
Chapter    1
INTRODUCTION

1.1
General

 Wastewater or sewage is produced by every day human activities and various industrial processes. It may contain organic compounds, inorganic nutrients such as carbon, nitrogen and phosphorous, trace elements, heavy metals, toxic organic and inorganic substances, disease-producing (pathogenic) microorganisms, and other substances that without appropriate treatment, can impair the quality of receiving streams and lakes, making them toxic  to aquatic flora and fauna and vehicles for transmission  of disease. Broadly classified, wastewater contains about 70% organic and 30% inorganic material. The organic portion of the sewage is used as food for bacteria, while the inorganic portion passes on through the entire treatment process unaffected.


Inorganic material i.e. grit, rags, plastic, metal, etc. are normally removed in pretreatment units such as bar screens, grit chambers etc. After pretreatment, the remaining solids are settleable, suspended or dissolved. Settleable solids are those which are heavy enough to settle out when the wastewater flow is slowed down and enough time is allowed for them to settle. These solids are removed in primary clarifiers. 


The remaining solids are either suspended in the water or dissolved. Most of this material passes on to some form of biological treatment process where it is converted to biological solids heavy enough to settle. These solids are removed from the wastewater flow in secondary clarifiers. 

Thus the constituents removed in wastewater treatment plants include screenings, grit, scum, solids and bio solids. 
1.2  Objective of Wastewater Treatment

The principal objective of wastewater treatment is generally to allow domestic and industrial effluents to be disposed of without danger to human health or unacceptable damage to the natural environment. 
1.3
Wastewater Treatment Processes

Wastewater treatment consists of a combination of physical, chemical, and biological processes. The constituents removed in wastewater treatment plants include screenings, grit, scum, solids and biosolids. The organic portion of the sewage is used as food for bacteria, while the inorganic portion passes on through the entire treatment process unaffected. General terms used to describe different degrees of treatment, in order of increasing treatment level, are preliminary, primary, secondary, and tertiary and/or advanced wastewater treatment. In some countries, disinfection to remove pathogens sometimes follows the last treatment step. 
1.3.1 Preliminary treatment

The objective of preliminary treatment is the removal of coarse solids and other large materials often found in raw wastewater. Removal of these materials is necessary to enhance the operation and maintenance of subsequent treatment units. Preliminary treatment operations typically include coarse screening and grit removal. 

Screening removes coarse solids such as rags that would interfere with mechanical equipment. Grit removal separates heavy, inorganic, sand like solids that would settle in channels and interfere with treatment processes. 


Preliminary treatment serves to prepare wastewater for subsequent treatment, but it effects little change in wastewater quality. 
1.3.2
Primary treatment

The objective of primary treatment is the elimination of suspended solids (S.S.). Removal of settleable organic and inorganic solids is done by sedimentation, and the removal of materials that will float (scum) by skimming. Approximately 25 to 50% of the incoming biochemical oxygen demand (BOD5), 50 to 70% of the total suspended solids (SS), and 65% of the oil and grease are removed during primary treatment. Some organic nitrogen, organic phosphorus, and heavy metals associated with solids are also removed during primary sedimentation but colloidal and dissolved constituents are not affected. The constituents that are removed are contained in primary sludge.

1.3.3
Secondary treatment


The objective of secondary treatment is the further treatment of the effluent from primary treatment to remove the residual organics and suspended solids. Secondary treatment follows primary treatment and involves the removal of biodegradable dissolved and colloidal organic matter using aerobic biological treatment processes. Aerobic biological treatment is performed in the presence of oxygen by aerobic microorganisms (principally bacteria) that metabolize the organic matter in the wastewater, thereby producing more microorganisms and inorganic end-products (principally CO2, NH3, and H2O). Several aerobic biological processes are used for secondary treatment differing primarily in the manner in which oxygen is supplied to the microorganisms and in the rate at which organisms metabolize the organic matter. 


Commonly used high-rate biological processes are activated sludge process, trickling filter or biofilter, oxidation ditch, and rotating biological contactor (RBC). 


During these processes the micro-organisms biologically flocculate to form settleable particles, and, following biological treatment, this excess biomass is separated in sedimentation tanks as a concentrated suspension called "secondary sludge" (also known as "biological sludge" or "waste activated sludge"), to produce clarified secondary effluent.

1.3.4
Tertiary (Advanced) treatment


Tertiary treatment is used at municipal wastewater treatment plants when receiving water conditions or other uses require higher quality effluent than that produced by secondary wastewater treatment. Secondary treatment can remove between 85 and 95% of the BOD and TSS in raw sanitary sewage. Generally, this leaves 30 mg/L or less of BOD and TSS in the secondary effluent.  But some times this level of sewage treatment is not sufficient to protect the aquatic environment.  Another limitation of secondary treatment is that it does not significantly reduce the effluent concentrations of nitrogen and phosphorous in the sewage.  Nitrogen & Phosphorous are important plant nutrients.  If they are discharged into a lake, algal blooms and accelerated lake aging or cultural eutrophication may be the result. Individual treatment processes are necessary to remove nitrogen, phosphorus, additional suspended solids, refractory organics, heavy metals and dissolved solids. 


Tertiary treatment can remove more than 99% of the pollutants from raw sewage and can produce an effluent of almost drinking water quality.  But the cost of tertiary treatment, for operation and maintenance as well as for construction, is very high, some times doubling the cost of secondary treatment. 


There can also be a final disinfecting treatment, when the receiver water body is intended for a use requiring a particular hygienic-sanitary safeguard (e.g. bathing). 

1.4 Scope and Objectives of The Study
1.4.1 Scope


The broad scope of the study is:

· 
To collect the performance parameters such as BOD, COD, SS and volatile organic 
matter of raw sewage and before and after the treatment by individual units.

· 
To analyze the performance parameters and evaluate the performance of various 
treatment units viz. primary clarifier, aeration tank, secondary clarifier and 
digestion tank.

1.4.2 Objectives


The objectives of the study are:

· 
To study the performance of 16 MGD Sewage Treatment Plant at Okhla, Delhi.
· 
To evaluate the overall performance of 16 MGD Sewage Treatment Plant at Okhla, 
Delhi.
· 
To suggest improvement in the existing plant.
Chapter    2
LITRERATURE REVIEW


The activated sludge process was invented in England at the beginning of 20th century. At that time England was the country with probably most urgent problems in water pollution because of dense population and advanced industry. Repeated hygienic problems in English towns and cities and the demand of industry for clean water led to the formation of  the Royal Commission on Sewage Disposal in 1898 which can be considered as the milestone in the development of wastewater treatment technology. This commission co-ordinated the activities leading to better understanding of factors affecting the water quality in receiving waters and to evaluation of new treatment procedures. One of the best known outputs of the commission is the BOD5 test recommended in 1908. The famous "30:20 + full nitrification" effluent standard was adopted in 1912 which was a great challenge for the development of wastewater treatment processes capable of meeting this standard.

Dr. Fowler, the initiator of the first activated sludge studies in England, made a trip to Lawrence Experimental Station in Massachusetts, USA in 1912 and studied the aeration of municipal wastewater in different arrangements. After his return to England, Dr. Fowler informed about his experience at the Lawrence Station experiments to Mr. Edward Ardern, chemist at the Manchester - Davyhulme wastewater treatment plant, and his co-worker, Mr. William Lockett. Ardern and Lockett understood for the first time the active role of suspension formed during the aeration, known now as activated sludge.


Lockett and Ardern found soon that the amount of the sediment increased with increasing number of batches. At the same time the aeration time necessary for "full oxidation" of sewage (full oxidation was a term used for description of removal of degradable organics and for complete nitrification). By this technique of repeated batch aeration with the sediment remaining in the bottle Lockett and Ardern were able to shorten the required aeration time for "full oxidation" from weeks to less than 24 hours which made the process technically feasible. The sediment formed during the aeration of sewage was called activated sludge for its appearance and activity. 


The effort of English engineers, chemists and microbiologists led finally to the invention of activated sludge process in 1914.


One of the most widely used methods of wastewater treatment is the activated sludge process (ASP) (Snidaro et al 1997). The activated sludge process has been used for more than 60 years and continues to be used for the treatment of both industrial and municipal wastewaters (Wong et al 1997). One of the most widely used methods of wastewater treatment is the activated sludge process (ASP) (Snidaro et al 1997). The activated sludge process has been used for more than 60 years and continues to be used for the treatment of both industrial and municipal wastewaters (Wong et al 1997). In the activated sludge process, the quality of the effluent is to a large extent dependent on how the biological sludge mass can be separated from the treated  wastewater. The solids/liquid separation traditionally takes place through a separation of spontaneously aggregated flocs of activated sludge by gravity sedimentation in secondary clarifiers.


The activated sludge process is governed by the microorganism characteristics and the physical configuration of aeration tank. As such, the biological kinetics and the process kinetics are closely interconnected. Process kinetics is based on the Monod equation and it has been described by many authors (Metcalf and Eddy, 1979; Eckenfelder and Grau, 1992).


 In the optimal design of an activated sludge system there is a relationship between the design of the aeration tank and the secondary clarifier. The performance of the aeration tank varies with the return sludge concentration and flow rate while the clarification and thickening functions of the clarifier depend on the effluent from the activated sludge tank. Clarification efficiency of a secondary clarifier is a critical factor in determining the efficiency of the entire wastewater treatment system. According to Laquidara and Keinath (1983), the clarification criterion is important only at severe changes in hydraulic load and then only for a short period of time, because if the hydraulic loading persists the thickening or solids handling criterion will in time becomes the governing one.


Fitch (1957) maintained that hydraulic detention time rather than overflow rate was the major variable governing solids removal from secondary clarifiers. Pflanz  (1969) carried out a 2-year study of secondary sedimentation on one circular and two rectangular tanks. Overflow rate, the concentration of solids in the feed to the settler, sludge settleability as measured by sludge volume index (SVI) and temperature were all found to affect the effluent clarity. Because of the concentration of suspended solids in the mixed liquor was the most important factor, Pflanz recommended that the secondary settlers be designed on the basis of mixed liquor suspended solids (MLSS) concentration as well as hydraulic loading.


Excessive solids in secondary clarifier effluents occur primarily because of one or more of the following (Ekama et al., 1997):

· hydraulic short-circuiting or resuspension of solids from the surface of the sludge blankets by high velocity currents;

· thickening overloads resulting in high sludge blankets and potential loss of solids when the blanket reaches the effluent weir;

· denitrification, causing solids to float to the surface;

· flocculation problems due to either flocks breakup or poor floc formation;

· insufficient capacity of the sludge collection system


The problem of excessive hydraulic loading to a treatment facility, especially as a result of storm runoff often occurs at many wastewater treatment plants. Exceeding treatment capacity can jeopardize further treatment efficiency as well as result in serious effluent deterioration.


Typical designs for activated sludge systems do not ease the effects of hydraulic overloading. However, the pilot studies conducted by Olsson et al. (1986) showed that the provision of freeboard in the aeration basin coupled with the use of an appropriate effluent weir design lessen the hydraulic effect and reduced the effluent SS. 

The ability of microorganisms to form flocs is vital for the activated sludge treatment of wastewater. The flocs are aggregates of suspended solids containing different groups of microorganisms resulting from physicochemical and biochemical flocculation. They are irregularly shaped, fragile and have high water content. Particles in activated sludge vary from a single microorganism cell, the size of a few microns or less to a large number of cells up to several thousand microns in size. Finstein and Heukelekian (1967) considered flocs as particles with diameters larger then 20µm. Javakeri and Dick (1969) defined a floc as a group of primarily particles and the liquid within it and an aggregate as a cluster of flocs and the liquid between them. 


Physical state and properties of activated sludge flocs influence the mass transport and effectiveness of wastewater treatment process. The floc structure enables not only the adsorption of soluble substrates but also the adsorption of the colloidal matter and macro- molecules additionally found in most wastewater. The adsorptive capacity of flocs therefore facilitates the oxidation of this complex wastewater. However, important also is their ability to settle in a relatively short time under quiescent conditions; otherwise the biomass produced as a result of oxidation of the waste would pass to the receiving watercourse exerting a large pollution load.


There are four main phenomena that lead to a decrease of the quality of the effluent due to the escape of flocs:

• 
Bulking sludge due to an excessive growth of filamentous organisms and/or surface polymer presence (Sezgin et al. 1978, Jenkins et al. 1984, Chudoba et al. 1985; Forster, 1971; Pavoni et al. 1972)

• 
Pinpoint floc consisting of small floc particles present in the supernatant after the sludge has settled (Sezgin et al. 1978, Pipes, 1978, Palm and Jenkins, 1980)

• 
Floating sludge attributed to the presence of filamentous organisms that originate a foam in the aeration basin ( Strom and Jenkins 1984, Pujol, 1991)

• 
Rising of the sludge after settlement in the clarifier due to the nitrogen produced in the denitrification process (Wagner, 1984)


When sludge settles poorly it is generally described as being a bulking type. Bulking is attributed to an infection of the sludge by filamentous organisms. A highly filamentous sludge can have a relatively low SVI. SVI of the filamentous sludge can change rapidly, whereas the SVI of a nonfilamentous sludge is stable (Pipes, 1979).


There are many factors that influence the growth of filamentous bacteria. They include: low oxygen concentration, high oxygen concentration, high sulfide concentration, lack of certain nutrients like N and P, too high or too low sludge loading, high carbohydrate concentration, high concentration of fatty acids and the feed pattern.


The activated sludge bulking can also occur when filamentous microorganisms are completely missing. Such phenomena is called zoogleal or more exactly nonfilamentous bulking and is related to viscous exocellular polymers produced in excess by some kinds of bacteria. This phenomena was for the first time described by Heukelekian and Weisberg (1956).


Novak et al. (1993) summarized several different reasons of non-filamentous bulking. They include:

• 
the composition of wastewater supports the formation of zoogleal growth, mainly the high content of low and long chain fatty acids and oleic compounds;

• 
the high sludge loading and/or an influent containing an insufficient amount of certain nutrients;

• 
in some cases selector systems significantly stimulate the growth of zoogleal colonies;


It was observed long ago that under environmental shock conditions activated sludge microorganisms do not agglomerate and form a settleable flocs, but occur mostly in the form of non- settleable suspended solids (pin-point floc). These dispersed biosolids (primary solids) either have not been incorporated into a floc particle or have been sheared from a floc particle as a result of excessive turbulence in the aeration basin or some other operational disturbances. Secondary effluents from such systems are very turbid and have high values of BOD and COD. The causes of the dispersed growth can be divided into two groups (Chudoba, 1989). One group involves parameters of the technological process e.g. MLSS concentration, sludge retention time (SRT). Usually, lower SRT results in higher proportion of sludge becoming a non-settleable dispersion. At such a high loading bacteria live in the environment containing higher concentrations of substrate, and so they cease producing glycocalyx which is responsible for flocculation. The other group involves factors connected with the wastewater composition. Temporary deflocculation also occurs as a result of the sudden changes in temperature, salinity and pH value (Pipes, 1969). Permanent deflocculation may occur due of the absence of macro or micronutrients or the presence of toxic materials in the process; the toxicity of heavy metals results from the binding reactions between them and the active cellular components to form inactive complexes (Pearson and Dugan 1971).


The overall efficiency of a biological treatment process depends on the settling characteristics of the activated sludge flocs. In wastewater treatment plants sludge thickening occurs in the lower portions of clarifiers. A number of parameters have been developed to obtain a quantitative measure of the settleability of activated sludges. The traditional sludge volume index (SVI) (Mohlman sludge index) is the mainly performed test. The shortcomings of SVI have been discussed by Dick and Vesilind (1969). Their data show that SVI does not relate to such parameters as sludge yield strength, plastic viscosity, and an initial settling velocity. The variation of SVI values with the suspended solids concentration and the sludge volume makes it difficult to compare the SVI values for instance between different plants. Two sludges with the same SVI may have different sedimentation and dewatering properties. 


Pipes (1979) reported that high SVI is usually the result of filamentous microorganisms presence in the sludge and that higher SVI usually produces a lower effluent TSS. The relationship between SVI and organic loading has been investigated for instance by Ford and Eckenfelder (1967), Ganczarczyk (1970), Rensink (1974), Pipes (1979). They found low SVI within the intermediate range of the loading 0.2 - 0.4 g /g d.


In spite of these weaknesses the wastewater treatment plant operators keep using the SVI successfully on a day-today basis.


Although ASP is advantageous compared to many methods of wastewater treatment, but the rate of sludge production is relatively high for most of its versions. Excess biomass produced during the biological treatment of wastewaters requires costly disposal. Its disposal may account for 60% of total plant operating cost (Horan 1990). Further, as environmental and legislative constraints increase, the cost of sludge disposal is significantly going to increase (Lapinski and Tunnacliffe 2003). Thus, there is a considerable impetus for reducing the amount of sludge produced from wastewater treatment. 


At steady state, the rate of sludge production (QwXu + QeXe) for ASP can be estimated according to the following definitions (Lawrence and McCarty 1970):

QwXu + QeXe = YQo (So-S)-VXKd






In practice, the following equation can also be used to estimate the rate of sludge production (Metcalf & Eddy 1991); 


QwXu + QeXe = YabsQo (So-S)





where Yabs is obtained as Y/(1+c Kd) in which, Y=yield coefficient; V=reactor volume; Qo=flow rate into the reactor; c =sludge residence time; and Kd=the specific decay rate. 


On the basis of the above equations, the sludge production is significantly reduced for higher values of c and Kd as well as lower value of Y (Henze et al. 1987; Saunamaki 1988; Horan 1990). Consequently, numerous techniques were developed for reducing the sludge production in ASP by optimizing the parameters Y, Kd, and c. The most accepted techniques for optimizing these parameters biologically are to:

· Increase the solid retention time (Sakai et al 1992).

· Incorporate anaerobic, or attached operation in sequence with ASP (Chudoba et al.1992).

· Operate the process under a low loading rate with a high biomass concentration and high sludge age (Henze et al. 1987; Saunamaki 1988),

· Charge the reactor with special cultures (e.g. Bdelliod rotifers), which consume high amounts of biomass (Lapinski and Tunnacliffe 2003), and

· Manage the food chain, which stimulates the balanced growth of cells, and thus the growth of higher organisms such as protozoa and metazoa (Ratsak et al. 1994; Lee and Welander 1996 a,b). 


In the conventional ASP, the approximate values of Yobs can easily be predicted from the above equation under any conditions. It increases with lower levels of c until reaching maximum value at a biomass washout conditions at minimum sludge age (Mc). Its maximum value [(Yobs)max] can be estimated from the following equation:


(Yobs)max = Y/(1+ Mc Kd)




  


Generally, (Yobs)max, in ASP, has a fixed value for each specific wastewater and can be obtained by substituting 1/ Mc  as YK-Kd 


(Yobs)max = Y-Kd/K







where K= maximum specific rate of substrate utilization. 


Solids handling costs constitute a considerable portion (upto 50-60%) of the operating budget of a typical waste water treatment plant (Evans 1989) and have been  steadily increasing as more stringent regulations governing biosolids disposal practices are promulgated (Balm’er 1994). A cost effective approach would include ways to reduce sludge production and facilitate sludge processing while simultaneously improving operation and increasing unit process loading rates. Clearly, any process, which can reliably improve the efficiency of existing wastewater treatment processes, will have an economically significant cost savings potential (David et al. 2004). 


The performance of activated sludge wastewater treatment and sludge management systems is limited by the maximum operational efficiency of the unit processes, most of which have not changed substantially in the last several decades. Operational problems that inhibit treatment performance will hinder the ability to deal with expected increased loading in the future. In the United States, more than $2 billion is spent annually treating and managing approximately 5-7 million tones of biosolids from over 13,000 publicly owned treatment works (POTWs) (Ponugoti et al 1997). 


The U.S. EPA secondary treatment regulatory standards, set in 1972 and still in effect, were focused mainly on the removal of BOD and TSS and require 85 percent removal of each. Most treatment applications involve the removal of organic constituents and compounds. Because a wide range of constituents and compounds exist in waste water, the organic content is quantified in terms of biodegradable soluble COD (bs COD) or BOD.


