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OVERVIEW
In Unit 1, we discussed water as a resource and in this Unit we will introduce you to various aspects related to municipal wastewater, which includes collection, conveyance and treatment of domestic waste. Aspects related to final disposal of wastewater and its impact on water body has also been dealt with in this Unit. A municipal wastewater treatment disposal system comprises of sewerage network, wastewater collection from various parts of the city, pumping to the treatment facility and treatment plant. To understand the various issues concerning the domestic wastewater collection, treatment and disposal, this Unit presents the details of type of pollutants, mass balance concept, constituent’s parameters and other related disposal concepts. This Unit will provide the insight into the municipal wastewater management.   

LEARNING OBJECTIVES 

After completing this Unit, you should be able to:

· explain various concepts of municipal waste collection and conveyance; 

· discuss the treatment concepts of waste water before disposal;

· explain the type of pollutants present in waste water and other concepts such as mass balance, nitrification etc.; 

· assess the wastewater disposal practices and impacts on surface water quality. 


2.1 
MUNICIPAL WASTEWATER DISPOSAL

SYSTEMS

The Unit 1 must have acquainted you with the issues of water quality, which the use of water and its improper disposal affects many times. Now, we will learn about what we need to do with the wastewater generated by us.

Any water, which has been transformed by anthropogenic activities to such an extent that it becomes unsuitable for direct human use, may be termed wastewater. The major categories of wastewaters are:

· Storm water (or surface runoff): This refers to the excess water flowing during and after rains from roofs and paved areas at or near the surface into streams or rivers. The quality of storm waters is greatly influenced by the sanitary conditions of the overflowing areas. 

· Sewage (or backwater): This refers to water that has been polluted by normal domestic usage including toilet flushing (domestic sewage); and industrial operations (industrial sewage); and agricultural operations (agricultural sewage).

· Sullage (or greywater): this refers to water that has been polluted by normal sewage, excluding toilet flushing.

All wastewaters need to be collected, transported, treated and disposed off or reused in order to prevent flooding and water pollution (Figure 2.1). 

Figure 2.1 

 Elements of Basic Sanitation System
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The bucket and vault wastes, from pour flushes and squatting slabs are fed to digestion tank or composting for treatment, by using cartage or vacuum trucks. The treated wastes are used as fertilisers. These bucket and vault wastes can also be transported to ponds and is used for irrigation disposed off by discharging. The bucket waste can be used as biogas wastes collected in septic tanks or aqua privy or fed to ponds by small-bore sewers, which can be used for irrigation wastes from cistern.  Storm waters may be get across either in storm water sewers or in combination with domestic sewage in combined sewers as shown in Figure 2.2. 

Figure 2.2

Wastewater Drainage Systems
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Like storm water drain carrying rainwater, sewers are constructed to convey or carry sewage. Sewages are generally transported separately in sanitary or foul sewer or less frequently in combination with storm water in combined sewers. In developing countries, where the present level of water supply services and various techno-economic and socio-cultural factors preclude the sewering of a majority of the villages, towns and cities. Storm waters are generally conveyed in open storm water drains or gutters which generally empty into street drains, storm water drains, nearby surface water etc., while excreta disposal is by on-site sanitation systems. 

2.1.1 
Sewerage Systems

Sewerage is the term given to the system of pipes, which collects foul sewage and surface water runoff from built-up areas. In less developed areas, the cost of a centralised sewerage system is usually prohibited so that individual on-site sewage disposal methods are used in these circumstances. In contrast to water distribution systems, which have to operate under pressure, sewerage systems operate under gravity with pumping avoided unless it becomes essential because of topography. There are two basic types of sewerage system, and these are: 

(i)
Combined sewers: In this type, foul sewage and surface runoff are carried in the same pipe so that there are large variations in flow. This system is more common in older communities and has a number of hydraulic and operational disadvantages.

