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OVERVIEW
In the earlier Units we discussed the design and operational aspects of the major unit processes, which usually make up the conventional water treatment plant and sewage treatment plant. In this Unit, i.e., Unit 10, we will discuss various other factors, which need to be considered while selecting, planning and implementing water and wastewater treatment configurations and systems. These factors should normally be considered in good engineering practice but in many cases, they are often neglected. 

Some of these factors are site survey/investigation and appropriate plant location; decision on plant types (centralized versus individual/package treatment system); sequential upgrading of treatment plants; effluent quality/stream quality standards; and plant performance monitoring and evaluation (research and development); plant life and preventive maintenance; and process control and instrumentation. The Unit attempts to bring out the fact that selection of treatment configuration based on rational engineering consideration will lead to proper design and sustained operation and maintenance. The other important factors in selection and design such as site survey, plant location, plant types etc. have also been dealt in this Unit.

LEARNING OBJECTIVES

After completing this unit, you should be able to:

· explain the relevance of important and generally undocumented factors considered in selection, planning and installation of water and wastewater treatment plants;

· discuss rational selections protocols of treatment configuration;

· discuss engineering considerations leading to rational designs and sustained operation and maintenance of systems;

· explain approaches to improve operation and maintenance of plants.

 

10.1
SITE SURVEY AND INVESTIGATION

We will start with the discussion on important issues relating to the site where water and wastewater treatment plants are proposed to be located. 

Site surveys and investigations are indispensable components of and an essential activity in good engineering practice. In water and wastewater treatment engineering, for example, the site surveys can lead to revised and more rational location of the various unit processes and also better estimation and perception of the available land space and the proposed plant size, type and configuration. During the site surveys and investigations, vital planning information is obtained and important design data generated. Site investigation is for the identification and delineation of pertinent topographic features, elevations, property lines, buildings, existing water bodies and hydraulic boundaries, etc. All these physical features of site should preferably be shown on the topographical map drawn to a suitable scale. Drawings of special features of the site should also be prepared to supplement and high light important aspects of the project maps. Figure 10.1 presents the stages of the site survey and investigation. 

We must consult and carefully examine the available national and state regulations, by-laws, standards, etc., concerning land use, water resources, supply and quality, wastewater disposal, water pollution and town planning regulations in certain areas. Special local considerations may need to be incorporated in design of water and wastewater treatment facilities if necessary. The site should be inspected by an experienced designer to delineate soil and water qualities and identify areas to determine and confirm topographic data details and to note any restrictions on the ground surface.

Figure 10.1

Stages of Implementation of Site Survey
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The site investigation report requires careful documentation, as it is a vital reference document for project. It can provide the essential data for some other activities like plant design and construction, etc., of the water or wastewater treatment project.


10.1.1
Site selection

Site selection is an essential part of erection of treatment systems. Various factors should be considered while selecting a site for treatment plant. Once proper site is selected by surveying different sites, system can be planned, designed and implemented well. Once, the plant is erected, the various important parameters relating to operation and maintenance become important to be observed carefully.  

The need for provision of municipal water and wastewater treatment plants is generally motivated by socio-economic factors. These factors are driven by population rise, increased industrial and commercial activities and enhanced levels of public awareness pertaining to human health. These factors in addition to other techno-economic and natural resource factors generally affect the selection of sites for water and wastewater treatment plant. 

The site for a water treatment plant is primarily determined by the source of raw water supply. Supply source and water treatment plant should be as close as possible to each other. The other important factors are:

· proximity of locations and distribution of recipient communities and populations;

· accessibility for regular supply of treatment chemicals and other consumables;

· space availability for future expansion;

· safe and secure location;

· absence of flooding;

· good communication network.

Site for a sewage treatment plant is primarily determined by the availability and proximity of an ecologically suitable recipient medium for treated effluents. The other factors are: 

· proximity of location of contributing population;

· away from sensitive residential areas;

· availability of electricity and access to roads;

· availability of space for future expansion;  

· absence of flooding;

· close to water body for final disposal.

We should use these factors as checklist in the whole process and the data collection requirement should be driven by these considerations.  