Biochemical oxygen demand (BOD) is currently considered to be the most important parameter of wastewater quality, but the standard laboratory procedure to measure it takes five days from sample collection to result (Standard 1992). This is far too slow to use for wastewater treatment plant process control (Iranpour et al. 1997)


In all treatment systems overall performance is gauged by sampling the influent to the plant and the effluent from it. Accomplishments of component units are determined in similar fashion (Fair et al. 1968).



Expected efficiencies of various treatment units are given in Table-2.1


Table-2.1  Expected efficiencies of various treatment units

	Unit
	         Percentage

SS
	    Reduction

     BOD
	Total Coliform

	1. Primary Treatment

    (Sedimentation)
	45-60
	30-45
	40-60

	2. Secondary Treatment

    Activated sludge plants
	85-90
	85-95
	90-96



Source: Adopted from CPHEEO Manual.


I.S.: 4764 – 1973, lays down the standards for treated effluent from a sewage treatment plant, as under:


Maximum Biochemical Oxygen Demand (BOD5)
- 20 mg/L


Maximum Suspended Solids (SS)


- 30 mg/L
Chapter    3
ACTIVATED SLUDGE PROCESS

3.1 
Activated Sludge Process


The activated sludge process is an aerobic treatment process which converts non-settleable substances in finely divided, colloidal and dissolved form into a biological floc, or activated sludge. The process uses microorganisms to feed on organic contaminants in wastewater, producing a high-quality effluent. The basic principle behind all activated sludge processes is that as microorganisms grow, they form flocs that clump together. The biochemical oxygen demand (BOD) in the form of suspended solids is removed by physical enmeshment with biological flocs. Colloidal organics are flocculated and absorbed with the biological flocs. These flocs are allowed to settle to the bottom of the tank, leaving a relatively clear liquid free of organic material and suspended solids. 


It is rather a unique biotechnological process which consists of an aerated suspension of mixed bacterial cultures which carry out the biological conversion of the contaminants in the wastewater. The aeration tank, while having many possible configurations, basically retains the influent wastewater for a number of hours (or days) in a well mixed/aerated environment, before forwarding the effluent for further settling to the secondary clarifier. The end products of the clarification process are clarified effluent that is discharged to the open water bodies and sludge. A fraction of the sludge is returned to the aeration tank and is called returned activated sludge. The sludge contains a high density of biomass and an active population of microorganisms is always maintained in the tank. The influent wastewater provides the basic food source for the microorganisms in the aeration tank. This biodegradable organic material is converted into new bacterial cells and other end products include CO2, NO3 and SO4.
3.2 
Process Kinetics 


The activated sludge process is a suspended-culture process with sludge return.  The process is aerobic, with oxygen being supplied by dissolution from entrained air. The removal of dissolved and particulate carbonaceous BOD and the stabilization of organic matter found in waste water is accomplished biologically using a variety of microorganisms, principally bacteria. Aerobic bacteria thrive as they travel through the aeration tank. They multiply rapidly with sufficient food and oxygen.  Microorganisms are used to oxidize (i.e. convert) the dissolved and particular carbonaceous organic matter into simple end products and additional biomass. By the time the waste reaches the end of the tank (between four to eight hours), the bacteria has used most of the organic matter to produce new cells.  Because the biomass floc particles size (50-200 micrometer) has a specific gravity slightly greater than that of water. The biomass can be removed from the treated liquid by gravity settling.

The biochemical equation for bacterial cell respiration and synthesis, in using organic matter as substrate, in the activated sludge process is:

                                                          bacteria

organic matter + O2 + nutrients                     CO2 + NH3 + new biomass + end products

For a completely mixed system, mass balance equations, at steady-state conditions, i.e. no change in biomass or food concentrations with time, are as follows (Peavy et al. 1985): 



Biomass

Biomass

Biomass out



      in

+          growth        =   (effluent + wasted sludge)


Qo Xo+ V  ( ko XS  - kdX ) = (Qo - Qw) Xe + Qw Xu


(3.1) 



       Ks + S










Food in –  Food consumed = Food out



Qo So -  V    ko SX    = (Qo-Qw) S + QwS


(3.2)

                                   
   Y (Ks + S)






where Qo, Qw = influent and waste-sludge flow rate, respectively, m3/d

Xo, X, Xe, Xu = biomass concentration in influent, reactor, effluent, and clarifier 

                         underflow (waste sludge), respectively, kg/m3
          So, S
= soluble food concentration in the influent and reactor, respectively,      


   kg/m3
                 V =   volume

 Ks, ko, kd, Y =   Kinetic constants having units, kg/m3, d-1, d-1, kg/kg

Equations (3.1) and (3.2) can be simplified by making the following assumptions:

1. The influent and effluent biomass concentrations are negligible compared to biomass at other points in the system.

2. The influent food concentration So is immediately diluted to the reactor concentration S because of the complete-mix regime.

3. All reactions occur in the reactor; i.e., neither biomass production nor food utilization occurs in the clarifier.

4. Because of assumption 3, the volume V represents the volume of the reactor only.

With these assumptions,  Eqs. (3.1) and (3.2) are rearranged as follows:



koS      =        Qw Xu   + kd




(3.3)



Ks + S             VX   







koS        =      Qo  Y   + (So – S)



(3.4)


Ks + S             V  X   

    




Combining these equations give



Qw Xu         =      Qo  Y   + (So – S) - kd



(3.5)



 V  X   
    
   V  X   



The inverse of the expressions Qw Xu / VX and Qo/V have unique physical significance in the activated-sludge system. The quantity



V/Qo = 






(3.6)

is the hydraulic detention time in the reactor based on influent flow. The ratio of the total biomass in the reactor to the biomass wasted per given time



VX         = c
                        Qw Xu  







(3.7)
represents the average time that microorganisms spend in the reactor. This parameter, called the mean cell-residence time will be greater than the hydraulic detention time since most of the sludge from the clarifier is returned to the reactor. Substituting Eqs. (3.6) and (3.7) into Eq. (3.5)



1   = Y (So – S)    - kd




(3.8)



c        X







The concentration of biomass or mixed-liquor suspended solids (MLSS) as it is more often called, in the reactor is related to the mean cell-residence time and the hydraulic detention time, and is found by solving Eq. (3.8) for X.



X = c Y(So – S)





(3.9)


         (1 + kd c)






Although this equation indicates that shortening the hydraulic detention time increases the MLSS when the other variables are held constant, there is a limit beyond which this is not true. When the hydraulic detention time approaches the regeneration time for the microorganisms, cells are washed out of the reactor before growth can occur. Consequently, X decreases and S approaches So, meaning that no treatment is occurring. 

3.3 
Design Considerations



Many factors affect the design of activated-sludge systems. One factor in activated-sludge design that should be stressed is the inter dependence of the biological reactor and the secondary clarifier. High biomass concentrations and short aeration periods may produce good treatment efficiencies with respect to soluble BOD. The savings in aeration tank volume is offset, however, by the large secondary clarifier required to clarify the effluent and thicken the sludge. Because of thickening limitations, it is the secondary clarifier that usually sets the upper limits on the biomass concentrations in the reactor.


Design variables for activated sludge reactors include (1) volumetric loading rates, (2) food-to-mass ratios, and (3) mean cell-residence times. The volumetric loading rate VL is the mass of BOD in the influent divided by the volume of the reactor, or 





V L = QSo




(3.10)





V





the units of which are kilograms of BOD per cubic meter-day. The food-to-mass ratio F/M is the mass of BOD removed divided by the biomass in the reactor, or 





F/M = Q(So – S)



(3.11)





  VX





The units being kilograms of BOD per kilogram of biomass.day.


The mean cell residence time, c in Eqs. (3.7) and (3.8) is currently the most commonly used design parameter. Both the F/M-ratio and c, approach to design allow for trade-off between reactor volume and concentration of MLSS in the reactor.

3.4
Factors Affecting Performance

The activated sludge wastewater treatment process is capable of producing an excellent effluent quality when properly designed, constructed and operated. BOD and TSS removal rates in excess of 99% are not unusual. There are three areas of major concern in an activated sludge plant:

1. The characteristics of the influent that is going to the aeration basin.

2. The environment in the aeration basin that must be maintained to ensure good treatment.

3. The operating conditions within the secondary clarifier, which affects how well solids separation will occur.

All three of these areas are closely related and influence each other.

3.4.1
 Influent characteristics
3.4.1.1
Organic and Hydraulic Loading


In most municipal activated sludge wastewater treatment facilities, the influent flow and BOD/TSS concentration does not vary by more than 10% from day to day. This results in a relatively stable (and predictable) loading being applied to the aeration basin. 

3.4.1.2
Effect of Toxic Substances


Toxic substances affect the performance of an activated sludge plant. If the influent that is being fed to the organisms in the aeration basin cannot be metabolized or if it is toxic, the organisms will die off and the process will fail. According to Adams et al. (1975) the degree of toxicity of heavy metals is related to overall metal equilibrium in the aeration tank and is independent of heavy metals concentration, microorganism concentration and organic loading. The concentration of these variables affects the proportion of the active components tied up in the metal ligand complexes, and subsequently affects the extent of metal toxicity.
3.4.2
 Aeration basin environment

3.4.2.1
Food and Dissolved Oxygen

The aeration basin environment can best be described as a zoo of microorganisms each competing for oxygen, food and the ability to reproduce. This zoo of organisms needs correct amount of oxygen, mixing and food. The food is of course supplied in the form of dissolved and suspended solids in the wastewater itself. The level of oxygen in the aeration basin can be controlled (to an extent). A dissolved oxygen level of >1.0 mg/L is desirable, but it is important to understand that the required level of dissolved oxygen is actually related to the F:M ratio that the system is operating under. This is because the microorganisms in the basin primarily consume the oxygen as they capture and metabolize the dissolved and particulate waste solids. If the BOD loading increases, the amount of dissolved oxygen that is needed in order for the microbes to capture and stabilize the waste will increase. If the BOD loading decreases, the oxygen demand for the system will go down. 

3.4.2.2
Adequate Mixing


Thorough mixing of the contents of the aeration basin is very important. No settling should occur in the basin itself. Solids that settle to the bottom of the basin will rapidly become septic and cause a variety of problems, such as increased oxygen demand, lower aeration basin detention times and excess growth of the types of filamentous bacteria that are associated with septic conditions. However, excessive mixing also has a down side. If the turbulence in the aeration basin is too high, a phenomenon known as floc shear will occur. Floc shear is characterized by floc particles that are broken up. In the secondary clarifier, this leads to increased effluent TSS concentrations. 

3.4.2.3
Correct F:M


In order to achieve good treatment and a stable system, the mass of microorganisms must be maintained at the correct level needed to consume virtually all of the food that enters the system each day. Conventional systems run at an F:M between 0.25 and 0.5 to 1.00. By increasing or decreasing the overall mass of MLSS, the number of microorganisms available to consume the daily load of waste solids can be changed. Although the amount of loading (food) varies a little each day, overall, it stays close to the same. The key to stabilizing the activated sludge process lies in doing a good job of maintaining the right mass of microorganisms to fully consume the daily loading, all of the time. To accomplish this, the amount wasted from the system each day needs to be close to the amount that enters the system each day, with some allowance for solids that are destroyed through digestion while in the aeration basin or lost to the effluent. Typically, this means that the number of kilograms of solids wasted from a system each day must be around 50 – 70% of the total number of kilograms of solids that enter the system each day. The difference between the influent loading and the required WAS kgs./day is made up through digestion in the aeration basin and solids lost to the effluent.

3.4.3 
Secondary clarifier conditions

3.4.3.1 Clarifier Design Features

The design of the secondary clarifier of an activated sludge wastewater treatment plant can have a strong effect on how the system will perform as a whole. Desirable features that should be included in activated sludge secondary clarifiers include:

• Good inlet flow control structures that allow to carefully regulating the hydraulic loading to the clarifier.

• Energy dissipating baffles at the mixed liquor inlet area that quickly slow the mixed liquor and direct it downward. Some provision for gentle mixing during entry into the clarifier is helpful at starting bio-flocculation. 

• Short-circuiting should be eliminated. Short-circuiting occurs when a portion of the mixed liquor that enters the clarifier is allowed to move rapidly toward the weirs and out of the clarifier. There are many causes of short-circuiting, such as thermal density-currents and poor baffle design; however, the most common cause is uneven weirs that draw the clarifier supernatant over one area at a much higher rate than other areas of the weir.

• Secondary clarifiers should be deep enough to allow some process upsets without the loss of the sludge blanket. Normally the clarifier depth should be greater than 3.5 m.

• A detention time of between 2 and 4 hours should be provided for the highest flow (peak flow) that the clarifier will be subjected to. This is a function of the clarifier’s volume.

• Effective sludge removal for the entire bottom of the secondary clarifier. This typically includes a sludge scraper mechanism that sweeps the bottom of the clarifier and moves settled sludge toward the RAS pump inlet box.

• Accurate control of the RAS pumping rate. This is critical for ensuring that the sludge is removed at the proper rate. Some form of RAS pump control and flow measurement should be provided.

• Drains should be provided for each clarifier so that they can be taken down for service and inspection. 

3.4.3.2 RAS Flow Rate

The sludge blanket depth in an activated sludge secondary clarifier should be determined at least twice a day by actually measuring the blanket at about the middle of the clarifier bridge. In general, the RAS pumps should be run just fast enough to maintain the smallest sludge blanket in the clarifier possible. 


If sludge settles well but is not removed from the secondary clarifier fast enough, biological activity will continue in the sludge, resulting in the formation of nitrogen gas bubbles. These nitrogen gas bubbles will cause particles and even clumps of sludge to float to the surface of the secondary clarifier (this process is known as denitrification). Whenever this type of “rising sludge” is observed in an activated sludge secondary clarifier, it is a sign that RAS pumping rate should be increased. 

3.5 
Control Strategies

3.5.1
MLSS and MLVSS Concentration


Though maintaining the proper F:M ratio in the system is essential for good treatment yet activated sludge plants are not operated on a day to day basis based on the F:M ratio. A system’s F:M ratio is really just a way of assessing the treatment process, not a way of controlling it. Part of the reason for this is that the information concerning the influent BOD loading used to calculate the F:M ratio is already 5 days old when an operator receives it because the BOD test takes 5 days to conduct. Decisions about changes to the wasting rate of a system must often be made on a daily basis and the information included in the F:M ratio is already at least 5 days old before it can be applied. Hence instead of the F:M ratio, judgments about the waste rate are based on the concentration of the mixed liquor in the aeration basin. This is measured using the total suspended solids (TSS) test on a sample of mixed liquor drawn from the end of the aeration basin, just before entering the secondary clarifier. When the TSS test is used to measure the concentration of mixed liquor, the result is reported as the mixed liquor suspended solids, or MLSS. If the volatile fraction is also measured, it is reported as the mixed liquor volatile suspended solids concentration, or MLVSS. Most activated sludge processes operate at a MLSS concentration of between 1,000 and 5,000 mg/L. Often, it will be discovered that a particular wastewater plant operates very well at say 2,500 mg/L and so the  wasting can be increased or decreased in order to maintain a MLSS concentration of 2,500 mg/L. In effect, this is nothing but maintaining the same overall mass of microorganisms by holding the concentration constant (because the volume of the aeration basin does not change). This has the effect of maintaining the correct F:M ratio. The percentage of MLSS that is volatile will vary depending upon the rate that solids are digested within an aeration basin. Typically, activated sludge systems operate with a MLVSS concentration that is about 70% of the total MLSS. For systems that operate at high F:M conditions, the percentage is more like 80%. For systems operating under low F:M conditions, the volatile percentage can be as low as 60%. The MLVSS represents the living fraction of the mixed liquor solids. The rest of the MLSS is just inert matter that is trapped in the system, but not providing any treatment to the incoming wastes. Systems operating under high F:M conditions do not have as much time to digest the incoming wastes as effectively as systems that operate under low F:M conditions. This is why the percentage of the MLSS that is volatile is higher for high F:M systems. Although the activated sludge process can be operated based upon the MLSS and MLVSS concentrations alone, it is not always a good idea to do so. This is because this approach does not take into account all of the solids that are entering and exiting the system on a daily basis. The reason is that the influent hydraulic and organic loading to the system does actually vary from day to day. 

3.5.2
Sludge Volume Index (SVI)


When an activated sludge process is operating well, it will primarily contain a mixture of simple round and rod shaped bacteria, an assortment of higher life forms known as protozoa, and a few long, hair-like filamentous bacteria that add strength to the bio-flocculated structure (known as floc). If the right conditions cannot be maintained in the system, this balance of microorganisms in the floc will change. For systems operating at very high F:M ratios and low SRTs, the organisms do not remain in the system long enough for the slower growing protozoa to appear. For this reason, this condition is referred to as “young sludge”. The settling characteristics of young sludge are slow, and a cloudy supernatant, laden with large straggler floc particles is left behind. If the system is operating at a very low F:M ratio and a high SRT, larger, slow growing organisms such as rotifers and sludge worms will begin to appear. This condition is often referred to as “old sludge”. Old sludge tends to settle very rapidly but leaves pin floc in the supernatant and a surface material known as “ashing”. Ashing appears just as though ashes were scattered on the surface of secondary clarifier. One of the most common problems that arise in the activated sludge process is the proliferation of excessive amounts of filamentous type bacteria. The problem has many causes, including septic conditions, low D.O. conditions and operating the system at the wrong F:M ratio. The growth of excessive numbers of filamentous bacteria results in a floc that cannot separate from liquid due to the hair-like projections of the filaments. This condition is know as “sludge bulking”, and it can lead to the total loss of the solids inventory in the treatment system as the sludge is washed out of the secondary clarifier. The MLSS test provides information about the concentration of solids in the aeration basin, but does not give insight into the settling characteristics of the sludge. In order to analyze the settling characteristics at a given MLSS concentration, it is necessary to calculate a value known as the sludge volume index, or SVI. The SVI of mixed liquor is determined by knowing both the sludge’s settling characteristics and its MLSS concentration. The SVI is an index of how well a sludge will settle at a given MLSS concentration. The SVI is most useful at identifying filamentous organism outbreaks, allowing for remedial actions before the system is out of control. For most activated sludge treatment plants, a SVI range of 80 – 120 signals good treatment. SVI values of <80 indicate older, fast settling sludge and the need to waste solids. SVI values over 150 almost always indicate a serious filamentous bacteria outbreak that must be dealt with before the entire solids inventor is lost from the system. Hence these ranges give a good indication of where most plants operate well and when most plants will get into trouble, but they are not hard and fast rules. This is because different systems have different secondary clarifiers. Shallow, poorly baffled secondary clarifiers do not respond well to bulking conditions, whereas deep, well baffled clarifiers can handle SVI values at or above 150 before loosing the sludge blanket to washout. If the equipment is available to measure the settleability and the MLSS concentration of a mixed liquor, the SVI value offers a powerful tool for assessing the condition of the biological process. 

3.5.3
 Mean Cell Residence Time (MCRT)


Because of the time delay involved in generating the data used to determine the F:M ratio, it is not used to control the secondary treatment process, however, a similar approach, based on other information that can be collected in a timely manner, can be used. The mean cell residence time (MCRT) approach to balancing the solids in the activated sludge treatment system offers a simple and effective way to operate the activated sludge process ahead of the curve. What the MCRT approach attempts to do is account for all of the solids that are in the system as well as all of the solids that exit the system everyday. A system’s MCRT is a representation of the average time (in days) that a bacterial cell will remain in the system before being removed as WAS or leaving in the effluent. The calculation is made by dividing the total kilograms of MLSS in the aeration basin by the total kilograms wasted each day and the total kilograms that exit the in the effluent each day. A system’s MCRT is very similar to its SRT, except that the MCRT looks at what is leaving the system each day and the SRT looks at what is coming into the system each day. Typically, conventional activated sludge systems run at MCRTs of < 15 days. In order to use the MCRT approach, daily information about a system’s MLSS concentration, WAS concentration, WAS flow, effluent TSS concentration and effluent flow are needed. The MCRT approach to process control should be used based upon a seven-day running average. In other words, seven days worth of WAS pump adjustments are averaged, and that average is what the pump is actually set to run each day. Using a seven-day running average prevents large changes to the wasting rate at any one time. It is very important that large changes are not made if the system is to operate as a stable process. Even if the seven-day running average is not used, a good rule of thumb to follow is “never change the waste rate by more than 10% a week”. The MCRT approach offers a valuable method of balancing the solids in an activated sludge system. It is particularly suited to plants that treat 1.0 MGD and more, because these treatment facilities have the necessary in-house laboratory capability to generate the needed data. It must be applied to a treatment plant in a consistent manner and is only as good as the laboratory sampling and analysis. Any error introduced through non-representative sampling or inaccurate flow measurements will be magnified as errors in the MCRT calculation. 