(ii)
Separate sewers: In this type, foul sewage and surface runoff is carried in separate pipes so that hydraulic and pollution problems are reduced. This system is found mainly in recent developments and is more costly than the combined sewer alternative. In some situations, a partially separate system is used where roof and yard drainage is collected in the foul sewer but surface runoff from roads and large impermeable areas is removed in surface water sewers. 

The importance of surface runoff water in the design of sewers is emphasized by the fact that even in a relatively modest rainfall the surface water flow from a housing estate can be 50-100 times greater than the flow of sewage (usually termed as dry weather flow or dwf). Calculation of dwf for an area is made as follows:

dwf (liters/day) = P * G + I + E

Where P = Population sewered; G = Domestic water consumption (liters/person day); I = Infiltration into sewers (liters/ day); E = Industrial wastewater (liters/day).

The very large volumes of storm water generated by even modest rainfall can cause considerable problems in sewerage systems. It is uneconomical to convey more than a small proportion of the wet weather flow to the treatment plant. It is, therefore, a common practice to install storm water overflows on combined sewers to spill excess flows. Such an arrangement inevitably causes pollution of the watercourse which receives the storm water discharge. The use of retention tanks at storm water overflows can reduce the pollution to some extent. Attempts have been made to design the overflow structure in such a way that solids are retained in the downstream flow to the treatment plant. 

It is important to note here, as with water demand, the dwf or wastewater from an area varies throughout a day so that momentary flows range from perhaps 0.4 dwf to 2 dwf depending upon the size and condition of the sewerage system and the population served. The hydraulic design of sewers must take into account the need to maintain a minimum velocity discharge, the velocity does not exceed about 5 m/s to avoid damage to the sewer wall. The need to ensure a self-cleansing velocity in sewers means that they must be laid at a minimum gradient, which in flat ground can lead to very deep sewers, or, alternatively, a series of pumping stations with high power costs. 

In semi-urban and small cities where sanitation may initially use on-site septic tanks, there is a move to provide main drainage using what is termed as a modified sewerage. This uses small bore (100mm) pipes laid at shallow gradients to transport tank effluent, which contains little suspended matter, for further treatment at a central plant. Such a system can be much cheaper than conventional sewerage but requires effective maintenance if blockages are to be avoided. It has the advantages of providing a staged development, which utilises existing infrastructure as much as possible. A high-technology system installed in a small number of areas involves the use of conventional flush toilets with a vacuum actuated small-bore sewer system. Such a system can have advantages in new developments where water is restricted and where the necessary technology can be reliably maintained and operated. 


2.1.2 
Characteristics of wastewater

A human being produces about 0.055 kg of BOD (Biochemical Oxygen Demand which is measured at 20oC on the 5th day, also called BOD5) and 0.08 kg of SS (Suspended Solids) each day and the strength of domestic sewage depends upon the water used and discharged. With a daily domestic water consumption of 150 liters/person/day the strength of raw sewage becomes about 370 mg/l BOD and about 530 mg/l SS, although these concentrations are usually reduced somewhat by the ingress of infiltration water into the sewers. The concentrations of BOD and SS will be decreased considerably by surface runoff in combined sewers, although the first flush of runoff can itself be highly polluting. 

Other characteristics have been discussed in Unit 1.  In many countries industries discharging their waste in sewage system are charged for reception, conveyance, treatment, total pollution load and sludge handling costs. However, in India in some cities, all users are charged a percentage of sewerage charge based on water supply, though this percentage varies from city to city. 

2.1.3 
Wastewater treatment processes

You need to now assess the methods of treatment after having understood the sewage generation and conveyance issues. We can reuse this sewage, wastewaters after treating them appropriately. Sewage requires a number of physical and biological treatment processes with the level of treatment being dependent upon the nature of the receiving water and the amount of dilution available.  Now we will go through different methods of treatment of wastewater for possible reuse of wastewater.  Table 2.1 gives some examples of the types of process systems, which would be required for sewage treatment in a number of circumstances. 

