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OVERVIEW
In the earlier Units 4 and 5, we studied various methods of treating wastewater by physical, chemical and biological methods including aerobic system, anaerobic system, etc. before disposal. We learnt that wastewater is treated in such a way as to meet certain standards set by local authorities for disposal. The purpose of specifying standards for the disposal as well as receiving water quality is to preserve the natural water quality of the region. In this Unit, we will discuss the setting of standards, for the effluents and the receiving waters along with major factors that are considered while setting up these standards.

We will also study the various methods of disposal of the treated wastewater in different water bodies and the processes involved in it. Disposal issue with regard to specific water poses different question in terms of processes, dynamics and mechanism. The quality of water where the disposal is proposed to be carried out need to be taken into account while the planning and design of the outfall is completed. The concept of initial dilution and dispersion will also be discussed. Besides these methodologies, we will also study the basic concepts relating to oxygen sag, eutrophication, reoxygenation and deoxygenation, etc. 

LEARNING OBJECTIVES 

After completing this Unit, you should be able to: 

· explain various factors that should be considered while setting the standards;

· discuss decay of pollutants in lakes;

· explain reaeration and deoxygenation processes in a river;

· assess ocean outfall working;

· explain dilution, dispersion and diffusion processes of an outfall operation;

· explain environmental hydraulics.
 

8.1   EFFLUENT DISPOSAL STANDARDS 

Wastewater after treatment needs to be disposed off appropriately to avoid the pollution of the local water body or land. The ultimate disposal of wastewater effluents can be by dilution in receiving waters, by discharge on land, in some cases in desert areas, by evaporation into the atmosphere as well as seepage into the ground.

The major element of wastewater disposal is the associated environmental impacts. In the past, when the waste load was not high and was being discharged into the water body in the near-shore region, the impact was not appreciable. However, due to the rise in population and thereby increased wastewater quantities to be discharged, the near-shore of all the water bodies have shown unacceptable decline in the water quality. Such decline is not limited to direct impact on the drinking water sector but also other sectors such as fisheries, irrigation, recreation etc. To achieve the environmental acceptability of such discharge, a choice is available between enhanced treatment for one or more pollutants in the wastewater or increased dilution. Higher dilution, however, cannot be achieved in near-shore as the water depth is limited and therefore, the disposal needs to be carried out away from the shore in deeper water column. 

Number of regulations, criteria, policies and review processes undertaken by the government agencies has ensured that the impact on the receiving water quality is minimised or is negligible. The final disposal method selected should be acceptable for all the stakeholders of the society. In India, the concept of waste disposal by dilution has started gaining importance in recent times. This is due to the fact that many water bodies are highly polluted even when all the discharges to the water body are meeting the discharge standards. The concept of assimilative capacity of water has been considered as an important attribute for the waste disposal. Though authorities in India still have to develop clear guidelines with regard to initial dilution for the waste disposal in different types of water bodies, in many places proactive steps have been undertaken to use outfalls for better waste discharge option.       

The understanding of effluent disposal and reuse is to set appropriate standard regulating waste discharges, to select the degree of treatment and type of plant required based on applicable receiving water or effluent standards.

Receiving water and discharge standards 

Wastewater regulations affecting wastewater treatment and disposal in India or in any country are diverse and change as per the local requirement. The fundamental concepts, however, in deciding these criteria do not change too much. In Unit 2, we have seen that the India has specified effluent discharge standards for the many parameters with regard to the receiving media. It specifies different values for discharges in sewer, land, fresh water bodies and marine water. The first legislation in India on water pollution was promulgated in 1972. Later Central Pollution Control Board specified minimum national standards called MINAS for different types of industries. 

The purpose of specifying the discharge standards is to meet the ambient water quality of the receiving water. For the protection and preservation of diverse water bodies, government agencies define the best use category for each of the water body and their stretches. Once the criteria necessary for the protection of the various beneficial use of water bodies have been established, it is possible to set standards for surface waters with the stipulation that no discharge shall create conditions that contravene them. These standards are known as receiving water or stream standards.