3.6
Typical Activated Sludge Wastewater Treatment 
Plant
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The first unit operation generally encountered in waste water treatment plants is screening. A screen is used to retain solids found in the influent waste water to the treatment plant. The principle role of screening is to remove coarse materials from the flow stream that could (1) damage subsequent process equipment, (2) reduce overall treatment process reliability and effectiveness, or (3) contaminate waterways. 


Grit chambers are designed to remove grit, consisting of sand, gravel, cinders or other heavy solid materials. Grit chambers are provided to (1) protect moving mechanical equipment from abrasion and accompanying abnormal wear, (2) reduce formation of heavy deposits in pipelines, channels and conduits and (3) reduce the frequency of digester cleaning caused by excessive accumulation of grit. 


The objective of Primary Clarifier is to remove readily settleable solids and floating material and thus reduce the suspended solids content. The efficiency of sedimentation basin  with respect to the removal of BOD and TSS is reduced by (1) eddy currents formed by the inertia of the incoming fluid, (2) wind induced circulation cells formed in uncovered tanks, (3) thermal convection currents, (4) cold or warm water causing the formation of density currents that move along the bottom of the basin and warm water rising and flowing across the top of the tank, and (5) thermal stratification in hot and climates (Fair and Geyer, 1954)


An aeration tank is a reactor where the biological reactions occur. It provides oxygen and mixing. 


Secondary clarifier is a sedimentation tank where the solids settle and are separated. 
Chapter    4
METHODOLOGY FOR PERFORMANCE EVALUATION OF SEWAGE TREATMENT PLANTS

4.1
Performance evaluation

The evaluation of performance efficiency of a treatment plant or unit process operation for percent removal of the organics is an important exercise in the operation of the systems. The results can be compared with those listed in the plant’s operation and maintenance manual (O&M) to determine whether the facility is performing as expected. The equation used to determine plant performance and efficiency, is given by,




[Influent concentration – Effluent concentration] x 100

             % Removal =                        
Influent concentration  


The concentration may be either SS, BOD, COD or any other constituents. The concentration entering the unit and the concentration leaving the unit (i.e. primary clarifier, secondary clarifier etc.) are used to determine the unit performance.                                                                 

4.2 Methodology  


During the preliminary visits, the routine operation of the plant is observed critically to plan the evaluation and to decide the sampling locations, the frequency of the sampling and parameters to be analyzed for evaluation. 


An activated sludge process sewage treatment plant generally comprises of flow measuring devices, mechanical bar screens, grit chambers, primary settling tanks, aeration tanks, secondary settling tanks, digesters, gas holders and sludge drying beds.


A typical flow diagram for planning the evaluation of an activated sludge process plant is shown on the next page. 

4.2.1 Collection of plant data, Raw sewage characteristics and Desired effluent quality


First step in evaluation procedure is to collect all the relevant data concerning the plant such as capacity, treatment process, various units and their functions. Basic design criteria will include daily flow, peak hourly flow, lean flow, raw sewage characteristics and 
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Flow Chart for Evaluation Planning 

treated effluent characteristics.


Raw sewage characteristics of importance are temperature, BOD, COD, SS, total solids, volatile solids, chlorides, total alkalinity and pH etc. Desired effluent quality is generally defined by BOD and SS.


Design data in respect of mechanical bar screens, grit chambers, primary settling tanks, aeration tanks and secondary settling tanks are also studied.

4.2.2 Monitoring of Inflow


Raw sewage flow monitoring is generally done by Electromagnetic flow meter at and Parshall flume after the grit chamber. The plant inflow is measured at every two hours or earlier depending upon the fluctuations in the flow pattern. It is ascertained if the plant is under loaded or overloaded hydraulically. Fluctuations in the inflow is also noted.

4.2.3
Collection of sample


The collection of a representative sample is the most important. Two types of samples are collected and analyzed to determine the characteristics of raw sewage and treatment system effluent: grab samples and composite samples.  A grab sample is one that is taken to represent one moment in time and is not mixed with any other samples.  A grab sample is sometimes called an individual or discrete sample and will only represent sample conditions at the exact moment it is collected. Grab samples are typically used for unstable parameters such as temperature, dissolved oxygen or pH.  A composite sample is prepared by combining a series of grab (individual / discrete) samples over known time or flow intervals.  A composite sample shows the average composition of a flow stream over a set time or flow period if the sample is collected proportional to flow. 

The primary use of an effluent sampling is to evaluate treatment system performance in order to verify compliance with specific discharge limits, or to compare the performance of individual systems. 

The common sampling locations, parameters to be analyzed and nature of samples for performance evaluation are given in Table-4.1.

Table–4.1 Sampling locations, parameters and nature of samples for performance evaluation  
	Sampling location
	Type of sample
	Parameters to be analyzed

	Grit chamber
	Composite
	BOD, COD, TS, TSS, TKN, total phosphorous

	
	Grab
	pH, temperature

	Primary sedimentation tank
	Composite
	BOD, COD, TS, TSS, DO

	
	Grab
	pH

	PST sludge
	Grab
	pH, TS, VS, % solids

	Aeration tank
	Grab
	DO, TS, TSS, TKN, total phosphorous

	Secondary sedimentation tank
	Composite
	BOD, TSS, DO, TKN

	
	Grab
	pH

	SST Sludge
	Grab
	pH, TSS, VS, SVI

	Anaerobic digester
	Grab
	pH, VA, Alkalinity, TS, VS


4.2.4 Analysis of samples


Analytical methods used for testing of samples are given in Table-4.2.

Table-4.2  Analytical Methods for Analysis of  Sewage Samples 

	Sr. No.
	Parameters
	Analytical methods for analysis of wastewater         Standard methods (1985) 16th Edition.

	1
	Total Solids
	209 A  Total solids dried at 103 o C – 105 o C 

	2
	Dissolved Solids
	209 B Dissolved Solids dried at 180 o C

	3
	Suspended Solids
	209 C  Suspended Solids dried at 103 o C – 105 o C

	4
	Volatile / fixed
	209 D fixed and volatile solids dried at 550 o C

	5
	PH  value
	pH  meter

	6
	BOD5   
	Biological Oxygen  Demand  ( 5 days at 20o C )

	7
	COD
	508 B Closed  reflux  method

	8
	Chlorides
	407 A  Argentometric  titration method

	9
	Oil & grease
	503 A Partition gravimetric method

	10
	Phosphate
	Colorimetric test (by spectrophotometer)


4.2.5 Study Performance of Units
4.2.5.1 Screen

Performance of screen is studied to find out whether it is meeting the design criteria. In case of deviation from the design, the screen is checked for hydraulic loading rate and velocity through the screen. Frequency of removal of screenings is also noted.
4.2.5.2 Grit Chamber (Detritus Tank)

Performance of grit chamber is adjudged for the quantity and quality of the grit removed. If it is as per design then performance is good otherwise check the hydraulic flow and horizontal velocity in the grit chamber. Frequency of removal of grit is also noted.

4.2.5.3 Primary Sedimentation Tank

Study the residual BOD, COD, TS and TSS as well as DO in the effluent from the primary sedimentation tank. If the percentage removals are as per design then performance be considered as good otherwise check the reasons for under performance such as hydraulic/organic loading rate, sludge draw off and scum removal.

4.2.5.4 Aeration Tank



Study MLSS, DO and SV % in the mixed liquor if it is not as per design then adjust the quantity of return sludge to correct the MLSS and SV% and modify the aerator capacity to correct the DO.

4.2.5.5 Secondary Sedimentation Tank

Study the quality of effluent from the secondary sedimentation tank with respect to BOD, TSS, DO, TKN and pH. If the effluent meets the desired quality then it can be considered that the secondary sedimentation tank is performing to the desired level. If quality of effluent is lower than the desired quality then check hydraulic/ organic loading rate, recirculation of return activated sludge, detention time, DO, SVI and MLSS to improve the performance.

4.2.5.6 Effluent Quality

If effluent meets the laid down standards thjen overall performance of the sewage treatment plant can be considered as satisfactory.

4.3 Performance Evaluation Report


After studying the results of various treatment units their performance is recorded. The overall performance of the treatment plant is the sum total of the performance of individual treatment units which is expressed in terms of percentage removal of BOD, COD and SS etc. 


Chapter    5
EVALUATION OF PERFORMANCE OF 16 MGD SEWAGE TREATMENT PLANT  

5.1 
General


Delhi is situated at longitude 77o13’16. 08”E & latitude 28o37’58. 55” and altitude of 220m above MSL. The total area of NCT of Delhi is 1484 sq.km. Delhi is situated on the banks of the river Yamuna. The river Yamuna flows from north to south. A hard rocky ridge running from the Southern border of NCT in the south west in a north easterly direction to the western banks of the river Yamuna near Wazirabad barrage forms the main watershed in NCT of Delhi. The topography created a drainage system that carries rain and storm water from the higher elevations of the West to the Yamuna. The eastern low-lying side was originally part of the flood plain of the river and considered inhabitable. Today however this Eastern wing, also known as the Trans Yamuna area, houses about 20 % of the total population of Delhi. 


Delhi started as a small city, with a population of approximately 410,000 in 1911 and grew steadily to reach a population of 920,000 in 1941 with the decadal growth rate averaging approximately 30%. Following independence, the sudden influx of migrants raised the population from 920,000 in 1941 to 1.74 million in 1951, registering a decadal growth of approximately 90%. In the next four decades the population growth has been above 50%. The total present population of Delhi is around 15 million.


The estimated wastewater generation from the DJB supply and ground water extraction is about 800 MGD. To provide treatment to the wastewater generated, Delhi has been divided into six sewerage zones namely Okhla, Keshopur, Shahdara, Coronation Pillar, Rithala-Rohini and outer Delhi. There are 30 wastewater treatment modules at 17 locations in Delhi with a total nominal (design) capacity of 512 MGD (2330 MLD). Most of the STPs use conventional activated sludge process (ASP) for wastewater treatment but a few operate on extended aeration and waste stabilization ponds. 

 
The first sewage treatment plant in Delhi was constructed at Okhla in the year 1938. Presently Okhla STP has 5 modules of 30 MGD, 12 MGD, 45 MGD, 37 MGD and 16 MGD sewage treatment capacity with the combined treatment capacity of 140 MGD, the largest in Delhi. These plants treat the majority of the sewage generated in this zone. Most of the sewage generated from this catchment is conveyed through trunk or main sewers to six major pumping stations (Ring Road, Pargati Vihar, Kilokri, Andrews Ganj, Sarita Vihar and Tughlakabad) which discharge to Okhla STPs.


Under this project , study of the performance of 16 MGD STP has been done. The 16 MGD plant was constructed and commissioned in 2001.  This STP receives sewage from Sarita Vihar, Tigri, Deoli, Tughlakabad village, areas along M.B. Road, Badarpur Road and Mathura Road etc.

5.2

Description of 16 MGD Sewage Treatment Plant

The treatment process followed at the plant is the Conventional Activated Sludge Process. The typical units are as follows:

· 2 mechanical bar screens

·  2 grit chambers

·  Parshall flume with ultrasound-type flow meter

·  2 primary settling tanks with central drive mechanical sludge rakes

·  Raw sludge pump house

·  Aeration tank with 20 nos. surface aerators, each 40 hp (30 kW)

·  2 secondary settling tanks

·  Return sludge pumping house

·  6 digesters provided with MS dome and gas mixing

·  2 gas holders

·  18 sludge drying beds

5.2.1 
Bar Screen


The raw sewage first enters ‘Bar Screen’. The screen arrests large floating objectionable matter. The screens used are ‘S’ type screens. These are Hindustan Dorr Oliver’s screens. These have reciprocating rake mechanism and are angled into the channel with a slight bent invert at the bottom to facilitate easy collection and withdrawal of screenings. The raking mechanism meshes with the bars which are spaced at suitable spacing. The rake runs in a track and is pulled up the slope by two cables which automatically reverse direction at the top of stroke. At this point the toggle rake shaft, which is attached to the track, pulls it and rake away from bars for the descending stroke. When the rake reaches bottom, the toggle shaft pushes it against the bar and the raking operation is repeated. The rake scraper is raised and lowered by the action of rake, pushing the screening for disposal. The drive consists of gear suitable for such application. One of the prominent advantages of Door Bar Screen is that it has no revolving, rotating, drive portion below water level. Thus the chances of mechanical failure due to chokage, rusting, wearing are minimized.

5.2.2
Grit Chamber (Detritor)


This has been designed to remove grit consisting of sand, gravel, cinders or other heavy solid materials that have subsiding velocities or specific gravities substantially greater than those of the organic putrescible solids in waste water. By providing detritors, the moving mechanical equipments further downstream in the plant are protected to a great extent from abrasion and accompanying abnormal wear. Such degritting devices also reduce the formation of heavy deposition in pipe-lines, launders and conduits and reduce frequency of cleaning of the tanks that may be otherwise required due to excessive accumulation of grit in such units. 

5.2.3
Primary Clarifier


The Primary Clarifier of fixed bridge type has been provided to enable settlement of suspended solids in raw sewage. The settled solids is raked to the central discharge cone from where it is taken by gravity to a raw sludge pump house for further pumping to the digester.

The primary clarifier is also equipped with a skimmer scum trough and scum baffle to remove all floating suspension present in raw sewage. The primary clarifier aids settlement of suspension and reduce the BOD in raw sewage by about 40% before it is conveyed to the aeration tank for biological oxidation.

5.2.4
Aeration Tank


For the oxidation of organics (BOD) by aerobic biological treatment, conical type of slow speed surface aerators have been used in the aeration tank. The aerator ensures that the biomass developed in the tank remains in suspension and is uniformly distributed throughout the tank for optimum stabilization of sewage. Further, it also ensures that the maximum oxygen is transferred to liquid phase for utilization by micro-organism developed in the tank. 

5.2.5
Secondary Clarifier


The aeration tank contents (MLSS) are settled in secondary clarifiers. The clarifier is a circular R.C.C. tank with bottom feed entry and comprises a feed well. The clarifier mechanism is centrally driven and consists of rake arms and squeegees to scrape the settled sludge to the control discharge cone. Settled sludge from the secondary clarifier is conveyed to a return sludge sump for recycle to the aeration tanks. The overflow represents treated sewage conforming to desired limits.

5.2.6
Return Sludge Pumps


Return sludge pumps of the horizontal, centrifugal, non clog type are being used to pump return sludge collected in the sludge sump.

5.2.7
Raw Sludge Pumps


Raw sludge pumps of the Cl. horizontal, centrifugal, non-clog type are being used to pump sludge collected in the sludge sump. These pumps have been designed for pumping raw sludge in 3-4 hrs/day to the digester. 

5.2.8
Digester


The mixed sludge (primary + excess secondary) is being digested in digesters with concrete tank and mild steel dome. The digesters work on gas mixing system.

Anaerobic Digester performance is achieved by efficient mixing system by recycled digester gas injection. The benefits of this system are:

· Maintenance of even sludge temperature providing physical, chemical and biological uniformity throughout the digester.
· Elimination of sludge/water bonding.

· Rapid distribution of raw feed, reducing risk of short circuiting to discharge.

· Maximum prevention of scum/crust formation on the surface which inhibits gas rise 
in the operation of digester.

· Minimizes grit and heavy particle settlement. 

· The recycled gas is injected through a series of strategically positioned distribution 
pipes with special Helixor mixers (which induce adequate velocities so as to keep the 
contents in a completely mixed state) along the digester floor and feeding the has 
continuously into the base of each of the Helixor Mixing Unit (HMU).

The sludge is retained in the digester for a period of about 30 days during which it undergoes anaerobic digestion. The digested sludge is settled at the bottom which is collected by the sludge draw off pipe. The scum floating at the top is skimmed off. The clear supernatant is removed and recycled to the inlet of the primary clarifier under gravity. The gas produced is collected at the top of the digester and conveyed to the ‘Gas Holder’

5.2.9
Sludge Drying Beds


The digested sludge from the digester is applied on the sludge drying beds with filter media comprising fine sand of 100 mm, coarse sand 100 mm, and gravel of 150 mm. The filtrate from the sludge drying beds is pumped back to primary clarifier. The dry cake formed on the top of the media is raked off periodically and is disposed off suitably. 

5.3
Basic Design Criteria

5.3.1
Flows

	Daily Flow
	3,033 m3/hr
	16 MGD

	Peak Flow Hourly
	6,067 m3/hr
	32 MGD

	Lean/Minimum Flow
	1,517 m3/hr
	  8 MGD


5.3.2
Raw Sewage Characteristics

The Plant has been designed on the basis of the following:

	Temperature Sewage
	Maximum 

Minimum 

Average
	35 o C

18 o C

25 o C

	BOD (5 days at 20O C)
	
	200     mg/l

	COD    
	
	450     mg/l

	Suspended Solids
	
	400     mg/l

	Total Solids
	
	1600   mg/l

	Volatile Solids
	
	200     mg/l

	Chlorides 
	
	180     mg/l

	Total alkalinity as CaCO3
	
	390     mg/l

	pH
	
	Approx. 7.5


5.3.3 Treated Sewage (Effluent) Characteristics

	BOD (5 day at 20 oC)
	20    mg/l

	Suspended Solids
	30    mg/l

	pH
	6.5 to 8.0


5.3.4 Hydraulic Levels  

	TWL in Inlet Chamber
	212.5     m RL

	TWL of Treated Effluent at Outfall
	208.80  m RL

	Finished Ground Level
	To be within levels of 208.0 to 210.0


5.4 Basis of Unit Sizing

5.4.1 Mechanically Cleaned Bar Screen

	Numbers
	2 nos.    

Each designed for peak flow

	Spacing between Bars
	20  mm

	Approach Velocity in Channel
	> 0.4 m/sec

	Velocity through Screen
	0.75 to 1.2 m/sec

	Free Board
	0.45 m

	Screen Flats
	50mm x 10mm tapered

	Drop at Screen Bed
	150 mm


5.4.2 Grit Removal

	Number
	2 Nos. Each designed for Daily Average    

Flow (16 mgd)

	Surface Loading at 18 Deg.C
	1100 m3/d/m2

	Particle Size for Removal
	0.15 mm

	Sp. Gravity of Particles
	2.65

	Free Board
	0.3 m


5.4.3
Primary Clarifiers

	Number
	2 Nos. each designed for half daily Average Flow (8mgd) plus filtrate + Excess Sludge etc. 

	Surface Loading at Average Flow
	34   m3/d/m2 or less

	Weir loading
	372  m3/d/m  or less

	Detention Period
	2.5   hrs

	Side Water depth
	3.0   m (more than)

	BOD Removal
	40    %

	Suspended Solid Removal
	60    %

	Solid Concentration in Sludge
	 4     %

	Free Board
	0.3   m


5.4.4
Aeration Tank

	Number
	2 Nos. each designed for half daily Average Flow (8 mgd) plus return Sludge 

	BODin
	120                     mg/l

	MLSS
	2000                   mg/l

	MLVSS/MLSS ratio
	0.8 

	F/M ratio
	0.2 to 0.4

	Volumetric Loading
	0.32 to 0.64         kg BOD/m3 tank volume

	HRT considering Qd+25 Return Sludge
	6                          hrs

	Kg O2/Kg BOD removed
	0.8

	Field Correction Factor
	0.7 (or as calculated if less)

	DO in tank
	1.5                      mg/l

	Power For Mixing 
	20                       Watt/m3 at shaft

	Free Board
	0.60                    m


Higher of Oxygenation and Mixing requirement is adopted for design. Number of aerators to be even number per tank. HP of Aerators not to exceed 40 HP.