Table 2.1

Disposal Options and Typical Wastewater Treatment Methods

	Receiving Water
	Effluent Standard
	Probable Treatment

	
	BOD mg/l
	SS mg/l
	

	Open Sea
	--
	--
	Screening-comminution

	Tidal Estuary
	150
	150
	Screening, sedimentation

	River; Lower Reaches
	20
	30
	Screening, sedimentation, biological oxidation, sedimentation

Alternative: lagoon

	Middle Reaches
	20
	30
	As above with addition of nitrification and perhaps tertiary treatment

Alternative: lagoon, maturation pond

	Upper Reaches
	10
	10
	As for lower reaches with addition of nitrification and tertiary treatment

Alternative: lagoon, maturation ponds

	Upper reaches low dilution 
	5
	6
	As above with nitrate and phosphorous removal, possible disinfection

Alternative: lagoon, maturation ponds

	Lake
	5
	5
	As for low dilution river


Note that with the exceptions of sea discharge, sludge treatment processes will also be incorporated in the process chain. Lagoon and maturation pond alternatives are appropriate for temperate and warm climate locations with low-cost land readily available.


Figure 2.3 shows the flow sheet for a conventional two–stage physical-biological plant (developed country) which would be expected to produce a final effluent of around 20 mg/l BOD and 30 mg/l SS. In situations where a higher level of treatment is required, additional stages perhaps involving sand filtration and nutrient stripping may be incorporated.

Figure 2.3 

 Flow Sheet for Conventional Sewage Treatment
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The above figure representing a physical-chemical treatment is common in India, however, operation and maintenance issues are not being handled adequately, leading to discharge of high BOD and SS containing effluent.

In India, the discharge standards have been specified for only four mode of disposal, viz. sewer, land, surface water and marine water body, as per Environment (Protection) Act, 1986 as given in Table 2.2. The various sources of discharge are domestic sewage, industrial wastes, and wastewater.  The test for meeting these standards mentioned in Table 2.2 are carried out with these sources. 

Table 2.2

General Standards for Discharge of 

Environment Pollutants 

	Sr. No.
	Parameters
	Standards for Discharges into

	
	
	Inland Surface
	Public Sewers
	Land for Irrigation
	Marine Coastal Areas

	1
	Suspended Solids mg/l, Max.
	100
	600
	200
	For process wastewater – 100

For cooling water effluent 10 percent above total suspended matter of influent.

	2
	Particular Size of Suspended Solids
	Shall pass 850 micron sieve
	--
	--
	Floatable solids, max. 3 mm

Settleable solids, max. 850 microns

	3
	pH Value
	5.5-9.0
	5.5-9.0
	5.5-9.0
	5.5-9.0

	4
	Temperature
	Shall not exceed 50C above the receiving water temperature
	--
	--
	Shall not exceed 50C above the receiving water temperature

	5
	Oil and Grease mg/l, Max.
	10
	20
	10
	20

	6
	Total Residual Chlorine mg/l, Max.
	1.0
	--
	--
	1.0

	7
	Ammonical Nitrogen (as N), mg/l, Max.
	50
	50
	--
	50

	8
	Total Kjeldahl Nitrogen (as NH3), mg/l, Max.
	100
	--
	--
	100

	9
	Free Ammonia (as NH3), mg/l, Max.
	5.0
	--
	--
	5.0

	10
	Biochemical Oxygen Demand 

(5 days at 200C), mg/l, Max.
	30
	350
	10
	100

	11
	Chemical Oxygen Demand, mg/l, Max.
	250
	--
	--
	250

	12
	Arsenic (as As), mg/l, Max.
	0.2
	0.2
	0.2
	0.2

	13
	Mercury (as Hg), mg/l, Max.
	0.01
	0.01
	--
	0.01


Table 2.3 gives example of typical wastewater effluent standards for discharge to surface water although these may be modified by water use or dilution consideration. 