The receiving water quality preservation is an issue in all countries. In India, an approach of classifying streams in several categories in accordance with the highest beneficial use to be made of the stream has been adopted. The best designated use is also based on the existing practices and use of the water body. In recent times, the central authority (Central Pollution Control Board) has adopted standards approved by the Government. These standards would maintain or enhance the existing quality of receiving waters based on the quality and quantity of effluent discharged. Some of these standards applicable in India have been discussed in Units 2 and 4.

A difficulty in enforcing receiving water standards arises when the combined load of several discharges exceeds the self-purification capacity of the receiving waters. To avoid this problem, standards for effluent should be set which attempts to meet the receiving water standard. Effluent standards should be strict enough to protect the quality of the receiving waters and should treat all discharges fairly. Two different types of standards have been presented in earlier Units 1 and 2.

The fundamental guidelines for setting up of standards include the following:

(i)
Oil, grease, floating solids should be removed from wastes before discharge to receiving water.

(ii)
Solids that may settle and form sludge banks should be removed.

(iii)
The minimum dissolved oxygen necessary for fish life must be assured by the setting of proper standards.

(iv)
In canals, exclusively for drainage, dissolved oxygen should not be dropped down to zero.

(v)
In case of water supplies, bathing beaches, bacterial numbers are reduced by initial dilution and by a relatively rapid death rate with the passage of time and distance from the point of discharge.

(vi)
Conservative pollutants should be reduced in concentration mainly by dilution. 

(vii)
Dilution necessary for the discharge of toxic components should be assessed.

(viii)
Discharge of nutrients promotes excessive growth of algae and other forms of microscopic life resulting in undesirable turbidity and floating scum. As the organisms die, odour is produced and the nutrients are returned to watercourse. Thus, nutrient content of wastewater should be reduced before discharge.

(ix)
Heated water discharges should not increase the temperature of the main body of receiving waters 50C above the ambient temperature of water body. 


 

8.2   EFFLUENT DISPOSAL BY DILUTION

To describe the effects of a waste discharge on a water body, it is necessary for us to understand the physical phenomenon occurring in that body of water. As we know, any mathematical relationship is simply an attempt to describe the physical phenomena. Therefore, a physical rather than purely mathematical understanding of a wastewater system is a prerequisite to intelligent analysis. Computational models for dispersion are needed for appropriate decision in terms of location of discharge and impact zone characteristics. 

There are many chemical, physical and biological processes, which govern the water quality parameters in a water body. It is, therefore, convenient for us to divide them into transport processes, which govern all the water quality attributes and similarly, transformation processes which can be constituent specific. Many of these transformation processes have similar kinetics and therefore, do not need varied formulation for each of the pollutant parameters.   

Disposal processes where dilution is involved, concept of mass balance need to be understood well, which forms the basis of all the dilution processes in all the water body system. The mass balance equation is a simple formulation of mass of wastewater constituent in a stationary volume of fixed dimension. The simple mass balance equation shall be:
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There are two basic transport processes viz. advection, or transport of a constituent resulting from the flow of the water in which the constituent is dissolved or suspended, and diffusion, or transport due to turbulence in the water. On the other hand the transformation processes which take part are BOD oxidation, surface reaeration, sediment oxygen demand, photosynthesis and respiration, solid deposition, bacterial die-off, adsorption and volatilisation. 

Disposal options and the concepts relating to the dilution will be discussed in the subsequent Sections. 

8.2.1 
Disposal into lakes

Locations where nearby streams are not available, it may be necessary to discharge treated wastewater into lakes or reservoirs. Lakes and reservoirs are often subject to significant mixing due to wind-induced currents. Therefore, small lakes and reservoirs are assumed to be completely mixed. The completely mixed systems do not have any density or temperature stratification. Stratification has been discussed later in the section. For such completely mixed system, the flow rates are assumed to be constant and decay of pollutants can be described as a first order reaction. The other parameters which also affect dilution are wind, waves and currents, which need to be evaluated since most of the mixing in the lakes or reservoirs could be due to these factors.