5.4.5 Secondary Clarifiers

	Number 
	2 Nos. each designed for half daily Average Flow (8 mgd) plus return Sludge

	Surface Loading at Average Flow
	32   m3/d/m2 or less

	Weir loading
	185 m3/d/m  or less

	Detention Period
	2.0 hrs

	Free Board
	0.3 m


5.4.6
Digesters

	No. of Units
	6

	Volume of Each Unit
	3,200 m3 

	Feed
	Raw Primary + Secondary Sludge

	Feed Solids Concentration
	4%

	Volatile Solids in Feed
	50%

	Specific Gravity of Sludge
	1.01

	Volatile Solids Destroyed in digestion
	60%

	Temperature of Digester
	300C

	Digester Retention Period
	30 days

	Hopper Bottom
	1.4

	Mixing in Digester
	Gas Mixing


Digester effective capacity to be calculated up to bottom of ring beam. 
5.4.7 Gas Holder

	Number of Units
	2

	Volume of Each Unit
	4,000 m3 

	Gas Production
	0.9    m3/Kg of VSS destroyed

	Gas Storage
	1       day

	Gas Burner
	Provision for 100% capacity


5.4.8
Sludge Drying Beds

	Number of Units/Beds
	18

	Depth of Sludge application on Beds
	0.25 m

	Sludge Dewatering / removal cycle
	21    days

	Feed Sludge Concentration
	8%

	Moisture in dewatered Sludge
	 approx   40 %


5.4.9 Raw Sludge Sump cum Pump House

	Retention Period in Sump
	4        hours

	Solid Concentration in Sludge
	4        %

	Specific Gravity of Sludge
	1.07

	Pumping
	Batch

	Pumping Hours per Day (Actual)
	3 hrs. per day

	Capacity of pumps
	As per calculations

	Number of Pumps
	4

	Working
	1

	Stand by
	3

	Type of Pumps
	Horizontal Centrifugal Non Clog 


5.4.10 
Return Sludge Sump cum Pump House

	Retention Period in Sump 
	15 minutes of RS quantity

	Return Sludge Quantity
	75% of average sewage flow

	Solid Concentration in  Sludge
	1   %

	Specific Gravity of Sludge
	1.02

	Pumping
	Continuously

	Capacity of pump 
	As per calculations

	Number of pumps
	2

	Working
	2

	Stand by
	2

	Type of Pumps
	Horizontal Centrifugal Non Clog


5.4.11
 Filtrate Sump cum Pump House
	Retention period in sump
	8 hrs of daily filtrate quantity

	Filtrate Quantity
	As per Calculations

	Solid Concentration in filtrate
	Less than 500 mg/l

	Pumping
	Batch

	Capacity of pumps
	As per calculations

	Number of Pumps
	3

	Working
	1

	Stand by
	2

	Type of Pumps
	Vertical Centrifugal


5.4.12 Channels


All channels have been designed for peak flow and have a free board of 0.45 m. The Channels are:

1. Channel Treated Effluent from Final Clarifier to Main / Final Effluent Channel.

2. Channel Inlet Chamber to Screen Chamber.

3. Channel Screen Chamber to Grit removal unit.

4. Channel Grit Chamber to Parshall Flume.

5. Channel Parshall Flume to Manually Cleaned Bar Screen.

6. Channel Manually Cleaned Bar Screen to Primary Clarifier Feed Chamber.

7. Channel Primary Clarifier to Aeration Tank Feed Chamber.

8. Channel Aeration Tank to Secondary Clarifier.

9. Channel Final / Main Effluent. 

5.4.13
 Bye Passes from Various Plant Units


All Bye pass of plant units have been designed for peak flow conditions:

1. Bye pass from Inlet Chamber to Main Effluent Channel – Bye pass taken by RCC Pipe from Inlet Chamber to Main Effluent Channel to have clear over ground approach to the units, as the units and channels are elevated.

2. Bye pass from Distribution Chamber ahead of Primary Clarifier to Main / Final Effluent Channel – Bye pass taken by RCC Pipe from Chamber to Main Effluent Channel to have clear over ground approach to the units, as the units and channels are elevated.

3. Bye pass from Distribution Chamber ahead of Aeration Tank to Main / Final Effluent Channel – Bye pass taken by RCC Pipe from Chamber to Main Effluent Channel to have clear over ground approach to the units, as the units and channels are elevated. 


Sizes of the units worked out on the basis of unit sizing criteria, are given in 
Table-5.1. 
Table- 5.1  Sizes of Units and Details of Components

	1
	Inlet Works 
	 

	 
	 Number, type and size of screens 
	 2, mechanical, 2x6x0.95 m + 0.45m FB

	 
	 Number, type and size of grit removal units 
	 2 , one each for half flow (1.5 mm grit)

	2
	 Primary settling tanks
	 

	 
	  Number of tanks in stage
	2

	 
	  Length, width or diameter of sedimentation tank, 
	37.5 m dia

	 
	  Design tank depth and detention period
	3 m, 2.5 hrs

	 
	  Method of sludge removal, rated and actual 
	 gravity/pumping

	 
	  Capacity per unit;
	8 mgd

	 
	  Volume of sludge withdrawn per unit and per day.  
	550 m3

	3
	 Aeration
	 

	 
	 Type of process
	conventional aeration

	 
	 Number, length, width and depth of each tank  
	2 , 85.5 m x 35m 4.45 m

	 
	 Detention period.
	6 hrs

	 
	 Total number of aerators installed / operational capacity;
	20 ,  40 HP motor

	 
	 Type and Capacity of aerators 
	propeller type, 22.750 m3

	 
	 Make of aerators
	M/s HDO

	 
	 Number of aerators in normal operation, 
	20

	 
	 at peak flow and at minimum flow;
	20

	 
	 Nominal and actual oxygen transfer capacity of each        aerator 
	1.8 kg O2 per hour

	 
	 MLSS in tank
	2 kg per m3

	4
	 Sludge pumping stations 
	 

	 
	  - Raw sludge
	 

	 
	   Percentage solids of sludge
	4%

	 
	 - Return sludge
	 

	 
	  Percentage solids of sludge
	4%

	 
	  Percentage sludge returned
	80%

	5
	Final Settling tanks
	 

	 
	 Number of tanks in stage
	2

	 
	 Length/width or diameter of sedimentation tank,
	41.5 m diameter

	 
	 Design tank depth and detention period
	4 m, 2 hours detention time

	 
	 Method of sludge removal; rated and actual capacity per    unit
	electrical pump, 4 no (each of 760 m3 per hr)

	 
	 Volume of sludge withdrawn per unit and per day. 
	760 m3/ hr

	 
	 Where is final effluent discharged to?
	Agra canal

	6
	 Sludge Digestion
	 

	 
	  Number of digestion tanks
	6 (all operational)

	 
	  Length/width or diameter of digester tank, 
	20 meter diameter

	 
	  design tank depth and detention period, 
	9.40 m, 30 days

	 
	  Are sludge heaters fitted?
	no

	 
	  Method of sludge stirring, mechanical or gas injection
	gas injection

	 
	  Method of sludge removal; rated and actual capacity per unit
	gravity flow

	 
	Whether Mechanical Mixing or Gas Mixing
	gas mixing 

	 
	Type of gas mixing 
	compressed gas injection system

	 
	Whether Low rate or high rate compressors
	high rated

	 
	  Number of gasholders with storage capacity
	2 no, 4000 m3each

	 
	  How is gas used: flared, power generation, supply.
	supply

	 
	  Percentage solids in digested sludge
	8%

	 
	  How are digesters controlled?
	manually

	7
	Sludge beds
	 

	 
	 Total number of sludge beds available and size 
	18 , (30 m X 30 m each, sludge depth 0.250 meter)

	 
	 Total number of sludge beds in use
	18

	 
	 Average depth of wet sludge added
	0.250 m

	 
	 Average depth of dry sludge removed
	0.2 m

	 
	 Total volume of sludge per year
	6-7 trucks/day 

	 
	 Scheme for disposal of sludge
	lifted by trucks

	 
	 Filtrate returned to WWTP?
	 yes



The Plant layout is shown in Fig.- 1. Hydraulic flow diagram of the plant is shown in Fig.- 2.


Plan and section of Primary clarifier are shown in Fig.– 3 and a picture of primary clarifier is presented in Picture – 1.


Plan and section of Aeration Tank are shown in Fig.– 4 and a picture of aeration tank is presented in Picture – 2.


Plan and section of Secondary clarifier are shown in Fig.– 5 and a picture of secondary clarifier is presented in Picture – 3.


Plan and section of Digester Tank are shown in Fig.– 6 and a picture of digester is presented in Picture – 4.

5.5  Methodology


The treatment plant was visited on several occasions to understand the working of various units. In order to evaluate the treatment efficiency of primary clarifiers performing primary treatment and aeration tanks and secondary clarifiers performing secondary treatment, sampling was required before and after each treatment unit. Also to evaluate the performance of anaerobic digesters, sampling was required for raw sludge and digested sludge. The samples were collected by the plant staff from the following locations:

· Raw sewage sample from channel feeding to primary clarifier, after grit chamber

· Primary effluent sample from launder of primary clarifier

· Aerated effluent sample from outlet channel of aeration tank

· Raw sludge sample from sump of raw sludge pump house

· Digested sludge sample from outlet valves in sludge drying beds


Laboratory testing followed the procedures outlined in Standard Methods for Examination of Water and Wastewater. Determination of Dissolved Oxygen (D.O.) level in mixed liquor was made in the aeration tank at the treatment plant using Beckman D.O. meter.


Physical tests carried out on raw sewage included temperature, total solids, suspended solids and dissolved solids. Chemical tests included pH, alkalinity, chloride, oxygen absorption, BOD5, COD, ammonia, oil and grease, detergents and phosphate.


Effluent from primary clarifier was tested for pH, alkalinity, chloride, total solids, suspended solids, dissolved solids, oxygen absorption, BOD5 and COD.


Effluent fro aeration tank was tested for pH, alkalinity, chloride, total solids, suspended solids, dissolved solids, oxygen absorption, S.V. % and dissolved oxygen.


Final effluent from secondary clarifier, to evaluate the efficiency of treatment process, was analyzed for temperature, pH, alkalinity, chloride, total solids, suspended solids, dissolved solids, oxygen absorption, BOD5, COD, DO, ammonia, phosphate, oil and grease and detergents.


Raw and digested sludges were tested for pH, alkalinity, total solids, fixed solids and volatile solids.


The analyzed performance parameters were evaluated for the months of December 2004 and June 2005 to assess the performance of the plant during winter and summer season respectively.
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Chapter    6
RESULTS AND DISCUSSION


Once the sewage treatment plant is designed considering basic design criteria, the parameter of interest is its performance i.e. when the plant is in operation, its ability to achieve the required effluent standards. 


Results of analysis of performance parameters for December 2004 (winter season) and June 2005 (summer season) are as follows:

6.1
Performance of 16 MGD Okhla STP during winter (December 2004)

6.1.1
Raw Sewage Characteristics


Raw sewage characteristics are given in Table-6.1. The Suspended Solids (SS) ranged from 208 to 370 mg/L, with a mean value of 249 mg/L, against the design value of 400 mg/L. Biochemical Oxygen Demand (BOD) ranged from 150 to 200 mg/L, with a mean value of 160 mg/L, against design value of 200 mg/L. The corresponding Chemical Oxygen Demand (COD) ranged between 340 to 472 mg/L, with a mean value of 390 mg/L, against the design value of 450 mg/L. Comparing the characteristics of raw sewage with the typical values cited by Peavy et al. (1985), it can be seen that the raw sewage is of medium concentration. Average BOD to COD ratio is 0.4 and the same does not change significantly that means raw sewage has consistent characteristics.  

6.1.2
Primary Effluent


Analysis of primary effluent indicated a significant improvement in sewage quality as shown in Table-6.2. The mean residual SS, BOD and COD values were 92, 84 and 199 mg/L respectively. The corresponding average percentage removals were 61.5, 47.8 and 47.3 % as given in Table-6.3, Table-6.4 and Table-6.5 respectively.


Curves for SS in raw and primary treated sewage are presented in Fig. 7(a). Performance curve for % reduction in SS is plotted in Fig. 7(b). It can be seen that % reduction in SS is more than the theoretical minimum reduction (45%) and most of the time it is more than the theoretical maximum reduction (60%). Curves for BOD in raw and primary treated sewage are presented in Fig. 8(a). Performance curve Fig. 8(b), indicates that % reduction in BOD is more than or equal to the theoretical maximum reduction value of 45%. Curves for COD in raw sewage vis-à-vis primary effluent are plotted in Fig.  9(a).  Fig. 9(b) shows that % reduction in COD is always more than 40%.

6.1.3
Final Effluent


The results of the physicochemical analysis of the aerated sewage are presented in Table-6.6 and that of final effluent are given in Table-6.7. The residual SS in final effluent ranged from a minimum value of 9 mg/L to a maximum value of 26 mg/L, with a mean value of 17 mg/L. The BOD ranged from 5 to 15.3 mg/L, with a mean value of 10 mg/L. The residual COD was between 28 to 52 mg/L, with a mean value of 36 mg/L. The corresponding average percentage removals were 93.3, 93.7 and 90.7 % as shown in Table-6.8, Table-6.9 and Table-6.10 respectively.


Curves for SS in raw sewage vis-à-vis final effluent are plotted in Fig. 10(a). Performance curve, Fig. 10(b), indicates that % reduction in SS, except on two days, was always more than the theoretical maximum reduction value of 90%. Curves for BOD in raw and treated sewage are presented in Fig. 11(a). BOD reduction curve, Fig. 11(b) shows that % BOD removal was always within the theoretical minimum and maximum values of 85% and 95% respectively. Moreover, most of the time it was near to the maximum theoretical reduction. Curves for COD in raw and treated sewage are presented in Fig. 12(a). As per Fig. 12 (b), % reduction in COD was around 90% most of the time.


Average 10 mg/L ammonia was also found in the final effluent which is an indication that complete nitrification has not taken place.


The overall efficiency of the sewage treatment plant during winter season for removing the carbonaceous fraction was good. A removal of more than 90% was achieved for the three critical parameters i.e. SS, BOD and COD.

6.1.4
Characteristics of the Sludge


Percentages of total, fixed and volatile solids in raw and digested sludges have been depicted in Table-6.11. Percentages of Volatile Matter (VM) in raw and digested sludge are illustrated graphically in Fig. 13(a). Percentage reduction of VM during digestion has been plotted in Fig. 13(b). Volatile organic matter reduced between 18.9 to 25.4%, with an average of 22%.

6.2
Performance of 16 MGD Okhla STP during summer (June 2005)

6.2.1
Raw Sewage Characteristics


Raw sewage characteristics are given in Table-6.12. The Suspended Solids (SS) ranged from 250 to 504 mg/L, with a mean value of 314 mg/L, against the design value of 400 mg/L. Biochemical Oxygen Demand (BOD) ranged from 153 to 230 mg/L, with a mean value of 190 mg/L, against design value of 200 mg/L. The corresponding Chemical Oxygen Demand (COD) ranged between 320 to 520 mg/L, with a mean value of 420 mg/L, against the design value of 450 mg/L. Comparing the characteristics of raw sewage with the typical values cited by Peavy et al. (1985), it can be seen that the raw sewage is of medium concentration. Average BOD to COD ratio is 0.46 and the same does not change significantly that means raw sewage has consistent characteristics.  

6.2.2
Primary Effluent


Analysis of primary effluent indicated a significant improvement in sewage quality as shown in Table-6.13. The mean residual SS, BOD and COD values were 103, 80 and 208 mg/L respectively. The corresponding average percentage removals were 65.9, 54.9 and 51.0 % as presented in Table-6.14, Table-6.15 and Table-6.16 respectively.


Curves for SS in raw and primary treated sewage are presented in Fig. 14(a). Performance curve for % reduction in SS is plotted in Fig. 14(b). It can be seen that % reduction in SS is more than the theoretical minimum reduction (45%) and most of the time it is more than the theoretical maximum reduction (60%). Curves for BOD in raw and primary treated sewage are presented in Fig. 15(a). Performance curve Fig. 15(b), indicates that % reduction in BOD is more than or equal to the theoretical maximum reduction value of 45%. Curves for COD in raw sewage vis-à-vis primary effluent are plotted in Fig.  16(a).  Fig. 16(b) shows that % reduction in COD is always more than 40%.

6.2.3
Final Effluent


The results of the physicochemical analysis of the aerated sewage are presented in Table-6.17 and that of final effluent are given in Table-6.18. The residual SS in final effluent ranged from a minimum value of 10 mg/L to a maximum value of 30 mg/L, with a mean value of 17 mg/L. The BOD ranged from 6 to 20 mg/L, with a mean value of 10 mg/L. The residual COD was between 23 to 52 mg/L, with a mean value of 41 mg/L. The corresponding average percentage removals were 94.3, 94.4 and 89.7 % as given in Table-6.19, Table-6.20 and Table-6.21 respectively.


Curves for SS in raw sewage vis-à-vis final effluent are plotted in Fig. 17(a). Performance curve, Fig. 17(b), indicates that % reduction in SS was always more than the theoretical maximum reduction value of 90%. Curves for BOD in raw and treated sewage are presented in Fig. 18(a). BOD reduction curve, Fig. 18(b) shows that % BOD removal was always within the theoretical minimum and maximum values of 85% and 95% respectively. Moreover, most of the time it was near to the maximum theoretical reduction. Curves for COD in raw and treated sewage are presented in Fig. 19(a). As per Fig. 19 (b), % reduction in COD was around 90% most of the time.


Average 14 mg/L ammonia was also found in the final effluent which is an indication that complete nitrification has not taken place.


The overall efficiency of the sewage treatment plant during summer season for removing the carbonaceous fraction was good. A removal of 94% was achieved for SS and BOD and 90% for COD.

6.2.4
Characteristics of the Sludge


Percentages of total, fixed and volatile solids in raw and digested sludges have been depicted in Table-6.22. Percentages of Volatile Matter (VM) in raw and digested sludge are illustrated graphically in Fig. 20(a). Percentage reduction of VM during digestion has been plotted in Fig. 20(b). Volatile organic matter reduced between 20.1 to 49.5%, with an average of 33.5%.

Chapter    7
CONCLUSIONS AND RECOMMENDATIONS


7.1
Conclusions


Activated sludge process (ASP) has a great potential in the field of wastewater treatment. In the present project, the performance of 16 MGD sewagw treatment plant at Okhla, Delhi has been studied. The 16 MGD plant was constructed and commissioned in 2001.  This plant receives sewage from Sarita Vihar, Tigri, Deoli, Tughlakabad village, areas along M.B. Road, Badarpur Road and Mathura Road etc.


The treatment process followed at the plant is the Conventional Activated Sludge Process. The typical units include mechanical bar screens, grit chambers, primary settling tanks, aeration tanks, secondary settling tanks, digesters, gas holders and sludge drying beds.

The plant has been designed for the treatment of domestic raw sewage of medium concentration having temperature between 18 o C to 35 o C, BOD (5 days at 20O C) - 200 mg/L, COD-450 mg/ L and suspended solids-400 mg/ L. The various units of the plant have been designed on the basis of design criteria given in Manual on sewerage and sewage treatment. The design MLSS in the aeration tank was considered as 2000 mg/ L.


The treatment was aimed at achieving the treated sewage (effluent) characteristics of BOD (5 day at 20 oC) - 20 mg/ L and suspended solids-30 mg/ L.

It was observed that raw sewage SS, BOD and COD during winter were between 208-370, 150-200 and 340-472 mg/ L respectively. During summer SS, BOD and COD were between 250-504, 153-230 and 320-520 mg/ L respectively. The raw sewage characteristics were well within the design values except a few scattered values. Moreover, sewage during summer was slightly more concentrated than that during winter season.