10.1.2
Data requirement 

In most of the developed countries with long and established traditions of water supply and sanitation services the government departments responsible for installation and providing these services, the data necessary for planning and implementation are generally available and easily accessible. In less developed countries, however, for planning and design, data should be collected, collated and analysed in many places. In India, however, CPHEEO (Central Public Health and Environmental Engineering Organisation) acts as an agency, which collates data relating to the water and wastewater treatment plant and publishes it for the user agencies. Data required for planning and implementation of water and wastewater treatment plants should address some very important issues.

Following is the list of different data that need to be collected:

(i)
demographic and socio-cultural data;

(ii)
meteorological and geographical data;

(iii)
policy of water conservation;

(iv)
water resources.

(v)
built environment data like housing, industrial development, etc.;

(vi)
data on economic development;

(vii)
technical data on water supply and sewage disposal services and facilities;

(viii)
water quality standards;

(ix)
water demand patterns for different sectors;

(x)
sewage treatment and reuse demand.

The analysis and interpretation of information and data collected during the site survey and investigation depend upon the stage of the project cycle being implemented. However the availability of ample data, information, their appropriate interpretation and use will ensure the cost effective and environmentally sound design, construction and operation of systems.

You will realise that data collection for planning and implementation discussed above will help us in understanding further treatment processes configurations and selection of types of plants. 


Now let us discuss the next steps of deciding treatment configurations and related issues.


10.2 
CONFIGURATIONS AND TYPES OF

TREATMENT PROCESSES 

Though treatment of water and wastewater has many common unit processes, they need to be looked at differently when planning is concerned. The issue, which mainly differs in water and wastewater, is the disposal issue in the case of latter. We will discuss water treatment issues first followed by wastewater treatment. Figures 10.2 and 10.3 present the conventional water and wastewater treatment methodologies respectively. 

Figure 10.2

Conventional water treatment methodology
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Figure 10.3

Conventional wastewater treatment methodology
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10.2.1
Water treatment processes

The treatment objective for the drinking water quality is to meet the operative national water quality standards and strive for meeting the stringent water quality for better health such as World Health Organisation Drinking Water Guidelines presented in Table 10.1.

Table 10.1

Drinking Water Quality Standards

W.H.O. Guidelines (1993)

Bacteriological Quality

	Parameter
	W.H.O. Guidelines

	All water intended for drinking. 
	E-Coli thermo-tolerant Coliform bacteria must not be detectable in any 100ml sample.



	Treated water entering the distribution system.
	E-Coli or thermo-tolerant Coliform bacteria must not be detectable in any 100ml sample. 

Total coliform bacteria must not be detectable in any 100ml sample. 



	Treated water in the distribution system.
	E-Coli or thermo tolerant Coliform bacteria must not be detectable in any sample.

In 95% of samples taken throughout any 12-month period, total Coliforms must not be detectable in any 100ml sample.




Virological Quality

	Parameter
	W.H.O. Guidelines

	
	Drinking water must essentially be free of human entero viruses to ensure negligible risk of transmitting viral infection. For all sources, the median value of turbidity before terminal disinfections must not exceed 1 NTU and must not exceed 5 NTU in single samples.

Terminal disinfections must produce a residual concentration of free chlorine of ( 0.5 mg/litre after at least 30 minutes of contact in water at pH < 8 or must be showing to be an equivalent disinfections process in terms of the degree of entero virus inactivation (> 99.99%).

Filtration must be either slow sand filtration or rapid filtration preceded by adequate coagulation, flocculation with sedimentation or floatation. The degree of virus reduction must be > 90%.

Additional treatment may consist of slow sand filtration, ozonation with granular activated carbon adsorption, or any other process demonstrated to achieve > 99% entero virus reduction.


Filtration and disinfections are the two mandatory unit processes in water treatment. Thus even a simplest plant should consist of two or more treatment processes as shown in Figure 10.4. Filtration and disinfections are the most essential processes for the removal of colloidal chemical substances and microorganisms as they are extremely important processes from public health point of view.

