.00%4.

«000~
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TABLE 7-V !
; ; i i ion : 9650 1/m/hr
Observations on the Ramtek Filter Bed No.1 Period :25,5.1974 to 30.5.1975. Rate of filtration : o

------ U e e e e e e e em Ve e e e i e e = m e s e e = = =
Filzgate of Starting ! 20 Hours ' 40 Hours 60 Hours. ' 80 Eours : 130 H?urs : 208 Hou{f o
ter,Starting'= = = = = = « - I T N R S N AU SN [ S

Ranjand et pn ten ' onnt mn ' ne ? sn' s’ mn ' me e ‘pp . HL | AT 19T T | HL | RT ‘ST, FT HL ' RD 'ST | FT' HL ' RD ' STIFT
No. .. L , RT ,8T , FT, BL ; RT , 8T, FT, HL , RT ,ST ,FT ' HL . 0L FLD . et AR : ! ' ' P

Oe |waShlng 1 ] ' ' ' ) N I" 4 . . ; oo L ;'m ol
i . T TS PG USSR DU SN DURSI PRI Pt DR U I D - e - =~ ' T Tl

1. ?25.5.74 28 1.5 0.8 0.5 45 1.5 0.8 0.5 63 1,5 0,80.5 76 1.5 0.8 0.6 92 1.5 0.7 0.7 138 1.5 1.0 0.7 170 100 20 4.2
2., 6.8.74 20 112 20 0.7 20 130 20 C.7 Filter-  washed. for visitors. ]
3. 8.8.74 20 140 24 0.7 125 '35 15 0.7 135 100 20 0.8 yashed after 30 hrs. ,

4, 20.8.74 20 80 15 0.5 95 40 10 0.5 168 30 9 0.7 210 10 8.0 0.9 i

5. 18.9.74 20 10 8 0.5 65 10 8 0.5 115 40 10 0.6 160 30 7. 0.7 220 180 20' 1.0

6. 28.10.74 35 50025 0.7 100 450 35 0.7 190 200 18 0.7 227 45 5 0.8 Filter . washed after 50 hrs.

T. 25.11.74 15 45 5.0 0.5 100 20 2 0.5195 15 3 0,6 Tilterse washed for visitors.

8. 17.12.74 20 15 2 0.5 120 13 2 0.6 192 30 3 0.6 228 25 3 0,7

9. 23.1.75 35 25 3 0.5 70 25 5 0.5105 15 2 0.5 130 152 0.5 148 20 2,C 0.5 195 15 2.0 0.7

10. 1.4.75 20 15 2 0.5 41 15 2 0.5 59 15 2 0.5 178 5 2 0.5 96 6 2 0.5 454 15 2.0 0.5 198 10 2 0.6

DATA OBSERVATIOCNS

1. Head losses are given in cms. . Total water filtered through bed No.1 = 59.4 mld.
2. Turbidities are given in J.T.U, 2. Total wash water used = 10 x 50,000 = 5,00,000.
3. Areca of filter bed No.1 = 7.0 sq.m. 3, Percentage of wash water = 0.85 %
4. Total flow through filter bed No.1 =67500 1lit/Hr. 4, Total number of wesh during the year = 10
5 Daily filter run = Between 1 to 6 hours. 5. Total filter run during the year = 880 hours.
6. Notations : given in the above table. 6. Average hours of filter run during the year = 88.

i) Head loss = HL
ii) Raw water turbidity = RT ;
iii) Settled turbidity = ST '
iv) Filtere¢d water turbidity = FT
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Typical results for head losses in the
Ramtek filter bed No.I

For rate 6f filtration : 9550 1/m°/hr.

1

€ e em e o e em e ep e e me am o e M em e ms em ew em e em e s o ee e
Date ! Hours THead losses in filter media at

! of , different depths (cm).

s s B s = T

''run. Y 18 ' 36 ' 54 voT2 1AL '

' ' ' ! ' 'outlet
B e 0 Ut AU o
25/5/74 5 5 8 15 20 28
30/5/74 20 15 22 29 35 45
5/6/74 40 28 39 46 54 63
12/6/74 €0 38 50 6% 70 76
20/5/74 80 48 58 77 86 92
25/6/74 100 57 69 93 102 110
2/7/74 120 69 a8 103 130 138
9/1/74 140 1 94 125 142 149
17/7/74 i60 73 99 131 150 161
27/7/74 180 76 104 136 158 168
5/8/74 200 83 108 138 160 170

— em e s MR T wr e MG ap YR me e ey ee MR N e G e Gl S e S am S s mm e




TABLE 7-VII |

Observations on the Romtek Filter Bed No. I . Period : 22.4.1976 to 1.5.1977l; Rate of
-.-:--_-J‘ -------- L e e - - - e - - 4-—--‘-"———' --——-————-—-’.———-‘- —————
Fil,Date of ' Starting ! 20 Hours ! 40 Hours. 60 Hours ' 80 Hours
ter:wtarting'- —— = = = = - e e = - - - -~ e e = - e e == fo = o o e - o = oy o g = gy = =
Runand' ! . ' ! ! ! ! ! ! ! ! ! 1y t 1 1 1 1 v
No. 'washing ' ' ! ' ' ! ' ' ' ' ! ' ' ' ' ' ' ' !
: '‘HL ,RT * ST * FT 'HL 'RT ' ST ' FT ' HL'RT ' ST 'FD HL , RT , ST , PT , HL , RT , ST , FT
1 ' t ' 1 ! 1 ! 1 t ! ? 1 ' ' ' ' ' ' '

' ! . 1 ! t [ ' [ t [ t 1 '

' ' ) ' . . . . . , . . , . : t ' : ' 'l :
it T TSR SN S _.L__L__!___J_J_J-_!__.L:___'_-i-_'__.'—_.:_;:-n.’—_
1 22.4.76 15 2, 1.5 0.3 30 2 1,5 0.355 .2 1.5 0.3 72 2 1.5 0.3 93 2 1.5 0.3
2. 31.5.76 8 5 2.0 0.3 24 30 2,5 0.350 20 2,0 0.4 80 16 2,0 0,4 116 16 2,0 0.4
3. 6.7.76 10 16 2,0 0.4 26 16 2,0 0.4 48 14 2.0 0.4 70 14 2.0 0.4 90 15 2.0 0.5
4. 14.8.76 9 30 2.5 0.3 30 35%.2.5 0.3 58 40 3,0 0.4 85 40 3,0 0.5 120 150 5.0 0.6
5. 15.9.76 15 40 3.0 0.3 43 40 2.5 0.3 75 20 2,0 0.4 102 20 2.0 0.5 134 10 2.0 0.6
6. 13,1076 12 8 2.0 0.3 35 8 2.0 0.4 70 8 2.0 0.4 100 7 2.0 0.4 128 6 2.0 0.4
7« 10.11.76 15 50 5,0 0.4 4D 14 4,0 0.4 7% 20 2.0 0.4 103 15 2.0 0.5 142 10 2.0 0.5
8, 10.12.76 15 10 1.5 0.3 40 G 1.5 0.3 70 © 4.5 0.4 97 100 5.0 0.5 129 10 1.5 0.5
9. 10.1.77 15 9 1,5 0.4 40 9 1.5 C.4 75 8 1.5 C.4 108 10 1.5 0.5 145 10 1.5 0.5
10. 10.2.77 15 10 1,5 0.3 43 10 1.5 0.5 78 10 1.5 0.4 104 10 1.5 0.5 133 15 1.5 0.5
1. 12,3.77 15 30 3.0 0.3 34 25 3,0 0,3 70 25 2,5 0.4 92 22 2.0 0.4 122 23 2.5 0.5
12, 5.4,77 20 20 2,0 0.3 45 20 2,0 0.372 20 2,0 0.4 798 20 2.0 0.4 128 20 2.0 0.5
. e e = e e = e e e e e = o .60 Hours _ _ _ _ _ _ ZQO_Hpuésj o

. - T DATA
1. 22.4.76 15 2 1.5 0.3170 25 1.5 0,5 210 5 2.0 0.6 ' ;
* 1. Head losses are given in cm 1.
2. 31.5,76 8 5 2.0 0.3 212 16 2.0 0.7 23016 2,0 0.7 g .
6 (Washed water after 180 Hrs.) 2. Turbidities are given in JTU >
3. 6.7.76 10 16 2.0 0.4 1?5 25 2.5 0.6 205 30 2,5 0.7 3., Area of filter bed No.1 = 7.0 ¢
Washed water after 177 Hrs. sq.m.
4. 14.8.76 9 30 2,5 0.3 200 40 3.0 0.7 ) 3.
(Washed water after 132 Hrs.) 4. Tgtal f%og throw_thg .
5. 15.9.76 15 40 3.0 0.3 Washed after a 120 Hrs. filter bed No.1 = 50000 1it/hr.
6. 13.10.76 12 8 2.0 0.3 Vashed after 12€ Hours. 5. Qoily filter run = Between '
7. 10.11.76 15 50 5. ) “tor 125 Hour : |
> 20 5.0 0.4 Washed after 125 Hours. §) Notations given ir the above 2
8. 10,12.,76 15 10 1.5 0.3 205 9 1.5 0.7 table : ,
(We.shed after 132 Hours) ) - 6.
. 1 1) L3 -~ . o N TJT t-. - i) Head loss = H-u
9 ‘o 1.77 15 9 1.5 0.4 Waeshed after 172 Hours, ii) Raw water turbidity = RT
10,10,2,77 15 10 1.5 0.3 VWashed after 125 Hours. - iii) Settled water turbidity = ST
11.12.3.77 15 30 3.0 0.3 194 20 2.0 0.7 iv) Filtered water turbidity = FT
(Washed after 1 Hours
12, 5.4.,77 20 20 2.0 0.3 203 20 2.0 05735 urs)

TR am em ew om s em e e mm = e Lad D @ e e D F3 @ s me W () D o wn 8 GO e @™
-— - e
=

filtration : 7150 1/m%/hr.

- P e e MR m e R e m mm SN e e BB e mm s = me e m3 e Sw am  wm e WA S e =S wm ®e em A am o

Y e o e e e ae m em m wm e e -
' 120 Hours
il i Sl Bl T
)
t t L | t 1
t
! 1 1 [ ]
yHL , RT , ST 4 BT ,
! 1 ? ' 1
L]
t 1 1 ] t
t
] ] t ]
t - e wn -
il 2 2l Rt
130 2 1.5 0.4
170 16 2.0 0.6
143 16 2.0 0.5
182 40 3,0 0.6
200 10 2,0 0.7
200 15 2.0 0.7
202 10 1.5 0.8
186 9 1.5 0.7
205 10 1.5 0.7
200 30 3.0 0.7
175 20 2.0 0.6
185 20 2.0 0.6
OBSERVATIONS
Total water filter through
bed No.1 = 85,00 mld.
Total wash rate used =
12x50,000 = 6,00,000 1it.
Percentage of wash water

used = 0.7 %

Total number of washing
during the year = 12
Totel filter run during
the year = 15€7 hours.
Average hours of fi.ger
run during the year = 140
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TABLE 7-VIII

Typical results for head losses in the
Ramtek filter bed I.
Rate of Filtration : 7150 1/m°/hr :

S me Am m wr TP M g T EE me we e W Gn Y ew  ee e R S e W ey e e e e an e

Date 'Hours ' Head losses in filter media at different

'of fil+ depths (cm)

'ter i T T A% - -
4114 ;rfn; -:_ 18_ _:_ _35 _:_ _Sg _:_ _73 - E outlet,
6.7.76. 0 0 0 1 2 4
6.7.76. 5 2 3 4 5 9
T7.7.76. 10 3 6 7 8 14
9.7.76. 20 4 11 13 17 25
11.7.76. 30 10 18 23 28 37
13.7.76. 40 16 26 31 38 48
15.7.76. 50 21 32 38 49 59
17.7.76. 60 25 39 47 60 69
19.7.76. 70 30 45 55 69 80
21.7.76. 80 36 53 €3 79 90
23.T.76. 90 41 60 T3 89 101
25.7.76. 100 47 . 67 89 100 111
27.7.76. 110 53 75 93 111 123
29.7.76. 120 68 82 101 122 134
1.8.76. 130 81 88 109 132 144
3.8.76. 140 86 94 118 143 159
6.8.76. 150 93 104 130 158 170
8.8.76. 160 98 112 138 168 180
11.8.76. 170 105 122 149 182 194

13.8.76. 180 110 129 158 193 205

- MR e MM AR WS M g om  cw Ee e ~m g TS A AR @D M s s P ey OB an S e MmO
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CHAPTER 8.

PILOT PIANT STUDY POR THE VARANGAON TYPE
TREATMENT PLANT.

8.1 INTRODUC TION.

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 duzl 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-I 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 detailed sizes of the pilot plant are shown
in the figure 8-I. The main components are gravel bed
flocculator, tube settling tank with six number of square
PVC tubes of 50 mm x 50 mm internal size followed by the
duval media filter bed. The hydraulic design calculations
of the pilot plant are given in the para 8.2.6 of this
chapter. It will be seen that the depth of these units
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are adopted nearly to the actual depths of the Varangaon
treatment plant so ags to get the comparable results of
these plants. Perpex sheet pilot plant units were
fabricated in the laboratory so as to observe the actual
floc formation, cleaning of the gravel bed unit,sludge
blanket action in the tube settling tank, the removal of
settled sludge and the performance of the dual media
filter bed for the treatment of clarified water after the
high rate pretreatment by gravel bed flocculator and tube
settling tank.

The inlets and the outlets of 12 mm dia G.I.pipes
and fittings were provided with brass gate valves to
adjust the required flows through the pilot plant. The
constant flow arrangement and the alum dosing and mixing
arrangements were provided as explained in the chapter 4.
At the outlet end of the dual media filter bed a rota-
meter was fixed to control the rate of fiow. At the
bottom of the gravel bed flocculator and the tube settling
tank sludge outlets were provided to drain out the sludge
by hydrostatic pressure after desired period. At the top
of the dual média filter bed one inlet connection was
provided to introduce settled water from the tube
gsettling tank. One 25 mm dia wash out valve was provided
at 60 cm above the top of the dual media filter bed for
taking out the wash water to drain., Figure 8- showing
the pilot plant and other details is enclcsed in this
chapter.




[ PHOTOPLATE 8-I

Pilot plant for the Varangaon }
type treatment plant showing gravel

bed flocculator, tube settler and

dual media filter bed with headloss
{ measuring arrangement,
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B.2.1 Pilot Plant Operation :

Before running the pilot plant all the units were
first filled with the tap water. The required raw water
flow to the pilot plant of 100 JTU was adjusted through
a constant volume tank to the mixing chamber, along with
the alum dose as explained in the chapter 4.

The raw water after mixing with the alum dose was
introdwuced at the top of the gravel bed flocculator unit.
The flow in the gravel bed flocculator was in the down-
ward direction and thewater from the bottom of the gravel
bed flocculator was introduced at the bottom of the tube
settling tank at about 15 cm above the top of the hopper.
The settled water from the top of the tube settling tank
was then introduced on the top of the dual media filter
bed. The rate of filtration from the dual media filter
bed was controllel at the outlet end by the gate valve with
the help of a rotameter, connected by a plastic tubing.
8.2.2 Head Loss Measurements :

The head loss in the gravel bed flocculator was
noted from the difference in water levels on the top of
gravel bed flocculator and the tube settling tank. The
head losses at various depths in the dual media filter
bed were observed from the difference of water levels
against the top water level in the bed through the plastic
tubing as explaired in the chapter 5.

8.2.3 Turbidity Measurements :

The turbidities of raw, settled and filtered
water samples were measured after every hour with an

Aplab turbidimeter. Both head loss and turbidity 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 floc 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=5

Cleaning of the Dual Media Filter Bed and
Measurement of sludge volume :

For cleaning the dual media filter unit the

inlet and out valves were closed, the back washing

valve was opened so as to give about 30% expansion of the

filter media. The washing and the sludge measurement

process was adopted as explained in the chapter 5 of

this thesis.

8.2.6
2)

i)
ii)
iii)
iv)
v)
vi)

vii)

viii)

ix)

xi)

xii)

xiii)

xiv)

XV)

Hydraulic Design of the Pilot Plant :
Gravel bed flocculator -~ one unit.
Size of bed = 9.5 cm x 10 cm

Surface area of bed = 95 cm2
Depth of gravel = 216 cmn,
Water depth at top = 10 cm.
Total volume of gravel bed = 20,520 ml.