The mean residual SS, BOD and COD after primary clarification were 92, 84 and 199 mg/L respectively. The corresponding average percentage removals were 61.5, 47.8 and 47.3 % respectively which indicated that the primary clarifiers were performing well.

The residual SS, BOD and COD in final effluent ranged between 9-26, 5-15.3 and 28- 52 mg/L respectively. Corresponding mean values were 17, 10 and 36 mg/L respectively and average percentage removals were 93.3, 93.7 and 90.7 % respectively. The results show that efficiency of aeration tanks and secondary clarifiers were excellent and these units were treating the sewage near to the maximum theoretical limits. The overall efficiency of the sewage treatment plant during winter and summer seasons for removing the carbonaceous fraction was good as removal of 90% was achieved for SS, BOD and COD.

MLSS in the aeration tanks varied between 1277 to 2958 mg/L (except one scatter value of 486 mg/L) with a mean value of 1894 mg/L during winter and between 1340 to 2951 mg/l (except one scatter value of 712 mg/L) with a mean value of 1861 mg/L during summer against design value of 2000mg/L. Though mean values are near to the design value yet there is vast difference in the daily MLSS concentration. This shows that return sludge has not been pumped continuously and MLSS concentration could not be strictly maintained as per the design. If MLSS concentration was maintained as per design effluent quality would have improved further.

In digesters, volatile organic matter reduced between 18.9 to 25.4%, with an average of 22% during winter season. Corresponding figures during summer were 20.1 to 49.5% and 33.5%. This shows that percentage removal of volatile organic matter in digesters was 50% more in summer season as compared to winter season.


However, the sewage treatment plant was consistently meeting the required treated effluent characteristics of BOD20 mg/L and SS  30 mg/L.

7.2
Recommendations

1. For better performance peripheral driven bridges with rakes mounted along the whole length is recommended instead of centrally driven rake mechanism.
2. Presently fixed speed surface aerators have been provided at the STP. These aerators are to be operated throughout the day without any interruption resulting in huge consumption of energy. With use of fine bubble aeration system, energy savings of approximately 30% could be expected. For future plants, tanks can be designed with diffused aeration system. Further for the larger treatment plants (91 mld and above) with considerable fluctuations in the wastewater flow, variable speed aerators with high output efficiency should be used. These variable speed aerators enable considerable energy savings without compromising on the treatment efficiency of the wastewater.

3. Mechanical sludge dewatering be gradually used at the larger STPs. This will release sludge-drying beds for future expansion of the STPs and permit construction of tertiary treatment units, if required. Mechanical dewatering options should be considered on priority where the risk due to ground water contamination is high.

4. Future plants may treat the sewage to tertiary level. Treated wastewater having 10 mg/l BOD5@20 °C and 15 mg/l suspended solids can be in used in various industries as supplies for cooling water and boiler feed water.
5. Installation of incinerators at STPs should be considered in future for proper disposal of screenings and grit. Even excess sludge can be incinerated to convert it into inert material.
Chapter    8
SUGGESTIONS FOR IMPROVEMENT IN THE EXISTING PLANT

8.1
Suggestions for Improvement

1. Operation of the sewage treatment plant is totally manual. Grab and composite samples do not reflect the complete dynamics of a treatment process. Hence on-line process monitoring may be resorted to so that dose of return sludge, DO etc. can be changed quickly with the change in raw sewage characteristics. Automatic control systems not only reduce work load but also allow for more precise control of process parameters. A SCADA system may be installed at the plant.
2. Collected material from screens is contaminated and at present disposed of within the STP site. It needs to be disposed of at proper sanitary landfill sites or alternatively, incinerated. 
3. Grit extracted at STP is currently disposed of in low-lying areas within the STP site. As it is contaminated with faecal matter, viruses, and other bacteria it is a health hazard to both the staff of DJB and the general public. It needs to be disposed of at proper sanitary landfill sites or alternatively, incinerated. 
4. The return sludge is not continuously fed into the aeration tank as per the design MLSS in the aeration tank. The return sludge must be fed continuously to the aeration tank as per the design. Regular monitoring of MLSS, MLVSS, SVI, DO in aeration tank, and concentration of return sludge should be done.
5. Digester contents should be continuously mixed as a process requirement and for proper functioning of digesters. For best digestion of sludge, the temperature should be controlled at its optimum level. During winter season heating of sludge may be resorted to. It will increase the gas production and will give better quality digested sludge in term of stability and dewatering.

6. Presently gas generated at the plant is supplied to the near by areas with negligible revenue generation. Gas generated at the plant may be gainfully utilized for power generation. Most of the electricity produced can be used in the treatment process and


any excess can be delivered to the grid.

7. Sludge is not lifted from the drying beds due to various reasons. The use of the dried sludge as a soil conditioner is not recommended due to the high level of contamination. However, if the dried sludge is stored for a long period of time (one year), it could be very well used for horticulture. For quick disposal of sludge a sanitary landfill site must be identified. Alternatively, the sludge could be used as a sources material in a composting plant.

8. As far as possible, the treated effluent must be used for horticulture and gardening purpose etc.

Table- 6.1  Characteristics of Raw sewage for the month of December 2004

	Parameter

Date
	Temp. 
	pH
	Total Alkal-

inity
	Chloride

Cl-
	Total Solids
	Susp.

Solids
	Dissolv. Solids
	Oxygen Absorption

(3Hrs)
	BOD5
	COD
	NH3
	Oil & Grease
	Deter-

gents
	PO4

	
	oC
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	12/1/2004
	22.5
	7.3
	508
	248
	1195
	208
	987
	51.6
	153.3
	360
	33
	-
	-
	-

	12/2/2004
	22.0
	7.3
	508
	264
	1201
	230
	971
	48.8
	150.0
	-
	-
	-
	-
	-

	12/3/2004
	22.5
	7.4
	496
	236
	1122
	218
	904
	51.6
	165.0
	372
	33
	-
	-
	-

	12/4/2004
	22.0
	7.3
	476
	220
	1048
	240
	808
	47.2
	158.3
	-
	-
	-
	-
	-

	12/5/2004
	22.0
	7.3
	496
	228
	1025
	234
	791
	52.0
	160.0
	-
	-
	-
	-
	-

	12/6/2004
	21.5
	7.4
	488
	228
	1192
	240
	953
	54.8
	166.6
	420
	32
	-
	-
	-

	12/7/2004
	21.5
	7.4
	512
	252
	1162
	208
	974
	48.0
	156.6
	-
	-
	-
	-
	-

	12/8/2004
	22.0
	7.5
	424
	244
	942
	225
	722
	46.8
	159.0
	340
	-
	9
	0.7
	3.5

	12/9/2004
	21.5
	7.5
	468
	244
	1202
	208
	994
	49.6
	160.0
	-
	-
	-
	-
	-

	12/10/2004
	21.0
	7.2
	464
	212
	1195
	228
	967
	49.6
	169.1
	-
	38
	-
	-
	-

	12/11/2004
	21.0
	7.3
	508
	220
	1188
	286
	902
	52.0
	161.0
	428
	-
	-
	-
	-

	12/12/2004
	21.0
	7.3
	532
	228
	1040
	254
	786
	52.8
	175.0
	-
	-
	-
	-
	-

	12/13/2004
	20.5
	7.2
	500
	256
	1047
	220
	827
	52.8
	158.0
	400
	-
	-
	-
	-

	12/14/2004
	20.5
	7.4
	480
	216
	1083
	254
	829
	54.8
	165.0
	-
	-
	-
	-
	-

	12/15/2004
	20.5
	7.4
	524
	232
	1128
	268
	860
	52.8
	152.0
	440
	50
	-
	-
	-

	12/16/2004
	21.0
	7.4
	500
	236
	1093
	224
	869
	54.8
	166.0
	-
	-
	-
	-
	-

	12/17/2004
	20.5
	7.4
	492
	228
	1161
	280
	881
	54.0
	166.0
	388
	48
	8
	1.0
	3.5

	12/18/2004
	21.0
	7.5
	472
	204
	1075
	298
	777
	54.0
	172.0
	-
	-
	-
	-
	-

	12/19/2004
	20.5
	7.3
	496
	212
	1090
	280
	810
	55.2
	162.0
	-
	-
	-
	-
	-

	12/20/2004
	20.0
	7.4
	492
	228
	1415
	270
	1007
	59.2
	200
	-
	48
	-
	-
	-

	12/21/2004
	20.0
	7.3
	500
	244
	1342
	270
	900
	51.6
	167.0
	472
	
	-
	-
	-

	12/22/2004
	20.0
	7.3
	492
	192
	1055
	236
	819
	54.0
	162.0
	-
	43
	-
	-
	-

	12/23/2004
	19.5
	7.4
	480
	208
	1227
	370
	857
	47.2
	153.0
	364
	-
	-
	-
	-

	12/24/2004
	19.5
	7.4
	516
	224
	1088
	222
	866
	50.0
	153.0
	-
	42
	6
	1.6
	2.5

	12/25/2004
	19.0
	7.4
	500
	216
	1000
	280
	720
	48.8
	169.0
	360
	-
	-
	-
	-

	12/26/2004
	19.0
	7.4
	492
	228
	993
	264
	729
	54.0
	167.0
	-
	-
	-
	-
	-

	12/27/2004
	18.5
	7.4
	496
	192
	951
	242
	709
	50.8
	162.0
	-
	45
	-
	-
	-

	12/28/2004
	18.5
	7.3
	544
	196
	1095
	240
	855
	46.8
	158.0
	372
	-
	-
	-
	-

	12/29/2004
	18.5
	7.3
	544
	196
	1095
	240
	855
	46.8
	159.0
	348
	42
	7
	1.7
	3.0

	12/30/2004
	18.5
	7.4
	460
	200
	1142
	240
	902
	48.0
	152.0
	-
	-
	-
	-
	-

	12/31/2004
	19.0
	7.4
	460
	212
	1121
	264
	857
	51.2
	160.0
	400
	-
	-
	-
	-

	Average
	20.5
	7.4
	494
	224
	1120
	249
	889
	51.3
	160.0
	390
	41
	7.5
	1.2
	3.1


Table-6.2  Parameters of Primary treated sewage for the month of December 2004

	Parameter

Date
	pH
	Total Alkalinity
	Chloride
	Total Solid
	Suspended Solids
	Dissolved Solids
	Oxygen Absorption
	BOD5
	COD



	
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	12/1/2004
	7.3
	502
	244
	1020
	90
	930
	30.4
	85.5
	200

	12/2/2004
	7.3
	504
	252
	1040
	88
	952
	28.4
	-
	-

	12/3/2004
	7.4
	492
	244
	1006
	90
	916
	28.8
	85.5
	-

	12/4/2004
	7.3
	492
	228
	974
	93
	881
	28.8
	-
	-

	12/5/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/6/2004
	7.2
	512
	240
	974
	94
	880
	30.4
	89.0
	220

	12/7/2004
	7.3
	488
	224
	1008
	92
	909
	29.6
	87
	-

	12/8/2004
	7.5
	464
	212
	1016
	77
	939
	26.0
	-
	-

	12/9/2004
	7.3
	480
	224
	1023
	93
	926
	28.4
	71
	-

	12/10/2004
	7.3
	444
	224
	1022
	90
	932
	28.4
	-
	-

	12/11/2004
	7.4
	464
	248
	1007
	93
	914
	28.4
	86
	-

	12/12/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/13/2004
	7.3
	576
	224
	934
	94
	840
	28.4
	89
	188

	12/14/2004
	7.4
	540
	216
	1004
	91
	910
	29.2
	82
	-

	12/15/2004
	7.4
	516
	212
	996
	95
	901
	31.2
	-
	-

	12/16/2004
	7.4
	544
	244
	961
	89
	872
	30.8
	-
	-

	12/17/2004
	7.4
	508
	212
	949
	93
	856
	31.2
	-
	-

	12/18/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/19/2004
	-
	-
	-
	-
	-
	-
	-
	-
	--

	12/20/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/21/2004
	7.3
	488
	240
	951
	84
	867
	28.8
	82.5
	-

	12/22/2004
	7.2
	528
	236
	1020
	85
	935
	28.4
	-
	-

	12/23/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/24/2004
	7.3
	508
	212
	1006
	95
	911
	28.8
	73.5
	-

	12/25/2004
	7.4
	500
	216
	947
	98
	849
	29.6
	93
	188

	12/26/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/27/2004
	7.4
	520
	220
	895
	94
	801
	28.0
	-
	-

	12/28/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/29/2004
	7.3
	552
	232
	1009
	100
	909
	28.0
	85.5
	196

	12/30/2004
	7.4
	464
	204
	979
	94
	885
	28.4
	-
	-

	12/31/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Average
	7.3
	504
	227
	988
	92
	896
	29.0
	84.0
	199


Table-6.3  % Reduction in  Suspended Solids in Primary Clarifier for the month of December 2004

	Parameter

Date
	Suspended solids
	Reduction
	% Reduction

	
	Raw sewage
	Primary treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	12/1/2004
	208
	90
	118
	56.7

	12/2/2004
	230
	88
	142
	61.7

	12/3/2004
	218
	90
	128
	58.7

	12/4/2004
	240
	93
	147
	61.2

	12/5/2004
	234
	-
	-
	-

	12/6/2004
	240
	94
	146
	60.8

	12/7/2004
	208
	92
	116
	55.8

	12/8/2004
	225
	77
	148
	65.8

	12/9/2004
	208
	93
	115
	55.3

	12/10/2004
	228
	90
	138
	60.5

	12/11/2004
	286
	93
	193
	67.5

	12/12/2004
	254
	-
	-
	-

	12/13/2004
	220
	94
	126
	57.3

	12/14/2004
	254
	91
	163
	64.2

	12/15/2004
	268
	95
	173
	64.6

	12/16/2004
	224
	89
	135
	60.3

	12/17/2004
	280
	93
	187
	66.8

	12/18/2004
	298
	-
	-
	-

	12/19/2004
	280
	-
	-
	-

	12/20/2004
	270
	-
	-
	-

	12/21/2004
	270
	84
	186
	68.9

	12/22/2004
	236
	85
	151
	64.0

	12/23/2004
	370
	-
	-
	-

	12/24/2004
	222
	95
	127
	57.2

	12/25/2004
	280
	98
	182
	65.0

	12/26/2004
	264
	-
	-
	-

	12/27/2004
	242
	94
	148
	61.1

	12/28/2004
	240
	-
	-
	-

	12/29/2004
	240
	100
	140
	58.3

	12/30/2004
	240
	94
	146
	60.8

	12/31/2004
	264
	-
	-
	-

	Average
	249
	92
	148
	61.5


Table-6.4  % Reduction in B.O.D. in Primary Clarifier for the month of December 2004

	Parameter

Date
	B. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Primary treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	12/1/2004
	153.3
	85.5
	67.8
	44.2

	12/2/2004
	150.0
	-
	-
	-

	12/3/2004
	165.0
	85.5
	79.5
	48.2

	12/4/2004
	158.3
	-
	-
	-

	12/5/2004
	160.0
	-
	-
	-

	12/6/2004
	166.6
	89.0
	77.6
	46.6

	12/7/2004
	156.6
	87.0
	69.6
	44.4

	12/8/2004
	159.0
	-
	-
	-

	12/9/2004
	160.0
	71.0
	89.0
	55.6

	12/10/2004
	169.1
	-
	-
	-

	12/11/2004
	161.0
	86.0
	75.0
	46.6

	12/12/2004
	175.0
	-
	-
	-

	12/13/2004
	158.0
	89.0
	69.0
	43.7

	12/14/2004
	165.0
	82.0
	83.0
	50.3

	12/15/2004
	152.0
	-
	-
	-

	12/16/2004
	166.0
	-
	-
	-

	12/17/2004
	166.0
	-
	-
	-

	12/18/2004
	172.0
	-
	-
	-

	12/19/2004
	162.0
	-
	-
	-

	12/20/2004
	200.0
	-
	-
	-

	12/21/2004
	167.0
	82.5
	84.5
	50.6

	12/22/2004
	162.0
	-
	-
	-

	12/23/2004
	153.0
	-
	-
	-

	12/24/2004
	153.0
	73.5
	79.5
	52.0

	12/25/2004
	169.0
	93.0
	76
	45.0

	12/26/2004
	167.0
	-
	-
	-

	12/27/2004
	162.0
	-
	-
	-

	12/28/2004
	158.0
	-
	-
	-

	12/29/2004
	159.0
	85.5
	73.5
	46.2

	12/30/2004
	152.0
	-
	-
	-

	12/31/2004
	160.0
	-
	-
	-

	Average
	160.0
	84.0
	77
	47.8


Table-6.5  % Reduction in C.O.D. in Primary Clarifier for  the month of December 2004

	Parameter

Date
	C. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Primary treated sewage
	
	

	
	mg/L
	mg/L
	mg/LL
	

	12/1/2004
	360
	200
	160
	44.4

	12/2/2004
	-
	-
	-
	-

	12/3/2004
	372
	-
	-
	-

	12/4/2004
	-
	-
	-
	-

	12/5/2004
	-
	-
	-
	-

	12/6/2004
	420
	220
	200
	47.6

	12/7/2004
	-
	-
	-
	-

	12/8/2004
	340
	-
	-
	-

	12/9/2004
	-
	-
	-
	-

	12/10/2004
	-
	-
	-
	-

	12/11/2004
	428
	-
	-
	-

	12/12/2004
	-
	-
	-
	-

	12/13/2004
	400
	188
	212
	53.0

	12/14/2004
	-
	-
	-
	-

	12/15/2004
	440
	-
	-
	-

	12/16/2004
	-
	-
	-
	-

	12/17/2004
	388
	-
	-
	-

	12/18/2004
	-
	-
	-
	-

	12/19/2004
	-
	-
	-
	-

	12/20/2004
	-
	-
	-
	-

	12/21/2004
	472
	-
	-
	-

	12/22/2004
	-
	-
	-
	-

	12/23/2004
	364
	-
	-
	-

	12/24/2004
	-
	-
	-
	-

	12/25/2004
	360
	188
	172
	47.8

	12/26/2004
	-
	-
	-
	-

	12/27/2004
	-
	-
	-
	-

	12/28/2004
	372
	-
	-
	-

	12/29/2004
	348
	196
	152
	43.7

	12/30/2004
	-
	-
	-
	-

	12/31/2004
	400
	-
	-
	-

	Average
	390
	199
	172
	47.3


[image: image14.emf]Fig. 7(a): Suspended Solids in Raw & Primary treated sewage
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[image: image15.emf]Fig. 7(b): % Reduction in Suspended Solids in Primary Clarifier
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[image: image16.emf]Fig. 8(a): BOD of Raw and Primary treated sewage
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[image: image17.emf]Fig. 8(b): % Reduction in B O D in Primary Clarifier
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[image: image18.emf]Fig: 9(a) COD of Raw and Primary  treated sewage
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[image: image19.emf]Fig. 9(b) % Reduction in C O D  in Primary Clarifier
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Table-6.6  Parameters of  Mixed Liquor for the month of December 2004

	Parameter

Date
	pH
	Total Alkalinity
	Chloride
	Total Solids
	Suspended Solids
	Dissolved Solids
	O.A
	S.V.%
	D.O.