For bringing out the dilution estimate for the waste disposal, we need to understand the mass balance of the effluent disposal in a lake. A mass balance equation around the lake can be written as: 


[image: image2.wmf]  

dC

dt

+

C

1

10

+

k

,

æ 

è 

ç 

ö 

ø 

÷ 

=

W

V






Equation 8.1
where, W = QrCr  + qwCw
to  = v/q

V  = lake volume

Qr = river flow rate into a lake

qw =  wastewater flow rate into lake

k’  =  first order decay constant

dC/dt  =  change in pollutant concentration in the lake

Cr  = concentration in pollutant in river

Cw = concentration of pollutant in wastewater

To  = detention time

C  = Concentration of the pollutant

The simplified presentation of the above equation is obtained when it is integrated, thus we get:
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Equation 8.2
Where, (  = 1/to + k’

Co = concentration in the lake at time t = 0

The equilibrium concentration at infinite time will be:
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Equation 8.3
As discussed above, it is important to understand various other conditions of the lakes where the treated wastewater is discharged. We saw that when the system is completely mixed, we solve a much simpler equation for the dilution estimates. However, when stratification is present, the treatment of the problem does not remain similar. We will now, therefore discuss this phenomenon, which is present in many cases.   

Stratification in large lakes

A water body such as lake is called stratified, when mixing in a water body is incomplete, allowing two or more distinct layers to develop for a considerable period. Stratification can occur with temperature or salinity, and the stratification can be vertical or horizontal. In case of stagnant or extremely large lakes, we cannot apply the complete-mixing assumption.  A complete-mix model would not be a good representation of a stratified lake since waste would not normally distribute itself over the entire lake volume.

Stratification in lakes is the result of an increase in water density with depth caused by a decrease in temperature. The maximum density occurs at 40 C. In a stratified lake, normally, we can observe three zones – epilimnion, thermocline and hypolimnion. The epilimnion may be 9-15 m deep and fairly uniform in temperature because of mixing by wind action.

The thermocline is a zone of significant temperature changes and is extremely resistant to mixing. In colder climates, where temperature drops below 40C, a winter stratification may also occur because water density again decreases as temperature falls below 40C. The Figure 8.1 shows schematic representation of summer stratification of a lake.

Figure 8.1

Schematics of Stratification of Lake
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The other important attribute pertaining to waste disposal in lakes is eutrophication, which will be discussed below.  

Eutrophication in large lakes

Eutrophication is a major pollution problem in lake ecosystem worldwide. Many of the excess nutrients that enter bodies of water and cause the problem come from sewage treatment plants, where sewage after treatment still contains high levels of nitrogen and phosphorous.  In particular, the use of detergents that contain phosphate greatly increases the quantity of phosphate entering the water bodies through sewage. Rain also washes the nitrate from fertilisers used on farmland, gardens, and lawns into ponds and streams. Nitrates from automobile exhaust also is known to enter the water body through rain and snow. Industrial units discharging their waste in the sewer can also lead to increase in nitrogen and phosphorous contents in sewage. Conventional treatment as discussed earlier cannot effectively remove nitrogen and phosphorous.

Eutrophication is a process that affects lakes and other bodies of water. During eutrophication, the quality of the affected water deteriorates until it becomes unfit for use by human beings. Lakes and rivers become foul smelling and can no longer support many fish and other animals. Some lakes naturally become eutrophic over long period. 

Bodies of water support a natural cycle of life processes. The bacteria of decay break down the wastes of fish and other organisms, releasing such nutrients (nourishing substances) as carbon dioxide, nitrate, and phosphate. Simple plantlike organisms called algae feed on these nutrients. Microscopic animals called zooplankton eat the algae, and fish eat the zooplankton. When this cycle is in balance, each member of the cycle supports the other. Fish obtain food and oxygen from algae. Bacteria use organic matter from fish and oxygen from algae, and algae feed on the products of decay.  We can upset the balance when we pollute the water with wastes, which provide many nutrients. Algae consume the excess nutrients. They become so well nourished that they grow faster than fish can eat them. Thick layers of algae, called algal blooms, spread over the water. The lower layers of algal blooms cannot get the light they need for photosynthesis. These algae soon die and decay, using up huge quantities of oxygen in the water. 