Actual volume of water upto = 8000 ml
top of gravel bed.

Actual Vol. of gravels = 12520 ml
(in wet condition)

Poroseity = 39% say 40%.

of
Number/gravels in the bed = 13350
Mean dia of the gravels = 1.47 cm.

Surface area of the gravels = 13350 x 4 x II x r
assuming spherical shape. 91,100 cm2

Flow rate on the bed = 96 lit/hr.
Loading on the gravel bed = 10,000 l/mz/hr.

Volumetric loading on = 96 x 106
th bed. = TOTLCLoLTT
e gravel bed 20,520
= 4700 1/w’/hr.
Detention period in the = 8000 x 60
gravel bed. . 96,000

]
(8]
B
ur
3
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vii)

vii)
viii)

ix)

xi)
xii)
xiii)

xiv)

Tube settling tank one unit.

Size of bed = 16 cm x 10 cm.

Number of rigid PVC square tubes = 6
Internal size of tubes = 48 x 48 m.

Total cross sectional area of=140 cm2

tubes.
Flow rate in the plant = 96 lit/hr.
Actual loading on tube = 96 x 10,000

- S G D ey S e s S e W

surface area. 140
= 6850 1/m°/hr

Detention period in the tube = 23.5 min.
settler unit.

Dual media filter bed = one unit.

Size of bed = 9.5 cm x 10 cm.

Surface area of bed = 95 cmz.

Flow rate on bed = 96 1lit/hr.

Surface loading on the bed = 10,000 l/m2/hr
Depth of coconut shell media = 40 cm.

Average size of coconut skeil =1 to 2 m
media.

Effective size of the media = 0.95 m
Uniformity coefficient of media = 1.45
Depth of sand bed = 50 cm.

Effective size of sand = 0.5 m
Uniformity coefficient of sand = 1.5

Depth of supporting = 15 cm
gravel bef. '

Underdrain arrangement = perforated nozzles of

PVC type.

Inlets and outlet pipes = 12 mn dia G.I. pipes.

Control 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
pPlant 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 piiot 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 éverage runs are

given in the Table 8-I.
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TABLE 8-I

Pilot plant observations on the Varangaon type
treatment plant.

Filter Run No.1

- wE mn e M e Eme SE G G Ar TR Ge e M fe AR e, SR @ am Gw @0 S an TR s W o

Hours! Head losses in dual media filter bed ' Turbidities
of t AT various. dcepths (cm) ~ '
Tt Sl ittt Rt el Fodbul Bt
P 15, 30,45 , 60 , 75 , 90 getE- filL-
- e ol o wle e el m el e e mle ke D e o e e e = e
0 1.0 2.0 4.0 6.0 8.5 10.5 - -
1 2.0 3.0 5.0 7.0 10,0 12,0 15 0.8
2 2.0 3.0 6.0 8.0 12.0 15.0 14 0.4
3 2.5 3.5 6.5 9.0 12.5 15.5 15 0.4
4 3.0 4.0 7.0 10.0 13.0 16.0 15 0.4
5 3.5 5.5 9.0 12.0 15.5 18.0 10 0.3
6 3.5 6.0 10.0 14.0 17.0 18.5 8 0.3
7 4.0 6.0 10.0 14.0 17.0 19.5 8 0.3

S8 wm e mm e as A B wpy AT B em TEm em s e T ap e B % am @e e ew  Sm ew e e

0 1.0 2.0 4.0 6.0 9.0 11.0 - -

1 1.5 2.5 4.5 7.5 10.0 12.0 20 0.8
2 2.0 3.0 5.5 8.5 11.0 13.0 15 0.8
3 3.0 4.5 7.7 10.5 13.0 17.0 10 0.7
4 3.5 5.0 8.0 11.0 14.0 17.0 10 0.7
5 4,0 5.5 9.5 13.0 17.0 18.0 7 0.5
6 4.5 6.0 10.0 14.0 17.5 18.5 8 0.5
T 5.0 7.0 11.0  14.5 18.5 19.5 7 0.5
Filter Run No.3

0 1.0 2,0 4,0 7.0 9.0 11.0 - -

I -~ on O B W NN




TABLE 8~II
Turbidity removal.
-“—8-——-‘---——-—----'- ~~~~~~~~~~
Filter, Pretreatment ' Filtration
Run 4 == = - 7 = = = - g = = = e ym = m -y - - - -
No. ' Raw Settled ,Removal %, Filter ,%removal
' water water water
e S S UV N
JTU JTU JTU
1 100 12.2 87.8 0.41 11.79
2 100 12.3 87.7 0.64 11.66

3 100 17.6 82.4 0.37 17.23

- en e e EmE AR W e N s R e E G SR e e e e aw B as an Ep 4T s @ e o

Average tﬁrbidity'removal :
1) During pretreatment : 85.95 %
2) During filtration : 13.56 %

8.3.2 Sludge Load Removed at Every Stage :

The sludge in the pretreator and tube settler
units was removed by gravity desludging operation and
the sludge in the wash water was collected carefully
and was 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 water collected in the buokets and was measured in
the same procedure as given in the chapter 5. Table 8-III
shows the actual sludge collected from the three units
along with the percentage removal of Hhe same. |
8.3.3 Bacteriological Observations :

The bacteriological observations of the raw,
settled and filtered water samples were carried out at
the end of day's work. The results of the same are

given in the Table 8-IV. .
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TABLE 8~III
Sludge removed in the pilot plant.

Fil-' Volume of sludge removed ' Percentage of
ter ! in ml ' gludge removal
Run "= = - = 1 ¢ o e el e e mfs o L Dl Ch -2l - o - '

No, !'Gravel !'Tube tFilter'Total ‘'Gravel 'Tube 'Filter
' bed. ‘'settler' bed ‘'sludge ' bed 'sett- 'bed !

' ? ) ? ! ller. 1
T e e e T
1. 1255 1640 585 3480 36.0 47.0 17.0
2. 1300 1640 450 3390 38.5 48.5 13.0

3. 1415 1940 755 4110 34.5 47.5 18.0

- em e M wmr e W BE G W G e M e AR Gm Ge e e s o an Emr em S e e

Aver-
B8¢ 4323 1740 530 3660 36.0 48.0 16.0
TABLE 8-IV
Bacteriological observations (MPN
R U S e e e = e e = -
Filter' Bacteriological observation. '% Removal of
Run ! ' coliform.
No. - - - =~ ¥ - -~ - = T Tttt Ty =
. Raw , Settled , Filtered Pretrea- Filtra=-
, water  water , water. tment tion.
o e F o e e o T v = e o v e e e = = = - + - - - -
1 1.4 x10% 4.6 x10% 4.6 x 103 58.0 Nil
2 1.1 x 10% 4.3 z 102 36 96.0 3.6
3 460 150 36 67.5 25.0
Average reduction in coliform by :
1. Pretreatment : T4 %
2. Filtration : 14 %
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 8lightly 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
S0 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:? 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 floc 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 floc
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 floc size got increased
progressively and when the floc enters at the bottom of
the tube settling tank, most of the floc was in settlable
condition,

Ap a suspended sludge blanket was formed below
the tube settler, the portion of the incoming finer floc
particles got in contact with the sludge blanket and
heavier floc 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
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tubes, which were provided at 60° angle, for giving more

effecfive actioﬁ'and to facilitate heavier sludge to flow
down due to the“gravitational forces of heavier floc.

The comparative observations in the removal of
turbidity loa%£are given in the statement No. 8~II. From
this statement/is seen tlmt the turbidity load removed
during the pretreatment was about 86 % 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 hhere 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 floc 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 1it/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. From 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 dval 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 remowval 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 :

From the bacteriological observations as given
in the Table 8-1IV 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 flocculatorband tube settler was
found quite satisfactory in the removal of coliform load

in the raw water.
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8.5 GENERAL CONCILUSIONS.

i) Gravel bed floccﬁlation 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 10 to 15 m 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 FPVC
square tubes of size 50 x 50 mm opening gives satisfactory
rerformance 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 @s 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/m2/hr after the pretreatment with gravel bed

flocculation and tube settling tank.

~000~-




CHAPTER 9

DESIGN AND EXPERIMENTAL OBSERVATIONS ON
VARANGAON TREATMERT PILANT.

9.1 INTRODUCTION.

The Regional Rural Water Supply scheme for five
villages near Varangaon was sanctioned for the estimated
cost of Rs. 41,110,400/~ 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 schene
is designed for the daily water supvly of 4.20 mld to
be supplied in 18 hours in the ultimate stage. The
source of water supply 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 cf
mixing channel, two units of rectangular settling tanks
with sixteen hoppers, and six units of pressure filters
were proposed in the:sanctioned'scheﬁe. The turbidity
of raw water from the Tapi river source is -gcnerzlly

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 Bs. 6,50,000/~. The actual
cost of construction for a conventional plant of this
capacity would have been above k. 8,00,000/~, Table

9-I 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 . 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 rums
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-III.

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 supnly schemes

in the Maharashtra State.
9.3 TEE NEW APPROACH.

The new design adopted for this treatment plant
includes baffle mixing channel, gravel bed floccﬁlatozs,
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 glum 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 1it. 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 situsted 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.

1i) 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~-1V. 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.
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Gide 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 DIAGRAM OF VARANGAON TREATKRENT PLANT

Cross section through the various
units of the plant.




9.5 BAFFLE MIXING CIANNEL.

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 ceﬁtres in the staggered posi-
tions to accelerate the mixing action, The approximate
detention in the mixing channel is one minute and & 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 dia  worc fixed
in the verticz2l positions in place of baffles in the
bed concrete in the stagged positions.

The alvm dosing tank is provided just near the
inlet pipe and the alum dose 1is 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 instantangous chemical reaction of the

alum solution with the incoming water.
9.6 GRAVEL BED FLOCCUILATION UNITS.

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 &¢ mm to 20 mm sizes have been
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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 1/m2/hr while the
detention time cowmsidering 40% voids is about 6 min.

The volumetric loading on the gravel bed is 4000 1/n?/hr.

At the bottom of the chamber, hoprpers 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 cleancd with the raw water by gravity flushing out
action in the bed for abcut 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 tbe settling tanks.

Gravity flushing out action of the gravel bed is
considercd 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. Buitable 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.
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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 metrec below the F.S.L. in the tanks. The FVC
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
about 6600 l/m2/hr, while the total detention period in
the tube settling tanks is about 35 minutes.

The raw water after passing through the gravel
bed is introduced through four numbers of 150 mm dia
verforated 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.

9.8 DUAL MEDIA FILTER BEDS.
There are three units of dual media filter beds

of size 4 m x 2.2 m ecach. The filter beds are designed
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for the filtration rate of 6600 l/mz/hr. However the
plant observations given in Table 9~V are based only
on two filter beds, when run at 2 higher filtration rate
of 10,000 1/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 pives 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 ®ectangular
weir, g0 as to mix effectively in the filtered water
before flowing to the pure water sump. All these
arrangements are provided in the control room. 1In

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 minutesto clean the beds.
A wash water tank of 75000 1lit. cepacity 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 OF THE PIANT.

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. sitructure for the wash
water tanks. The work was got constructed through the
local contractor by employing local labours.

i) Fabrication of Tube-=Modules
A speccial mention has to be made about the

fabrication of the tmbe modules which were adopted
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View of the bottom of
the gravel bed floccu-
lator showing suvporting
Perforated frame for
gravels and sludge with=
drawal pipes below the
frame. .

LEFT : Tube settler
module.

RIGHT : Tube modules
under instell-
ation in the
settling tank
unit.

View ¢of the
Tube settling tank units
from the gravel bed flo-
cculator side showing
operating rods,mixing
channel and central coll-
ecting channel.
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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 suprlied 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 Bs. 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 auvgmentation 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
rlant observations for nine filter runs,lregarding 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 1/m?/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 2all
the three filter beds were put into operation for the
filtration rate of 6600 1/m2/hr for the period from
17.10.77 to 2.2.78 and when all the three filter beds

were washed 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 cach, 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~VIIT it
will be seen that this new plant has given very satis-
factory results.

i) Turbidity Observations :

Maximum turbidity was seen 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 ard 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 1/m?/hr for the period 5.9.77 to 17.10.77 and the
results of which arc given in the Table 9-VI. From
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, as 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 subsgquently the lengthsof such filter
runs were also found reduced from the normal length of
runs. From the second stage observations as given in %k
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 %11 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 werc washed sceparately on the
alternate day each acéording to serial oxder. The
average filter run of each filter was kept about 48 %o

50 hours.
9.11 PERFORMANCE OF THE GRAVEL BED FIOCCULATORS.

The gravel bed unit in the Varangaon plant is
adopted as a flocculation unit when the flow is in the
downward dirgction. The floc 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 arce 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. From 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. BRaw water from the mixing
channel can be taken on the bed without alum dose for
clecaning of the beds adeguately.

ii) Back Vash :

From fhe actval 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 hgve 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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PVC square tubes at 60° angle, the floc particles get
further consolidated due to.the large surface area of
the tubes and the heavy floc 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 floc particles flowing in the down
ward direction . and the new floc 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 verticecl
flow slvdge blanket tank.

Due to the accelerated action of the removal of
the floc particles in the tube scittling tanks the surface
loading can be adopted in much higher range of 6000 to
15000 1/m2/hr through the tmbe opening area. The sur-
face loading adopted at Varangaon is about 6600 l/mz/hr
as against the normal surface loading of 750 l/m2/hr as
adopted for a conventional rectangular settliing 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/mz/hr. However the performance of these
filter beds was found very satisfactory even at a
much higher rate of 10,000 1/m?/hr as given in the

Table 9-VI 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 gquality 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. From
these plant observations it can be scen that the dual
media filter beds can be safely designed for the high
filtration rate up to 10,000 l/mz/hr after the pretreat-
ment consistingtéravel bed flocculators and tube
settling tanks.ﬂ

The plant performance for the 11T stage obser-
vations are given in the Table 9~VIII - when all the
three filter beds were run at a designed filtration
rate of 6600 1/m2/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.
From the Table 9-VIII 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 raté operation are clearly seen from the
plant observations as given in the Table 9~VIII. The
minjimum and maximum}head loss and turbidity observed

during the declining rate operation wereé obscrved
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lower as compared to the observations in the Table
9-VII, when all the three filter beds were run at the
same rate of 6600 l/mz/hr but were washed on the same
dates. Therefore the filter beds are proposed to be
run on the dec;ining rate principle as stated above
during the normal run of the plant.

The author has explained all these design and
performance aspects of such duval media filter beds in
chapter 7 for Ramtek filter and hence the duplication of

the same is avoided in this chapter.
9.14 MAINTENAWCE OBSERVATIONS.

From the plant scale observations as discussed
in this chapter it is seen tlmnt 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
S5.5.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-
genents 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.

From the actual plant scale results of this
nevw Varangaon treatment plant, it is observed that the
new techniques adopted in this nlant 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 thec 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 verformance for higher filtration
rates upto 10,000 1/m2/hr after the pretreatment
with gravel bed flocculation and tube settling tank.




9~18
iv) The reduction in capital cost by adoption of
the Varéngaon type treatment plant may be more than
50% as comparcd to the costs of the conventional

plants of the same capacity.

-000~
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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 mld.

1. Mixing channel : Provided on the two sides of the
tube setfling tank a8 shown in the drawing K-2

Iength = 20 m.

Width = 0.75 nm.

Approximate detention period = One minute.

Bed slope = 20 cm

spacing of baffles = at One min. centres in
staggered positions,

2. Gravel bed flocculators = Two units.
Size of each unit =3 x %3 x 3 m.

Depth = 2.50 m of gravel.

Surface area of each bed = 9 m2

Surface loading = 1,75,000 _ 9700 1/m2/hr.
2x9
Volumetric loading =__lLZ§£999___; = 3900 1/m3/hr.

2x3x3x 25
say = 4000 1/m’/hr.

Size of gravels used = 50 to 20 m size,rounded
‘gravel from bottom to top.
Average porosity = 40%
Approximate detention period =
2 x3x3x2,5x 60
1,75,000
Inlet pipes = provide 4 Nos. 1Q0m dia pipes.