Table 2.3 

 Typical Wastewater Effluent Standards for 

Surface Water Discharges

	Parameter
	Allowable Concentration

(often 95 percentile)



	BOD
	20 mg/l

	COD
	100 mg/l

	SS
	30 mg/l

	Temperature
	250 C

	Phenol
	0.5 mg/l

	Sulphide
	1.0 mg/l

	Toxic Metals
	5.0 mg/l

	Grease and Oil
	5-9 units

	Ammonia N
	2.0 mg/l


Many industrial wastewaters are discharged to municipal sewers and treated in admixture with domestic sewage. In such cases, limits must be placed on the composition of the discharge, to protect the fabric of the sewers and safeguard sewer workers. 

It is also important that substances, which could be toxic to sewage treatment processes, are strictly controlled. There are certain substances, which can be hazardous if found in sewage. Thus, stringent controls are required to prevent environmental damage and possible health hazards. The UK has listed out those substances as the Red list of dangerous substances. Water pollution prevention and control measures should embody the polluter pays principle where appropriate and are best on integrated management of a catchment. Because of the short-term and possible long-term aspects of water pollution a precautionary approach to pollution control is advisable. Because of the particular vulnerability of groundwater supplies, it is important that agricultural, domestic and industrial activities which might allow polluting liquids to enter an aquifer, are strictly controlled. It is, however, essential to frame pollution control policies and legislation in relation to what is economically and environmentally sustainable in a particular location or set of circumstances. In situations where pollution control measures do not currently exist the merit of staged implementations of controls should be appreciated, always based on the principle of gaining maximum benefit from any investment of public or private funds.

 

2.2 
POLLUTION CONTROL MEASURES

We need to appreciate that in a natural situation, pure water does not occur naturally. All waters are contaminated to some degree. It is, however, more useful to restrict the term water pollution to situations where the contaminants restrict the use of the receiving water for various purposes. 

Water pollution is undesirable for many reasons:

(i)
contamination of raw water sources leading to potential health hazards and increased loads on treatment plants;

(ii)
harmful effects on fish and other aquatic life;

(iii)
contamination of irrigation water leading to health hazards;

(iv)
restriction on recreational and amenity uses; 

(v)
aesthetic and odour nuisance may arise;

(vi)
navigational problems due to sludge deposits. 

It will be clear from the effects of pollution that for a rational assessment of the importance of pollution it is essential to know the predominant use or uses of the receiving water. A level of pollution which would be quite unacceptable in a river c to understand the importance of different water sources.  

Water use classification

The development of water use classification is thus very helpful in pollution control work and a typical classification, in decreasing order of quality requirements would be:

· Domestic drinking water.

· Commercial, and recreational fishing.

· Industrial water supply.

· Irrigation.

· Amenity and recreation. 

· Navigation and power generation.

· Waste disposal.

A natural watercourse in an unpolluted state has a balanced chemical composition and supports a varied population of micro and macro organisms. This balance is largely dependent upon the presence of ample dissolved oxygen, which is essential for most forms of aquatic life. In developed countries where water supplies are always treated before distribution, much of the concern about water pollution is directed towards the effect on the oxygen balance and possible toxic effects on aquatic life. In less developed countries where water treatment is not universal, the primary pollution concern is usually that of the danger arising from pathogenic microorganisms in sewage and the consequent risk of water-related disease.

Having identified the typical characteristics of water, let us now discuss the types of pollutants before we examine a few measures that can be employed to control water pollution. Understanding the types of pollutants provides a useful insight into the process of prevention and control.