Figure 10.4

Water Treatment Configurations
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Water treatment plants can either be conventional or proprietary package treatment plants of two or three unit processes in series. Package water treatment plants require very little space. While the centralised conventional water plant can serve a population of up to 100,000 persons with daily per capita demand of 200 litres (20,000 m3/day capacity), the package treatment plants are generally used for population not greater than 10,000 with daily demand capacity of about 1000 m3/day (i.e., small housing estates, hostels, offices, etc.).

Package units are popular for those places where temporary water demand is felt or if the space is not available. They are generally subject to unskilled operation and control and produce drinking water of highly variable quality. In general, 20-25 years of design life is assumed for most components of water treatment plants; the design of the unit processes are based on peak day water demand; the design daily per capita water demand is assumed to be 200 litres but may vary from about 100 litres if the actual daily per capita water consumption is being used for design. The design criteria for the major unit processes in water treatment have been discussed earlier in Unit 2.

The design of unit processes is based on peak day water demand. Table 10.2 shows the design flows for water supply system components.

Table 10.2

Design Flows for Water Supply System Components

	System Component
	Design Capacity

	(a)  Water Source
	Peak day water demand,

Qmax = Qav.day x K1m3/day



	(b)   Water Transmission Main
	As above in (a)



	(c)   Water Treatment Plant 
	As above in (a) and (b)



	(d)   Distribution System 
	Peak hour water demand,

qmax = qav.hour x K2m3/hour

=  Qmax x  
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Note that K1  = peak factor for daily water demand and has values ranging from 1.1 to 1.3; K2 = peak factor for hourly water demand and has values ranging from 1.5 to 2.0.

Water treatment units should be located in such a manner that they should get advantages of gravitational flow from one unit to other. They should be protected by fencing and made aesthetic by flower planting and gardening.

Now we will learn a worked example how to size the different component of a water treatment plant to estimate the chemical requirement for daily operation. 

Worked example

A water treatment plant is to treat 100,000 m3/d of water from a large river. Treatment consists of rapid mixing, flocculation, sedimentation, rapid gravity sand filtration and chlorination. Alum has to be added at the rate of 20mg/l peak, daily demand is 200% of the average flow. Calculate the following:

(i)
Design capacity and sizes of flash mixing, flocculation, sedimentation, alum requirement.

(ii)
The amount of alum and chlorine required on a daily basis.    

Solution

(a) 
Flash mixing  

Assuming a minimum retention time of 30 seconds in the flash mixer,

Tank Capacity = (100,000 x 0.5)/ (24x60) M3


= 34.72 M3
For a square tank of 3 m deep, the surface area will be 34.72/3 = 11.6 M2
So flash tank dimension = 3M x 3.4 M x 3.4 M

(b) 
Flocculation
Using horizontal paddle mixer in flocculation basins, and a minimum detention time of 30 minutes,

Tank capacity = (100,000 x 0.5)/ 24 = 2083.3 M3
Assuming a 4 m deep basin, the required surface area will be 2083.3/4 = 521 M2
Assuming four basins to be used, the surface area of each basin = 130 M2 

If a rectangular tank of length to width ratio of 2:1 is chosen, then the dimension of each flocculation tank will be = 4 M x 8.1 M x 6.2 M 

(c) 
Sedimentation
Assume a four-hour detention time and surface loading rate of 30 M3/M2.d

Required tank capacity = (100,000 x 4)/ 24 M3



 = 16667 M3
For a 4 meter deep tank, the total surface area is 16667/4 = 4167 M2
Assume the use of eight basin each of 521  M2 surface area. Further assume that length width ratio of 4:1 for rectangular basin, then the dimension of each sedimentation tank will be = 4 M x 11.4 M x 45.6 M

(d)
Alum requirement
When the alum requirement is taken at a dose of 20 mg/l , the total alum requirement per day = 20 x 100,000 x 1000 mg = 2000 kg

Chlorine requirement should assume maximum chlorine dosage of 10 mg/l which gives a daily chlorine requirement of 1000 kg/day


Water treatment processes as discussed above are much simpler in a way that it does not require to dispose off large quantities of sludges and treated wastewater, as is the case with wastewater treatment plant. Now we will discuss the wastewater treatment processes. 