	
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	
	mg/L

	12/1/2004
	7.6
	440
	240
	2408
	1562
	846
	228.0
	92
	1.8

	12/2/2004
	7.7
	456
	248
	2739
	1819
	920
	230.4
	93
	1.5

	12/3/2004
	7.7
	440
	232
	2617
	1765
	852
	231.2
	95
	1.6

	12/4/2004
	7.6
	424
	236
	2382
	1537
	845
	231.2
	97
	1.2

	12/5/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/6/2004
	7.6
	336
	252
	2270
	1374
	896
	160.0
	45
	1.5

	12/7/2004
	7.6
	308
	228
	1404
	486
	918
	89.6
	19
	2.8

	12/8/2004
	7.8
	352
	252
	2670
	1776
	894
	212.8
	97
	2.6

	12/9/2004
	7.6
	440
	208
	2724
	1863
	861
	224.8
	98
	1.7

	12/10/2004
	7.7
	404
	228
	2764
	1910
	854
	217.6
	95
	1.6

	12/11/2004
	7.8
	424
	232
	3012
	2111
	901
	308.0
	97
	1.8

	12/12/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/13/2004
	7.6
	376
	228
	2521
	1646
	875
	228.8
	95
	1.7

	12/14/2004
	7.6
	328
	220
	2751
	1873
	878
	223.2
	97
	1.2

	12/15/2004
	7.7
	400
	208
	3009
	2104
	905
	152.8
	94
	1.7

	12/16/2004
	7.6
	384
	240
	3040
	2213
	827
	269.6
	92
	1.6

	12/17/2004
	7.6
	376
	216
	3783
	2958
	856
	288.0
	98
	1.5

	12/18/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/19/2004
	-
	-
	-
	-
	-
	-
	-
	-
	--

	12/20/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/21/2004
	7.7
	348
	196
	3238
	2424
	814
	215.2
	93
	1.9

	12/22/2004
	7.6
	364
	216
	3316
	2501
	815
	220.8
	96
	1.7

	12/23/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/24/2004
	7.6
	420
	208
	3341
	2503
	838
	231.2
	94
	1.7

	12/25/2004
	7.7
	392
	204
	2469
	1655
	814
	201.6
	92
	1.8

	12/26/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/27/2004
	7.7
	472
	200
	2038
	1277
	761
	224
	96
	1.7

	12/28/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12/29/2004
	7.6
	460
	208
	2989
	2128
	861
	225.6
	81
	1.6

	12/30/2004
	7.7
	392
	208
	3000
	2182
	818
	230.4
	89
	2.3

	12/31/2004
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Average
	
	
	
	1894
	
	
	
	
	1.8


Table-6.7  Parameters of Final Effluent for the month of December 2004

	Parameter

Date
	Temp. 
	pH
	Total Alkal-

inity
	Chloride

Cl-
	Total Solids
	Susp.

Solids
	Dissolv. Solids
	Oxygen Abs.
	BOD5
	COD
	DO
	NH3
	PO4
	Oil & grease
	Detergent



	
	0C
	
	Mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	12/1/2004
	22.0
	7.6
	396
	232
	852
	19
	833
	6.8
	11
	36
	2.4
	10
	
	
	

	12/2/2004
	22.0
	7.6
	432
	244
	925
	20
	905
	7.2
	12
	-
	2.2
	8
	
	
	

	12/3/2004
	22.0
	7.7
	424
	228
	873
	16
	857
	6.4
	10.8
	40
	2.2
	8
	
	
	

	12/4/2004
	22.0
	7.7
	424
	228
	869
	19
	850
	6.8
	12.0
	-
	2.1
	
	
	
	

	12/5/2004
	21.5
	7.8
	436
	224
	844
	20
	824
	6.8
	12.5
	-
	2.3
	-
	
	
	

	12/6/2004
	21.0
	7.6
	332
	264
	909
	20
	889
	7.6
	12.5
	40
	1.9
	5
	
	
	

	12/7/2004
	21.0
	7.7
	296
	225
	940
	24
	916
	8.0
	16.3
	-
	2.1
	
	
	
	

	12/8/2004
	21.5
	7.8
	336
	232
	895
	26
	868
	8.8
	11.9
	52
	1.4
	
	2.5
	3
	0.6

	12/9/2004
	21.0
	7.5
	380
	220
	746
	12
	734
	5.6
	6.0
	-
	1.9
	
	
	
	

	12/10/2004
	20.5
	7.8
	360
	220
	819
	10
	809
	5.2
	8.1
	-
	2.0
	8
	
	
	

	12/11/2004
	20.5
	7.8
	380
	228
	847
	15
	834
	5.2
	10
	36
	2.2
	
	
	
	

	12/12/2004
	20.5
	7.7
	400
	224
	819
	10
	809
	5.6
	9
	-
	2.4
	
	
	
	

	12/13/2004
	20.5
	7.8
	332
	240
	860
	9
	851
	52
	8.5
	28
	2.5
	
	
	
	

	12/14/2004
	20
	7.5
	360
	216
	885
	10
	875
	5.6
	8.3
	-
	2.3
	
	
	
	

	12/15/2004
	20.0
	7.6
	368
	212
	869
	17
	852
	6.4
	11
	36
	2.0
	5
	
	
	

	12/16/2004
	20.5
	7.6
	368
	232
	836
	20
	816
	6.8
	10
	-
	1.9
	
	
	
	

	12/17/2004
	20.0
	7.7
	416
	208
	855
	19
	836
	6.8
	12
	32
	2.0
	8
	2.5
	7
	0.5

	12/18/2004
	30.5
	7.8
	380
	220
	817
	16
	801
	6.0
	10
	-
	2.1
	
	
	
	

	12/19/2004
	20.0
	8.0
	400
	224
	829
	16
	813
	6.0
	10
	-
	2.6
	
	
	
	

	12/20/2004
	19.5
	7.7
	420
	212
	904
	20
	884
	7.2
	11
	-
	2.4
	10
	
	
	

	12/21/2004
	19.5
	7.6
	460
	232
	841
	16
	825
	5.6
	10
	28
	2.8
	
	
	
	

	12/22/2004
	19.5
	7.6
	420
	212
	833
	17
	816
	5.2
	10
	-
	2.1
	15
	
	
	

	12/23/2004
	19.0
	7.7
	400
	204
	852
	19
	833
	5.2
	7
	-
	22
	
	
	
	

	12/24/2004
	18.5
	7.8
	412
	208
	859
	10
	849
	4.8
	5
	-
	27
	15
	2.25
	5
	1.1

	12/25/2004
	18.5
	7.7
	408
	200
	790
	16
	774
	5.6
	10.
	32
	2.4
	
	
	
	

	12/26/2004
	18.5
	7.7
	416
	208
	719
	14
	705
	5.2
	9.0
	-
	2.1
	
	
	
	

	12/27/2004
	18.0-
	7.8
	468
	220
	775
	13
	762
	5.6
	10.3
	-
	2.3
	12
	
	
	

	12/28/2004
	18.0
	7.6
	440
	200
	822
	11
	811
	5.2
	8.3
	32
	2.4
	
	
	
	

	12/29/2004
	18.0
	7.7
	464
	208
	836
	20
	816
	6.8
	10.8
	40
	2.3
	15
	2.25
	3
	1.2

	12/30/2004
	18.0
	7.7
	408
	216
	834
	18
	816
	6.4
	11.0
	-
	2.3
	
	
	
	

	12/31/2004
	18.5
	7.8
	392
	192
	819
	19
	860
	6.0
	10.6
	36
	2.2
	
	
	
	

	Average
	21.3
	7.7
	397
	208
	844
	17
	827
	6.2
	10
	36
	2.2
	10
	2.4
	4.5
	0.9


Table-6.8  % Reduction in Suspended Solids after treatment for the month of December 2004

	Parameter

Date
	Suspended solids
	Reduction
	% Reduction

	
	Raw sewage
	Secondary Treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	12/1/2004
	208
	19
	189
	90.1

	12/2/2004
	230
	20
	210
	91.3

	12/3/2004
	218
	16
	202
	92.7

	12/4/2004
	240
	19
	221
	92.1

	12/5/2004
	234
	20
	214
	91.5

	12/6/2004
	240
	20
	220
	91.7

	12/7/2004
	208
	24
	184
	88.5

	12/8/2004
	225
	26
	199
	88.4

	12/9/2004
	208
	12
	196
	94.2

	12/10/2004
	228
	10
	218
	95.6

	12/11/2004
	286
	15
	271
	94.7

	12/12/2004
	254
	10
	244
	96.1

	12/13/2004
	220
	9
	211
	95.9

	12/14/2004
	254
	10
	244
	96.1

	12/15/2004
	268
	17
	251
	93.7

	12/16/2004
	224
	20
	204
	91.1

	12/17/2004
	280
	19
	261
	93.2

	12/18/2004
	298
	16
	282
	94.6

	12/19/2004
	280
	16
	264
	94.3

	12/20/2004
	270
	20
	250
	92.6

	12/21/2004
	270
	16
	254
	94.1

	12/22/2004
	236
	17
	219
	92.8

	12/23/2004
	370
	19
	351
	94.9

	12/24/2004
	222
	10
	212
	95.5

	12/25/2004
	280
	16
	264
	94.3

	12/26/2004
	264
	14
	250
	94.7

	12/27/2004
	242
	13
	229
	94.6

	12/28/2004
	240
	11
	229
	95.4

	12/29/2004
	240
	20
	220
	91.7

	12/30/2004
	240
	18
	222
	92.5

	12/31/2004
	264
	19
	245
	92.8

	Average
	249
	17
	233
	93.3


Table-6.9  % Reduction in B. O. D. after treatment for the month of December 2004

	Parameter

Date
	B. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Secondary  treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	12/1/2004
	153.3
	11.0
	142.3
	92.8

	12/2/2004
	150.0
	12.0
	138.0
	92.0

	12/3/2004
	165.0
	10.8
	154.2
	93.4

	12/4/2004
	158.3
	12.0
	146.3
	92.4

	12/5/2004
	160.0
	12.5
	147.5
	92.2

	12/6/2004
	166.6
	12.5
	154.1
	92.5

	12/7/2004
	156.6
	16.3
	140.3
	89.6

	12/8/2004
	159.0
	11.9
	147.1
	92.5

	12/9/2004
	160.0
	6.0
	154.0
	96.3

	12/10/2004
	169.1
	8.1
	161.0
	95.2

	12/11/2004
	161.0
	10.0
	151.0
	93.8

	12/12/2004
	175.0
	9.0
	166.0
	94.9

	12/13/2004
	158.0
	8.5
	149.5
	94.6

	12/14/2004
	165.0
	8.3
	156.7
	95.0

	12/15/2004
	152.0
	11.0
	141.0
	92.8

	12/16/2004
	166.0
	10.0
	156.0
	94.0

	12/17/2004
	166.0
	12.0
	154.0
	92.8

	12/18/2004
	172.0
	10.0
	162.0
	94.2

	12/19/2004
	162.0
	10.0
	152.0
	93.8

	12/20/2004
	200.0
	11.0
	189.0
	94.5

	12/21/2004
	167.0
	10.0
	157.0
	94.0

	12/22/2004
	162.0
	10.0
	152.0
	93.8

	12/23/2004
	153.0
	7.0
	146.0
	95.4

	12/24/2004
	153.0
	5.0
	148.0
	96.7

	12/25/2004
	169.0
	10.0
	159.0
	94.1

	12/26/2004
	167.0
	9.0
	158.0
	94.6

	12/27/2004
	162.0
	10.3
	151.7
	93.6

	12/28/2004
	158.0
	8.3
	149.7
	94.7

	12/29/2004
	159.0
	10.8
	148.2
	93.2

	12/30/2004
	152.0
	11.0
	141.0
	92.8

	12/31/2004
	160.0
	10.6
	149.4
	93.4

	Average
	160.0
	10.0
	152.3
	93.7


Table-6.10  % Reduction in C. O. D. after treatment for the month of December 2004

	Parameter

Date
	C. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Secondary  treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	12/1/2004
	360
	36
	324
	90.0

	12/2/2004
	-
	-
	-
	-

	12/3/2004
	372
	40
	332
	89.2

	12/4/2004
	-
	-
	-
	-

	12/5/2004
	-
	-
	-
	-

	12/6/2004
	420
	40
	380
	90.5

	12/7/2004
	-
	-
	-
	-

	12/8/2004
	340
	52
	288
	84.7

	12/9/2004
	-
	-
	-
	-

	12/10/2004
	-
	-
	-
	-

	12/11/2004
	428
	36
	392
	91.6

	12/12/2004
	-
	-
	-
	-

	12/13/2004
	400
	28
	372
	93.0

	12/14/2004
	-
	-
	-
	-

	12/15/2004
	440
	36
	404
	91.8

	12/16/2004
	-
	-
	-
	-

	12/17/2004
	388
	32
	356
	91.8

	12/18/2004
	-
	-
	-
	-

	12/19/2004
	-
	-
	-
	-

	12/20/2004
	-
	-
	-
	-

	12/21/2004
	472
	28
	444
	94.1

	12/22/2004
	-
	-
	-
	-

	12/23/2004
	364
	-
	-
	-

	12/24/2004
	-
	-
	-
	-

	12/25/2004
	360
	32
	328
	91.1

	12/26/2004
	-
	-
	-
	-

	12/27/2004
	-
	-
	-
	-

	12/28/2004
	372
	32
	340
	91.4

	12/29/2004
	348
	40
	308
	88.5

	12/30/2004
	-
	-
	-
	-

	12/31/2004
	400
	36
	364
	91.0

	Average
	390
	36
	356
	90.7


[image: image20.emf]Fig. 10(a): Suspended Solids in Raw & Treated sewage
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[image: image21.emf]Fig. 10(b): % Reduction in Suspended Solids during treatment
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[image: image22.emf]Fig. 11 (a): B O D of Raw & Treated sewage
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[image: image23.emf]Fig. 11(b): % Reduction in B O D during  treatment
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[image: image24.emf]Fig. 12(a): C O D of Raw & Treated sewage

0

50

100

150

200

250

300

350

400

450

500

01/12/2004 06/12/2004 11/12/2004 16/12/2004 21/12/2004 26/12/2004 31/12/2004

Date

C O D (mg/L)

C O D of Raw sewage C O D of Treated sewage


[image: image25.emf]Fig. 12(b): % Reduction in C O D during treatment
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Table-6.11  Characteristics of Raw Sludge & Digested Sludge for the month of December 2004

	Date
	Raw Sludge
	Digested Sludge

	
	pH
	Total Alkalinity
	Solids

%
	% Volatile Matter
	pH
	Total Alkalinity
	Solids

%
	% Volatile Matter
	% Reduction in Volatile Matter

	
	
	
	Total
	Fixed
	Volatile
	
	
	
	Total
	Fixed
	Volatile
	
	

	12/1/2004
	7.5
	940
	4.76
	2.32
	2.44
	51.3
	7.6
	3040
	1.54
	0.93
	0.61
	39.6
	22.8

	12/4/2004
	7.5
	1490
	9.87
	4.84
	5.03
	51.0
	8.0
	3160
	5.51
	3.23
	2.28
	41.37
	18.9

	12/7/2004
	7.4
	990
	6.28
	3.09
	3.19
	50.8
	8.1
	2830
	5.08
	3.09
	1.99
	39.2
	22.8

	12/8/2004
	7.5
	870
	6.39
	3.16
	3.23
	50.5
	8.1
	3360
	5.39
	3.32
	2.07
	38.4
	24.0

	12/11/2004
	7.4
	970
	5.07
	2.44
	2.63
	51.9
	8.0
	3010
	4.84
	2.89
	1.95
	40.3
	22.4

	12/14/2004
	7.4
	840
	6.66
	3.22
	3.44
	51.7
	8.0
	2790
	3.82
	2.32
	1.50
	39.3
	24.0

	12/15/2004
	7.4
	950
	5.64
	2.70
	2.94
	52.1
	8.0
	2820
	8.04
	4.79
	3.25
	40.4
	22.5

	12/17/2004
	7.5
	1540
	10.1
	4.87
	5.19
	51.6
	8.1
	3170
	2.70
	1.66
	1.04
	38.5
	25.4

	12/18/2004
	7.6
	1070
	8.22
	4.03
	4.19
	50.9
	8.2
	3420
	5.17
	3.13
	2.04
	39.5
	22.4

	12/20/2004
	7.6
	1230
	3.73
	1.81
	1.92
	51.5
	8.1
	3170
	5.82
	3.51
	2.31
	39.7
	22.9

	12/22/2004
	7.4
	910
	3.43
	1.71
	1.72
	50.1
	8.2
	3470
	4.06
	2.44
	1.62
	39.9
	20.4

	12/23/2004
	7.6
	1020
	8.47
	4.21
	4.26
	50.3
	8.1
	3040
	4.56
	2.73
	1.83
	40.1
	20.3

	12/25/2004
	7.5
	1080
	2.39
	1.18
	1.21
	50.6
	8.0
	3230
	2.10
	1.25
	0.85
	40.5
	20.0

	12/26/2004
	7.2
	900
	5.36
	2.64
	2.72
	50.7
	7.9
	3000
	4.07
	2.44
	1.63
	40.0
	21.1

	12/27/2004
	7.2
	1140
	4.13
	2.03
	2.10
	50.8
	8.4
	2850
	7.30
	4.32
	2.98
	40.8
	19.7

	Average
	
	
	
	
	
	51.1                                                                                                                           
	
	
	
	
	
	39.8
	22.0


[image: image26.emf]Fig. 13(a): % Volatile Matter in Raw and Digested sludge
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[image: image27.emf]Fig. 13(b): % Reduction in Volatile Matter during Digestion
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Table-6.12  Characteristics of Raw Sewage for the month of June 2005

	Parameter

Date
	Temp. 
	pH
	Total 

Alkal-

inity
	Chloride

Cl-
	Total Solids
	Susp.

Solids
	Dissolv. Solids
	Oxygen Absorption

(3Hrs)
	BOD5
	COD
	NH3
	Oil & Grease
	Deter-

gents
	PO4

	
	oC
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	6/1/2005
	31.5
	7.4
	444
	244
	1078
	286
	792
	64.8
	218
	500
	33
	-
	-
	-

	6/2/2005
	31.5
	7.4
	452
	224
	1078
	272
	806
	59.6
	200
	-
	-
	7
	-
	2.25

	6/3/2005
	31.5
	7.4
	456
	232
	1178
	456
	722
	62.0
	210
	520
	35
	-
	-
	-

	6/4/2005
	32.0
	7.4
	452
	228
	1185
	302
	883
	60.8
	195
	-
	-
	-
	-
	-

	6/5/2005
	32.5
	7.4
	480
	232
	1175
	308
	867
	60.0
	200
	-
	-
	-
	-
	-

	6/6/2005
	31.0
	7.4
	464
	236
	1197
	330
	867
	63.2
	215
	400
	35
	-
	-
	-

	6/7/2005
	30.0
	7.4
	272
	208
	1091
	410
	681
	52.0
	160
	-
	-
	-
	-
	-

	6/8/2005
	31.0
	7.5
	428
	240
	1054
	250
	804
	48.8
	153
	320
	38
	-
	-
	-

	6/9/2005
	31.0
	7.4
	528
	248
	1675
	468
	1207
	64.8
	225
	480
	-
	-
	-
	-

	6/10/2005
	31.0
	7.5
	480
	240
	1022
	248
	774
	54.4
	165
	360
	36
	11
	-
	-

	6/11/2005
	31.5
	7.4
	504
	248
	1142
	250
	892
	56.0
	185
	-
	-
	-
	-
	-

	6/12/2005
	32.0
	7.5
	480
	232
	1265
	282
	983
	56.8
	180
	-
	-
	-
	-
	-

	6/13/2005
	31.5
	7.4
	512
	256
	1154
	324
	830
	63.6
	230
	480
	-
	-
	-
	-

	6/14/2005
	31.5
	7.4
	448
	240
	1098
	300
	798
	58.8
	210
	480
	33
	-
	-
	-

	6/15/2005
	31.5
	7.4
	508
	240
	1148
	264
	884
	58.4
	180
	440
	-
	-
	-
	-

	6/16/2005
	32.0
	7.4
	500
	248
	1056
	280
	776
	55.2
	185
	360
	-
	-
	-
	-

	6/17/2005
	32.0
	7.4
	456
	248
	1082
	260
	822
	53.6
	175
	-
	-
	-
	-
	-

	6/18/2005
	32.0
	7.4
	472
	244
	988
	278
	710
	51.2
	165
	-
	-
	-
	-
	-

	6/19/2005
	32.0
	7.4
	492
	248
	1039
	264
	775
	53.6
	173
	-
	-
	13
	-
	-

	6/20/2005
	32.0
	7.4
	500
	248
	1215
	354
	861
	60.0
	220
	440
	-
	-
	-
	-

	6/21/2005
	33.0
	7.5
	528
	320
	1130
	278
	859
	54.0
	180
	360
	43
	-
	-
	-

	6/22/2005
	33.0
	7.4
	516
	248
	1118
	278
	840
	56.8
	190
	360
	-
	-
	0.8
	4.0

	6/23/2005
	32.5
	7.3
	524
	276
	1070
	266
	804
	60.0
	210
	-
	-
	-
	-
	-

	6/24/2005
	33.0
	7.4
	468
	248
	1205
	454
	751
	57.2
	185
	468
	-
	-
	-
	-

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	31.0
	7.5
	448
	224
	1159
	288
	871
	54.4
	175
	400
	40
	-
	-
	-