Outlet arrangements = Provide 4 Nos. of 150 m dia
C.I.pipes with bottom perforation 25m dia at 10 cm c/c/

for uniform distribution of flow.
Contd..
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Sludge removal = Provide four hoppers at the
bottom and 100 m dia. siudge removal pides with valves
and 200 m dia. outlet for gravity draining and giving back
wash with sluice valves.
3. Tube settling tanks = Two units.

size of each unit = 3 m x 6 m,

Depth = 3 m over hopper top

2 each.,

Surface area = 18 m
Considering 50 x 50 m size square tubes, and tube
thickness as 1.5 m. The effective area available of per
sq.m. of tank area considering side support reduction in

effective area T5%.

Effective open tube area = 2 x 18 x 0.75
= 27 sq.m.

L 3 L}
. -

. « Rate flow through the tube per min.

= 1,75,000  _ 108 say 110 1/m%/min.

60 x 217 sr 6600 1/m?hr
(2.3 gall/ft2/min.)

Actual number of tubes per sq.m. considering
side support = 300 Nos.

* Number of tubes of 0.6 m length each
=2 x 18 x 300
= 10,800 Nos.

Length of tubes considering = 10,800 x 0.6
0.6 m length each. = 6480 m

« + Number of 3 m. length tubes = 6480 _ ,, ¢,

Contd..




600 angle below one metre of F.S.L, in the

in the

slopes

of 0.6

cluice
in the

4.

9-26

Detention period in the tanis
=2x3x6x3 =2

- . ,
X 3 x 6 x D.6 X

O - W g 009 T w0 2 728

175
= 18855 2 100.5 = 0,58 nue
V75 175 = 335 pinutes.,

« « Provide PVC tubes about 10,800 numbers at ~
tank as shown
drawing K~2. Siuvdge withdrawal arrangements
Provide four hoppers of 3 x 3 m. size and 45°
at bottom with central sludge collection pits

x 0.6 m.,

Provide 100 m dia. sludge withdrawal pincs with

valves on the outside in drain chembers as chowmn
drawing.
Dual media filter beds = Three unisvs.
Size of each bed = 4 x 2.2 m.
Area of bed = 8.8 m2
Rate of filtration = 1,75,000 _ ¢cn0 l/mz/br
3 x 8,8
Rate of filtration when only
two beds are in operation = 1,75,000
2 x 8.8

= 10,000 1/m%/hr.
i) Media details.
Depth of crushed coconut shell media = 40 cm.

Average size of coconut ghell media 1 to 2 m size,

Effective size of coconut sh2ll media 0.95 mm

Uniformity coefficient = 1.45

Contd..
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Depth of fine sand media = 50 cm
Effective size of fine sand = C.50 m
Uniformity efficient = 1.5

Depth of supporting gravel bed = 50 cms.

ii) Under drain details.
Manifold size = 275 m dia. M.S. pipe.
Dia of laterals = 60 m dia. PVC

Number of laterals = 88 Nos. provided at 20 cm

c/c on bothk sides.

Perforaticns for the laterals = € mp dia holes at

Total perforations area = 400 sc.cms.
Ratio of perforated and bed area = 0,045,
iii) Back wash tank.

Rate of back wash = 7000 l/mz/min. approx.

(for 30% to 40% ( or 15 galls/sq.ft./min.)
exyansion

Capacity of backwash tank = 75000 1lit to give
a back wash for 10
to 12 min.

The back wash tank is provided on the top of
the control room.

-000-
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TABLE-9-VI

Varangaon Treatment

Ii
|
'plant, from 5/9/1977

- o« om um
e» wn eam e e as
e m wx o e me e am e
s Ew  en @ ™ ew B eD e s
S - e

€D CH e e BB S® m se Be ew awe

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

*

QO ~J o Ul W N -

9.

30
30 37
28 40

First Day

1
HL * RT

L 4

1

| |

P |
36 2000
85 300
80 1000
107 100
27 100
80 60
32 £0
35 1500
33 100
Fifth Day
96 300
170 100
204 90
138 25
185 55

- s e -
- - e en e Am en e - me ee rw e
S wm e e owe

1
|
! Second Day
le e e e e e e W
1 ! ' t 0 '
' t t . 1 t
t

‘T * HL ' RT ' ST' PO
! ! ! 1 1

! '
ST
S U U
15 76 1500 00 0.5
16 87 250 10 §.5
18 176 800 40 1.0
16 153 100 8 0.5
16 64 95 8 0.5
20 100 60 18 0.5
16 40 55 10 0.5

]
15 57 800 16 C.5
15 48 €4 910 0.5
Sixth Dav

45 207 60 8 0.5
45 190 100 10 0.5
48 200 50 10 0.5

Third Day \
- e gy [
. ' ] 1 1 1
: ' 1 1 t 1
TH, HL , RT ' ST' FT TH!' ?L '
} 1' t ! ] ? H
' ' ' ' ' ! ! '
1 1 1 ] 1
__'____'____ L PR DU I _ .
23 84 1000 10 0.5 30 86
23 89 150 10 0.5 30 160
27 193 800 25 1.0 36 205
|24 200 100 8 0.6 =~ -
24 110 80 8 0.5 33 162
}27 140 50 18 0.5 35 207
|22 190 1500 20 0.5 30 200
22 67 250 10 0.5 20 108
23 85 64 10 0.5 32 128
General Data
.1, Head losses are given in cm
2. Turbidities are given in JTU

Avan of each filter bed = 8.0

Dajly filter run between
8 to 10 hours.

Notations given in the above
table are : |

a) Total hours of run = THE
b) Head loss = HL !
¢) Raw water Turbidity = Rﬂ

Settled water turbidity =ST

Filtered water |
turbidity = FT. }
f

a)
e)

_.- — -

2000
250

...4-._.—_—_———————————_———-

0.5
0.5

3¢
~

0.5
0.5

— eme s S e e v e M e e Y S e ow

Gu

Flow Data,

Total flow 1,75,000 lit/hr

Surface loading on gravel 5
bed flocculator 9700 1/m“/hr.

Surface loading on tube sett-
ling tank = 60001/m2/hr

Rate of filtration on two
dual media beds.
10,000 1/m°/hr.

Average filter run during
the period 40 hours.

- e am e A & .m W mv e
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TABLE 9-VII |

' ' ' Observations on Varangaon Treatment Plant from 17/10/1977 to 2/2/1978. \
Fil'Date of 'Star!' First Day 7 7 "second Day | Taird Day ' Fourth Day ., Fifth Day
ter'starting'ting'= = = - = = = = - <« = et i el e N i B o A TR B R BT -
run'and 'head ' ' ' ' ' ' ' ' ' v ' ! ' ' ! ' ' ' ' ' '
No.'washing 'loss'TH ' HL ' RT'ST ' FT '™H 'HL ' RT ' ST ' Fl ! TH | HL, RT ,ST, FT | TH , HL , RT |ST , FT , TH , HL , RT ,ST , FT ,
e S Y P SO SO ST ST TP S FL SR S S L L A R UL A
1. 17.10.77 28 10 43 35 10 0.5 18 58 35 10 0.5 ~|25 73 26 10 0.5 32 } 78 35 10 0.5 39 113 3% 10 0.5
2. 25.11.77 30 T 35 35 12 0.5 14 63 3000 20 0.5 522 88 2000 17 0.5 30 108 1000 15 0.5 37 132 250 15 0.5
3. 4.12.77 28 11 40 80 10 0.5 19 52 80 10 0.5 ' 26 82 80 10 0.5 33 112 60 10 0.5 41 135 60 10 0.5
4., 12.12.77 28 10 42 50 10 0.5 17 65 37 10 0.5 i 24 9% 40 10 0.5 32 121 40 10 0.5 3 149 40 10 0.5
5. 20.12.77 30 12 37 28 10 0.5 19 52 38 10 0.5 ! 26 T2 40 10 0.5 33 92 40 10 0.5 41 115 38 10 0.5
6. 28.12.77 28 8 32 3% 10 0,5 15 48 36 10 0.5 22 66 36 10 0.5 29 92 37 10 0.5 36 140 35 10 0.5
7. 5.1.78 28 10 40 35 10 0.5 17 690 35 10 0.5 |24 88 35 10 0.5 31 117 35 10 0.5 38 148 34 10 0.5
8. 12.1.78 27 10 40 33 10 0.8 17 60 35 t0 0.8 24 80 34 10 0.8 31 100 34 10 0.8 38 131 33 10 0.5
9, 20.,1.78 28 10 38 34 10 0.6 17 42 32 10 0.6 | 24 63 32 10 0.8 31 70 34 10 0.8 37 75 32 10 0.5
10. 2.2.78 28 10 38 20 10 0.7 16 50 30 10 0.8 '-22 63 32 10 0.8 28 78 32 10 0.8 34 93 30 10. 0.7

Bixth Day Seventh Day uLBnger ﬁun T T T __________
1.7 17.10.77 28 43 135 35 10 0.6 55 203 35 10 0.5 .62 205 80 10 0.5 1
2. 25.,11.77 30 43 150 2850 15 0.5 50 178 120 12 0.5 62 202 50 10 0.6 :
3. 4.12.77 28 48 157 60 10 0.6 55 187 50 10 0.5 58 208 40 10 0.5 1
4, 12.12.77 28 47 175 40 10 0.5 54197 40 10 0.5 63 200 36 10 0.6
5. 20.12.77 30 48 138 40 10 0.5 56 1€7 37 10 0.5 53 200 35 10 0.6
6. 28.12.77 28 43168 35 10 0.6 50193 35 10 0.5 49 195 30 10 0.5
7. 5.1.78 28 45 178 30 10 0.5 29 185 30 10 0.5 - v ) cs .o e !
8. 12.1.78 27 45157 32 10 0.5 52183 32 10 0.5 55 97 32 10 0.6 !
9. 20.1.78 28 43 80 32 10 0.8 48 &5 30 i0 0.8 80> 206 30 10 Q.8
10. 2.2.78 28 41 118 52 10 0.8 47 141 40 10 0.8 i52 155 40 10 0.6 :
General Data. | Plant Data, :

) Mo are e anon 1 o miow = 175,000 1t/

3 Area of each filter bed : 8.8 m | 2) Surface loadlng on gravel bed flocculator

4) beily filter run between 8 to 10 hours. : = 9700 l/mz/hr

5) Notations given in the above table are : 3) Surface 1oad1ng on tube settling tank = 6600 1/m? / hr.

‘&) Totel hours of run = TH ' 4) Rate of filtration on three dwml media
b) Head loss = HL beds = 6600 1/m /hr.
¢) Raw water turbidity =
d) Settled water bturbi dwty ~ ST 5) Average filter run during the period = 58 hours.
¢)Filtered water turdidity = FT ’
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11.3,
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

TABLE 9-VIII
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Statement showing the plant observations for
filter runs cn declining rate control

from 5/3/78 to 2/4/78. at Varangaon.

flow - 1,75,000 lit/hr.

- o e e e aa e s ue e e e e e m  me e me  am e @0 as & am

'Turbndlty in JTU 'Filt-

-.—-.—-4-.-——-.......—.-_4.,.-_.———

-~ o es e

4 e e e o ®  my -

— ea e

40

- .

'er ba .

'Sett-'Filt-'back

- - - - .

led.

- ae e

12
10
12
12
12
10
10
10
10
10
10
10
10
10
10
10
10
1
11
10
!
10
10
12

tered

C8

0.8
0.9
1.2
0.8
0.9

O
-3

O
o

@]
O
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o

- e e 0
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'wash-
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Sl oL2_ 3 Al S T8 2.
29.3.78 44 44 44 42 36 12 1.2 1
30.3.78 13 7 73 T 32 11 1.1
31.3.78 44 44 44 42 31 11 1.0 2
1.4.78 70 70 79 68 32 12 1.0

2.4.78 43 43 43 42 36 12 1.2 3

T s e mn S em e me e e M e e SEm Tl G m W WS WS G Mr e G G W am s wm

Remarks : 1) Each filter bed was back washed
after abecut 43 heurs of intermittent
run on the 6%h day in serial order
as shiown in this statement.

2) Turbidity was measured by Aplab
turbidity meter.

3) Average daily hours of working was
8 hours.




CHAPTER 10

DESIGN OF 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 be served in the immediate
and ultimate stages are 11000 and 14700 souls respectively.
The xrate of water supply will be 40 1l/head/day. The
scheme is designed for the daily water supply of 0.6 mld
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 be
taken through a 150 mm 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 1lit. 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 consisting4§ett-

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 mld capacity would
have been about Bs. 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 vonventional plants for such small capacity water
treatment plants, the author has proposed a new simpli-
fied unconventional treatment plant fo; 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 plamt 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 discussced in this chapter.
10.2 THE QUALITY OF THE RAVW 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
turbidity is likely to be 5000 JTU, while the average
turbidity will be velow 100 JTU during the remaining
season, The quality of the raw waeter source for this

scheme may be as per category~II viz. the raw water with
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high turbidity and moderate pollution as discussed in the
chapter 1 of this thesis. The author has specially desig-
ned thig new treatment plant to provide very cheap and
simple treatment plants for the small capacity rural
water supply schemes for turbid water sources. The typi-~
cal chemical and bacteriological results of the raw water

are given in the Tables 10-I and 10-II.
10.3 DESIGN ASPECTS.

The new design proposed for this unconventional
treatment plant includes mixing chamnel, unit of pretrea-
tor followed by one unit of dual media filter bed. The
pretreator unit is a totally new feature of the design of
this plant and may have been provided for the first time
in the field of water treatment. The design of the pre-
treator has been mainly developed on the basis of the
actual plant performances of the Rambek and the Varangaon
treatment plants as explained in the chapters 7 and 9 of
this thesis. The new pretreator is a combination of the
rrefilter of the Ramtek plant and the tube settler of the
Varangaon plant. It is a flocculator-cum-tube settler
unit. Such a pretreator may be able to treat highly
turbid water sources at a higher surface loading rates.
The pretreator unit as well as the dual media filter unit
for this new plant have been designed for a surface
loading of 4500 l/m2/hr. However for the low turbidity
water sources the pretreator may be designed for higher
surface loading up to 10,000 l/m2/hr.

The detailed hydraulic design calculations for
the Chandori treatment plant are given in the Table 10=-IIT




PHOTOPTATE~ 10-I |

View of the Murbad treatment
plant showirg mixing channel,
gravel bed prefilter and dual
media filter unit with control
room,

The top view of the Chandori
Plant may be similar 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 below.
10.4 MIXING CEANNEL.

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 be 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 mn
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 action,

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 will be one unit of pretreator of size
4.0mx 2.2 m. with 3.6 m depth in the bed. The pretrea-
tor is a gravel bed flocculator-cum-tube settling tank.
Graded gravels of 50 to 20 m sizes will be provided at
the bottom of the unit for 1.5 p depth. The gravels will

be directly placed on the underdrainage perforated pipe
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laterals as shown in the drawing K-~3. The PVC tube settler
modules will be 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 l/m3/hr. The surface loading on
the sctual dube opening area will be 5700 l/mz/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 mm x 50 m 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 consistin2+300 m X 300 ma manifold and 50 m dia PVC
pive perforated i;terals will be provided at 20 cm centre
to centre as per details shown in the drawing K-3. The
laterals will have pérforations of 6 m dia at 50 m centre
to centre in the staggered positions at 90° angle in the
bottom of the laterals.,

10.5.1 Sludge Removal From the Top of Gravel Bed :

For removal of the excess floc and sludge from
the top of the gravel bed PVC sludge draining pipe 100m
dia with the side perforated laterals of 50 m dia. with
side perforations of 6 m 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 floc draining operation will be
done periodically depending on the turbidity of the raw
water. During high turbidity period, continuous sludge
draining at suitable rate can be operated.

10.5.2 Cleaning of Gravel Bed :

The gravel bed can be cieaned with the settled
water at the top by gravity desludging operation through
the underdrainage system for a period 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 far
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 advantages in cleaning the
pretrestor as compared to the cleaning of the gravel bed
flocculator in the Varangaon plant, as the required settled
water will be available at the top of the gravel bed for
¢leaning the gravel bed in the pretreator by gravity
desludging operation. Further the gravel bed top will
always be below the tube settler and hence algae formation
at the top of the gravel bed will also be avoided.