2.2.1 
Types of pollutants

We have discussed the different areas of water usage, however when it gets contaminated we have to formulate the strategy for cleaning it. For doing so, we need to know the types of pollutants as it helps in deciding treatment system and prevention measures better.  There are two major types of pollutants:

(i)
Conservative:  Many inorganic substances are not affected by self-purification reactions so that their concentrations remain unaltered unless by dilution. These substances, of which sodium chloride and other inorganic salts, heavy metals are the most prevalent in water, are termed conservative pollutants. These conservative pollutants are also often not removed by conventional treatment processes so their presence in water may limit its use for certain purposes. 

(ii)
Non-conservative: Most organic substances, micro-organisms and some inorganic compounds are degraded by self-purification reactions so that their concentrations decrease the time. As Figure 2.4 shows, such pollutants are non-conservative in nature, although the actual rate of decay is a function of many factors including temperature. 

Figure 2.4 

 Characteristics of Pollutants
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These two types of pollutants behave in different ways when added to water and this must be taken into account when considering pollution control measures. The Figure 2.4 shows the behaviour of both the pollutants.

After having discussed the types of pollutants, now we will look into some of the important concepts in waste assimilation and treatment.  

2.2.2
Mass balance approach

It is important to assess the effect of a particular discharge on receiving water in quantitative terms for which the first step is to carry out a mass balance study. In a simple form it will be: 

Q1 x C1 + Q2 x C2 = Q3 x C3 



Equation 2.1


Where Q is flow and C is pollutant concentration at different disposal point.

Figure 2.5 shows a river receiving an effluent discharge for which it is possible to determine the immediate effect by assuming that instantaneous mixing occurs with conservation of mass.

Figure 2.5 

 Mass Balance Concept
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Since the flow leaving the discharge point must equal the sum of the flows arriving at the discharge point, it is possible to calculate the downstream concentration C of the pollutant. Depending upon the nature of the pollutant, i.e., conservative or non-conservative and assuming constant velocity with no additional dilution water, pollutant concentrations downstream can be determined. 

Let us calculate the downstream concentration of the given drainage system.

Worked Example

A stream with a flow of 0.2 m3/s and a chloride concentration of 50 mg/l receives a discharge of mine drainage water with a flow of 0.05 cu m/s and chloride concentrations of 1500 mg/l.

Using mass balance equation

0.2 x 50 + 0.05 x 1500 = (0.2 +0.05) x downstream concentration.

i.e., downstream concentration = 340 mg/l


2.2.3 
Biochemical oxygen demand (BOD)

As mentioned earlier, in many cases the most critical factors in water pollution is the oxygen balance because biochemical oxidation of organic pollutants is a major factor in self-purification. The oxygen balance is the result of two distinct reactions. In the exertion of BOD, the rate of oxidation is proportional to the amount of oxidisable matter remaining, i.e.: 

dc/dt = KC  





Equation 2.2
Where, 
C 
=
concentration of organic matter remaining

 
 t 
=
time


 K
=
reaction constant

It is proper to denote the ultimate BOD, i.e., the amount of organic matter at t = 0, by the symbol L, integrating the above equation:

Lt /L =
e-kt
Where, Lt = BOD remaining at time t as shown in Figure 2.6.

Figure 2.6 

Conceptual Diagram of BOD Dynamics
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For convenience it is normal to use base 10 rather than base e, so that: 

Lt /L = 10-kt  





Equation 2.3

Where, k = 0.4343 K

The usual concern is with oxygen already consumed rather than remaining to be consumed, therefore:

BODt =  (L-Lt) = L (1-10-kt)



Equation 2.4
The actual value of k governs the rate of the reaction and it can vary from 0.05/day for a complex organic compound, about 0.17/day for domestic sewage and to about 0.30/day for a simple organic compound like glucose. Both the ultimate BOD and the rate constant are temperature dependent, and therefore, corrections must be made for temperatures other than the standard 20oC. For a new temperature T,

kT = k20  [1.047(T-20)]








LT = L20  [1 +0.02 (T-20)]



Equation 2.5

The Equations, which have been derived above can be used effectively to find out the oxygen demand or depletion due to wastewater discharge. 

