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OVERVIEW
We have studied water and wastewater treatment processes in Units 3 and 4. All these treatment processes generate sludge which in turn, must be further treated for final disposal. This Unit will discuss sludge treatment technologies as well as disposal means.

Sludge management problem begins with sludge generation and is managed by sludge treatment, which involves thickening, stabilisation, conditioning, dewatering, sludge use and disposal. Inadequate sludge handling, treatment and disposal can create numerous environmental problems including odour nuisance, health hazards, and ground water and surface water contamination. Sludge management can be the most complex and costly part of the wastewater management system. It is believed that sludge management systems represent 50 per cent of the cost of a municipal treatment works, but result in 90 per cent of the operational problems. Experience in the developed countries indicates that sludge handling, treatment and disposal constitutes about 20 to 50 per cent of the total plant annual operation and maintenance (O&M) costs.

In this Unit, we will discuss concept of sludge (water and wastewater sludges and septage) management with reference to the technologies utilised in the industrialised countries. This Unit deals with the sources, characteristics, and quantities of various sludges. Also this Unit gives an idea about pertinent sludge handling, treatment and disposal unit operations and processes and their design criteria.

LEARNING OBJECTIVES

After completing this Unit, you should be able to: 

· assess the nature, composition and quality characteristics of domestic wastewater sludges and septages;

· explain the various processes for treating them;

· discuss various methods which can be used for disposing and reusing sludges and septages. 


7.1 
SLUDGE SOURCES AND CHARACTERISTICS

In this Section, we will be discussing at length the sources and characteristics of sludges with regard to the types of these sludges based on their origin.

One of the end products of all conventional water and wastewater treatment processes is the large dilute solid mixtures known as sludge. The composition of the sludge is dependent on the sources and the characteristics of the raw wastewater, the treatment processes that generate the sludge, and the degree of the treatment. The higher the level of treatment, the amount of the sludge residue that must be eventually handled is larger. 

The sludge from the treatment processes is still largely water, as much as 97 per cent. Sludge treatment processes are based on separating the larger amounts of water from the solid residues. The separated water is returned to the water or wastewater treatment plant for processing.

Types of sludge

The main types of solids and sludge include:

(i)
Screenings: These coarse solids are those removed by mechanically cleaned bar screens. Disposal is usually by onsite or offsite landfilling.

(ii)
Grit: The sand, broken glass, nuts, bolts and other dense materials are collected in the grit chamber. Because grit can be drained easily and is mostly non-biodegradable, it is generally disposed off onsite or offsite by landfilling.

(iii)
Primary or raw sludge: Sludge from the bottom of the primary clarifiers contains from 3 to 8 percent solids, which are approximately 70 per cent organic. This sludge is highly putrescible.

(iv)
Secondary Sludge: This sludge consists of materials that have been wasted from the secondary treatment processes. About 90 per cent solids are organic and are highly putrescible. In some instances, the sludge contains considerable chemicals added to the aeration basins to remove phosphorus by chemical precipitation.

(v)
Tertiary sludge/water treatment sludge: The characteristics of sludges from tertiary treatment depend on the nature of the tertiary treatment processes. For example, when phosphorus removal occurs in the activated sludge process, the chemically precipitated sludge is combined with the biological sludge. Nitrogen removal by denitrification results in a biological sludge with properties very similar to those of waste-activated sludge. Sludges generated in water treatment processes are mainly inorganic in nature and can be easily recovered by acidification, recalcination, etc.

(vi)
Septage: This is the combination of sludge, scum and liquid pumped from a septic tank or cesspool. Septage represents partially treated materials and further treatment is needed before final disposal.


Characteristics of sludges

Proper treatment and disposal of sludge produced from wastewater treatment plants in the most effective manner requires knowledge of characteristics of the solids and sludge to be processed. The characteristics vary depending on the origin of the solids and sludge, the degree of ageing that has taken place, and the types of processing to which they have been subjected, including nutrients that are important in considering the ultimate disposal of the processed sludge and the liquid removed from the sludge during processing. The parameters such as pH, alkalinity, and organic acid content are important in process control of anaerobic digestion. Heavy metals and hydrocarbons need to be determined when incineration and land application methods are considered. The energy content of sludge is important where a thermal reduction process such as incineration is considered. The specific constituents of sludge can limit choice of sludge use/disposal options or make certain options more appealing. The four constituents that are most important are: 

(i) 
Organic content: Sludge organic content is expressed as the percent of the total solids (TS) that are volatile solids (VS). VS are organic compounds that are removed when the sludge is heated to 500 degrees centigrade under oxidising conditions. Organic content is an important determinant of thermal value, potential for odour problems (in storage and land application), and potential for gas generation.