10.6 DUAL MEDIA FILTER BED,

i) There will be one unit of dual media filter bed of
size 4.0 m x 2.2 m and it is designed for the filtration
rate of 4500 1/m2/hr. The filter media will consist of
40 cm of crushed coconut shell of average size 1 to 2 m
over the fine sand bed of 60 cm thick of effective size
0.5 m and uniformity co-~efficient below 1.5. The suppor-
ting gravel bed will be provided for 50 cm thickness over
the under drains. The under drainage system will be
similar to that in the pretreator as explained earlier.
The side gutters will be provided on all the sides of the
filter bed for wash water collection and further draining
out through ghe 300 mn dia outlet drain pipe and sluice
valve or water tight sluice gate. The depth up to the top
of the gutter will be 2.1 m., while the water depth over
the filter bed will be 2.1 m.

ii) Control Room : One control room will be provided
by the side of the filter bed. The outlet pipe will be
200 mm dia and it will have one control valve before the
control chamber as shown in the drawing K-3., There will

be fV' notch in the centre of the control chamber to
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control the flow over the weir . The chamber will be
covered with glass shutters., In addition to this, pure
water pumps can also be accomodated in the control room.
Some space for office accommodation can also be provided in
the control room.

iii) Back Wash : Only hard back wash will be given to

the filter bed for abdut 10 to 12 minutes to clean the
filter bed effectively. The back wash will be given
through 200 m dia, main from the proposed E.S.R. of
2,00,000 1it. 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 wvalve. 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 l%%ging for the Chandori type treatment plant,
consisting/pretreator and dual media filter bed, pilot
plant study was conducted in the laboratory. The‘pilot
plant as shown in the figure 10-I 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-I. 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
gsettler 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 Ramtek treatment
rlant.

The tube settler zone was fabricated with six
numbers of PVC square tubes of size 50 mn x 50 mwn which
were fixed at 60° angle as shown in the figure 10-I.
Further the special feature of the pretreator was the
hopper shape side walls provided for two sides above the
top of tube settler zone. 1In 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 wvelocity
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, hoprer shape was provided.

At the inlet cnd 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 _
Provided for Varangaon pilot plant with 95 cm2 surface
areca. Settled water was introduced at the top of the
dual media filter unit through the inlet connection. The
inlets and outlets of 12 mn 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) Flow control : For running the pilot plant as shown
in the figure 10-I, 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
sonstant 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 measuremert : The head loss in the vpre-
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
through.out 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. Daring
the operation of the pretreator the flioc 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 through
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 1/m2/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
rerformance.

As the pretreator will be adopvted 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/m2/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
pPlants 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 mven though the surface loading on the gravel ~
bed was 4500 1/m2/hr, the volumetric loading was 6400
1/m’/hr, as the depth of the gravel bed in the pilot plant
was 70 cm in place of 150cm acdopted in the actual Chandori
plant, In order to adopt the surface loading of 4500
l/mz/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 1/w%/hr
i) Head loss and turbidity observations : 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-VI showing the removal
of the turbidity loads at different stages of the treat-

ment plant is also given.
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TABLE 10-V
Pilot plant observations on Chandori
type treatment plant.

Filter run 1.

o s EE e em G am ewm M @y E e S S em S e om we S e e - e e e ew -

Hou~'Head loss in the dual media filter bed ,Turbidities
TS 'o e v e e e e e e e e e e = e - - j— = = = -

of *15 * 45 ' 60 ' 75 ' 90 ' 105 {Sett-'Filte-~
run.' cms 'cms ' cms ''cms 'Y cms ' cms  ,led ‘'red.
e i
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 1.5 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 1.5 12.5 13.5 20 0.3

- ew e an W Mm W wm AR A WD s MR S me e e an e TY em Mm ew em  am  es e e

L TP aw ew B Wm we Gw S am W Mm AN s A MM s e w3 e T% mD @D G A e

0 1.0 1.5 3.0 5.5 6.0 7.5 = -

1 1.5 2.0 4.0 6.0 7.0 8.0 25 0.8
2 2.5 3.0 5.0 6.5 7.5 9.0 25 0.6
3 3.0 3.5 6.0 7.0 8.0 10.0 25 0.5
4 4,0 5.0 T.5 9.0 10,0 12.0 25 0.5
5 4.5 6.0 8.0 10.0 1.0 13,0 20 0.5
6 5.0 6.5 9.0 1.0 12,0 14.0 20 0.4
7 5.5 7.5 10.0 12.0 13.5 15.0 20 0.4
Filter run 3

0 1.0 2.0 4.0 6.0 7.0 3.0 = -

1 1.5 2.5 5.0 7.0 8,0 10.0 25 .5
2 2.0 3.5 5.5 8.0 9.0 11.0 25 0.5
3 3.0 4,5 6.0 8.5 10.0 12,0 25 0.4
4 4.0 5.0 7.0 9.0 1.0 13.0 25 0.4
5 4.5 6.0 8.0 10.0 1.5 13.5 20 0.4
6 5.0 6.5 2.0 11.0 12.5 14,0 20 0.4
7 5.5 7.0 9.5 12.0 13.5 14,5 20 0.4
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TABLE 10-VI
Turbidity removal in the pilot plant.

o~ - - - @ em e _—-—.r-.---- - oes ws e e em we e~ e ..

Filter! Pretreatment. , Filtration.
. - - - -g T - T T YT T Ty
No. , raw , Settled ,Percenta-,Filtered ,Percentage
, water ¢ water &e remo- ,water removal of
, JTU y JTU ,val Turbiy JTU ,Turbidity.
' ' By ' '
1 100 23.5 76.5 0.43 23.07
2 100 23.0 77.0 0.53 22.47
3 100 23.0 77.0 0.43 22.57

- te i wm TE Ew R am EP % wm mm s ek S e e SR G® m ew em es e EE @ e e "

Average turbidity removal :
1. During pretreatment L 76.83 %
2. During filtration : 22.70 %

ii) Sludge removal at every stage : The sludge in the
pretreator unit was removed by gravity desludging opera-
tion from the top and the bottom of gravel bed and the
sludge in the dual media filter bed by back washing. The
sludge in the wash water was collected and measured in

the mmasuring cylinders in the same procedure as given in
the chapters 4 and 5. Table 10-VII shows the actual sludge
collected from the two units along with the percentage
removal of the same.

TABLE 10-VII
Sludge removal in the pvilot plant study.

A A L I I R I B e e A e

Fil'Volume of sludge removal in ml. % % of sludge
ter e e e g . . 1 . _removal  _
ﬁ?n Er:treatment 8 ,Fllter, Totﬂl Pretrea, ¥ilter
" Prom rrom T tbed :volume :tor bed: bed
at}. e ‘tOp bottom, To.tal t t ? ?
iof gra,of gra-, : q g i
vel bed,vel bed, ' ' ’ g
2 35 1200 1235 640 1875 65.85 34.15
2 90 1150 1240 710 1950 63,60 36.40
3 120 1300 1420 720 2140 66.35 33.65
Ave g2 1218 1300 690 1990  65.33  34.67

- am M) am © we M G WP ar B WE MW ew B Em e &P an mp G O e @ e AR W aw  =e
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iii) Bacteriological observations ; The bacteriological
observations of the raw ; settled and filtered water
samples were carried out at the end of day's work. The
results of the same are given in the Table 10~VIII

TABLE 10-VIII
Bacteriological observations (MPN)

- as em Al e e e e v mr e em o aw e - - = e - o e s me e o m aa
Filter'Bacteriological observations. ' % Removal of
fun ' ' collform.
0. I ':_-___.‘.L__.h _________
;Raw water Settled ,Filter-! Pretre—'Flltra—
) ' water. yed ' atment. 'tion.
! ! 'water. ' !
P Y e e em me eevenm am e d o e mlm e e e es
1 2.4 x 10% 930 36 96.12 3,72
2 1.4 x 10° 24000 9 82.85  17.13
3 2.4 x 10% 1500 0 93.75 6.25

B emd D M B em m o em CA D o W e OO G O oo O o s O G D oo =3 6O D e

Average reduction in coliform count by
1. Pretreatment : 90.77

2. Filtration : 9.00

10.8 DISCUSSION ON THE OBSERVATIONS ON THE
CHANDORI TYPE PILOT PIANT STUDY.

10.8.1 Head Loss Observations :

a}‘, I The head loss in the pretfeator bed was observed
from 2 to 3 cm through out the runs and hence this was
not included inethe 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 pbrtion with water., Before desludging the i
pretreator from the bottom, the sludge from the tob of
the gravel bed wds drained out till the clean water
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was

was seen. At the end, back washégiven 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 the 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 8teep rise in the

developnent 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
turbid ity was slightly more as some time is required to
create initial floc blanket in the gravel bed portion.

The flocculation action in the pretreator 1s further

accelerated in the tube gettler zone and the heavier floce
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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
floc 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 t%gbid waterxr
sources at higher loading rates as compared[that of the
Rgmtek type treatment plant where gravel bed prefilter Bs
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 tarbidity 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 reascans 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.
Purther this sludge will be generally removed during the
running of the plant, when the turbidity of the raw wa%er
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. From 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 pretrecator is
satisractory for the treatuent 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 :

From 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
6430 l/m3/hr as compared to 3000 1/m3/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 obsexrved in
the actual performance study in the Roatek 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 duval media filter bed
was adopted as 4500 1/m2/hr in the pilot plant study by
diverting the remaining 50% flow to waste through over
flow arrangement. The author therefore,predicts thmt,
considering the settled water turbidity between 10, to
20 units, and the rate of filtration as 4500 1/m%/hr the
actual plant performance ol tho Chandori dual meijia filter
bed may also be superior to thie perfoivmance of the Niiot
plant observations. Thus the filtered water turcvidisy of

the dual media filter bed of Chandori plant may be 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 COKNCLUSIONS,

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 2 possible solution to replace the
conventional pretreatment proccess for the treatment of
high turbidity raw water sources for tiae 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 economg in the wash water use and general impro-
vement in the treatment prowess. It will be specially
useful to absorb the occasional loads of turbidities in

the raw water.

~00k—-
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TABLE 10-I

Typical chemical analysis of raw water samples
of Godavari Rivers source.

T ew e W e G ms G em e EE G e e T M G g e em at s am e e W TS s S

]
Description of Tests in ' 10-7-78 ' 19-9-78
mg/kit. excépt pH ' '
__________________ d o e e e e e = e -
10 pH 709 8'4‘
2. Total solids 288 294
3. Dissolved solids 276 275
4. Total Alkaliniiy as CaCo3 160 160
5. P.Alkalinity as CaCo3 Nil 10
6. Total Hardness as CaCo3 150 147
7. Calcium as Ca 36,0 32.0
8. Magnesiam as Mg 14.4 16,0
9. Iron as (Fe++) 0.2 0.16
10. Sulphate as So4 20.0 4,0
11. Chlorides as Cl 9.0 10,0
12. Fluorides as F. 0.50 0,45
13, Nitrites as No2 Nil Nil
14. Nitrates as No3 1.0 0.8
15. Alubuminoid Ammonia as NH3 0.134 0.132
16. Free and Saline Ammonia as NH3 0.0146 0.012

TABLE 10-II
Typical Bacteriological analysis of raw water

samples,
DTl DI DD Ehblan] I
4/8/78 2.9 x 100 ™C TNC : Too num-

bers to
19/9/78 1.1 x 104 TNG coundt,
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TABILE 10-II1I

Hydraulic design calculations for Chandori
trecatment plant.

1. General : A new simplified plant consisting one
unit of pretreator and one unit of dual media filter
bed is prorosed.

Hours of working = 16 hours in the ultimate stage

Design flow = 40,000 1it/ur.
(The actual flow will about be 35,750 lit/hr.)

2. Mixing channel : Provide on the side of the
Pretreator unit and dual media filter unit as shown in
the Drawing K-3.
i) Length = 13 m.

ii) Widtk = 0.6 m.

iii) Bed slope : Provide 20 cm drop in the Yed and
75 mm dia. A.C.pipe pieces 20 cm in length in vextica.
staffgered positions in place of bvarfflez, for mixing

purpose and to avoid flooding in the channel.

3. Pretrecator unit : One Number. This is designed
on the combiration of gravel bed flocculator and tube
settler with the flow in the upward directicn.
i) Size of uwanit = 4.0 x 2.2 m.
ii) Area = 8.80 sq.m.

iii) Loading on gravel bed

1l
S
(@]
O
o
(@]

—r s w - e

4500 1¢u°/hr.

iv) Volumetric loading on the gravel bed of

________ = 3000 1/m3/hr.
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v) Net surface loading on the open tube area of
the tube settler consisting 50 mm x 50 mm square tubes
of 0.6 m in height and fixed at 60° angle and alternate
_raws in the opposite directions and considering 80%

effective area of the tube modules.

_______ = 5700 1/m2/hr

vi) Total Detention period = 45 minutes.

vii) Provide side wall slope from the bottom of
the gutters at 60° angle to reduce the velocity of flow
towards the settle water collector pipes 100 mn dia

3 numbers as shown in the drawing.

4. Dual media filter unit : One number.
i) Size of unit = 4.0 m x 2.2 m,
ii) Area of beds = 8.8 sq.p.
iii) Rate of filtration = 40,000

S e s wnw atp

8.8
= 4500 1/m°/hr.

iv) Direction flow down wards.
v) Velocity through bed = 4.5 mhr.
vi) Depth of coconut shell media = 40 cm

Size of coconut shell media between 1 and
2 mm size sieve opening.

Effective size of media = 0.95 mm

Uniformity co=efficient = 1.45

vii) Depth of fine sand below coconut = 60 cm
shell media.

Effective size of sand = 0.5 mm

Uniformity co-efficient of sand = 1.5
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viii) Depth of supporting gravel bed = 50 cms
ix) Under drain details
M.S. manzfold size = 300 x 300 mm

number of laterals = 400 _ 50 i, each side

20
.. Total = 20 x 2 = 40 Numbers.
Perforations : for 50 mm dia laterals of P.V.C.
pipes tested 6 kg. pressure and 6 mm dia perforations
at 50 mmn ¢/c in staggered positions a2t 90° angle in the
bottom side.
Desired capacity of the wash water tank consi~

dering back wash flow of 5C0 1lit/=qm/hr.
8.8 x 10 x 500

= 44,000

The proposed ESR of 2, 00,000 capacity to be
constructed near the treatment plant site, can be utili-
ded for giving badc washings to the dual media filter

bed and the pretreator bed.

~000~




10-27

TABLE 10-IV

Hydraulic design calculations for pilot
Plant study.

1. General :-~ The pilot plant cansisting mixing
chamber, pretreatcr and dual media filter uvnit was febri-
cated from the perpex sheets as shown in the figure 10-I.

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 expleined in the chzviter 4.

3. Pretreator :
a) Gravel bed flocculator at the bottom ¢~
i) Size of pretreator : 18.5 cm x 10.5 cm.
ii) Depth of gravel bed : 70 cm.
iii) Dia of gravels : 1.47 cm
iv) Total volume of gravel bed : 18.5 x 10.5 x 70
= 194 x 70
= 13580 cm3
iv) Actual volume of water in the bed : 5830 cm
vi) Actual vol., of gravels : 7750 em?
vii) Poroasity : 43 %

viii) Clear depth between top of gravel : 30 cm.
bed & bottom of tubs settler.

ix) Clear depth above tube settler : 60 cm
upto F.S.L.

x) Surface area of the bed : 194 cm2

xi) Loading rate on the bed : 4500 l/mz/hr.

1) Flow per hour = 4500 x 194 - 7,30 1it/nr
100 x 100 ’

Xiii) Flow rate per min. = 87,30 _ 4 455 1it/min

60 .

or 1455 ml per min.




i)
ii)
iii)

iv)

V)

c)
i)
ii)
iii)

iv)

d)
i)

ii)

iii)

iv)

vi)
vii)

viii)

Tube settler zone :=-
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No. of P.V.C. square tubes : 6 numbers

Length of tubes : 60 cm
Size of tubes = 50 x 50 mm ingide.

Total cross sectional area of the
tubes.

-—
-

6 x5x5
150 sycn.

Surface loading for the = 87.30 1i%/mw.
Tlow of 87.30 x 100 x 100

- —— — W - - S+ S U o0 e S

150

= 5800 1/m?/hr.

Surface lozding oun the top settling zone :

Size of ved at the = 41.0 x 11.5
top water level,

Surface area @t the collecting =
ievel .,

4

71 cmz.

Surface loading at the top = 4500 l/m2/hr.

of tuke settler.

Szvrface loading at the top

87,33 x 10C x 104

e an o s - SE

water level. T

= 1850

Dual media filter ved : -
Surface area of the bed = 6.5 x 0

it

Flow rate to be adjusted
for the surface loading of

1/a%/hr.

= 95 cm2

4500 1/m2/lm;

= 450C z 95

- — . 0t aap

100 x 100

= 42.75 1it/kr.
or 750 mi/iiin.