Fish and other water animals die when the oxygen supply in the water becomes too small to sustain them. As the bodies of the animals decay, they consume still more oxygen. Without oxygen, the bacteria of decay can no longer function, and foul-smelling wastes accumulate. The dead fish and plants and other wastes sink to the bottom of the lake and form a layer of soft mud. As the mud becomes thicker, the lake gradually shrinks. Some lakes eventually fill and become swamps. 


8.2.2
Disposal into rivers

Rivers are subject to natural pollution as they serve as drainage channels for large areas of the countryside. Rivers are capable of absorbing some pollution caused by humans, as they possess the ability to purify themselves through the action of living organisms that consume organic matter and sedimentation that contribute to the river bottom. There are some natural processes, which are responsible for the rivers to self purify itself. Only when the rate of self-purification is slower than the rate of oxygen consumption by the waste discharged, the river water quality deteriorates. We will discuss these processes first before we understand the mathematics behind such actions. 

Dissolved Oxygen (DO) in water bodies

When a pollutant is introduced into a water source, the DO typically decreases to a minimal level and then gradually recovers to reach back to its’ normal saturation levels. This simultaneous action of deoxygenation and reaeration produces a typical pattern in the dissolved oxygen concentration of an aquatic system. This pattern is known as the dissolved oxygen sag curve as shown in Figure 8.2.

Figure 8.2

DO Sag Curve
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The minimum of the DO sag curve, which occurs at the sag time, is the time when the oxygen deficit is greatest (minimum DO) and represents the time of greatest stress to fish in the stream. Since the pollutant is flowing downstream at the stream velocity, it is necessary to identify both when and where the minimum is attained. 

DO percentage saturation

Oxygen saturation is calculated as the percentage of dissolved O2 concentration relative to that when completely saturated at the temperature of the measurement depth. We know that as temperature increases the concentration at 100% saturation decreases. The elevation of the lake, the barometric pressure, and the salinity of the water also affect this saturation value but to a lesser extent. In most lakes, the effect of dissolved solutes (salinity) is negligible; but the elevation effect due to decreased partial pressure of oxygen in the atmosphere as we go up (recall the breathing difficulties faced by Mt. Everest climbers) is about 4% per 300 meters (1000 feet). 

The DO concentration for 100% air saturated water at sea level is 8.6 mg O2/l at 25°C and increases to 14.6 mg O2/l at 0°C. We can use the chart below for nomograms for calculating saturation (Figure 8.3).

Figure 8.3

Determining Percent Saturation the  

"Quick and Easy" Method
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For a quick and easy determination of the percent saturation value for dissolved oxygen at a given temperature, use the saturation chart above. Streams with a saturation value of 90% or above are considered healthy.

Now, let us understand the dynamics of river water quality with regard to waste disposal where various processes take place simultaneously. 


Reoxygenation in rivers

Reaeration from the atmosphere and photosynthesis of aquatic plants and algae, are also the sources of oxygen replenishment in a river. The amount of reaeration is proportional to the dissolved oxygen deficiency. The amount of oxygen supplied by photosynthesis is a function of size of algae population and the amount of sunlight reaching the algae.

The rate of reaeration, rR is:

rR  = K’2 (Cs-C) 




Equation 8.4                                                                             


Where K’2 = reaeration constant, d-1 (base e)

Cs = dissolved oxygen saturation concentration, mg/lit

C = dissolved oxygen concentration, mg/lit

Deoxygenation

The oxygen in rivers is depleted by the following two processes:

(i)
The bacterial oxidation of organic matter. 

(ii)
The oxygen demand of sludge and benthic deposits.