Let us calculate BOD using above equation for a particular case.

Worked Example

Laboratory analysis of a domestic wastewater sample receiving industrial discharge indicated an ultimate BOD of 750 mg/l and rate constant (k) of 0.20 /d at 20oC. Calculate the 5 day BOD at 20oC and at 30oC.

Using above mentioned relationship of BOD: 

BOD5  = 750  (1-100.2 x 5) 20oC  = 750 x 0.9 = 675 mg/l at 20oC

Using equation for K:

k30  = 0.2 x 1.047(30-20)
k30  = 0.2 x 1.58  = 0.316/d at 30oC

Using equation for ultimate BOD:

BOD5  = 750  [1 + 0.02(30-20)] 

at 30oC  =  750 x 1.2 = 900 mg/l at 30oC

2.2.4 
Nitrification 

Nitrification of organic nitrogen and ammonia compounds causes an additional oxygen demand, which is not usually significant within the five days of the BOD test when analysis raw wastewaters are done. The nitrification oxygen demand can, however, be quite large with treated effluent samples.  The effect of nitrification on the BOD determination can be suppressed by the addition of an inhibitor, allyl thiourea (AUT).

BOD values can be affected by toxic substances or by the need for the microorganisms to become acclimated to a particular wastewater. It is always wise to carry out COD (Chemical Oxygen Demand) determinations in parallel with BOD tests. The COD determination uses a strong chemical oxidising reaction with boiling sulphuric acid and potassium dichromate to break down almost all compounds. A COD/BOD ratio of around two indicates good biodegradability but ratios above 5 could indicate some potential toxicity or inhibition problems if biological treatment were to be used.

2.2.5 
Reaeration

When the DO in water falls below the saturation level more oxygen will be transferred across the air-water interface to rectify the oxygen deficit. The solubility of a gas in water is controlled by the partial pressure of that gas in the atmosphere above the water, the temperature and the dissolved solids in the water. 

The rate of reaeration is proportional to the oxygen deficit, so that: 

dD/dt = KD





Equation 2.6
log [Cs – Ct) /Cs –C0) ] = -Kt  



Equation 2.7











Where Cs = saturation DO; C0 = initial DO; Ct = DO at time t.


The value of the reaeration coefficient is a function of the velocity of flow, channel configuration and temperature and it can be approximated by the following empirical relationship:

K = 2.1 [V0.9/h1.7] 




Equation 2.8








where, V = mean velocity of flow (m/s); h  = mean depth (m).

For accurate work, it is advisable to experimentally determine the value of the reaeration coefficient for individual reaches of a river at different discharge levels. In stagnant water, diffusion is the main mechanism and this transfers oxygen very slowly. Diffusion process is prevalent in discharges in lake or any stagnant water. In turbulent flow, the saturated surface layer is continually being mixed in the main body of water so that oxygen transfer occurs rapidly. Reaeration rates (base 10) can vary from about 0.3 /day for a deep sluggish river to more than 30/day for a turbulent shallow stream. 

2.2.6 
Dissolved oxygen sag

A river which is flowing could experience sudden loss of dissolved oxygen just downstream of a waste discharge point. It can lead to deterioration of water quality and also affect fisheries. 

Using the mathematical models for BOD uptake and reaeration outlined above it is possible to formulate the Streeter Phelps equation for dissolved oxygen concentrations in a water course receiving an oxygen –consuming wastewater discharge. If the water is originally saturated with oxygen, the BOD uptake curve for the mixture of river water and effluent gives the cumulative deoxygenation of the downstream flow. As soon as the DO starts to fall the deficit created initiates reaeration. As the BOD uptake grows and the DO deficit increase, the driving force for reaeration gets enhanced. The reaeration rate increase to the point where it becomes able to transfer oxygen to the water more rapidly than it is now being consumed. As illustrated in Figure 2.7, the deficit will then start to reduce and given sufficient time (analogous to distance downstream in a river) will eventually reach zero again.

