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ABSTRACT 
Designing  a water treatment plant under various constraints and different criteria is becoming 
more and more complex, tedious and quantitative. With advent of computer, a faster , accurate 
and more sophisticated method of data acquisition, storage, processing and analysis has become 
possible. Various packages are being developed to design various engineering problems and 
environmental engineering field is no exception. Some existing software’s have been developed 
in this area in basic, C - language, visual basic  etc. and it is realized that the previous developed 
software’s have some deficits. This paper deals with the development of hydraulic process 
design of  conventional water treatment plant including some advanced water treatment units 
Viz. cascade aerator, inlet channel, parshal flume, flash mixer, clariflocculator, rapid sand filter, 
clear water storage reservoir, chemical house, temporary chemical storage with coagulant 
solution tank, floccu – clarifier with horizontal flow, floccu – clarifier with vertical flow, stacked 
rapid sand filter  in  C# (ASP.net), visual basic,  C# (ASP.net) is one of the two flagship 
languages (with C#) for the  (ASP.net) framework from microsoft despite being called visual 
basic, it is  actually not backwards-compatible with VB6 and any code written in the old  version 
will not compile under (ASP.net).          

Key Words :  Jet Floccu – Clarifier, Stacked Rapid Sand Filter, Software, Water treatment 
plant, Upgradation 

 
INTRODUCTION 

Present water supply to urban as well as rural 
population in India is  grossly inadequate. 
Water  to its urban and rural population, 
provision of water treatment plants play a vital 
and critical role in this aspect. The production 
of water that is safe for human consumption,  
appealing to the consumer and water using 
facilities which can be constructed and 
operated at a reasonable cost. To achieve  the 
goal attention towards the design, operation 
and maintenance of water treatment plant and 
distribution system are equally important. The 
design of  treatment plants depends mainly 
upon the quality and source of raw water to be 
treated. 

AIMS AND OBJECTIVES 
1. To develop a comprehensive design 

software for the design of  conventional 

water treatment plant using  C# (ASP.net) 
2. To incorporate some advanced and cost 

effective water treatment units such as 
Floccu – Clarifier, stacked rapid sand 
gravity filter. 

3. To validate the developed computer 
software  by checking the design of  an 
existing conventional water treatment 
plant. 

MATERIAL AND METHODS 
Development of design tools  
The major steps adopted to develop this 
software for hydraulic process design of 
conventional water treatment plant without and 
with up gradation. 
1. Identification of design criteria and 

guidelines given in CPHEEO manual 
which effect from 1999. 

2. Algorithm development for the 
programming of hydraulic design of 
different units of treatment. *Author for correspondence 
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3. Development of software. 
4. Verification of the accuracy of 

computerized  design of conventional 
water treatment plant  by the  manually  
designed water treatment plant. 

Design of water treatment plant 
No two waters are the same and the best way 
to determine the unit processes and design 
rates is to carry out pilot plant studies. But this 
may not be possible in each and every case 
particularly for smaller plants. In such cases, a 
study of raw water characteristics and desired 
treated water standards as well as performance 
of the treatment plants in the neighborhood 
from the same or similar source will provide 
the designer with required data.1-5 
Storage or plain sedimentation 
The basin in which the flow of water is 
retarded is called settling tank or sedimentation 
tank or sedimentation basin or clarifier. Most 
of the suspended impurities present in water do 
have specific gravity > 1.0 and larger than 10-3 
mm size tend to settle down under gravity as 
soon as the turbulence in water is retarded by 
offering storage to the water. In plain 
sedimentation as much as 70% of suspended 
impurities may remove. Plain sedimentation 
are mostly provided in case of river sources.  
Chlorination (pre) 
Pre – chlorination is the process of applying 
chlorine to the water before filtration or rather 
before sedimentation-coagulation. It helps in 
improving coagulation and reduce the load on 
the filters. It also reduces the taste, odour, 
algae and other organisms. The chlorine dose 
should be such that about 0.1 to 0.5 mg/l of 
residual chlorine comes to the filter plant. The 
normal doses required are as high as 5 to 10 
mg/l. pre chlorine is always followed by the 
post chlorination. 
Aeration 
Under the process of aeration, water is brought 
in intimate contact with air, so as to absorb 
oxygen and to remove carbon dioxide gas. It 
may also help in killing bacteria to  a certain 
extent. It also helps in removing H2S  gas, iron 
and manganese to a certain extent. 
Coagulation (rapid mixing) 
The coagulation describes the effect by the 
addition of a chemical to a colloidal dispersion 