· Deoxygenation due to organic matter

The amount of oxygen required to stabilise a waste is normally measured by the BOD5, which is the primary source of oxygen depletion. The rate of deoxygenation is:

rD  =  - K’L

Where K’  = first order reaction constant, d-1
 
L   =  ultimate BOD (at the considered point) mg/lit

     
     =  LoeK’t
rD  =  - K’Loe-K’t      



Equation 8.5                                                          




Where Lo = ultimate BOD at the point of discharge, mg/lit

Deoxygenation due to sludge deposits 

Sludge deposited at the bottom of slow-moving rivers can exert a significant oxygen demand (OD) on the overlying water. The oxygen demand by the organics in the bottom sludge as well as organisms is called benthic oxygen demand and the requirement of oxygen for the same is called benthic load. Although, most of the sludge undergoes anaerobic decomposition, aerobic decomposition can take place at the interface between the sludge and the flowing water. The benthic load, therefore, must be assessed for each reach of the river to determine its importance in the total oxygen balance.

Where organic mud and sludge deposits are high, their effect can be evaluated by:
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Equation 8.6
Where, Ym = maximum daily benthal O.D. g/m2
Yo = BOD5 of benthal deposit, gm/kg of volatile water at 200C

( = daily rate of volatile solids depositions, kg/m2
ta = time of settling, d

CT = temperature correction factor

BOD5 @T = BOD5 @ 200C  =  (1 – e-5K T’) / (1 – e-5K 20’)


Design of river diffusers

The design of physical facilities used for introducing waste into a river is as important as that of the effects on oxygen resources of domestic wastes. Under low-flow conditions, foam formation occurs near the discharge due to mixing of air, water and foaming agents present in wastewater. The foaming phenomenon affects the aesthetics of the riverbank as well as prevents people using it. This problem can be overcome simply by submerging the pipe discharge below the low water level.

The preferred discharge arrangement involves the use of some type of diffuser system. Diffuser, in its simplest form, is a pipe with holes drilled in it at equal or varying spacing. Use of diffusers is a problem, especially in navigable streams. In such cases, a diffuser system running parallel to the bank of river is used. By sizing the discharge ports properly, we can distribute the wastewater across a large section of the river.

8.2.3
Disposal into estuaries

An estuary can be roughly defined as the zone in which a river meets the sea. The analysis of estuaries is, in general, more complicated than the analysis of rivers or lakes. The ebb and flow of tides may cause significant lateral mixing in the reaches of rivers near the estuary. Indeed, the incoming tide often reverses the direction of flow in the section of river near the ocean. Usually, estuarine waters are vertically stratified. Seawater is heavier than fresh water; therefore, a layered system is often encountered, with fresh water riding above seawater.

Some estuaries are so large that complete-mix models are clearly inadequate. Where the physical processes are extremely complicated, it may be necessary to resort to physical rather than purely mathematical models of the basin. In any case, a physical understanding of the flow processes in an estuary is necessary before any rational analysis.

In many estuarine channels, tidal action merely increases the amount of mixing and dispersion of the waste along the length of the channel. 

If a dye were released instantaneously in a river in which there was no mixing in the lengthwise direction and only advection occurred, the concentration of the waste at various points downstream would be represented by the rectangles. If mixing is significant, however, the plug of dye will diffuse outward and mix with surrounding waters as it moves downstream. Then the dye concentration will be bell-shaped. 

The same type of analysis used for the case of flow with no mixing can be used in the case where dispersion is significant, provided a term is added that takes into account the effects of dispersion. The following equation is commonly used in describing these effects:
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Equation 8.7
Where, (M/(t = mass flow

(C/(x = concentration gradient

A  = cross-sectional area

E  = coefficient of turbulent mixing

Whenever a concentration gradient ((C/(x, which is rate of change of concentration with length) exists, a flow of mass ((M/(t, mass per unit time) occurs in such a way as to reduce the concentration gradient. It is assumed that the flow rate is proportional to the concentration gradient and the cross-sectional area over which this gradient acts (Figure 8.4).  The proportionality constant is E and is commonly called the coefficient of eddy diffusion (diffusion due to formation of small pockets whirling water called eddys) or turbulent mixing (diffusion due to violent and random movement of water molecules). 