10.2.2 
Wastewater treatment processes

We have studied the working and concept of various treatment process (or process chain) that are used in configuration of municipal wastewater disposal systems in Units 4 and 5. These Units when combined in a sequence which may be physical, chemical and/or biological, provide the treatment of the waste water constituents with a view to meet the standards stipulated for the discharge in various media. These media, as we discussed earlier, could be land, sewer, marine water and surface water bodies. The major constituents considered important in sewage are BOD, Suspended solids (SS) and bacterial counts. 

The major objective of wastewater treatment is to prevent water pollution with consequent environmental damage and health hazards or risks. This objective is achieved by regulating the flow and concentration of such pollutants as BOD, SS, nitrates, phosphate, heavy metals etc. in the wastewater.

Primary sedimentation (treatment) is capable of removing 35-50% of BOD, 40-60% of suspended solids from normal domestic sewage having BOD of 240 mg/l and SS of 300 mg/l. The corresponding removal values by the secondary (biological) treatment only are 40-50% BOD and 40-50% SS, while the advanced or tertiary treatment only removes less than 10% of BOD and SS. Based on the relative removal efficiencies of the major treatment components of conventional sewage treatment plant, sequential upgrading of wastewater treatment plants can be carried out.

The eight most commonly used biological treatment processes are:

(i)
trickling or percolating filter;

(ii)
conventional activated sludge (high rate);

(iii)
step aeration activated sludge;

(iv)
extended aeration/oxidation ditch;

(v)
rotating biological contactor;

(vi)
facultative lagoon;

(vii)
aerated lagoon; 

(viii)
marine outfall.

While selecting an appropriate sewage treatment processes and operations we have to consider important factors such as locally available operational and maintenance skills, ease of technology development and appropriate effluent discharge standards set by local and national authorities. These plants are expensive to construct and therefore, efficient operation and maintenance are the key to effective wastewater treatment. 

One of the major considerations for selecting and implementing various sequence of treatment is also cost and land area requirement of the whole treatment plant besides the requirement of meeting the wastewater discharge standards. It has been seen in many cities, particularly with high population density, that the land is not available if in the past, provision for treatment plant land has not been kept in the development plan of the city. In such a situation, the technology options in terms of unit selection for carrying out the same job (for example for biological treatment, the list discussed above), could be on the basis of the minimum land needed by a particular unit.  On the other hand, when the land issue is not a problem, the cost of the treatment option will be a driving factor in deciding the types of units selected.    

Small communities with low resources can follow the following sequence for installing and upgrading of sewage treatment facilities:

Step 1 

In the first stage, use a sedimentation tank or a facultative lagoon and provide a continuous effluent monitoring for five years. Discharge treated effluents over grass plots, which may span over ten years.

Step 2

In the second stage, provide an aerated lagoon or a trickling filter plant. Discharge treated effluents over grass plot or forest nearby. Continuous monitoring should be provided.

Step 3

Provide a mechanical extended aeration/oxidation ditch plant and discharge treated effluents over grass plot. Continue monitoring to build up valuable database for upgrading and designing.

Step 4

Provide standard activated sludge plant. Continue sewage and effluent monitoring for plant control and design.

A major advantage of this sequential upgrading approach is that it gives the opportunity for the collection of realistic design data for the biological treatment processes and their appropriate selection. Secondly, the use of mechanical sewage treatment plants should be introduced in a gradual and systematic manner into an environment in which their use is not traditional and operational and maintenance skills are low. Thirdly, this approach may ask “decision makers” to always keep in mind the need for funds for sewage treatment works development in preparing national or local budgets for social and environmental services.

The package wastewater treatment plants are essentially the extended aeration systems of which the rotating biological contactors are increasingly becoming popular because of their lower overall cost, simplicity of operation and better effluent quality. 