	6/28/2005
	30.5
	7.4
	460
	244
	907
	256
	651
	52.8
	165
	340
	-
	-
	-
	-

	6/29/2005
	31.0
	7.4
	460
	244
	1032
	274
	758
	48.0
	158
	380
	-
	-
	-
	-

	6/30/2005
	31.0
	7.5
	408
	196
	1834
	504
	1330
	62.0
	225
	480
	38
	9
	-
	4.25

	Average
	31.6
	7.4
	469
	242
	1156
	314
	842
	57.0
	190
	420
	37
	10
	0.8
	3.5


Table-6.13  Parameters of Primary treated sewage for the month of June 2005

	Parameter

Date
	pH
	Total Alkalinity
	Chloride
	Total Solids
	Suspended Solids
	Dissolved Solids
	Oxygen Absorption
	BOD5
	COD



	
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	1.6.2005
	7.4
	456
	232
	840
	126
	714
	33.6
	107
	220

	2.6.2005
	7.4
	448
	220
	922
	101
	821
	30.8
	-
	-

	3.6.2005
	7.4
	452
	224
	854
	108
	746
	31.6
	74
	220

	4.6.2005
	7.3
	448
	224
	948
	105
	843
	30.4
	-
	-

	5.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	6.6.2005
	7.3
	456
	228
	992
	120
	872
	33.2
	88
	212

	7.6.2005
	7.4
	360
	192
	814
	98
	716
	28.4
	-
	-

	8.6.2005
	7.4
	360
	240
	843
	107
	736
	32.4
	83
	-

	9.6.2005
	7.4
	512
	240
	922
	100
	822
	30.0
	75
	200

	10.6.2005
	7.4
	476
	232
	944
	105
	839
	31.2
	-
	-

	11.6.2005
	7.3
	496
	232
	962
	105
	857
	32.0
	77
	-

	12.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	13.6.2005
	7.3
	512
	248
	981
	103
	878
	32.4
	90
	200

	14.6.2005
	7.4
	460
	240
	916
	101
	815
	31.2
	-
	-

	15.6.2005
	7.4
	438
	220
	923
	101
	822
	30.8
	98
	188

	16.6.2005
	7.4
	512
	260
	951
	116
	835
	32.8
	-
	-

	17.6.2005
	7.4
	460
	232
	882
	119
	763
	32.4
	78
	-

	18.6.2005
	7.4
	480
	232
	892
	103
	789
	29.6
	-
	-

	19.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	--

	20.6.2005
	7.4
	488
	240
	932
	99
	833
	30.0
	88
	220

	21.6.2005
	7.4
	504
	236
	819
	96
	723
	28.8
	-
	-

	22.6.2005
	7.4
	516
	248
	974
	102
	872
	30.0
	-
	220

	23.6.2005
	7.4
	504
	260
	947
	96
	851
	29.6
	-
	-

	24.6.2005
	7.4
	516
	260
	879
	90
	789
	29.6
	-
	-

	25.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	26.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	27.6.2005
	7.5
	440
	220
	876
	80
	796
	26.8
	-
	200

	28.6.2005
	7.4
	476
	272
	839
	110
	729
	32.0
	93
	208

	29.6.2005
	7.3
	488
	252
	943
	94
	849
	28.8
	82
	196

	30.6.2005
	7.4
	392
	204
	911
	85
	826
	28.4
	-
	-

	Average
	7.4
	468
	236
	908
	103
	805
	31
	80
	208


Table-6.14  % Reduction in Suspended Solids in Primary Clarifier for the month of June 2005

	Parameter

Date
	Suspended solids
	Reduction
	% Reduction

	
	Raw sewage
	Primary treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	6/1/2005
	286
	126
	160
	55.9

	6/2/2005
	272
	101
	171
	62.9

	6/3/2005
	456
	108
	348
	76.3

	6/4/2005
	302
	105
	197
	65.2

	6/5/2005
	308
	-
	-
	-

	6/6/2005
	330
	120
	210
	63.6

	6/7/2005
	410
	98
	312
	76.1

	6/8/2005
	250
	107
	143
	57.2

	6/9/2005
	468
	100
	368
	78.6

	6/10/2005
	248
	105
	143
	57.7

	6/11/2005
	250
	105
	145
	58.0

	6/12/2005
	282
	-
	-
	-

	6/13/2005
	324
	103
	221
	68.2

	6/14/2005
	300
	101
	199
	66.3

	6/15/2005
	264
	101
	163
	61.7

	6/16/2005
	280
	116
	164
	58.6

	6/17/2005
	260
	119
	141
	54.2

	6/18/2005
	278
	103
	175
	62.9

	6/19/2005
	264
	-
	-
	-

	6/20/2005
	354
	99
	255
	72.0

	6/21/2005
	278
	96
	182
	65.5

	6/22/2005
	278
	102
	176
	63.3

	6/23/2005
	266
	96
	170
	63.9

	6/24/2005
	454
	90
	364
	80.2

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	288
	80
	208
	72.2

	6/28/2005
	256
	110
	146
	57.0

	6/29/2005
	274
	94
	180
	65.7

	6/30/2005
	504
	85
	419
	83.1

	Average
	314
	103
	214
	65.9


Table-6.15  % Reduction in B. O. D. in Primary Clarifier for the month of June 2005

	Parameter

Date
	B. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Primary treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	6/1/2005
	218
	107
	111
	50.9

	6/2/2005
	200
	-
	-
	-

	6/3/2005
	210
	74
	136
	64.8

	6/4/2005
	195
	-
	-
	-

	6/5/2005
	200
	-
	-
	-

	6/6/2005
	215
	88
	127
	59.1

	6/7/2005
	160
	-
	-
	-

	6/8/2005
	153
	83
	70
	45.8

	6/9/2005
	225
	75
	150
	66.7

	6/10/2005
	165
	-
	-
	-

	6/11/2005
	185
	77
	108
	58.4

	6/12/2005
	180
	-
	-
	-

	6/13/2005
	230
	90
	140
	60.9

	6/14/2005
	210
	-
	-
	-

	6/15/2005
	180
	98
	82
	45.6

	6/16/2005
	185
	-
	-
	-

	6/17/2005
	175
	78
	97
	55.4

	6/18/2005
	165
	-
	-
	-

	6/19/2005
	173
	-
	-
	-

	6/20/2005
	220
	88
	132
	60.0

	6/21/2005
	180
	-
	-
	-

	6/22/2005
	190
	-
	-
	-

	6/23/2005
	210
	-
	-
	-

	6/24/2005
	185
	-
	-
	-

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	175
	-
	-
	-

	6/28/2005
	165
	93
	72
	43.6

	6/29/2005
	158
	82
	76
	48.1

	6/30/2005
	225
	-
	-
	-

	Average
	190
	80
	108
	54.9


Table-6.16  % Reduction in C. O. D. in Primary Clarifier for the month of June 2005

	Parameter

Date
	C. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Primary treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	6/1/2005
	500
	220
	280
	56.0

	6/2/2005
	-
	-
	-
	-

	6/3/2005
	520
	220
	300
	57.7

	6/4/2005
	-
	-
	-
	-

	6/5/2005
	-
	-
	-
	-

	6/6/2005
	400
	212
	188
	47.0

	6/7/2005
	-
	-
	-
	-

	6/8/2005
	320
	-
	-
	-

	6/9/2005
	480
	200
	280
	58.3

	6/10/2005
	360
	-
	-
	-

	6/11/2005
	-
	-
	-
	-

	6/12/2005
	-
	-
	-
	-

	6/13/2005
	480
	200
	280
	58.3

	6/14/2005
	480
	-
	-
	-

	6/15/2005
	440
	188
	252
	57.3

	6/16/2005
	360
	-
	-
	-

	6/17/2005
	-
	-
	-
	-

	6/18/2005
	-
	-
	-
	-

	6/19/2005
	-
	-
	-
	-

	6/20/2005
	440
	220
	220
	50.0

	6/21/2005
	360
	-
	-
	-

	6/22/2005
	360
	220
	140
	38.9

	6/23/2005
	-
	-
	-
	-

	6/24/2005
	468
	-
	-
	-

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	400
	200
	200
	50.0

	6/28/2005
	340
	208
	132
	38.8

	6/29/2005
	380
	196
	184
	48.4

	6/30/2005
	480
	-
	-
	-

	Average
	420
	208
	217
	51.0


[image: image28.emf]Fig. 14(a): Suspended Solids in Raw & Primary treated sewage
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[image: image29.emf]Fig. 14(b): % Reduction in Suspended Solids in Primary Clarifier
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[image: image30.emf]Fig. 15(a): BOD of Raw and Primary treated sewage
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[image: image31.emf]Fig. 15(b): % Reduction in B O D in Primary Clarifier
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[image: image32.emf]Fig. 16(a): COD of Raw and Primary treated sewage
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[image: image33.emf]Fig. 16(b): % Reduction in COD in Primary Clarifier
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Table- 6.17  Parameters of  Mixed Liquor for the month of June 2005

	Parameter

Date
	pH
	Total Alkalinity
	Chloride
	Total Solids
	Suspended Solids
	Dissolved Solids
	O.A
	S.V.%
	D.O.

	
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	
	mg/L

	1.6.2005
	8.1
	388
	232
	3519
	2755
	764
	206.4
	94
	1.4

	2.6.2005
	8.0
	342
	224
	2874
	2113
	761
	300.8
	90
	1.2

	3.6.2005
	7.8
	420
	228
	2484
	1741
	743
	280.8
	78
	1.3

	4.6.2005
	8.0
	440
	220
	2624
	1734
	890
	304.0
	90
	1.0

	5.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	6.6.2005
	7.6
	448
	224
	2608
	1755
	853
	294.4
	90
	0.6

	7.6.2005
	8.0
	364
	220
	2161
	1358
	803
	185.6
	96
	1.2

	8.6.2005
	7.5
	320
	208
	2331
	1729
	602
	213.6
	95
	1.0

	9.6.2005
	7.8
	440
	232
	2555
	1800
	755
	291.2
	91
	0.6

	10.6.2005
	7.9
	448
	224
	2586
	1880
	706
	292.0
	93
	0.5

	11.6.2005
	7.8
	508
	228
	2589
	1879
	710
	296.8
	94
	0.7

	12.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	13.6.2005
	7.7
	408
	252
	2290
	1466
	824
	224.0
	75
	0.5

	14.6.2005
	7.6
	288
	220
	2090
	1340
	750
	188.8
	70
	0.8

	15.6.2005
	-
	-
	-
	Power
	Failure
	-
	-
	-
	-

	16.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	17.6.2005
	7.6
	444
	240
	2375
	1585
	790
	160,0
	31
	1.1

	18.6.2005
	7.6
	352
	228
	1485
	712
	773
	99.2
	23
	1.4

	19.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	--

	20.6.2005
	7.6
	448
	232
	3735
	2951
	784
	298.4
	93
	1.5

	21.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	22.6.2005
	7.6
	360
	240
	3442
	2687
	755
	288.0
	93
	1.4

	23.6.2005
	7.8
	448
	248
	2432
	1665
	767
	222.4
	78
	1.5

	24.6.2005
	7.8
	392
	264
	3450
	2654
	796
	288.0
	90
	1.6

	25.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	26.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-

	27.6.2005
	7.9
	368
	232
	3445
	2657
	788
	286.4
	92
	1.6

	28.6.2005
	7.7
	396
	244
	3473
	2700
	773
	201.6
	97
	2.0

	29.6.2005
	7.6
	440
	248
	272.3
	1880
	843
	236.0
	90
	2.5

	30.6.2005
	7.8
	356
	192
	2543
	1753
	790
	272.0
	90
	2.1

	Average
	
	
	
	
	1861
	
	
	84
	1.3


Table-6.18  Parameters of Final Effluent for the month of June 2005

	Parameter

Date
	Temp. 
	pH
	Total Alkal-

inity
	Chloride

Cl-
	Total Solids
	Susp.

Solids
	Dissolv. Solids
	Oxygen Abs.
	BOD5
	COD
	DO
	NH3
	Oil & grease
	Detergent
	PO4

	
	0C
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	1.6.2005
	31.0
	7.8
	392
	236
	797
	25
	772
	8.0
	13
	44
	1.2
	20
	
	
	

	2.6.2005
	31.5
	7.8
	424
	220
	780
	20
	760
	7.2
	13
	-
	1.4
	-
	2
	2.0
	N.D

	3.6.2005
	31.0
	7.9
	412
	224
	770
	20
	750
	7.6
	12
	44
	1.5
	15
	
	
	

	4.6.2005
	31.5
	7.9
	428
	216
	880
	25
	855
	8.4
	13
	-
	1.3
	-
	
	
	

	5.6.2005
	32.0
	7.9
	448
	224
	742
	25
	717
	7.6
	10
	-
	1.4
	-
	
	
	

	6.6.2005
	30.5
	7.6
	440
	232
	857
	30
	827
	11.2
	20
	52
	1.1
	18
	
	
	

	7.6.2005
	29.5
	7.8
	396
	212
	801
	15
	786
	7.2
	11
	-
	1.0
	
	
	
	

	8.6.2005
	31.0
	7.6
	372
	208
	708
	15
	693
	6.8
	10
	40
	1.1
	
	-
	-
	-

	9.6.2005
	31.0
	8.0
	392
	220
	718
	12
	706
	6.8
	10
	40
	1.6
	20
	
	
	

	10.6.2005
	30.5
	8.0
	400
	212
	748
	14
	734
	6.0
	7
	36
	1.5
	-
	5
	
	

	11.6.2005
	31.0
	7.8
	420
	216
	755
	18
	737
	6.4
	11
	-
	1.5
	15
	
	
	

	12.6.2005
	31.5
	7.9
	444
	220
	830
	16
	814
	6.0
	7
	-
	1.4
	
	
	
	

	13.6.2005
	31.0
	7.9
	400
	240
	846
	17
	829
	6.8
	9
	44
	1.6
	-
	
	
	

	14.6.2005
	31.0
	7.7
	296
	220
	783
	16
	767
	6.4
	8
	44
	1.7
	10
	
	
	

	15.6.2005
	31.0
	8.0
	428
	212
	821
	16
	805
	7.2
	12
	44
	1.6
	
	
	
	

	16.6.2005
	32.0
	7.6
	460
	248
	781
	19
	762
	7.2
	12
	44
	-
	
	
	
	

	17.6.2005
	31.5
	8.0
	432
	232
	803
	15
	788
	7.6
	11
	-
	1.5
	
	
	
	

	18.6.2005
	31.5
	7.8
	348
	228
	770
	12
	758
	6.4
	8
	-
	-
	
	
	
	

	19.6.2005
	31.5
	7.7
	380
	232
	753
	14
	739
	6.0
	9
	-
	1.5
	
	
	
	

	20.6.2005
	31.5
	7.7
	432
	228
	833
	15
	818
	6.8
	9
	48
	1.6
	
	5
	
	

	21.6.2005
	32.5
	7.9
	420
	244
	756
	15
	741
	6.8
	9
	40
	1.2
	20
	
	
	

	22.6.2005
	32.5
	7.7
	388
	232
	754
	15
	739
	6.4
	11
	40
	1.3
	
	
	0.4
	1.5

	23.6.2005
	32.0
	7.9
	412
	240
	739
	10
	729
	6.0
	7
	-
	1.4
	
	
	
	

	24.6.2005
	32.5
	7.9
	400
	260
	758
	13
	745
	6.0
	8
	23
	1.5
	-
	-
	-
	-

	25.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	
	
	
	

	26.6.2005
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	27.6.2005
	30.5
	8.0
	328
	224
	805
	20
	785
	6.8
	10
	40
	1.4
	5
	
	
	

	28.6.2005
	30.0
	7.7
	320
	244
	779
	20
	759
	9.2
	16
	52
	1.6
	
	
	
	

	29.6.2005
	30.5
	7.7
	392
	244
	873
	15
	858
	5.6
	11
	32
	1.9
	---
	-
	-
	-

	30.6.2005
	30.5
	8.2
	352
	200
	832
	13
	819
	5.6
	6
	28
	1.8
	5
	3
	
	2.7

	Average
	31.2
	7.8
	398
	227
	788
	17
	771
	7
	10
	41
	1.4
	14
	3.8
	0.4
	2.1 


Table-6.19  % Reduction in Suspended Solids after treatment for the month of June 2005

	Parameter

Date
	Suspended solids
	Reduction
	% Reduction

	
	Raw sewage
	Secondary Treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	6/1/2005
	286
	25
	261
	91.3

	6/2/2005
	272
	20
	252
	92.6

	6/3/2005
	456
	20
	436
	95.6

	6/4/2005
	302
	25
	277
	91.7

	6/5/2005
	308
	25
	283
	91.9

	6/6/2005
	330
	30
	300
	90.9

	6/7/2005
	410
	15
	395
	96.3

	6/8/2005
	250
	15
	235
	94.0

	6/9/2005
	468
	12
	456
	97.4

	6/10/2005
	248
	14
	234
	94.3

	6/11/2005
	250
	18
	232
	92.8

	6/12/2005
	282
	16
	266
	94.3

	6/13/2005
	324
	17
	307
	94.8

	6/14/2005
	300
	16
	284
	94.7

	6/15/2005
	264
	16
	248
	93.9

	6/16/2005
	280
	19
	261
	93.2

	6/17/2005
	260
	15
	245
	94.2

	6/18/2005
	278
	12
	266
	95.7

	6/19/2005
	264
	14
	250
	94.7

	6/20/2005
	354
	15
	339
	95.8

	6/21/2005
	278
	15
	263
	94.6

	6/22/2005
	278
	15
	263
	94.6

	6/23/2005
	266
	10
	256
	96.2

	6/24/2005
	454
	13
	441
	97.1

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	288
	20
	268
	93.1

	6/28/2005
	256
	20
	236
	92.2

	6/29/2005
	274
	15
	259
	94.5

	6/30/2005
	504
	13
	491
	97.4

	Average
	314
	17
	297
	94.3


Table-6.20  % Reduction in B.O.D. after treatment for the month of June 2005

	Parameter

Date
	B. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Secondary Treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	6/1/2005
	218
	13
	205
	94.0

	6/2/2005
	200
	13
	187
	93.5

	6/3/2005
	210
	12
	198
	94.3

	6/4/2005
	195
	13
	182
	93.3

	6/5/2005
	200
	10
	190
	95.0

	6/6/2005
	215
	20
	195
	90.7

	6/7/2005
	160
	11
	149
	93.1

	6/8/2005
	153
	10
	143
	93.5

	6/9/2005
	225
	10
	215
	95.6

	6/10/2005
	165
	7
	158
	95.6

	6/11/2005
	185
	11
	174
	94.1

	6/12/2005
	180
	7
	173
	96.1

	6/13/2005
	230
	9
	221
	96.1

	6/14/2005
	210
	8
	202
	96.2

	6/15/2005
	180
	12
	168
	93.3

	6/16/2005
	185
	12
	173
	93.5

	6/17/2005
	175
	11
	164
	93.7

	6/18/2005
	165
	8
	157
	95.2

	6/19/2005
	173
	9
	164
	94.8

	6/20/2005
	220
	9
	211
	95.9

	6/21/2005
	180
	9
	171
	95.0

	6/22/2005
	190
	11
	179
	94.2

	6/23/2005
	210
	7
	203
	96.7

	6/24/2005
	185
	8
	177
	95.7

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	175
	10
	165
	94.3

	6/28/2005
	165
	16
	149
	90.3

	6/29/2005
	158
	11
	147
	93.0

	6/30/2005
	225
	6
	219
	97.3

	Average
	190
	10
	180
	94.4


Table-6.21  % Reduction in C.O.D. after treatment for the month of June 2005

	Parameter

Date
	C. O. D.
	Reduction
	% Reduction

	
	Raw sewage
	Secondary Treated sewage
	
	

	
	mg/L
	mg/L
	mg/L
	

	6/1/2005
	500
	44
	456
	91.2

	6/2/2005
	-
	-
	-
	-

	6/3/2005
	520
	44
	476
	91.5

	6/4/2005
	-
	-
	-
	-

	6/5/2005
	-
	-
	-
	-

	6/6/2005
	400
	52
	348
	87.0

	6/7/2005
	-
	-
	-
	-

	6/8/2005
	320
	40
	280
	87.5

	6/9/2005
	480
	40
	440
	91.7

	6/10/2005
	360
	36
	324
	90.0

	6/11/2005
	-
	-
	-
	-

	6/12/2005
	-
	-
	-
	-

	6/13/2005
	480
	44
	436
	90.8

	6/14/2005
	480
	44
	436
	90.8

	6/15/2005
	440
	44
	396
	90.0

	6/16/2005
	360
	44
	316
	87.8

	6/17/2005
	-
	-
	-
	-

	6/18/2005
	-
	-
	-
	-

	6/19/2005
	-
	-
	-
	-

	6/20/2005
	440
	48
	392
	89.1

	6/21/2005
	360
	40
	320
	88.9

	6/22/2005
	360
	40
	320
	88.9

	6/23/2005
	-
	-
	-
	-

	6/24/2005
	468
	23
	-
	-

	6/25/2005
	Plant closed due to repair of gravity duct.