Depth cf water over the bed = 100 cm.
Lepth ¢f count shell media = 40 cms

Average size of media = 3etween 1 to 2 m
Effect: ve size of coconut shell mediaz = V.95 m
Unifornity coefficient of media = 1.45

Depth of fine sand media = 60 cm




ix)

xi)

xii)
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Effective size of sand = 0.5
Uniformity co-efficient = 1.50
Depth of graded gravels = 20 cms

Inlet and outlet arrangements = 12 m dia., G.I.
Ppipes and brass

gate valves,

~000=-




CHAPTER 1{1.

PLANT OBSERVATI(NS ON SIMITAR NEW TREATMENT
PLANT,

1.1 INTRODUCT ION.

The design and the pilot plant observations and
actual plant designs and observations for the Ramtek,
Varangaon and Chandori type treatment plants are given in
the chapters 6 to 10 of this thesis. The main purpose of
the development of these three types of the new treatment
plants is to develop very simple and cheap new designs
for providing water treatment plant for the rural and
semi-rural areas. The actual plant results show very
satisfactory performances for the Ramtek and Varangaon
Plants as discussed in the earlier chapters of this
thesis,

The author has given similar as well as some
modified designs of these three types of treatment plants
to about twenty seven small capacity plants in the
Maharashtra State including one plant each in the Gujrat ¥
Hariyana and Punjab States. The Table 11-I showing the
capacities of these plants; approximate cost of these
plants, and costs of the same capacity conventional plants
showing the probable savings due to the adoption of the
new designs as developed in this thesis is enclosed in
this chapter. The proposals for augmentation in which
these new techniques have been adopted are also shown
in this Table. It will be seen that there may be a
saving over one crore of Rupees due to the adoption of

the new techniques for the design of these plants,
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In the design of these new treatment plants, the
author has given some modifications in the original designs
as adopted at Ramtek and Varangaon, The main purpose of
these changes in the designs im to see if these can be
further simplified and made cheaper in their construction
and operation and also if the performances of these plants
can be further imdroved. The aunthor feels that by this
approach it may be possible to improve upon the origimal
designs for Ramtek,Varangaon and Chandori treatment plants,
so as to develop most economical designs for the treat-
ment of low and high turbidity water sources.

In this chapter it is proposed to give typical
modified designs and actual plant observations on some new
treatment plants, recently constructed in the Maharashtra
State for which the designs have been given by the
author. Most of the treatment plants as given in the
Table 11~I are under construction. The following treat-
ment plants have been completed recently and it is
proposed to give their designs and plant performance
results in this chapter.

1) Surya Project treatment plant.

2) Murbad village treatment plant.

3) Bhagur village treatment plant.

1.2 SURYA PROJECT TREATMENT PLANT.

11.2.1 General Design :

The treatment plant is constructed for providing
filtered water supply to the staff colony for the Surya
Irrigation project in the Thana District. The capacity
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of the plant is 0.65 mld with the hourly pumping rate of
27000 1lit/hour. As the raw water turbidity is low for
the most of the period except the rainy season, a simplis
fied treatment plant on the basis of Ramtek filter has
been proposed for this scheme. The treatment plant con-
sists of baffleé mixing channel, one gravel bed prefilter
end ore rapid sand filter bed. The hydraulic design
calculations are given in the Table 11-II. 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
S

11t capecity has Yaen toovided cr the sare hillock at a

-

¢

distance of 30 weters ¥o et the requires head ol O m

for giving back wash. The filter effluent is given
bleaching powdecr 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 im 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 1/m%/hr, 1f 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 filter bed in place of a dual media filter bed.
Further the same bed can be converted in-to a dual media
filter bed for higher rate of filtration in future if it
is found necessary.

11.2.3 Plant Performances :

The plant observations for a period of six months
are given in the Table 11-~II1. TFrom the results given
in this Table it is seen that the average filter 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
turbidity of the raw water., The filter bed was operated
for the head loss of one meter upto 5.10.77 and then it
was operated upto 1.5 meters. When the filter bed was
operated upto 1.5 m of head loss the filter runs have
been increased beyond 100 hours when the raw water turbi-
dity was within 20 JTU.

The special feature of this filter is the rapid
sand filter in place of a dual media filter bed as pro-
vided 2t Ramtek. However from the results the perfor-
mance with the rapid sand filter after the gravel bed
prefilter was found to be very satisfactory. The maxi-
mum turbidity was found to be about 400 JTU during the
study while the settled water turbidity was generally
with 20 JTU and the filtered water turbidity was gene=-
rally less than one JTU. Thus the dual media filter bed
is not a necessity for such a simplified treatment plant

and for lower filtration rates upto 5000 l/mz/hr and for
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the lower raw waterlturbidity the treatment plant as ado-
pted for Surya project can be provided. However,if a
dual media filter bed is adopted in place of a rapid sand
filter bed as in Ramtek plant then either the rate of
filtration can be increased immediately or in the next
stage or the lengths of filter runs can be increased by
about 100%. Further for lower rate of fiitration the
quality of filtrate can also be considerably improved. It
is therefore, recommended that a dual media filter bed
be generally provided for such a treatment plant unit of
Ramtek type. The wash water comsumption during this study
for washing rapid sand filter bed was seen to be 2.66% of
the total water filtered during worst condition which is

also seen reasonable.

11.2.4 Construction and Cost :

The actual cost of the Surya Project treatment
Plant is as given below. The work was got executed
through a regular contracting agency. The work was

executed by employing local labours from the Adiwasi area.

i) Cost of the treatment plant

completed with prefilter, ravid sand

filter and control room and inlet

and outlet connections, Rs. 65,000/ -

ii) Cost of masonry backwash tank
of 40,000 lit.capacity of size 5.0 x
4.0 m inside,including cost of sluice
valves and G.I.sheet roofing. Rs. 22,000/~

iii) Cost of 200 m dia H.D.Poly-
ethylene pipe line for bvack washing
65 mo Rso 14,500/"

T e G Bn wTe T B e

Total... BRs, 1,861,500/~
Say.oo Rs. 1,00,000/-

S e it oy e, e o S e e et
_—_—msEmommnsIss
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11.3 MURBAD VILLAGE TREATMENT PLANT.

11.3.1 General Design :

The Murbad village is situated about 30 km. from
the town Kalyan in the Thana District. The treatment
pPlant was constructed for providing filtered water supvly
to the Murbad village. The present population of the
village is 8500 souls and thewater supply scheme is
designed for the ultimate population of 11000 souls.

The capacity of the treatment plant is 0.93 mld with hourly
pumping rate of 38,500 lit/hour. As the source of water
supply is a small storage dam, the raw water turbidity

is generally low for the nomal period except in the rainy
season, Therefore a simplified treatment plant on the
basis of the Ramtek plant has been proposed for this
scheme, The treatment plant consists of a buffle mixing
channel, one gravel bed prefilter unit and one unit of
dual media filter bed, The hydraulic design calculations
are given in the Table 11-IV. The prefilter and the
filter units are of size 3.5 m x 2.75 m with, 3 m total
depth upto the top water level., A blue print drawing

No. 11-I1 showing the detailed design aspects is enclosed
at the end of this chapter. The existing E.S.R. of
2,25,000 1it. capacity will be used for giving hard wash
to the dual media filter hed., The filter effluent is
given bleaching powder solution dose of the required
guantity in the control room and then it is stored in

the pure water sump. Water from the sump is then

pumped to the E.5.R. from where it is distributed in the

Murbad village, through stand posts and some private
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connections.

11.3.2 ©Special Design Aspects :

The special design features of this unit are the
provision of two seperate units for prefilter and dual
media filter units, in place of a combined unit above
gutter level as provided in the Rgmtek plant. However
the rmte of filtration is 4000 l/mz/hr, which is about
half the loading as adopted for Ramtek filter beds. The
raw water after passing through the gravel bed prefilter
in the upward direction is collected in the A.C.perfor-
ated pipe collectors at the top water level. The
settled water is then introduced in the side gutter of
the dual media filter bed as shown in the drawing. The
purpose of this change is to see if the moderately turbid
raw water can be treated in a2 better way than in the
Ramtek type unit. This aspect is fully discussed in the
chapter 6 in which pilot plant comparative stuly has been
carried out on the Ramtek and Myrbad pilot plants. For
this purpose it was originally proposed to give slope at
60° angle to the inside faces of the pfefilter walls, so
as to reduce the velocity of approach towards the
perforated collecting pipes, However this change was
not adopted during the execution and only vertigal eide
walls were constructed.

11.3.3 Plant Performances :

The Murbad plant was completed in July 1978,
however the viilage Panclayat did not agreed to run the
p}apt ﬁpr some financial difficulties. So the plant

was put for a triai“ruh;fbfja'périodvof~only ten days

{
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and the plant observations are given for this period in
the Table 11-V. As the period of study was very short it is
difficult to give any conclusive remarks on the plant
Performance. From the two filter runs conducted on experi-

mental basis it is seen that the plant performance was

generally satisfactory. Further plant study &ill be con-
ducted when the plant will be put in regular operation,

-11.3.4 Construction and Costs :

The work was got executed through the regular con-
tracting agency by employing local labours from the
veillage. The period of construction was about one year.

The actual cost of the construction of this new
treatment plant inciuding an office room over the control
room was about Bs. 1,50,000/-. The provision made in the
sanctioned scheme for the treatment plant consisting of
settling tank and slow sand filters was B. 4,43,700/-,

Thus the actual cost of works was about ¥3 of the sanction-
ed provision, due to the adoption of the new simplified

treatment plant at Murbad.

11.4 BHAGUR VILLAGE TREATMENT PLANT.
11.4.1 General Proposal

Bhagur village is situated about 15 km. from the
Nasik City. The present population of the village is
12,800 souls and the water supply scheme is designed for
the ultimate population of 17,000 souls. The capacity
0f the water treatment plant is 1.8 mld with the hourly
pumping rate of 75,000 1it per hour. A new conventional

treatment plant consisting of settling tank and pressure
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filters were proposed in the sanctioned scheme. The
source of water supprly scheme is the Darna river which
has very high turbidity during rainy season, and raw
water turbidity some times goes beyond 5000 JTU. The
Varangeon 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, une 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 ¢epth. The surface loading on the g
gravel bed is 5330 l/mz/hr, while the volumetric loading
is 2130 1/m3/hr. The size of the tube settling tank is
also 3.75 m x 3.75 m with 5 m depth. The surface loading
on the open cross .ﬁﬁﬁ:ﬁ:ﬁﬁi area of tubes is T140 1/m2/hr.
The detention period in the tank is about 30 min, The
size of dual media filter bed is of 4 m x 2,2 and the
rate of filtration is 8500 l/mz/hr. For backwashing of
the filter bed the existing elevated service reservoir
of 2,00,000 1it. capacity construweted at the side of
the treatment plant is used.

The filter effluent is given bleaching powder
dose in the side control room and then it is stored in
the pure water sump. Water from the sump is then -

[ o
. L]
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pumped to the E.S.R. near the plant. The plant was put
into operation from the month of August 1978.

11.4:,3 Special Design Aspects :

As compared to the design of the Varangaon plant,
the special design aspects are the bigger size of the
gravel bed for lower mate of loading, and the higher mte
of filtration in the duval media filter bed. Al} the units
are open to sky. The plant is a very compact one and can
be considered as a very safe treatment plant for the
treatment of highly turbid water sources for the small
capacity water treatment plants.

11.,4.4 Plant Performances :

The typical plant observations for the period
from 20.9.78 to 6.11.78 are given in the Table 11-VII.
From these results, it is seen that the average filter
run for the typical eight filter runs with intermittent
operations was 55 hours. The tube settler modules were
actually introduced from 10,10.78 and till then the plant
was operated without tube settler modules in the tube
settling tank. Even though the period of study was notéhe

worst period from the point of high turbidity of the
raw water, the maximum turbidity reached during this
period was 1500 JTU. The average daily hours of working
was about 10 hours. The wash water consumption :for the
filter wash during this period was about 0.7% of the
total water filtered. The wash water consumption for
gravel bed cleaning was pegligible as the gravel bed
was cleaned by gravity deflushing operation after two to

three days as required. The sludge from the bottom of
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the gravel bed and the tube settler units was drained daily
by hydrostatic pressure for 2 to 3 minutes till the clear
water was observed through the outlet drain pipe. Thus
it can be seen that the Bhagur plant gdve very satisfactory
performance during the typical observations conducted
for about 45 days.

11.4.5 Construction ard Cost :

The work was got executed through the regular
contracting agencies by employing local labours from the
village. The period of construction was about one and
half year which was some what more. However this was due
to the difficulty in setting the proper comtracting
agencies and normally this type of work can easily be
constnicted within & period of 8 to 10 months.

The actual cost of construction of the new treat-
ment plant c‘onsistingc}.fgravel bed flocculator, tube sett-
ling tank; duvual media filter bed and control room was
about Rss 1,50,000/-. The cost of the conventional plant
of the same capacity may be more than B, 3,00,000/~ and
thus there was a saving of more than 50% by adopting the

new design as explained above.
11.5 DISCUSS I0N.

11.5.1 Background :

The detailed design and the pilot and the actual
plant pPerformances on the Ramtek and Varangaon plant
have already been discussed in details in the earlier
chapters. As explained in the para 11.1, the main purpose
of the study of the actual performances of the new plants

at Surya project, Murbad and Bhagur was to see if 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 verformances of the original plants at
Ramtek and Varengaon.

11.5.2 Water Quality Aspects

Out of these three new plants the Surya project
and Marbad plants are based on the Rgmtek plant design for
the treatment of low turbidity and low polluted raw water
sources., While the Bhagur plant is based on the design
of the Varangpon plant for the treatment of high turbidi-
ty raw water sources. The typical chemical and the bact-
eriological analysis of the water samples of thé raw
water sources for these threc plants are given in the
Tables 11-VIII and 11-IX erclosed at the end of this
chapter. It can be seen from thesc results and the raw
water quality flalls in the category I for the first two
plants and the category II for the Bhegur plant, as
discussed in the clmpter I.

11.5.3 Special Aspects of Designs :

The special aspects of designs of the new treat-
ment plants at Surya project, Murbad and Bhagur and
their actual performances are discussed below.

i) Surya project treatment plant :-

As explained earlier in the para 11.2; the main
change in this new plant was the adoption of the rapid
sand filter bed in piace of the duwal media filter bed as
adopted at Rymtek, Further the rate of filtration was
adopted as 3500 1/m2/hr which is about half the rate
of filtration sdopted for the Ramtek plént. From the
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Plant observations it is seen that the actwml performance
was very satisfactory particularly during the worst period
of the ycar when the raw water turbidity reached to 400
JTU. Thus this type of plant can be safely adopted for
a filtration rates upto 5000 l/m2/hr~ However for better
quality of effluent, higher rate of filtration and longer
lengths of filter runs, it is recommendcd tc adopt dual
media filter bed in place of rapid sand filter bed after
the gravel bed pretreator. Further the dval media filter
bed with some additional cost of the top crwhed coconut
shell media, will act ag a safety factor against the
possible break-through of the rapid sand filter bed in
such small capacity plants, in the village as already
discussed earlier in the chapter 7 and 9.
ii) Murbad treatment plant :-

As explained in the para 11.3 the important change
in this new plant was the adoption of two seperate
chambers for the gravel bed prefilter and the dual media
filter bed. This change was made to see if such a plant
can treat occasionally moderately turbid water up the
turbidity of 2000 JTU. From the Table 11-VIII it can be
seen that the raw water turbidity can reach to 2000 JTU
in the worst conditions. However as the plant was con-
structed just recently it was not possible to collect
the actual plant observations for such worst conditions.
From plant observations as given in the Table 11-V it is
not possible to give any conclusive remarks as already
discussed earlier. However the author feels that if

the inside walls of the prefilter are given a slope at
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60° angle to increase the surface area in the settled water
zone, upto the perforated settled water collectors, it may
be possible to treat the moderately turbid water sources
satisfactorily when a dual media filter bed is adopted for
further treatment. The unit can be designed gererally for
a loading of 5000 1/m’/hr, however, it may be possible to

deocign upte 2 lcading of 7000 1/m2/hr for the small cavpa-

city water treatment plants. Further a Murtmd type treat
ment plant can be converted into a Chandori type treat-
ment plant as discussed in the chapter 10

iii) Bhaguretreatment plant :-

As explaincd in the para 11.4, there is no basic
change in the design of the main ccmponents of gravel bed
flocculator, tube scttling tank and a dvual media filter
bed. However, the gravel bed loading has been reduced to
5300 l/mz/hr which is about half the surface loading
adopted at the Varangaon plant, while the loadings on the
tube settler and the dual media filter bed have been in
increased considerably as discussed earlier.