While the centralised conventional sewage treatment plant can serve a population of up to 100,000 persons with a daily per capita wastewater discharge of 100 litres or more (i.e., plant capacity of 10,000 m3/d), the package sewage treatment plants are generally used for populations not greater than 5000 persons with a daily per capita wastewater discharge of 100 litres or less (i.e., plant capacity of 500 md/day). The package wastewater treatment plants have the advantages of requiring relatively small space and they can be easily and rapidly installed. They, however, have relatively short useful plant life (usually less than 15 years) and they require frequent replacement of the electrical and mechanical components of the plant. Package plants are very sensitive to varying hydraulic and pollution leadings. Package treatment plants generally lack necessary operational resources thus leading to poor plant efficiency.

As far as possible sewage treatment plant should be located in such a manner that it should get advantages of gravitational flow. The plants should be always well fenced and adjoining areas around pumping stations should be planted with trees and small flowering plants to improve the aesthetics. This practice makes the sewage treatment works attractive and reduces the usual bad perception by the residents of the sewage work and workers engaged in such activities.



10.3 
TREATMENT PLANT OPERATION AND

CONTROL

We will discuss here one of the major factors which affect the plant operation whether they are water or wastewater treatment plants. These plants are complex in terms of their construction and after their commissioning it is even more complex to operate. Therefore, the operation and maintenance and related control issues are very important to consider before even start of the treatment plant design and construction. In many cases, where there could be apprehension that good qualified operator may not be available, at selection stage of the technology itself, we should decide the appropriateness of the technology with regard to ease of operation and low levels of control. 

10.3.1 
Plant operation and maintenance

Proper operation and regular maintenance are crucial to the continued good performance and sustenance of any engineering system including water and wastewater treatment facilities. Water and wastewater treatment facilities are very expensive capital investments and their operation and maintenance should be entrusted with trained, skilful and highly motivated technical personnel. In most of the developed countries water and wastewater treatment plants are operated and managed by qualified and trained personnel while a majority of large water and wastewater treatment plants, in developing countries are operated by poorly trained and unskilled personnel under casual supervision and management of inexperienced engineers.

Though the life span of these plants is about 25 years, structurally they require frequent repairs and replacements of electrical and mechanical components. Operational instructions and maintenance schedules should be strictly followed by the operating personnel. Process tanks and media must be cleaned at prescribed intervals to maintain design flows, velocities, volume, concentrations, etc in order to ensure the proper operation of treatment plants.

Low budget allocation results in poor maintenance and operation of treatment plants, in developing countries. Therefore, satisfactory operation and management are very difficult to maintain. To improve plant operation and maintenance, following approaches should be considered:

· provide annual budgetary allocation for operation and maintenance activities;

· provide in-service and on-plant training for operation and management personnel,

· motivate the staff;

· privatise operation and maintenance of water and sewage treatment plants.

10.3.2 
Process control and instrumentation

The primary objective of the process control and instrumentation is to use appropriate and sensitive regulating and measuring devices. Adequate instrumentation is highly desirable to maintain the prescribed design values of the vital physical variables through out the operation of processes. The essential physical variables are flow rate, pollutants concentration (constituents), reactor volume, pressure, temperature and time. The regulating and measuring devices should respond very quickly to any changes in these variables by appropriate means. The complexity of process control in water and wastewater treatment is better appreciated when it is recognised that the feed or raw material (e.g., sewage) is highly variable in composition and flow during the day. 

The mode of control, i.e., manual, semiautomatic, or automatic, depends on the complexity of the processes involved in the treatment systems. Computer technology has brought about major advantages in the process control and instrumentation of treatment plants. Plant automation in developing countries has been found to compound the existing problems of inadequate, poor operation and maintenance. Automated control requires strong supporting infrastructure, which cannot be easily available with low resource communities.

Automated process and plant control requires strong supporting infrastructure (e.g., regular supply of electricity, regular stock of spare parts and plants components, etc.), which cannot be easily guaranteed in the developing countries at the present.

It should be noted that a treatment plant is a train of treatment unit processes. The performance of one unit process affects the performance of other. Thus, it is necessary to carry out the process control, operation and maintenance of all unit processes in an integrated manner. Regular monitoring and evaluation of each unit process will lead to overall improved plant performance, which we will discuss in the next Subsection, i.e., Subsection 10.3.3.