resulting in particle destabilization. Operati-
onally, this is achieved by the addition of 
appropriate chemical and rapid intense mixing 
for obtaining uniform dispersion of chemical. 
In this process after charge neutralization 
micro flocs are formed. 
Rapid  mixing  is  an operation  by which  the 
coagulant is rapidly and uniformly dispersed 
throughout the volume of water to create a 
more or less homogenous single or multiphase 
system. This helps in the formation of micro 
flocs and results in proper utilization of 
chemical coagulant. Coagulants are normally 
introduced at some point of high turbulence in 
the water. The source of power for rapid 
mixing  to create the desired intense turbulence 
are gravitational, mechanical and pneumatic.  
Flash mixer 
Flash mixers are specially designed and 
fabricated for the process requirement of water 
and wastewater treatment. The mixer design 
ensures efficient, minimum energy consump-
tion and long life. This equipment blends 
coagulants and other chemicals with water / 
wastewater prior to flocculation. The aggres-
sive agitation results in instantaneous and 
effective mixing of chemicals. This unit is also 
useful for general mixing. 
Flocculation (slow mixing) 
It is the second stage of the formation of settle 
able particles or flocs from destabilized 
colloidal size particles and is achieved by 
gentle and prolonged mixing. In this process 
micro flocs are converted to macro flocs and 
become heavier. 
Clariflocculator 
Clariflocculators are widely used in the 
country in water and wastewater treatment. 
The coagulation and sedimentation processes 
are effectively incorporated in a single unit in 
the clariflocculator.  
All these units consist of  2 to 4 floculating 
paddles placed equidistantly. These paddles 
rotate on their vertical axis. The flocculating 
paddles may be of rotor- stator type rotating in 
opposite direction around this vertical axis. 
The clarification unit outside the flocculation 
compartment is served by inwardly raking 
rotating blades. The water mixed with 
chemicals is fed in the flocculation 
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compartment fitted with paddles rotating at 
slow speeds. 
Filtration 
Filtration is a process for separating suspended 
and colloidal impurities from water by passage 
through porous medium or porous media. 
Filtration with or without pretreatment, has 
been employed for treatment of water to 
effectively remove turbidity (e.g. silt and clay), 
colour, micro-organisms, precipitated hardness 
from chemically softened waters and 
precipitated iron and manganese from aerated  
waters removal.  
Softening 
The reduction or removal of hardness from 
water is known as water softening. It is not 
essential to soften water in order to make the 
water safe for public uses. The advantage of 
softening lies chiefly in the reduction of soap 
consumption, lowered cost in maintaining 
plumbing flexures and improved taste of food 
preparations. However for industrial supplies, 
the softening is more important, because the 
hard waters are likely to cause scaling troubles 
in boilers and interfere in the working of 
dyeing systems. 
Disinfection 
Disinfection of water has to be done for killing 
of disease producing organisms. Bacteria, 
viruses and amoebic cysts constitute the tree 
main types of human  enteric pathogens and 
effective disinfection is aimed at destruction or 
inactivation of these and other pathogens such 
as helminthes responsible for water borne 
diseases.  The need for disinfection in ensuring 
protection against transmission of water borne 
diseases cannot be overemphasized and its 
inclusion as one of the water treatment 
processes is considered necessary. 1-5 
Advance water treatment units 
Jet Floccu-Clarifier 
The popularly known Clari-Flocculator is 
designated as Floccu-Clarifier primarily 
because of  the process of flocculation is 
carried out before clarification and the process 
of flocculation is a pre-requisite operation that 
is of paramount significance for effective 
clarification. Floccu-Clarifier is based on Jet 
flocculation systems,  which eliminate altoge-
ther.6 