Even though the plant was commended after the
worst period conditions, the plant observations as shown
in the Table 11=-VII show very satisfactory performance,
when the raw water turbidity was considerably high and
maximum turbidity has crossed 1500 JTU. It was an
interesting point to note that even wham the PVC tube
modules were introduced by about 10.10.78 in the tube
gsettler unit, the settled water turbidity with only 30
nin. detention period was within 15 JTU when the raw

water turbidity was generally high. These were rather
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surprising observations and the author feels that this may
be due to the lower loading on the gravel bed flocciilator
as mentioned earlier, and the uniform loading on the sett-
ling tank unit with the perforated distribution and coll-
ector pipes to avoid short circulation. Thus after
Placing of the tube modules in the tube settler there was
no marked improvement in the settled water quality. Thus
the loading on the gravel bed, its sizes and inliet and
outlet collections are also the important voints for
future research in this new treatment process as develo-

ped at Varangaon plant.
1.6 GEN.JRAL CQICLUSIONS ;

19 The Surya project type treatment plant consistingof
gravel bed Prefilter followed by a rapid sand filter bed in
a combined unit, can be adopted for the treatment of low
turbidity water sources for a loading upto 5000 l/mz/hr.
This plant can tackle the occasional turbidity load

upto 500 JTU.

ii) The Murbad type treatment plant consisting of two
seperate beds of gravel bed prefilter and dual media
filter bed, can be adopted for the treatment of modera-
tely turbid water sources for a loading upto 5000 l/m2/hr.
Such a plant may be able to tackle the oscasional
turbidity load upto 2000 JTU. The Murbad type plant may
be converted into a Chandori type treatment plant.of

iii) The Bhagur type treatment plant consisting/three
single units, of grawvel bed flocculator, tube settling

tank and dual media filter bed, can be adopted for the
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treatment of high turbidity water sources for higher
surface loading rates.
iv) Even though the dual media filter bed is not a
necessity in all these plants, it is recommended as a
safety factor, against the possible breakthrough, and
also for better effluent quality, longer filter runs

and thc higher surface loadings.

~000~-
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TABLE 11-I
The probable savings due to the propcsals based
cn the new tecimiques in waier treatuent &3
developed ia thig thesis,
- o e - e e e we® am eem e A T A - - \-’.: - ~~ i
Sr.' Names of water:ioprox, lw)h"ﬂé«e!rmﬁoned;ﬁvuumlie
No, '"treatment plan—:capaci-~ soash =s 2007 s plavhalsd
'ts (Dist./State:iies of por cone—:por new @ in fs.
! oy ts 5 - hn :
' ?lanuo sventio~ :techniq- (1akhs)
: :in mld. :nal meth.ues k. :
, . ods inks " (lakhs)
. akhz ) - :
Al o R B e kA SO S

A : SIMPLIFIED TREATIENT PLANTS FCR SMALL CAPACITIES.

1. Ramtek (FNagpur) 2.4 4.5 1.5 3.0

2. Varangaon 4,22 8.0 4.0 4.0
(Jalgaon)

3, Chandori (Fasik) .86 2.50 1.50 1.0

4. Surya Colony 0.65 2.5 1.0 1.5

uane)

5. Bhagur (Vasik) 1.0 3.0 1.5 1.5

6, Murvad {Thana) 1.0 3.0 1.5 1.5

7. DPeth (Nasik) 1.0 3.0 1.0 2.0

8. Jejuri {Pune) 2.4 4.5 2.0 2.5

9., Rhor (Pune) 1.8 3.0 1.5 1.5

10, Akola (Nagar) 2.3 2.0 1.0 1.0

11, Manad (Retnagiri) 2.16 3.0 1.5 1.5

12. Mahabvaleshwar 3.5 2.0 1.0 1.0
(Satara)

13. Kusumble (Kulaba) 2.2 4,0 1.5 2.5

14. Deogad (Ratnagiri) 2.68 4.0 1.5 2.5

i5. Taloda (Dhulia) 6,72 10.0 5.0 5,0

16, Dhulia Dairy 1.5 3.0 1.5 1.5
(Dnulia)

17. Bhatsa Colony 2-0 1.0 0,50 0.50
( Thana)

18. Panshet Colony 0.75 2.5 1.0 1.5
(Puﬁe)

20. Talegaon (Pune) 3.0 10.0 5.0 5.0

20. Kasbe Sukene 1.04 - 2.50 1.50 1.0

(rasik)
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21. Bdlabad (Jalgaon) 1.73 4.0 2.0 2.0

22, R.R.W.5.3. for 49 3.3 10.0 4.0 6.0
villages (Nanded)

23. Bavdhan (Gujrat 0.74 2.0 1.0 1.0
State)

24. Kandla Port Trust 2.0 3.0 1.5 1.5
(Gujrat State)

25, Hissar (Hariyana 3.0 5.0 2.0 3.0
State)

25. Bhatinda (Punjad 4.50 8.0 3.0 5.0
State)

110.0 53.C 60.0

B : AUCMENTATION OF EXT3TING UATER WCORKS ~ 3Y
ADOPTION OF NEW OBCILIIONUES.

1. Nasik--Road (Nasik)27.0 2C,0 10,0 10,0

2, Pune Cantonment 130.0 5C.0 24,0 25.0
(Pune )

3. Pashan (Pune) 20,0 16.0 6.0 10.0

4, Alandi (Pune) 9.0 7.0 4,0 3,0

5. Udgir {Usmanabad) 4.%2 2,0 1.0 1.0

6. Badlapur (Thane) £0.0 20,0 10,0 10,0

s 8 S S S S O A D S ot St Tt A S M B WD gy Bt S e

D ot A2 s R @ G e S S we Cm e R e me SN A e mE M8 Gy M0 e on s e e
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TABIE 11-II
Hydraulic design calculations for Surya Project
treatment plant.
1. Design flow = 27,000 lit/hr or- 0.65 mld.

2. Mixing channel = Provided on the side wall of the
treatment plant as shown in the Drawing No.11-I
slope for channel bed = 20 cm

2. Prefilter bed = One unit.
i) Size of the bed = 3.5 m x 2.2 m
ii) Area of bed = 7.7 m2

iii) Rate of flow = 27000 _ 3 500 1/m2/hr.

7.7
iv) Depth of bed = 3 m

4. Rapid sand filter bed = one unit.

i) size of the bed = 3.5 m x 2.2 m

11) Area of the bed = 7.7 m°

iii) Rate of filtration = 27000 . 3500 1/m°/hr.

iv) Sand media = 75 cm degéé
5. Control room :- 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 :- Provide 40,000 1lit. capacity
nasonry tank for giving effective back wash with 8 m.

head at a suitable location on the same hillock.

=000~




| | 11-19
|
PABLE 11-IIT ;

Observations on the Surya Project Treat |ment Plant, from 2/7/1977 +to 24/11/1977.

T - H e m = e e e - U I e o e o e ee . - o : ________

L
rand 'Head ' 1 ' ! 1 1 1 . ' 1 . ' f 1 1 ' '

No..washing.:loss:TH '"HL ) RT ' ST 'PT ) TH : HL : RT ST |FT || TH : HL : RT : ST , FT : TH é HL | RT ! ST : FT :

——:——-_J.Qj..ls_'__:__.;.____;__:__'___L__l____'___;__,_;,__8___'___l___;,__l___f__;___'..._.l._.-' ........

1. 2.7.77 18 9 20 80 20 1.0 20 23 40 20 0.5 |3t 36 30 10 0.5 87 90 320 10 O 8

2. 11.,7.77 22 10 32 300 10 0.5 20 41 20 10 0.5 |52 36 20 10 0.5 95 . 42 300 15 0.6

3. 18.7.77 10 11 15 400 30 0.5 22 26 20 10 0.5 |33 48 20 10 0.5 77 89 300 10 0.5

4. 25.7.77 21 11 35 360 10 0.5 22 41 300 10 0.5 42 59 400 15 0.5 67 77 360 10 1.0

5. 29.7.7F 13 9 25 30 5 0.5 18 52 30 5 0,5 |28 63 30 5 0.5 56 91 30 5 0.8

6. 4.8.77 5 10 12 30 5 0.5 20 16 30 5 0.5 |39 50 30 5 0.5 48 170 30 5 0.5

7. 8.8.77 5 10 15 600 15 1,0 20 28 300 15 1.0 |29 29 30 5 0.5 47 72 600 25 1,0

8. 13.8.77 10 9 18 360 10 1.0 18 42 30 5 1.0 |27 52 30 5 1.0 4o e e ee e

9. 16.8.77 9 9 22 30 5 1.0 18 32 30 5 0.5 |28 42 30 5 1.0 65 80 30 5 0.8

10. 23.8.77 12 10 21 30 5 1310 19 43 180 10 1.0 {27 71 300 10 1.0 .. © ¢  .s e ee

11. 26.8.77 10 9 18 300 10 1,0 18 48 400 10 1.0 ’27 85 200 10 1.0 82 95 600 10 0.8

12, 2.9.77 7 8 22 200 5 0.5 17 44 €00 10 1,0 '25 25 30 5 0.5 62 92 30 5 0.6

13. 10.9.77 8 9 25 30 5 0.5 18 58 30 5 0.5 28 60 30 5 0.5 68 95 30 5 0.5

14, 17.9.77 13 8 23 30 5 0.5 18 32 30 5 0.5 28 32 30 5 0.5 58 90 30 5 0.5

15. 24.9.77 7 10 20 20 5 0.5 20 32 20 5 0.5 30 55 20 5 0.5 60 88 20 5 0.5

16. 1.10.77 30 10 50 30 5 0.5 20 60 20 5 0,5 '40 80 20 5 0.5 .. . e e

17. 5.10.77 5 11 13 20 5 0.5 22 23 20 5 0.5 33 36 20 5 0.5 200 .. 20 5 1.0

18. 24,10.77 5 14 8 20 5 0.5 26 17 20 5 0,5 30 25 20 5 0.5300 t.5 20 5 1.0

________________________________ -, -
GENERAL DATA i FLOW DATA
1) Head losses are given in cm 1) Total flow = ?7,000 lit/nr. »
2) Turbidities are givea in JTU 2) Surface loadihg on both the beds = 3500 1/m“/hr.
(Measured by standard suspension bottles) 3) Average filte% run during the period = 55 Hours.

3) kzea of Filter bed = 7.70 m° (Neglecting the last two runs for 200 & %00 hrs.)
4) Daily filter run between 12 to 15 houra, i
5) Notations given in the above table are :

a) Total hours of run = TH

b) Head loss = HL

¢) Raw water turbidity = RT

d; Settled water turbidity = ST : |
Filtered water turbidity = FT
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TABLE 11=-IV

Hydraulic design calculations for
Murbad treatment plant.

1. Design flow : 38,500 1lit/Hr.
' or 0.93 mld capacity.
2.
2. Mixing channel = Provided on the side walls of

the treatment plant as shown in the drawing No.11-I11,

3. Prefilter bed : One unit,
i) Size of the bed ¢ 3.5 mx 2.75 m
ii) Lrea of the bed = 9.6 m°
iii) Rate of flow =_§§L%99__ ~ 4000 .l/mz/hr
4. Dual media filter bed = One unit.
i) Size of the bed = 3.5 m x 2.75 m.
i1) Area of the bed = 9.6 m°

1ii)  Rate of filtration = 4000 1/m%/hr

iv) Depth of media : 2) fine sand = 50 cn.
b) Crusked coconut shell = 30 cn

5. Control room : Provide manu2al ccntrol for rate of
flow by operating control sluice valve. Provice 'V!
notch control chamber after sluice valve. Provide simple
headloss measuring arrangement.

6. Backwash Tank = Existing E.S.R. of 2,25,000 1lit.

capacity to be used for only hard back washing.

-000-
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TABLE 11-V

Plant observations on the Murbad Treatment plant

Period : 24/8/78 to 5/9/78 o
A At TS - m o T T
Date idours, Head loss'Turbidity in JIU !
'of , in cm. g 4+ Remarks
'run. , *Raw ‘Sett-'Filt-?
v ! ! "l1ed, 'ercd., !
- e e = L Yl L o e - e 1 e =t i il e Ve e e e m me e
24/8/78 5 10 70 45 1.0 Filter Run 1
25/8/78 14 11 60 40 0.8
26/8/78 22 12 80 40 0.5
27/8/78 31 14 60 30 0.6
28/8/78 41 16 60 30 0.6
29/8/78 50 18 80 30 0.6 TFiltered
washed.
30/8/78 8 9 80 40 0.8 Filter Run 2
31/8/78 18 10 60 40 0.8
1/9/78 28 12 60 40 0.6
2/9/78 37 13 60 30 0.6
3/9/78 46 15 £10) 30 0.5
4/9/78 55 17 80 30 0.5
5/9/78 60 20 60 30 0.6 TFiltered
washed.

- wm e s we e Em e

C e M am wmr e oan M we S o e M EE wl e Aen mE o e w

Plant operation stopped from 6/9/78.
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TABLE 11-VI

Hydraulic design calculations for Bhagur
treatment plant.

Capacity = 75,000 lit/Br. or 1.8 mld.

Mixing chamnel = Provided on the side walls of th
the filter unit as shown in the
Drawing No. 11-1II.

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
vertical positions in the
bed concrete,

Gravel bed flocculator : Length = 3.75 m.
Width = 3.75 m.
Depth of gravel= 2.5 m

Size of gravel provided = 50 to 20 mm size
rounded gravels from bottom to top.

Surface area = 14,00 m2
Surface loading = 75000 _ 5330 l/m2/hr.

Volumetric loading = 75000 _ 2130 l/mz/hr

5.15
Average porosity = 40%

Approximate detention period = 11 min.

Inlet and outlet = Provide 4 Nog., of 100 m dia.
RCC pipe inlets and outlets.

Sludge removal = Provide two hoppers at the

bottom with 100 mm dia. sludge drain pipe and one 200

mp dia outlet for gravity draining and giving backwash.
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3. Tube settling tank =\One unit.

Iength = 3.75 m
\

Width = 3.75 m..

Depth 3.0 m over hopper.

Surface area of tank = 3.75 X 3.75 = 14 m2

Considering 50x50 m size PVC square tubes and

outgside thickness of 2 ‘ar

i

Number of tubes in one sq.m( = 1000 x 1000

- - - —— W can m

\ 54 x 54
v = 18.5 X 18.5

\
A

\ = 340 Nos.

\
. . Open area provided per sg.m. = 340 x 50 x 50

e W Y - et o e s Y O B Sl

10C0 x 1000
However considering average effective open area

at 75% on the basis of Varangaon plant experience

=14 x 0.75 = 10.50 n°
\
* Rate of flow through = _75,000_
: tube opening areca. ;0'50 \

7140 1/m§/hr.

s L i g o st T G s T M WAL Mo A T

75,000

\

\

Number of tubes to be provided = 14 x 340
= 4760

The actual detention period = 3,75 xxg.75 X 3x60

= 34 pin.

Length of tubes considering 0.6 m height
= 4760 x 0.6 = 2856 metres.

Ada 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 size
rigid PVC square tubes of 60 cm length- ifi  suitable Tdws
at 60° angle in module forms below one meter of F,5.L. in
the tank as shown in the drawing.

Sludge withdrawl = Provide one hopnér with 50° -
slores at the bottom with a central pit of 0.6 m x Orb m
for sludge withdrawal., — cv:iv — oL L

Provide 100 m dia. sludge withdrawal pipe with a
sluice valve on the outside,

4. Dual media filter bed ::. One unit.

Length = 0.4 m

Width = 2.2 m

Depth = 2.0 m upto gutter level.
Surface area = 8.8 m

Rate of filtration = 8500 1/m?/hr
Velocity through bed = 8.5 m/fir.

4.1 Media provided :
Depth of crushed coconut shell media = 40 cm
Effective size of shell media = 0,95 m
Uniformity coefficient = 1.45
Depth of fine sand below shell = 60 cm
Effective size of samd = 0.45 m
Uniformity coefficient of sand = 1.50

4,2 Underdrain details :
Manifold size = 300 dia mild steel pipe
Dia of laterals = b3 ms dia PVC tubes.