10.3.3 
Plant monitoring and performance evaluation

Normally a water quality and pollution control analytical laboratory is incorporated as a part of a water treatment plant or a sewage treatment plant project in order to ensure the regular monitoring of the supplied drinking water and the discharged sewage effluents for their compliance with the design stipulated drinking water and sewage effluent standards respectively. It may also provide analytical data, which could be used as the basis for the operation and control of the unit treatment processes.

Monitoring of a plant provides analytical data used as the basis for the operation and control of unit treatment processes. Water quality monitoring has three essential components. They are sampling, water analysis and data reporting. Sampling can be instantaneous grab or time based/ flow proportioned composite sampling. Grab sampling is satisfactory either to collect a representative sample or to provide a spot check.  

In view of the highly variable nature of water and wastewater flows and qualities, time-based/flow-proportioned composite samples, which may be collected over a period of 24 hours or more, generally give a more accurate assessment of the sample. Composite sampling is used for water and wastewater of highly variable nature, initial assessment of new treatment plants, regular performance assessment and evaluation of unit processes, etc. Analyses should be carried out on samples immediately after collection to get exact results. Changes in the composition of a sample with time can be related by storage at low temperature of about 40C or less and keeping it in dark.

As discussed above, it is essential that water/effluent quality monitoring programmes are set up with the clear objectives. We will now see what kind of objectives are needed to be included in a programme of such kind.  The major objectives, which can be included in the programme could be:  

· to assure compliance with the water/effluent quality standards prescribed and imposed by the regulatory agencies;

· to provide basis for the rational selection and efficient operation of the appropriate processes for the efficient and optimal removal of pollutants from the water and sewage; 

· to provide data for applied research; 

· for use in evaluating existing water/effluent quality standards and guidelines.

Other issue, which emerges after deciding the objectives, is pertaining to monitoring locations and the relevant control attributes. Some of the main points where the monitoring should be carried are listed here, however, there could be some new location as well, depending upon the local conditions.

Monitoring (sampling) points

· at all water supply source intakes;

· post-chlorination reservoir/tank, for water supplies;

· sewage works inlet after screening;

· sewage effluent outfalls; 

· outlets of all unit processes in the water and sewage treatment plants.

Parameters 

The parameters to be monitored should include those listed in the water/effluent quality standards and guidelines prescribed by the regulatory agencies including flow.

Sampling frequency 

Process controlling parameters such as temperature, flow rate, colour, turbidity, organic matter, pH, conductivity, dissolved oxygen and chlorine should be monitored continuously or at least daily. Other pertinent parameters should be sampled preferably weekly/bi-weekly or at least monthly to show variations throughout the year; and the samples should be 24-hour time-based/flow-proportioned composites.

Monitoring reports 

These should be prepared in the form in which monitoring analytical results are summarized each month, showing all the average and maximum values of the monitored parameters in terms of loading quality (kg/day) and concentration (mg/l) and should reflect all analyses actually performed, even if the number of analyses exceed the minimum requirements; this type of monitoring report may be required to be submitted to regulatory agencies on a monthly or quarterly basis.

Compliance monitoring 

Inspection monitoring activities should be carried out regularly by the water and sewage treatment plant by the technical officers at regular intervals but perhaps at longer intervals by regulatory agencies or any other third party (and independent) institutions.

To maintain or meet the quality standards of water or effluents, quality monitoring programmes should be arranged. Figure 10.5 shows the different stages of the monitoring programme. 

Figure 10.5

Plant Monitoring and Performance Evaluation
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Apart from monitoring for those determinants listed in the water/effluent quality standards, it is generally useful to breed some pollutant-sensitive fish and some other pollutant-sensitive macro-organisms visible to the naked eye in raw water holding tanks and sewage effluent tanks and to regularly monitor these visually in order to quickly detect the presence of pollutants or the severe depletion of dissolved oxygen to levels much below 2 mg/l in the tanks.