Figure 8.4

Definition Sketch for Estuary Diffusion Model
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The foregoing analysis is most often applied to estuarine systems where significant mixing occurs as a result of tidal action. The coefficient of eddy diffusion is used as the measure of this mixing. Several approaches have been taken in the determination of the magnitude of the coefficient of eddy diffusion, including mathematical formulations and field measurements. With measured values of conservative tracers, such as dyes or salt, Harleman developed a mathematical formulation as given here:

E  =  77nvR5/6    




Equation 8.8                                                               




where  E = coefficient of eddy diffusion, (m2/sec)

            n = Manning’s roughness coefficient

            v = velocity (mps)


R = hydraulic radius (m)

Such an equation is useful in giving an order-of-magnitude answer. If E is significant, its magnitude should be determined from field measurements.

One method of measuring eddy diffusion coefficient E in the field is the instantaneous-dye-release method. A conservative dye (which does not decay, K = 0) is released from the point of waste discharge at slack tide, and the distribution of dye is measured at a later slack tide. Since t is known, E can be determined using:
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Equation 8.9
Values of ln (C/C0) and x’2 are plotted and the slope of the line is –1 /4Et.

Another method of field measurement is the salinity intrusion method. The conservative substance is the salt concentration, and Equation 8.9 is rewritten as:

C = C0e(v/E)x        




Equation 8.10

The plus root is used because distances are measured upstream from the sea. Values of C, x, and v can be measured and E can be determined as in the dye-release method from the following Equation:
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Equation 8.11
Measurement should be made preferably at slack tide but in any case at the same point in the tidal cycle.

8.2.4
Disposal in ocean

Ocean disposal is typically accomplished by submarine outfalls that consist of a long section of pipe to transport by the sewage some distance from shore and in the best examples, a diffuser section to dilute the waste with seawater. Diffusers are one of the most efficient methods of providing initial dilution of a waste in any waterway. But most of the design parameters for diffusers originated from work done on ocean outfalls.

At the end of the outfall, treated or untreated wastewater is released in a simple stream or jetted through a manifold-port diffuser as shown in Figure 8.5. At this point the sewage mixes with surrounding seawater; and the mixture, which is called the sewage field, rises to the surface and drifts in accordance with the prevailing ocean currents. This drift or movement with the currents is termed advection. At the same time, the field is also diffusing outward into the surrounding water. Hence, the coefficient of eddy diffusion is important. If the ocean is sufficiently stratified at the point of discharge it may be possible to maintain a submerged sewage field.

Figure 8.5

Different configuration of outfall diffuser
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The design of an outfall should meet applicable, receiving-water standards. Because the initial dilution from an efficient diffuser is so large that the reduction in dissolved oxygen is usually of no significance, bacterial, floatable material, nutrient, and toxicity requirements will govern the design and location of most outfalls. Accurate estimation of the number of coliform bacteria requires taking into account their reduction due to die-off, flocculation, and settling.

There are three major phases of mixing when the waste is released through an outfall diffuser. Immediately after the release from the diffuser, mixing is effected by the buoyancy and momentum of the discharge and it interacts with the ocean ambient current. This mixing is called near-field mixing or initial dilution.  After the initial mixing region the waste field is considered to be well established. This established waste field then drifts with the ocean current in the region and the process is called far-field mixing or dispersion. 

We will discuss these processes in the subsequent Section with a view to understand the dynamics of the ocean dilution of the waste field.  

Initial dilution 

When a waste is discharged from a single or multiple port diffuser, the velocity of the jet will cause turbulent mixing with the surrounding water. If the waste is of lower specific gravity than the dilution water, the mixing jet will bend upward and may eventually reach the surface. If the ocean is vertically stratified with an upper layer of warm water riding over the cold water, it is possible to dilute the waste sufficiently with cold water so that the specific gravity of waste-cold water will be greater than that of warm water. In this case, the waste plume will remain submerged under the warm upper layer. Such vertical stratification is most often observed during warm summer months.