the mechanical components in pretreatment of 
water prior to filtration. Development towards 
minimizing or eliminating mechanical 
components for flocculation and settling in 
water treatment is not new in respect of 
package and small treatment plants. Candy 
types of Hopper Bottom Sludge Blanket 
Clarifiers (HBSBC) continue to be used since 
the last more than hundred years all over the 
world. Manifestations and modifications of 
HBSBC have been suggested both for package 
plants and small size plants. 
Stacked rapid sand filter 
Conventional rapid sand filters require pumps, 
elevated tanks or multiple filter units to 
generate high flow rates for backwashing. 
Stacked rapid sand filtration is introduced here 
as a more robust and sustainable alternative. A 
stacked rapid sand filter can backwash itself 
with no additional flow, which eliminates the 
need for pumps or other expensive equipment. 
This study presents laboratory and field proof-
of-concept demonstrations of this novel 
technology. The multilayer configuration of 
stacked rapid sand filters allowed a laboratory 
unit to be loaded at 1.4–1.83 mm=s (120–160 
m=day) per layer and backwashed at 10–11 
mm=s (860–950 m=day) with the same or 
similar total flow rate. The filtered effluent met 
U.S. Environmental Protection Agency 
drinking water standards. The backwash cycle 
was also demonstrated and flushing of 
contaminants from the sand bed was effective 
even with 5–10 NTU backwash water. A test 
stacked filter unit also demonstrated 
satisfactory filtration performance and 
effective backwashing at several water 
treatment plants in Honduras.7,8 
The Stacked Rapid Sand Filter (SRSF) a novel 
self-backwashing rapid sand filter for 
municipal-scale water treatment. This filter can 
operate using the same volumetric flow rate for 
both filtration and backwash. Thus, the SRSF 
can be backwashed by gravity in any situation 
where a low elevation drain is available. The 
SRSF also has a smaller footprint and 
construction cost relative to multiple filter 
units. As a result, the SRSF is expected to be a 
robust and sustainable technology for 
municipal scale drinking water facilities 
around the world. 
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The computer software 
The software  developed for the  hydraulic 
process design of  conventional water 
treatment plant including some advanced water 
treatment units Viz. Cascade Aerator, Inlet 
channel, Parshal flume, flash mixer, 
clariflocculator, rapid sand filter, clear water 
storage reservoir, Chemical house, Temporary 
chemical storage with coagulant solution tank, 
Floccu – Clarifier with Horizontal flow, Floccu 
– Clarifier with vertical flow, Stacked rapid 
sand filter  in  C# (ASP.net).9-13 
Validation of software 
The hydraulic design of conventional water 
treatment plant. Using developed software is 
validated by comparing with the manually 
hydraulic design of 90 MLD capacity water 
treatment plant,  existing water treatment plant 
Korba   (C.G.)  having  capacity  of 32 MLD and   

Existing Narmada water treatment plant  Indore 
(Phase III) having capacity of 363 MLD.14-19  

RESULTS AND DISCUSSION 
The aim of water treatment is to produce and 
maintain the water which is hygienically safe 
aesthetically attractive and palatable in an 
economic manner. Hence it becomes 
essential to have well designed water 
treatment in construction  as well as 
operation  and should be well organized 
water supply system. The design of water 
supply system is a time consuming process if 
done manually. Development of software 
and taking recourse to computer with a view 
to reduce the effort required in the design of 
water supply system assume great 
significance. The present software developed 
in C# (ASP.net) programming language. 
(Fig. 1 to Fig. 16) 

 

 
Fig.  1 :  Home page of  design software 

 
Fig. 2 : Content of treatment units without upgradation 
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Fig. 3 : Content of treatment units with upgradation 

 
Fig. 4 : Computerized design of inlet chamber 

     
Fig.  5 : Computerized design of cascade aerator 
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Fig. 6 : Computerized design of  inlet channel 

     
Fig. 7 :  Computerized design of parshal flume 

  
Fig. 8 : Computerized design of flash mixer 
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Fig. 9 :  Computerized design of clariflocculator                 

  
Fig. 10 : Computerized design of rapid sand filter 

 
Fig.11 : Computerized design of  chemical house 
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Fig.12 : Computerized design of temporary storage for chemical with coagulant solution tank 

 
Fig. 13 : Computerized design of  clear water storage 

 
Fig. 14 : Computerized design of  floccu clarifier with  horizontal flow 
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Fig.  15 : Computerized design of  high rate floccu 

 
Fig. 16 : Computerized design of stacked rapid sand filter clarifier with vertical flow                                  

CONCLUSION 
Present software is developed in latest version 
of  Visual Basic  viz. C# (ASP.net) 
programming language, which  is more 
interactive, easier to understand and user 
friendly. The present software can be used for 
hydraulic design of  the various water 
treatment units viz. cascade aerator, inlet 
channel, parshall flume, flash mixer, 
clariflocculator, rapid sand filter, clear water 
storage tank,  chemical house, temporary 
storage for chemicals  with coagulant solution  
tank. The present software can also be used for 
hydraulic design of  the various advanced 
water treatment units viz. Floccu-Clarifier 
which is based on jet flocculation system and 
stacked rapid sand filter. The present software 
is developed as per the design  

recommendations suggested in the CPHEEO 
manual on water supply and treatment. Efficient 
engineering judgment is required during the use 
of this software and interpretation of results. 
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Environment is God's gift, preserve it 

 