 

10.4 
OTHER REQUIREMENTS

We have discussed all the important points in the planning and implementation of water and waste water treatment plants, however, there are still some minor requirements which need to be taken care for the completeness of the whole process. We will discuss two of these here such as legislative requirement and need for pilot scale study. 

Legislative and regulatory requirement

Water and wastewater treatment plants have to conform to national legislations, planning regulations, codes of practice and health, safety and environmental standards in their siting, planning, design, construction and operation. These regulations must be met for the higher acceptability of the facility and also to avoid future litigation. If national legislations, regulations and standards are not available or not adequate, international guidelines and convention should be considered.

Pilot investigation

Pilot equipment is a prototype of equipment used in the plants. The investigations of the treatment are carried out in the pilot equipment. If the results are satisfactory, the design is scaled up and the actual full-scale equipment is fabricated. The results of these investigations could lead to cost saving modifications in plant design and operation. Whenever experience is limited in the practical application of a process to the treatment of a particular type of wastewater, final design will then be based on the parameters developed from the pilot plant studies. Also the costs of fabricating and assembling the process equipment needed for these investigations are usually much less than the cost of the most simple laboratory analytical instruments.

SUMMARY

In this Unit, we discussed many important and basic parameters, which must be considered while installing or planning any water or wastewater treatment plants. The site surveys and related investigations, comparative study of treatment processes available, plant operation control, maintenance and monitoring of plant performance are some of the important parameters discussed in this Unit. We studied water and wastewater treatment processes in brief along with the various approaches to improve plant operation and maintenance, pilot scale investigation and its importance in brief. After studying the various treatment methods, knowing the local and available land conditions, we can find out the suitable configuration of the water and wastewater treatment processes. 
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Unit 10


Model Answers to Learning Activities
LEARNING ACTIVITY 10.1
A site survey gives an idea to revised and more rational location of the various units in wastewater processes and also better estimating and perception of the available land space and the proposed plant size, type and configuration. During the site surveys and investigations, vital planning information is obtained and important design data generated. Site investigation is for the identification and delineation of pertinent topographic features, elevations, property lines, buildings, existing water bodies and hydraulic boundaries, etc.

LEARNING ACTIVITY 10.2
Data required for planning and implementation of water and wastewater treatment plants are demographic and socio-cultural data, meteorological and geographical data, policy of water conservation, water resources, built environment data like housing, industrial development, data on economic development, technical data on water supply and sewage disposal services and facilities, water quality standards, water demand patterns for different sectors, sewage treatment and reuse demand.

LEARNING ACTIVITY 10.3
Peak hour water demand,

=  Qav.day x K1 x K2 m3/hour
where,      

K1  = peak factor for daily water demand and has values ranging from 1.1 to 1.3

K2 = peak factor for hourly water demand and has values ranging from 1.5 to 2.0

LEARNING ACTIVITY 10.4
Alum requirement:  When the alum requirement is taken at a dose of 30 mg/l , the total alum requirement per day = 30 x 250,000 x 1000 mg = 7500 kg.

Chlorine requirement should assume maximum chlorine dosage of 10 mg/l which gives a daily chlorine requirement = 250,000 x 10 mg = 2,50,0000 mg = 2500 kg/day.

LEARNING ACTIVITY 10.5
Process control and instrumentation is to use appropriate and sensitive regulating and measuring devices. Adequate instrumentation is highly desirable to maintain the design values of the vital physical variables through out the operation of processes. The essential physical variables are flow rate, pollutants concentration (constituents), reactor volume, pressure, temperature and time. 







































































































(LEARNING ACTIVITY 10.5





What is the role of process control and instrumentation in treatment plants?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.4





A water treatment plant is to treat 250,000 m3/d of water from a large river. Treatment consists of rapid mixing, flocculation, sedimentation, rapid gravity sand filtration and chlorination. Alum has to be added at the rate of 30 mg/l peak daily demand is 200 % of the average flow. Calculate the amount of alum and chlorine required on a daily basis.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.3





How do you find the peak hour water demand for a distribution system of a locality?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.2





Note down the data required for planning and implementing treatment plants.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.1





Why is it important to do site survey and investigation?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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