For the determination of initial dilution through a jet issuing from a horizontal port it was shown that the dilution is a function of the depth number of discharge port, diameter of discharge orifice D and the Froude number-F. The specific gravity of seawater normally varies between 1.010 and 1.030, while that for sewage ranges from 0.990 to 1.000. The difference is the density leads to sewage emerging quickly and later disperses in the sea with current and wind. 

When moderately strong currents are encountered, the initial dilution may also be estimated from:
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Equation 8.12
Where, Vx = current velocity


 b  = effective width of diffuser system


 d  = average depth of sewage field


 Q = sewage flow rate

This Equation is simply a continuity relation between the sewage flow rate and flow rate of fresh water over the outfall diffuser.



Dispersion 

After initial dilution, a rather uniform sewage-sea water mixture is formed above the diffuser section. The sewage field then begins to move in response to the prevailing current. As it moves, the outer edges of the field entrain seawater as a result of turbulent mixing. The sewage field begins to diffuse outward and takes on the shape of a plume.

Float studies are frequently used in determining the strength and direction of prevailing currents as well as the extent of dispersion to be expected from a proposed outfall. Several numerical models have been developed with combination of 2 and 3 dimensional computation. These models are useful for assessing the area and extent of dispersion.

Waste decay 

The third significant factor in waste dilution in the ocean is the decay rate of the waste. In the case of bacterial decay, this includes mortality as well as flocculation and sedimentation. Bacterial decay is most commonly assumed to follow a first-order relationship: 

Ct = C0e-kt       





Equation 8.13

Where, Ct  = bacterial concentration at time t


 C0 = bacterial concentration after initial dilution


  k  = bacterial decay constant


  t   = time 

Most of the research conducted to determine the decay constant k, has been shown that a 90 percent reduction in bacterial numbers can usually be obtained in 2 to 6 hours. In warm climates for 90% reduction, time ranges between 35-70 minutes. The variation in time is caused by differences in such characteristics of the seawater as temperature, salinity and pH. The time in hours to achieve a 90 percent reduction in bacterial numbers is called the T90 time. 

The practical aspects considered in design include the outfall pipe, the diffuser section, and the overall hydraulics. After having discussed the different aspects of the outfall location and its mechanism, we will discuss design aspects of the ocean outfall.


Estimate the bacterial decay coefficient when the initial and final concentrations of bacteria were 2x106 and 4x103 after 70 minutes.

Outfall design

The outfall is used to convey the waste to the diffuser section. Its size is determined by the velocity, head loss, structural considerations and economics of the situation. Velocities of 0.7 – 0.9 m/s at average flow are normally recommended in pipeline design to avoid excessive head loss. Lower velocities will not be a problem provided the waste has received preliminary treatment to reduce the amount of settleable solids. On the other hand, velocities higher than 2.5 to 3 m/s should be avoided because of excessive head loss.

The diffuser section should be oriented perpendicular to the prevailing ocean current. If, as in most cases, the currents are not predominant in any one direction, a Y- or V-shaped diffuser is commonly used.

Diffuser ports normally used were in the range of 15-25 cm, however recently attempts are made to decrease the port diameter and increase the number of ports.

Diffuser ports are normally aligned horizontally, with ports alternating from side to side in order to avoid interference between adjacent jet plumes as they rise toward the surface. Experimental data have indicated that the diameter of the plume trajectory with ports discharging alternatively, the individual ports can be as close as L/6. A rule of thumb, however, is that ports should be spaced 2 to 4 m on centers. However, the spacing can change significantly depending upon the size and flow of the outfall. Diffuser ports of many different shapes, including specially designed mixing nozzles, have been used.  A simple but effective diffuser port is illustrated in Figure 8.6.