Number of laterals = 18 Nos., at 20 em c/c’ -
on each side,

Perforations per laterals = 6 m dia, at 50 m c/c
staggered.

4,% Backwash tank : The E.S.,R. for Bhagur Water Supply

Scheme of 2,00,000 1lit. capacity is used for giving only

hard backwash.
=000=
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TABLE 11-VII .
Plant from 20/9/78 to 6/11/78
Observations on the Baagur Trcabtment

[ S S e e e o ot o e A e e e e e e e e et e e - - - e e - e - = = e o we = = e e e em am e e m e e
Fil'Date of fStgr' First Day f Second Day _ _ _Third Day _ _ _'_ _ _Pourth Day _ _ _i_______ _ _ __ .-
ter'starting'ting'~ = = = = = - - « - Qo e - e e e - ' ! !

Run'and 'Head 'TH ' HL 'RT 'ST ‘'FT 'TH 'HL ‘RT 'ST 'FT ' ' o ; " ; - : ST: -

R e R e

! '22, ! ! 1 ' 1 1 1 1 ' 1 ' ' ' ' ' ' ! ' 1 :

T e e A . R S (U SV DURR D U L N it
1. 20.9.78 22 6 4% 50 9 0.4 15 56 50 9 0.4 |24 65 1500 15 0.5 37 €2 1500 15 0.5

2. 27.9.78 20 4 40 70 10 0.4 12 48 1000 14 0.5 |24 66 1000 15 0.4 33 105 90 10 0.4

3. 4.10.78 28 11 45 60 9 0.4 21 62 50 100.4 |30 85 60 10 0.4 41 128 50 10 0.4

4. 9.10.78 30 5 35 69 10 0.4 16 60 60 10 0.4 |27 82 60 10 0.4 37 115 60 10 0.4

5. 14.10.78 30 5 35 60 2 0.4 17 58 50 9 0.3 [27 ™ 50 9 0.4 39 92 50 9 0.4

6. 19.10.78 28 5 38 45 7 0.4 15 60150 10 0.4 |26 110 120 18 0.4 36 140 1500 15 0.5

7. 24.10.78 30 5 1100 12 0.4 10 50100 9 0.4 N5 65 100 9 0.4 23 85 80 9 0.5

8. 30.10.78 28 4 38 50 T 0.3 12 60 65 8 0.4 |18 172 50 8 0.3 23 90 50 8 0.4

T Enaay - . T Birtn ey 7 |Z Seventh Day _ _ _ _ _ _ BighthDay_ _ _ _ __ __ _ _ . _._._
1. 20.9.78 22 45 96 800 15 0.5 5S4 130 90 15 C.5 |65 150 70 12 0.4 70 185 70 10 0.4

2. 27.9.78 20 44 141 80 10 0.5 52 160 60 10 0,4 |64 205 55 10 0.5 - - - - -

3. 4.10.78 28 53 170 50 10 0.4 60 185 60 10 0.4 |- - - - - - - - - =~

4. 9.10.78 30 48 145 55 9 0.4 54 18 60 9 0.5 |- - - - - - - - - -

5. 14.10.78 30 47 140 45 8 0.4 54 185 45 7 0.5 |- - - - = - - - - -

6. 19.10.78 28 47 170 450 18 0.5 52 185 120 12 0.5 - - - - - = - - - -

7. 24.10.78 30 33 120 60 8 0.4 40 160 60 7 0.4 |45 180 50 7 0.4 - - - - =

8. 30.10.78 28 23 120 40 8 0.4 35 150 45 8 0.4 46 185 45 7 0.4 Washed on 6.11.78
_____________________________________________ }...._.__....__........_....._..._..

Genexral Data :. , o Flow Data :

Total flow : 1,75,000 L/hr,

o o 3 3 )
Head losses are given in cm. g Surface loading on grael bed : 9700 1/m2/ r.
)

1
Turbidity in JTU. 2
Notztions in the Table. 5
i) Total hrs of run : TH g
ii) Head loss : HL 5
iii) Raw Turbidity : RT
iv) Settled Turbidity : ST
v) Filtered Turbidity : FT.

WIN) -
NN

Surface loading on tubg settler : 6600 1/m</hr.
Rate on filter bed was : 10,000 1/m2/hr.
Average filter run during the period : 55 hrs.
Wash water consumption was about 0.7 %
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Typical chemical analysis of raw water sources.

Descrlptlon of

tests in

mg/lit.

————-—-—.-———..._——.__-

i $urya Proje-
!

10.

1.
12.
13.

14.
15.

16.

PH

Total solids
Dissolved solids
Total Alkalinity
as CaCo3
P.Alkalinity
Total Hardness
Calcium as Ca
Magnesiam as Mg
Iron (Fe++)
Sulphate(SO4)

Chloride as C1
Fluoride as F
Nitrite as N02

Nitrates as No3

Albuminoid
Ammonia as NH3

Free and Saline
Ammonia as NH3

¢t Surya
_River. _ _ _
830-10 113-3
1976 1978
8.3 8.2
312 278
300 245
104 156
4.0 Nil
84.0 146.0
20.4 28,0
6.72 18.3
0.08 0.24
4.0 5.0
9.0 15.0
Nil Nil
Nig Nil
0.5 0.4
0.126 0.131
0.009 0.009

Murbad Iske
31-7 1 18-8
1978 ' 1978.

B
695 7:6
284 274
268 262
120 156
Nil Nil
102 130
16,0  28.0
14.88 14.4
0.24 0.16
5.0 5.0
600 500
Ml Nl
Nil  Nil
1.0 0.9
0.126 0.129
0.012 0.012

— we e

15.0
140,0
36.0
14.4
0.16
6.0

10.0
Nil
Nil
0.7

0.124

0.012

- S e Emr P @R e e S e ap T SR A% e e e WS T am eGP S Wy o S oy e em Sm
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TABLE 11-IX

Typical bacteriological analysis of Raw water

samples.
- e am e o am e e em ws e e e T o o e = am wm - T e o em o wm e wm
Plate ' Raw water 'Settled water !'Filtered water
and '----.r-.......l..._._._'_......L.._.....'__..
Date ! Plate ! Plate ! ' Plate
'\ MEN : count.‘ MEN ' count E MEN : count
_____L_____'_____l______l ________ P o o
1. Surya Project water supply.
30/10/76 - - - - 4 -
18.12.76 2.4 x 10° TNC 930 THC 930 210
2. Murbad Water supply
31/7/78 9.3 x 10° TNG 73 120 0 80
18/8/78 4.6 x 10% TNG 9.3 x 10° THC 95 210
3. Bhagur Water supply
17/10/78 3.5 % 10° 300 1.4 x 102 120 61 30

24/10/78 1.1 x 10% NG 1.2 x 10° TNC 2.4 x 10° 230

o e aw N am GP am e G WP e AN EmE SE A e S G m ew e e S e S am e ww &




CHAPERR 12.

ANALYSIS OF EXFERIMENTAL RESULTS.

12.1 INTRODJCTION.

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 short the author feels that this chapter may
give the main objectives and machievements 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 WRK DONE.

12.2.1 As explained in the chapter 1, the aim of the
yresent study was ho 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 theoretical aspects in the design of the various
units in the conventional treatment plants. The author
has then discussed in details the on-plant study carried
out by him and the difficulties faced in the design of
simple and cheap water treatment plants particularly for
small capacity and rural water supply schemes.

It will be scen that the major problems in the
field of water treatment are in the design and operation
of the pretreatment units than in the design of filtration
units. The present pretreatment methods are not oaly
costly with their mechanical wmixing and flocculnsiok
arrangements, but these are difficult to cperate Pparti-
cularly for the small capacity plants. It is therefocxce
very necessary to develop non-mechanical type simple
treatment units for the small capacity water treatmert
plants., It will be seen from the three new treatment
plants developed during this stucy, that the pretreatment
units are totally new and different for these plants
where.as the filter units are samz for all the three
plants., As =2xplained in details in the chapter 1, the
new technigies in the pretreatment are mainly dssigred
for fhe trec.tment of low and hizh burbidity water sources,
The theoretical aspects of the imporvant steps iﬁ thg
corvertiona !l methods and the new techniques develaped in
this study are discussed below :n shor:.

12.2.2 Ccogulation and Flocculation s

Cox (5) states, "suspenied solids in water range
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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 soiids or ﬁell developed floc 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 floc 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-
@ally high rates of flow through rapid or mechanical
sand filters.

An understanding of the coagulation and floccula-
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 my
react uniformly it must be distributed promptly throughout
the body of water. This reguires 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 seﬁtleable floc.

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 floccu-
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 lccalized conditions
quite unlike those intended, because of thi 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 floc 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 congentional 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




12-5
capacity treatment plants is the requirement of mechanical
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 floc. These gravel beds are solid contact basins
where large surface area is available, which accelerates
the formation of consolidated floc 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 pPeriod provided in the mechanical
flocculation units. Thus the surface action is seen to
be more effective @s seen in the gravel bed flocculation
than the detention period. Further the volumetric
loading can be given as high as 4000 l/mz/hr, with the
surface loading of 10,000 l/mz/hr. Further the upward
direction of flow as in the gravel beds at Ramtek and
Chandori plants may have some more advantages than that

of the down ward direction of flow in the Varangaon plant,
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The gravel bed flocculation units will however
require the periodic cleaning, either 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 cleaningwill 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 literature references
and it may be an original idea in the field of water
treatment.

Further from the pilot plant studies carried out
by the author (chapter 4), it is also seen possible to
adopt non-mechanical and continuous type of flocculation
units, viz : the PVC tube surface contact flocculation
units and the LDP film surface contact flocculation units,
for the design of the simple and cheap small capacity

water treatment plents.
12.2,3 Sedimentation :

Regarding principles of sedimentation,Cox (5)
states,"The purpose of sedimentation is to permit settle-
able floc to be deposited and thus reduce the concentra-
tion of suspended solids that must be removed by filters.
The basins used for this purpose should not be considered
coagulation basins, because both coagulatién and Tloccu-
lation should be completed in flocculation basins.,

Water does not flow through basins as an undis-
turbed body but rather by irregular flow, Conditions
in flowing through basins, therefore, are quite unlike

those prevailing in a vessel in whieh quiescent
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sedimentation occurs, the intent is to provide conditions
in which the flow is as uniform as possible for a period
long enough to permit the greatest practicable amount of
the settleable solids to be deposited before the water
reaches the effluent end of the basins.

The factors that influence sedimentation are
(2) size, shape and weight of the floec, (¥) viscosity and
hence temperature of the water, (c) effective average
period available for sedimentation, (d) effective depth
of the basins, (e) their arcas, (f) surface overflow
rate, (g) velocity of flow and (h) inlet amd outlet design.
Each of these presents problems of designs and operation.
Sedimentation theory is complex and of little avail
because floc is not uniform and hence its basic sedimen—
tation properties camnnot be given quantitative values,
and because the influence of eddy currents can not be
Predicted., Hence the discussion of these six factors in
relation to design and operation relies largely on
experience".

From the on-plant study carried out by the author
(33) on the small capacity conventional plants, the
gsedimentation tanks have not been found functioning
effectively in many cases. The main reasons for this
may be the improper coagulation and flocculation of the
water before sedimentation basins as discussed in the
earlier para., The other important reasons as found out
from the actual plant study are (i) improper inlet and
outlet design, (ii) short circuiting due to intermediate
baffles provided in the basins and(iii) 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 dctention period, surface loading and
depth of basin, are provided as per standard conventionél
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 basiins, 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 trecatment plants as described in
this thesis. The detailed theoretical and design aspects
arc 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 pzrameters 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
consolidéted floc 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 performunce of tihe tube secitling
tanks at Varangaon treatment plant after gravel bed flo-
cculation units showed excellent perfonmance 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 10.

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. From the actual plant observations
as discussed in the chapter 7, this object is schieved.

However, the author has observed a portion of the fine
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floc was passing from the prefilter unit to the dual
media filter bed, as discussed in details in the chapter 7.
He has therefore tried to improve this aspect in the
désign of the Murbad treatment plant by providing a
separate unit of prefilter by raising the side walls upto
the top,and by taking the settled water through the per-
forated pipe collectors on the dval media filter bed.
With this small modification the performance of the pre-~
filter unit may be considerably improved. The prefilter
unit of Murbad plaat is likely to tackle moderate turbi-
dity load effectively as compared to the Ramtek plant
as discussed in the chapters 6,7, and 11.

The pretreator uait proposed for the Chandori
plant is the further improvement on the prefilter unit
of the Murbad plant, as a tube settler is introduced
above the gravel bed as discussed in the chapter 10,
Thus the'pretreator of the Chandori plant may be able to
treat highly turbid water sources. Thus for the treat-
ment of highly turbid water sources for small capacity
rural 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 TFiltration :

In all the three new treatment plants described
in this thesis, the author has provided dual media,open
to sky filter beds, as already discussed in detéils in
chapters 7,9, and 10. The avthor feels that the dual
media filter bed with all its advantages over the rapid

sand filter bed as already discussed in the earlier
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chapters may be the cheapest and the wimplest filter unit
for the small capacity rural water supply schemes. AS
there is difficulty in getting the suitable top media,
over the fine sand media in India, author has developed a
new media of crushed coconut shell over the fine sand
media as discussed in details in the earlier chapters.

In due course of time it is very likely that similar
other suitable top media may be developed as discussed in
the chapter 5??ii?was tried to find out some other media
which can be utilised for the duvual and the mult i-media
filter beds. The vrecsent cost of the new media may be
comparatively high however, the cost may come down after
finding out other suttable to» media for this purdose,.

The dual media filter bed is not a must in all
these new treatment plants. As discussed in the chapter
11, the rapid sand filter bed provided after the prefilter
unit in the Surya project treatment plant gave saticfactory
results. The reasons for providing the dual media filter
bed in the Ramtek plant have been fully discussed in the
chapters 6 and 7. On the basis of the satisfactory per-
formance of the prefilter units of Ramtek plant the author
has provided a rapid sand filter bed at Surya project
plant as discussed in the chapter 11. However, it can be
clearly seen that a dual media filter bed in the Ramtek
type plant is bound to give far better performance of the
filter bed, both in the higher rate of filtration and
better quality as compared to a rapid sand filter bed.

It is for this reason that the author recommends to

provide dual media filter beds in the Ramtek and Murbad
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type treatment plants.

As regards the Varangaon and Chandori treatment
Plants, the preirecatment is of improved and better type
and hence the rapid sand filter beds can be safely provi-
ded in such treatment plants. Hpowever 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 1/m?/hr, the author has given the actual plant
Performance results in the chapter 9, for the higher
filtration rate of 10,000 l/mz/hr by running only two
filter beds out of the three beds.

The other important rcason 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
guality 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 brezkthrough 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-I showing the recommended
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Principal design criteria is enclosed at the end of this

chapter for rcady reference.
12.3 RAMITEK TREATMENT PLANT.

This was the first unconventional simplified
treatment plant that the author has designed and const.
ructed for the Rgmtek water supply scheme. The main
idea was to develop such an extremely simple and cheap
treatment plant for adopting for the small community
and rural water supply schemes. As already stated in the
chapter 7 and 11, number of such plants are now under
construction in the Maharashtra State. As the actual cost
of construction for Ramtek plant was about ¥4 of the cost
of the same capacity conventional treatment plant in
1973-7T4 ; and the local labours constructed this plant
within a period of six months, both the Purposes of
development of such a simple treatment plant have been
achieved to a great extent.

The Ramtek plant is mainly designed for the treat-
ment of low turbidity raw waters. Further.the prefilter
provided before the dual media filter unit as adopted in
this plant is not an ideal pretreatment unit. The
reasons for this are already discussed ip the chapters 7
and 11, and in the earlier para in this chapter. The
settled water zone over the gravel bed prefilter is not
utilised effectively in the Ramtek plant as a certain
amount of floc is passing ower the dual media filter bed
just above the gutter level. In order to improve upon
this aspect 2 small modification was made in the settled

water flow and collection system in the Murbad treatment
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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 modifiéd form
of Rgamtek plant is now recommended fexr 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 plént by introducing a tube settler just
below the gutter level by reducing the depth of the gravel
%o 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 trecatment plants parti-
cularly for the rural water supply schemes. The plant,
though not as simple as that of the Rymtek treatment
plant, is considerably simple as compared to a conven-
tional treatment plant for the same capacity. The cost
of construction of the Vgrangaon type plant may be less
than 50% of the cost of the conventional plant of the
same capacity. From the actual plant perfomance as
given in the chapter 9, it is seen that this plant

has shown very satisfgctory 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 floccwlation unit, where the flov
is in the downward direction. The rate of application
of surface loading can be as high as 10,000 l/mz/hr. The
detention period is hardly 5 minutes in this unit which
shows the surface contact may be the prominent factor
in providing e ffective flocculation.