Figure 2.7 

Dissolved Oxygen Balance
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If, however, the BOD demand is excessive compared with the reaeration capacity of the receiving water, the DO will fall to zero and most forms of aquatic life will be killed. The anaerobic conditions will result in serious pollution with consequent loss of water resources.

In mathematical terms, the situation in water receiving a BOD load can be described as:

dD/dt = K1 / L – K2 D 




Equation 2.9







Where D = DO deficit; L = Ultimate BOD of water/effluent mixture; K1 = BOD rate constant; K2 =
Reaeration constant. 

Integrating and changing the Equation 2.9 to base 10. 
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Equation 2.10


Where Da and La are DO and ultimate BOD respectively at t = 0.

The critical point at which the maximum DO deficit is reached is given by the condition:
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Equation 2.11

Hence 
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Equation 2.11
To use the model, sometimes called the DO Sag Formula, after the shape of the DO concentration curve in Figure 2.7, it is necessary to know the BOD and reaeration rate constants for the particular reach of the river. If the river flow, BOD and DO upstream of the discharge are known together with the equivalent values for the effluent, the BOD and DO levels immediately downstream can be determined by mass balance. 

The decay of other pollutants during passage down a river system can be predicted if the relevant rate constant is known. For many pollutants a first order decay like that for BOD is often found to be appropriate. Microorganisms in a wastewater discharge will usually decay with time in receiving water but with heavily polluted waters and high temperatures it would be unwise to assume a rapid decay of faecal bacteria in the absence of confirmatory evidence. If discharges are meeting marine water bacterial decay is very rapid ranging from 60 minutes to 180 minutes for 90 percent kill in warm climate. However, t90 (time taken for 90 percent decay) can be as high as 10 hours in cold climate, despite the adverse condition of high salinity for freshwater bacteria.

SUMMARY

After studying this Unit and undertaking all learning activities, you must have got knowledge about wastewater generation, conveyance and different treatment systems. Assimilative capacity of receiving water and DO sag due to pollutant discharge were discussed. Reuse and recycle of effluent can be highly beneficial.
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Unit 2


Model Answers to Learning Activities
LEARNING ACTIVITY 2.1
Two types of sewerage systems are combine and separate sewers.  In combined sewers, foul sewage and surface runoff are carried in the same pipe so that there are large variations in flow. In separate sewers system, foul sewage and surface runoff is carried in separate pipes so that hydraulic and pollution problems are reduced. This system is found mainly in recent developments and is more costly than the combined sewer alternative.

LEARNING ACTIVITY 2.2
Screening and sedimentation are the two treatment processes necessary for receiving water of tidal estuary. Effluent standard for both the parameter (BOD and SS) are same that is 150 mg/l.

LEARNING ACTIVITY 2.3
Water pollution is undesirable for many reasons such as contamination of raw water sources leading to potential health hazards and increased loads on treatment plants, harmful effects on fish and other aquatic life, contamination of irrigation water leading to health hazards, restriction on recreational and amenity uses, aesthetic and odour nuisance may arise and navigational problems due to sludge deposits.

LEARNING ACTIVITY 2.4
Importance of mass balance is to assess the effect of a particular discharge on receiving water. Equation of mass balance are given as:


Q1 x C1 + Q2 x C2 = Q3 x C3




Where Q1, Q2 and Q3 is the flow of river, effluent discharge and after mixing in a river respectively.  

C1, C2 and C3 are the pollutant concentration at river, effluent discharge and after mixing in a river respectively.










































































































(LEARNING ACTIVITY 2.4





What is the importance of mass balance? Give equation of mass balance.





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 2.3





Why is water pollution undesirable?





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 2.2





What kind of treatment is necessary for receiving water of tidal estuary and mention the standard of BOD and SS?





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 2.1





What are the basic types of sewerage systems?





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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