Figure 8.6

Simple Diffuser Port
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The hydraulics of a diffuser section is complex. The problem centers around equalising the flow from each diffuser port. This may require a number of different sizes of ports along the diffuser section. The port diameters chosen during the preliminary design represent an average value. The final hydraulic analysis will determine the range of port sizes required to discharge the waste flow uniformly along the length of the diffuser section.

Outfall disposal whether in the sea or river desires the basic requirement that the waste constituents are easily assimilated and do not lead to any impact on the aquatic life or degrade the overall water quality for its sustainable use. Care, therefore should be taken while carrying out dilution and dispersion estimation using only laboratory and mathematical tools. Field measurements are essential for establishing the basic parameter under which the basic estimation and simulation can be carried out.


SUMMARY

In this Unit, we discussed, the disposal of effluents by dilution, into rivers, lakes, and estuaries. We discussed the stratification, eutrophication, DO sag curve, DO saturation, benthic environment in case of wastewater disposal. We also discussed the reoxygenation and deoxygenation occurring in rivers. We explained the fundamental considerations applicable while setting the standards for the effluents to be disposed. 

In this Unit, we also studied the processes such as initial dilution, and dispersion as also the decay processes involved in the waste disposal through an outfall.  
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Unit 8


Model Answers to Learning Activities
LEARNING ACTIVITY 8.1
Receiving water quality standards are made with a view to preserve the designated best use of the water body. The purpose is to provide the water quality relevant to the use such as drinking, bathing, fisheries, recreation etc. The disposal standards, on the other hand are made to control the pollutants levels at the source. The source control standards also called discharge standards have a primary goal to help achieve the receiving water quality standards for the welfare of human health and aquatic flora and fauna.

LEARNING ACTIVITY 8.2
Stratified water body is defined as water column when mixing in a water body is incomplete leading to two or more distinct layers for a considerable period. Stratification occurs due to temperature or salinity. The stratification can be vertical or horizontal depending upon the dynamics of the water body. Factors responsible for stratification are temperature and salinity.

LEARNING ACTIVITY 8.3
Using the nomogram, the percent saturation of the water at 6.5 mg/l of DO at 6oC is about 55%.

LEARNING ACTIVITY 8.4
Deoxygenation in a river is due to two factors. The first one is due to bacterial action on the organic matter present in water, leading to educed oxygen availability in the water column. The second factor is oxygen demand from the sediment and benthic deposits. The organics present at the sediment as well as activities of benthic organisms consume oxygen present in the water column. Such consumption leads to deoxygenation of river.

LEARNING ACTIVITY 8.5
Using equation 12, and changing the units of diffuser width to meter and flow unit to m3/s, and substituting in the equation,

Initial Dilution = 460 

LEARNING ACTIVITY 8.6
Using equation 

Ct = C0e-kt  

Putting values of C0 as bacteria concentration 2x 106 and Ct as 4x103, and t = 70/60 = 1.167 hour

The decay coefficient = 3.35/hr

LEARNING ACTIVITY 8.7
Initial dilution is a process in which gets diluted instantaneous when it is released from the port of the diffuser and reaches the surface. It is also called near filed dilution. After the initial dilution has taken place and the waste plume formed on the surface moves with wind and also water current, dispersion takes place. Dispersion processes are also called far-field process.

































































































(LEARNING ACTIVITY 8.7





Differentiate between initial dilution and dispersion processes.





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 8.1





Write the difference between the receiving water quality and disposal standards.





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 8.6





Name some of the types afforestation programmes in India.





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 8.5





Estimate initial dilution in moderately strong current, when the current velocity is 0.8 m/s, diffuser width is 25 cm and depth of the water above the diffuser is 12 m. Sewage flow through the diffuser is 450 m3/day.





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 8.4





Write about the two major factors responsible for de-oxygenation in river?





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 8.3





Determine percent saturation of DO at 6.5mg/l from the nomogram at 6oC.





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 8.2





Define stratification and discuss the factors, which are responsible for stratification.





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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