The important aspect in providing this unit is
the effective cleaning of the gravel bed. Even though
the gravity desludging operation is found adequate for
cleaning the gravel bed, a back wash arrangement is
recomnended for this unit, so as to give occasional back
wash to ascertain the effective cleaning of this bed.

The tube setitler as provided in this plant may
be the first such unit adopted in India. The square FVC
tubes 50w x 50 m size were specially manufactured for the
first time in India for the fabrication of the tube
modules at Varangaon plant. The surface loading pn the
tube settler is about six times higher than that cof a
eonventional rectangular settling tank, while the deten~
tion period is about 30 minutes in the tube settling tank,
The inlet distribution and settled water collectors are
the special design features of this plant for giving
uniform loading, which has minly avoided the possibility
of short circuiting of the flow., The fabrication of
the tube modules and the placing of the same in the
tank is not a difficult work and can be easily adophted
even for rural treatment plants. The fabricated tube

modules of required sizes can be supplied either by
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manufacturers or from the central stores of the departments
after fabrication. The main saving in the Varangaon
treatment plant is due to the adoption of the tube
settler.,

The advantages of the dual media filter beds as
provided at Varangaon treatment plant have been fully
discussed in the chapters 7,9, and 11. Even though the
dual media filter beds have been designed for 6600 l/mg/hr
the loading can be increased by 100% if in future the
plant capacity is to be increased to that extent. The
author therefore feels that the Varangaon treatment
Plant may be the appropriate treatment plant for the
treatment of highly turbid water sources not only‘for the

rural areas but also for the small municipal towns.

12.5 CHANDORI TREATMENT PLANT.

The design of the Chandori treatment plant is the
outcome of the actual plant performance results of the
Ramtek and the Varangaon treatment plants., As already
discussed in the chadpter 10, and earlier paras in this
chapter, the Chandori treatment plant is a modified form
of Ramtek and Murbad treatment plant.

The pretreatment unit viz : the pretreator as
provided in the Chandori plant is a combination of the
bprefiltter and tube settler, so as to treat turbid water
sources, The details of the design of the Chandori plant
are given in the chapter 10, The direction of flow in
the pretreater is upwards and the settled water collected

through the perforated pipe collectors is taken on the
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the dual media filter bed, where the flow is downwards.
Both the units are designed for a surface loading of
4500 1/m2/hr. For the cleaning of the pretreator,gravity
desludging can be adopted as a routine practice after
the day's work. However, for asceriaining the effective
cleaning of the bed, back wash can te given periodically
say once a week. The sludge settled on the top of the
gravel bed can be removed by sludge draining pipes perio-
dically and depending on the ram water turbidity,during
the operation of the plant, with the available hydrostatic
pPressure. With these sludge draining arrangements the
pPretreator bed can be effectively cleaned. The dual media
filter bed is the same as provided in the PRamtek and the
Varangaon treatment plants. However for lower rate of
filtration, rapid sand filter bed can be adopted ianplace
of a dual media filter bed.

The Chandori type +treatment plant has further
advantages of two stage construction. In the first stage
for the normal surface loadings upto 5000 l/mz/hr, and
for the low turbidity sources, the rlant can be constructed
without tube settler and the dual media filter bed, but
keeping the same dimensions of the plant, In the second
stage for higher surface loadings even upto 10,000 l/m2/hr
the same plant can be augmented by introducing the tube
settler and the dual media in the respective beds,
Similarly when the raw water furbidiiy data is n»n:it -
available for the new rural water suprly schemes, when
these are constructed for the normul surface loadings

upto 5000 1/m2/hr the Chandori {vn¢ slant can le
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constructed in two stages as explained above. The author
feels that this may be the cheapest and the simplest
treatment method for the treatment of turbid water sources
for the smll capacity rural water supply schemes and

hence may be a popular treatment plant in the future.

12.6 OBSERVATIONS IN THE SIMILAR NEW TREATMENT
PLANTS,

The main purpose of undertaking the study of some
new treatment plants designed on the similar lines, is to
confirm the results of the Ramtek and Varangaon treatment
plants as discussed in this thesis. The further object
of this study was to provide necessary changes in the
original designs on the basis of the actual plant perfor-
mances s0 as to improve upon the original designs towards
the better performances of the new plants. The author
believes that with this approach it may be possible to

make these designs perfect.

12.6.1 Surya Project Treatment Plant :

The detailed design calculations and the actual
performance of the plant are given in the chapter 11.
The plant is based on the design of Ramtek treatment plant,
however only rapid sand filter bed is adopted in place
of dwl media filter bed as the rate of filtration is
only 3500 l/mz/hr. The plant performance shows very
satisfactory results of this plant even during the reiny
gseason, when the turbidity of the raw water was between
100 to 600 JTU.

The plant was run intermittently from 8 to 12

hours a day, and the average filter run was found to be
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55 hours which is very satisfactory. Even though the
working of the plant with the gravel bed prefilter followed
by rapid sand filter was found satisfactory the author
proposes to improve its performance further by slight
modifications so as to adopt the Murbad type plant for

such sm1l capacity plants, 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 filter
unit may be able to tackle moderate turbidity load between
1000 to 2000 units during the rainy season due to the
improvements in settle water collection system and the
provigéion of the dual media filter bed.

Even though the plant is designed for a filtra-
tion rate of 4000 l/mz/hr, the plant may be able to tackle
the filtration rates up to 7000 l/mz/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 trecatment plant where the raw water turbi-
dity is generally low. Further the cost of the constru-
Ctlon of vhe 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
siell capacity plants in rural areas, for the treatment
of low turbidity water sources.

12,6.3 Bhagur Treatment Plant :

This is g Varangaon type treatment plant of
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1.8 mld capacity with the hourly pumping rate of 75000 1lit/
hour. The small change in the design of this treatment
Plant is the bigger size of gravel bed adopted for this
Plant. The surface loading on the gravel bed is 5330
1/m2/hr, while the volumetric loading is 2130 l/m3/hr
which is about 50% as compared to the loading at the
Varangaon treatment plant. The surface loading on the
tube settler is about 7140 l/mz/hr, which is higher ti®mn
the surface loading of 6600 l/m2/hr adopted at the
Varangaon plant. While the dval medig filter bed is
designed for 8500 l/m2/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 trcatment 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 treatment metkods for the small
capacity water treatment plants to be adopted in the
rural and semi-rural areas particularly in the develop-
ing countries, TFor this purpose the author has first

studied in details the present 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 mcking 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 relatiwve
role of each treatment can be assessed and economic load-
sharing can be planned; e.g. should flocculation sedimene
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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filtration is fascinating, helps greatly in a better under-
standing of filtration phenomena but is (and will long be)
insufficient for this purposel.

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 Prescnt Study :

The author has limited his present study to the
pilot plant and the prototype studies of the new techni-
ques developed in this thesis. He has tried to find out
some references so as to study the possibility of mathes
matical approaches in the field af the new techniques
developed in this thesis. He has already discussed the
various theoretical 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 is one of the
important new technique which has bte en developed in all
the three new itreatment plants as discussed in this
thesis. However,the author has not come &cross any
reference of this new technique in the linited technical
literature studied by him. This aspect has been discu~
ssed in details in the chapter 2. The author feels that
it may be difficult to develop any mathematical model

for the gravel bed flocculation as no two gravels are
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equal in shape and size. However it may he possible to
develope such 2 model with uniform size circular glass
balls or PVC balls. It is, therefore, seen that this

will be an important field of future research.

ii) Non-mechanical and continuous Type Flocculation
Systems :

The development of non~mechanical and continuous
type flocculation systems viz : the PVE tube surface
contact flocculation units and the LDP f£ilm surface
contact flocculation units, as discussed in the chapter
4, will be an urgent field of research. It may be possible
0 develop mathematical models for these new flocculation

systems.

iii) Bigh Rate Tube Clarification :

The theoretical aspects of tube settlers have
been discussed in the chapter 2. It is seen that the
mathematical theories in the tube clarification processes
are presently under development. Thus the development of
the mathematical theories in tube clarification will

also be an important field of research in future.
iv) Dual and Mixed-media Filtration

The theoretical aspects have been given in the
chapter 2. The mathematical theories for the mixed-
media or multi-media filtration as discussed by I¥es (19)
are presently under development and will also be an

important field of research in future.
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CHAPTER 13
CONCLUSIONS 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
rlants, for Ramtek, Varangaon and Chandori villages in
the Mpharashtra State in India., In addition to this the
author has designed similar new water treatment plants as
constructed at Surya Irrigation Project, Murbad 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 disi
cussed in the chapter 12, it is seen that these new and
unconveﬁtional treatment methods as developed during this
study have shown very satisfactory results. The author
fgels 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 ¢s adopt-
ed inall 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 swall
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 suitable for the pretreatment of turbid water
sources for the small capacity water treatment plants.
iv) It is possible to use the crushed coconut shell
media as 2 top coarse media in the dual media filter bed
over the fine sand media for higher filtration rate upto
10,000 1/n°/hr, and better effluent quelity. The author

has been grented a2 patent for the use[this new media for
A (:_([

filtration purpose in media.
IN
v) The simplification in the design of the structu-

res for the small capacity water treatment plants in the
rural and semiérural areas as developed in this thesis

can reduce the cost of construction of these plants from
50% to 75% of the costs of the same capacity conventional

plants.
13.1.3 The Ramtek Treatment Plants :

The Bamtek treatment plant has been designed
specially for the treatment of low turbidity water sources
for small capacity water treatment plants for rural water
supply schemes and may be the first such unconventional
type of filter constructed in the world. The gravel bed
prefilter unit followed by the dual media filter bed with
the use of crushed coconut slell media over the fine sand
media are the special features of this treatment plant.

' The crushed coconut shell media has been used for the
first time for the high rate filtration in the dual media
filter unit at Ramtek.

The Murbad treatment plant is a modified form
of the Rgmtek plant, with the adoption of separate

settling zone on the gravel bed prefilter. With this
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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 lfor 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 g¢apacity,

The Varagaon Plant can also be recommended for

highly fturbid water sources for the bigger rural water
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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 fhe gravel bed floccula-

tor, as developed during this study.
1341.5 The Chandori Treatment Plant

The Chandori treatment plant is particularly
designed for the treatment of ‘turbid water socurces for
the small capacity weter treatment plants for the raral
water supply schemes. The rlant can be considered as a
further modification over the Murbad plant, The Chandori
plant consists of the pretreator which is a combinafion
of the gravel bed flocculator and tube settler uwnit and
is followed by the duval media filter bed, The plant 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 mery satisfactory based on
the pilot plant experiments conducted during this study.
Thus the Chandori treatmentlplant can be recommendad for
the small capacity rural water supply schemes for the

treatment of turbid water sources.
1%3.2 FUTURE SCOPE OF RESEARCH.

The 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 treatment plants as discussed in this thesis,
are bound to be developed further in duvue course of time
towards more simplicity and efficiency. The author himself
also intends to work towards this goal. In this respect
thé author feels that the further study on the below
mentioned aspects may be helpful towards the further
Perfection of the new techniques as developed in this

thesis.

13.2.,1 Gravel Bed Flocculation :

As already discussed in the earlier chapters,
there is a great scope of research in the further develop-
ment of this new technique in the field of water treatment.
The size, shape of the gravels and the direction of flow,
the surface as well as volumetric loadings for different
turbid waters and cleaning of the gravel bed will be some
of the important gspects of research in the development

of efficient gravel bed flocoulators.

1%3.2.2 Development of Non-mechanical and Continuous
Type Flocculation Units

The development of the non-mechanical and conti-
nuous type flocculation units viz : the PVC tube surface
contact flocculation units and the LDP film contact flo-
cculation units, is an urgent field of research, for the
design of the simplified as well as conventional water

treatment plants,; as discussed in the chapter 4.

1%.2s3 Development of Cheaper Tube Settlers
This will include cheaper material of fabri-

cation of tubes, size and shape of tubes, depth of tube
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settler, relation of the turbidity and surface loading,
methods of supporting tube modules, clear depth of water
below and above the tube modules, inlet distribution and
outlet settled water collection ; and the methods for the
conversion of the existing settling tanks in-to the tube
settling tanks, will be some of the important aspects of

future researcn in this field,

13.2.4 Development of New and Cheaper Filter Media :

The developments of the suitable cheap media for
the dual and the mixed-media filter beds for adopting
higher rate of filtration and better effluent quality will
be an important field of research in future. This can
be considered as the mwst important problem in the develo-~
pment of high rate dval and mixed-media filters. The
sizes and depths of the different filter media with
respect to their specific gravities, and the back wash
techniques for effective filter washing will be some of
the important aspects towards the development of high

rate filtration.

13.2.5 Effects of continuous and intermittent flow
through the filter beds on the filter effluent, will also

be a useful research.
H

13.2,6 The development of simple, automatic or semi-

automatic filter rate controlling methods will also be
ag useful field of future research. The declining rate
controlling methods for the smll capacity water treat-

ment plants will also be an interesting field of research.
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13.2,7 The mathematical theories in the developments of
the non-mechanical flocculation systems, tube settling
tanks and the duval and mixed-media filtration, as discussed
in the chapter 12 will also be the important fields of

regearch,

13.3 INTERNATIONAL DRINKING WATER SUPPLY AND

SANITATION DECAD#,1980-1990,

One of the recommendations of the United Nations
Water Conference, which was held in March 1977,was that,
Priority should be given to the provision of safe water
supply and sanitation for all by the year 1990. The
conference approved the priority areas for action within
the frame work of a plan of Action, outlined the actions
to be taken at national level as well as through inter-
national co«operation, and made a proposal that 1980-1990
should be designated as the International Drinking Water
Supply and Sanitation Decade.

Considering these recommendations and WHO's
long-standing commitment{to the improvement of community
water supply and sanitation, the Health Assembly urged
mamber states to treat this subject as a matter of urgency
to formulate by 1980, within the context of national
development Policies and plans, programmes to achieve the
target by 1990 ; to impliment during the decade 1980-90,
the programmes formulated in the period 1977-1980.

13.4 UTILITY * THE NEW TECHNIQUES DEVEIOFRD IN
THE PRESENT STUDY.

From the above mentioned programme it can be seen

that the provision of safe drinking water supply

o
9
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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 plants,particularly the
small capacity plants are very costly and 8lso 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
Ramtek treatment plant (Feb.1976), and the Varangaon
treatment plant (Sept.1978), and the photostat copies
(in Prench and Baglish versions resp.) of the same
are enclosed in the Appendix-D for ready reference, A%t
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.,

-000~
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APPENDIX - A

LIST OF SYMBOLS AND ABBREVIATIONS

0

o0

09

00

00

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 por second
metre per second
gallon per hour

litre per hour

: gallons per minute

litres per minute

million gallons per day




mid
l/mz/hr
1/m3/hr
sec

min

hr

rpm
B.S.
I.S.8.
B.S.S.

00

gpm/sq.ft :

ppm
MPN

megalitres per day

litres per square metre per hour
litres per cubic metre per hour
second

minute

hour

revolution per minute

British standard

Indian Standard Sieves

Brjtish Standard Sieves

gallons per minute per square foot

parts per million

: most probable number of coliform

organisms per 100 ml of samples
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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 PBlectronics Private Ltd., Thana, was
generally used for measurement of turbidites 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 giass bottles
were prapared as Per procedure given in the standard
methods for the examination of water and waste water
jointly publisheg 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) ILtd.,Bombay, were used to
measure and control the rate of flow at the outlet
end of the pilot filter units.

B Electrical Stirrers

Blectrical stirrers of 1/20 H.P. made by
M/s Associated Instrument Manufacturers (India) ILtd.,
Bombay, were used for mixing of 2lum dose for pilot
plant studies. The speed was kept about 100 rpm.

4, Electrical Pumping Sets

Small capacity (1/20 HP) Tulu meke electrical
pumping sets were used for pumping raw water to the
balancing tank in the pilot plant study.




5. Jar Test Equipment

The special jar test equipment supplied by
The Kadungaigar sewdse Reenamantion Research Unit
T.W.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 fieid study.
Te 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. Iaboratory 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.

-000~
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