	6/26/2005
	

	6/27/2005
	400
	40
	360
	90.0

	6/28/2005
	340
	52
	288
	84.7

	6/29/2005
	380
	32
	348
	91.6

	6/30/2005
	480
	28
	452
	94.2

	Average
	420
	41
	376
	89.7


[image: image34.emf]Fig. 17(a): Suspended Solids in Raw & Treated sewage
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[image: image35.emf]Fig. 17(b): % Reduction in Suspended Solids during treatment
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[image: image36.emf]Fig. 18(a): B O D of Raw & Treated sewage
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[image: image37.emf]Fig. 18(b): % Reduction in BOD during treatment
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[image: image38.emf]Fig. 19(a): C O D of Raw & Treated sewage
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[image: image39.emf]Fig. 19(b): % Reduction in C O D during treatment

80

85

90

95

100

01/06/2005 05/06/2005 09/06/2005 13/06/2005 17/06/2005 21/06/2005 25/06/2005 29/06/2005

Date

% Reduction in COD 

% Reduction in COD


Table-6.22  Characteristics of Raw Sludge & Digested Sludge for the month of June 2005

	Date
	Raw Sludge
	Digested Sludge

	
	pH
	Total Alkalinity
	Solids

%
	% Volatile Matter
	pH
	Total Alkalinity
	Solids

%
	% Volatile Matter
	% Reduction in Volatile Matter

	
	
	
	Total
	Fixed
	Volatile
	
	
	
	Total
	Fixed
	Volatile
	
	

	6/3/2005
	7.6
	1010
	5.03
	2.40
	2.63
	52.2
	8.3
	2560
	14.63
	9.70
	4.93
	33.6
	35.6

	6/4/2005
	7.6
	1080
	10.49
	5.01
	5.48
	52.2
	8.2
	2870
	1.97
	1.40
	0.57
	28.9
	44.6

	6/5/2005
	7.5
	960
	6.38
	2.90
	3.48
	54.5
	8.0
	2470
	1.92
	1.33
	0.55
	41.3
	24.2

	6/6/2005
	7.6
	1030
	11.68
	5.15
	6.53
	55.9
	8.3
	3180
	2.60
	1.60
	1.00
	38.4
	31.3

	6/7/2005
	7.6
	930
	7.32
	3.24
	4.08
	55.7
	8.1
	2980
	5.11
	3.40
	1.71
	33.4
	40.0

	6/8/2005
	7.5
	780
	6.21
	2.85
	3.36
	54.1
	8.3
	3240
	3.79
	2.24
	1.55
	40.8
	24.6

	6/11/2005
	7.6
	820
	6.79
	3.02
	3.77
	55.5
	8.1
	3120
	3.75
	2.70
	1.05
	28.0
	49.5

	6/12/2005
	7.6
	940
	3.37
	1.50
	1.87
	55.4
	8.3
	3180
	2.04
	1.41
	0.63
	30.8
	44.4

	6/13/2005
	7.6
	1020
	8.45
	4.00
	4.45
	52.6
	8.1
	3060
	2.00
	1.40
	0.60
	30.0
	43.0

	6/14/2005
	7.6
	980
	9.96
	4.24
	5.72
	57.4
	8.0
	3110
	12.14
	7.47
	4.67
	38.4
	33.1

	6/15/2005
	7.6
	970
	9.22
	4.72
	4.50
	48.8
	8.2
	3230
	9.28
	5.66
	3.62
	39.0
	20.1

	6/18/2005
	8.0
	890
	6.80
	3.33
	3.47
	51.0
	8.2
	2770
	5.59
	3.56
	2.03
	36.3
	28.8

	6/19/2005
	7.9
	960
	3.15
	1.51
	1.64
	52.1
	8.2
	2420
	1.38
	0.86
	0.52
	37.7
	27.6

	6/20/2005
	7.9
	930
	3.68
	1.81
	1.87
	50.8
	8.1
	2520
	2.53
	1.51
	1.02
	40.3
	20.7

	6/22/2005
	7.8
	920
	9.00
	4.39
	4.61
	51.2
	8.2
	3180
	5.84
	3.89
	1.95
	33.4
	34.8

	6/24/2005
	7.5
	940
	9.93
	4.20
	5.73
	57.7
	8.2
	2190
	8.54
	5.04
	3.50
	41.0
	28.9

	6/27/2005
	7.6
	980
	4.13
	2.10
	2.03
	49.2
	8.1
	3050
	2.77
	1.80
	0.97
	35.0
	28.9

	6/28/2005
	7.6
	960
	6.40
	3.00
	3.40
	53.1
	8.1
	3210
	10.20
	6.70
	3.50
	34.3
	35.4

	6/29/2005
	7.7
	990
	3.33
	1.50
	1.83
	55.0
	8.0
	2970
	1.00
	0.62
	0.34
	33.8
	38.5

	Average  
	
	
	
	
	
	53.4
	
	
	
	
	
	35.5
	33.4


[image: image40.emf]Fig. 20(a): % Volatile Matter in Raw and Digested sludge
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[image: image41.emf]Fig. 20(b): % Reduction in Volatile Matter during Digestion

10

15

20

25

30

35

40

45

50

55

60

01/06/2005 05/06/2005 09/06/2005 13/06/2005 17/06/2005 21/06/2005 25/06/2005 29/06/2005

Date

% Reduction in Volatile 

Matter

% Reduction in Volatile Matter


REFERENCES

1. Anaerobic Sludge Digestion-Operation Manual, U.S. Environmental Protection Agency, MO-11.

2. Babbitt, H.E. and Baumann, E.R. Sewerage and sewage treatment, 8th Edition, John Wiley & Sons.

3. Balm’er, P. (1994). Chemical treatment; Consequences for sludge biosolids handling. Chemical water and wastewater treatment, 3rd Edition, R. Klute and H.H. Hahn, eds., Springer, New York.

4. Bartlett, R.E. (1970). Sewerage, Elsevier Publishing Co. 

5. Basic Engineering Document-Okhla 16 MGD sewage treatment plant (1995), Delhi Water Supply & Sewage Disposal Undertaking.
6. Benatti, Tavares, Filho and Moitinho (2002). Operation of a slow rate anaerobic digester treating municipal secondary sludge, Electronic J. Biotech. 5 (3), 216-227.
7. Blais, Meunier, Mercier, Drogui and Tyagi. Pilot Plant Study of Simultaneous Sewage Sludge Digestion and Metal Leaching, J. Environ. Eng., 130 (5), 516-525.

8. Cater, J.L. and Barry, W.F. (1975). Effects of shock temperature in biological systems, J. Environ. Eng., 101(2), 229-243.

9. Cetin, F.D. and Surucu, G. (1990). Effects of temperature and pH on settleability of activated sludge flocs, Water Sci. Technol., 22(9), 249-254.
10. Cheunbarn and Pagilla. Aerobic Thermophilic and Anaerobic Mesophilic Treatment of Sludge, J. Environ. Eng., 126 (9), 790-795. 
11. Chudoba, J. (1985). Control of activated sludge filamentous bulking-VI: Formulation of basic principles, Water Res., 19(8), 1017-1022.

12. Chudoba, P., Morel, A. and Capedeville, b. (1992). The case of both energetic uncoupling and metabolic selection of micro-organisms in the OSA activated sludge system, Environ. Technol., 13, 761-770.

13. Daigger, G.T. and Roper, Jr., R.E. (1985). The relationship between SVI and activated sludge settling characteristics, J. Water Pollut. Control Fed., 57(8), 859-866.

14. Draft Final Report-Okhla Drainage Zone (2000), TCE Consulting Engineers.

15. Eckenfelder, W.W. and Grau, P. (1992). Activated sludge process design and control theory and practice, Water quality management library Vol.I, Technomic, Lancaster, Pa., 170.

16. EL-Gohary, F.A., Nasr, F.A. and EL-Hawaary, S. (1998). Performance assessment of a wastewater treatment plant producing effluent for irrigation in Egypt, The Environmentalist 18, 87-93.

17. Evans, B. (1989). Getting a handle on sludge handling costs, Water Pollution Control, 127(3), 24.
18. Fair, G.M., Geyer, J.C. and Okun, D.A. (1981). Water and Wastewater Engineering, Vol. II – Water Purification and Wastewater Treatment and Disposal, Wiley & Toppan.
19. Final Report-Delhi Water Supply and sewerage Project (2005), PricewaterHouseCoopers Ltd.
20. Fouad, M. and Bhargava, R. (2005). Sludge Production and Settleability in Biofilm-Activated Sludge Process, J. Environ. Eng., 417-424.
21. Fouad, M. and Bhargava, R. (2005). Mathematical Model for the Biofilm-Activated Sludge Reactor, J. Environ. Eng., 557-562.

22. Ghose, D.N. (1991). Operation and Maintenance of sewage treatment plants, CBS Publishers and Distributors.

23. Gunnerson, C.G. and Stuckley, D.C. Integrated Resource Recovery Anaerobic Digestion, World Bank Technical Paper Number 49 (WTP-49).

24. Henze, M., Grady, C.P.L., Gujer, W., Marais, G.V.R. and Matsuo, T. (1987). Activated sludge model No. 1, Scientific and Technical Rep. No.1, International Association of Water Quality, London.
25. Hing, Zeng and Kuchenrither. (1991). Municipal Sewage Sludge Management: Processing, Utilization and Disposal, Technomic Publishing Co.

26. Horan, N.J. (1990). Biological wastewater systems, 1st Ed., Wiley, Chichester.
27. Iranpour, R., Straub, B. and Jugo, T. (1997). Real Time BOD Monitoring for Wastewater Process Control, J. Environ. Eng., 154-159.

28. Jenkins, D., Richard, M.G. and Daigger, G.T. (1993). Manual on the causes and control of activated sludge bulking and foaming, 2nd Ed., Lewis, Boca Raton, Fla.

29. Jonsson, K., Grunditz, C., Dalhammer, G. and La Cour, J.J. (2000). Occurrence of nitrification inhibition in Swedish municipal wastewater, Water Res., 34(9), 2455-2462.
30. Journey, W.K. and McNiven, S. (1996). Anaerobic Enhanced Treatment of Wastewater and Options for Further Treatment, ACDI/VOCA.

31. Kapur, A., Kansal, A., Prasad, R.K. and Gupta, S. Performance Evaluation of Sewage Treatment Plant and Sludge Bio-methanation, Indian JEP 19(2), 96-100.
32. Kim, Bae and Speece (2004). Improved Anaerobic Process Efficiency Using Mesophilic and Thermophilic Elutriated Phased Treatment, J. Environ. Eng., 130 (9), 960-966.
33. Kiracofe, B.D. (2000). Performance Evaluation of the Town of Monterey Wastewater Treatment Plant Utilizing Subsurface Flow Constructed Wetlands. M. Sc. Thesis, Virginia Polytechnic Institute and State University. 
34. Lapinski, J. and Tunnacliffe, A. (2003). Reduction of suspended biomass in municipal wastewater using Bdelloid rotifers, water Res., 37, 2027-2034.

35. Lawrence, A.W. and McCarty, P.L. (1970). Unified basis for biological treatment design and operation, J. Sanit. Eng., 96(3), 757-779.

36. Lee, N.M. and Welander, T. (1996a). Use of protozoa and metazoa for decreasing sludge production in aerobic wastewater treatment, Biotechnol. Lett., 18(4), 429-434.

37. Lee, N.M. and Welander, T. (1996b). Reducing the sludge production in aerobic wastewater treatment through manipulation of the ecosystem, Water Res., 30(8), 1781-1790.
38. Malina and Pohland (1992). Design of Anaerobic Processes for the Treatment of Industrial and Municipal Wastes, Technomic Publishing Co.
39. Manual on Sewerage and Sewage Treatment (1993). 2nd Edition, CPHEEO, Govt. of India.
40. Meeroff, D.E., Waite, T.D., Kazumi, J. and Kurucz, C.N. (2004). Radiation-Assisted Process Enhancement in Wastewater Treatment, J. Environ. Eng., 155-166.
41. Metcalf and Eddy Inc. (2003). Wastewater Engineering – Treatment, Disposal and Reuse, 4th Edition, Tata McGraw Hill.
42. Mueller, J.A., Kim, Y.W., Krupa, J.J., Shkreli, F., Nasr, S. and Fitzpatrick, B. (2000). Full-Scale Demonstration of Improvement in Aeration Efficiency, J. Environ. Eng., 549-555.
43. Peavy, H.S., Rowe, D.R. and Tchobanoglous, G. (1985).  Environmental Engineering, McGraw Hill.

44. Performance evaluation of sewage treatment plants in India. (1994), NEERI.

45. Ponugoti, P.R., Dahab, M.F., and Surampalli, R. (1997). Effects of different biosolids treatment systems on pathogen and pathogen indicator reduction, Water Environ. Res., 69(7), 1195-1206.
46. Quasim, S.R. (1999). Wastewater Treatment Plants: Planning, Design and Operation, 2nd Edition, CRC Press.
47. Quesnel, D. and Nakhla, G. (2005). Utilization of an Activated Sludge for the Improvement of an Existing Thermophilic Wastewater Treatment System, J. Environ. Eng., 570-578.
48. Ramalho, R.S. (1977). Introduction to Wastewater Treatment Processes, Academic Press.

49. Ravindra, P.N. (2004). Handbook of Terminologies-Water and Wastewater, Indian Water Works Association, Bangalore Centre.

50. Rebollo, B. Technology portfolio of urban wastewater treatment and sludge management, Institute for Prospective Technological Studies (ITPS).

51. Reddy, R.C., Rao, R.R. and Andey, S.P. (1999). Evaluation of Sewage Treatment Plant-A case study, Indian J. Enviuron Hlth. 41(4), 346-355.
52. Ren, S. and Frymeir, P.D. (2004). Statistical Comparison of Bioassays for Assessment of Toxicity of Organic Compounds of wastewater to Activated Sludge, J. Environ. Eng., 484-488.

53. Sakai, Y., Tani, K. and Tkahashi, F. (1992). Sewage under conditions of balancing microbial growth and cell decay with a high concentration of activated sludge supplemented with ferromagnetic powder, J. Ferment. Bioeng., 76(6), 413-415.
54. Sastry, Hashim and Agamuthu, (1995). Waste Treatment Plants, Narosa Publishing House.

55. Saunamaki, R. (1988). Sludge handling and disposal at the Finnish activated sludge plants, water Sci Technol., 20, 171-182.
56. Sincero and Sincero (2003). Physical-Chemical Treatment of Water and Wastewater, CRC Press.

57. Snidaro, D., et al. (1997). Characterization of activated sludge flocs structure, Water Sci. Technol., 36, 313-320.

58. Standard Methods for Examination of Water and Wastewater (1992), 18th Edition, American Public Health Association.

59. Suidan, M.T., Wang, Y.T. and Kim, B.R. (1989). Performance evaluation of viofilm reactors using graphical techniques, Water Res., 23(7), 837-844.
60. Tchobanoglous, G. and Burton, F.L. (1991). Wastewater engineering: Treatment, disposal and reuse, 3rd Ed., McGraw Hill, New York.
61. Tugun, Loehr and Qui (2003), Natural Stabilization of Stored Industrial Sludges, J. Environ. Eng., 129 (3), 248-257.
62. U.S. Environmental Protection Agency, Operations Manual: Anaerobic Sludge digestion, EPA 430/9-76-001, February 1976.

63. Wanner, J. Beginning of the Activated Sludge Process, Prague Institute of Chemical Technology.

64. Wanner, J., Kucman, K. and Grau, P. (1988). Activated sludge process combined with biofilm cultivation, Water Res., 22(2), 207-215.
65. Westfall, B.A. (1981). Evaluation of An Activated Sludge Package Plant. M. Sc. Thesis, The University of Texas at El Paso.

66. Wong, K.Y., Zhang, M.Q., Li, X.M. and Lo, W. (1997). A luminescence-based scanning respirometer for heavy metal toxicity monitoring, Biosens. Bioelectron., 12(2), 15-133.
67. Several relevant websites on the internet.
















Primary sludge                  Excess sludge





Raw 


sewage





   Bar


Screen





 Grit


Chamber





                                 Return sludge





Aeration tank





Secondary





 Clarifier











Primary





 Clarifier











Biogas





Sludge





Drying     


 Bed





Sludge





 Digester





Final treated





effluent





Sludge





disposal





DEFINE DESIRED EFFLUENT QUALITY





COLLECT PLANT DATA








DEFINE DESIGN AND PERFORMANCE CRITERIA





n





MEASURE PLANT FLOW








IS PLANT LOADED WITH RATED  CAPACITY





CHECK


UNDER LOADED (HYDRAULIC)


OVER LOADED (HYDRAULIC


FLOW FLUCTUATION





n





STUDY PERFORMANCE OF SCREENS








DO THEY MEET  DESIGN & PERFORMANCE CRITERIA





n





CHECK


LOADING RATE  (HYDRAULIC)


FREQUENCY OF SCREENING REMOVAL


VELOCITY THROUGH SCREENS





STUDY PERFORMANCE OF DETRITUS TANK








DOES IT MEET  DESIGN & PERFORMANCE CRITERIA





CHECK


LOADING RATE  (HYDRAULIC)


FREQUENCY OF GRIT REMOVAL


HORIZONTAL VELOCITY 





n





STUDY PERFORMANCE OF PRIMARY SEDIMENTATION TANK





DOES IT MEET  DESIGN & PERFORMANCE CRITERIA





CHECK


LOADING RATE  (HYDRAULIC /ORGANIC)


SLUDGE DRAW OFF


SCUM REMOVAL





n





DOES IT MEET  DESIGN & PERFORMANCE CRITERIA





CHECK


LOADING RATE  (HYDRAULIC /ORGANIC)


RECIRCULATION OF RETURN ACTIVATED SLUDGE / SUPERNATENT


DETENTION TIME


DO


SVI, MLSS





n





STUDY EFFLUENT QUALITY





DOES IT MEET EFFLUENT DESIRED QUALITY








APPRISE PLANT O&M PERSONNEL /AUTHORITIES OF THE DEFICIENCIES


MOTIVATE  FOR CORRECTIVE MEASURES





n





SUCCESS





STUDY PERFORMANCE OF SECONDARY TREATMENT 











PAGE  

51
Performance evaluation of ASP based 16 MGD Sewage Treatment Plant at Okhla, Delhi