(ii) 
Nutrients: Municipal sludges contain three essential nutrients for plant growth: nitrogen (3.3 percent), phosphorus (2.3 percent) and potassium (0.3 percent). Typical sludge nutrient levels are considerably lower than that in commercial fertilisers (nitrogen 5 per cent, phosphorus 10 per cent, and potassium 10 per cent). Potassium rarely occurs in sludge in significant concentrations.

(iii) 
Pathogens: A significant proportion of the bacteria, viruses, protozoa and eggs of parasitic worms in wastewater become concentrated in sludge during wastewater treatment. A small percentage of these organisms may be pathogenic. Pathogen levels can be substantially reduced by sludge treatment processes such as anaerobic digestion, which reduces pathogenic levels by about 99.4 to 99.99 per cent.

(iv) 
Metals and toxic organic chemicals: Sludges may contain varying amounts of heavy metals and inorganic ions such as boron, cadmium, chromium, copper, lead, nickel, mercury, silver and zinc. At low concentrations these metals can be valuable as micronutrients to plants and animals but at high concentrations, they may be toxic to humans, animals and plants. The metal concentrations in sludge are among the foremost considerations in land applications because of their potential to damage crops and, in the case of cadmium, to enter into the human food chain.

The amount of sludge that must be used or disposed off affects the economic and technical feasibility of various use/disposal options. Two ways to look at sludge quantity are the volume of the wet sludge, which takes into account both the water and solids content, and the mass of the dry sludge solids. Thus, if the per cent solids and specific gravity of the solids are known, the volume of the sludge can be estimated by:

Ss = Ms/P * [(Sf)(P)(Sv)(P)/(Sv)(Mf)(P) + (Sf)(Mv)(P)] 

Equation 7.1

Where: 

Ss
= 
specific gravity of solids

Ms
=
mass of solids, kg

P
=
density of water = 1,000 kg/m3
Sf
=
specific gravity of fixed solids

Sv
=
specific gravity of volatile solids

Mf
=
mass of fixed solids, kg

Mv
=
mass of volatile solids, kg

If the specific gravity of water is taken as 1.0 (as it can be without appreciable error) then the specific gravity of the sludge can be computed as follows:

SsL = Ss / Ps + (Ss)(Pw) 


Equation 7.2

Where:

SsL
=
specific gravity of sludge

Ps
=
per cent solids as a decimal fraction

Pw
=
per cent of water as a decimal fraction

Equations 7.1 and 7.2 can be used to compute the volume of the sludge (VsL) as:
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Equation 7.3
Now, we will solve a worked example to find out the sludge volume based on Equation 7.1 and 7.2.

1 tonne of a 4% sludge whose solids have a specific gravity of 1.4 is to be dewatered to 25 % solids contents. Determine the initial volume and the volume when dewatered to 25 % solids.

Let us say that at 4 % solids 1 tonne contains 40 kg solids and 960 kg water. Using equation 5.2 and 5.3:
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At 25% solids, 40kg solids is now in sludge with 120kg water
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7.2
SLUDGE TREATMENT CONCEPTS AND

PROCESSES

We have discussed about sludge types and characteristics, now we will discuss sludge treatment processes.

There are varied sludge treatment processes, which are used in wastewater treatment operations. The six stages involved in sludge treatment are:

(i)
Concentration/Thickening: Separating as much water as possible by centrifuge, gravity flotation and clarifier.

(ii)
Stabilisation: Converting the organic solids to more refractory (inert) forms so that they can be handled or disposed.

(iii)
Digestion: By biochemical methods to reduce volume as well recover methane in anaerobic process.

(iv)
Conditioning: Treating the sludge with chemicals or heat so that the water can be readily separated.

(v)
Dewatering: Separating water by subjecting the sludge to vacuum, pressure, or drying.

(vi)
Reduction: Converting the solids to a stable form by wet oxidation or incineration.

Table 7.1 gives a summary of the relative merits and demerits of the various factors involved in each of the sludge treatment stages.

Figure 7.1

Sludge Processing Options
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Sources : Adapted from EPA, 1987

Table 7.1

Factors Other than Costs Considered in Selection of Sludge-Processing Systems

	Sludge Processing Systems
	Land Require-ments 
	Adverse Climate Conditions
	Ability to Handle Flow Variations
	Ability to Handle Influent Quality Variations
	Industrial Pollutants Affecting Process 
	Reliability of the process
	Ease of Operation and Maintenance 
	Occupa-tional Hazards
	Air Pollution
	Waste Products

	Thickening

	Gravity
	Mod.
	Freezing
	Good
	Good 
	Min.
	Good
	Good
	--
	Odours
	Thickened Sludge Liquid returned

	Dissolved air flotation 
	Mod.
	Freezing
	Fair 
	Good
	Min.
	Good 
	Fair
	--
	--
	Thickened Sludge Liquid returned

	Centrifuge
	Min.
	--
	Good
	Good
	Min. 
	Good 
	Fair
	--
	--
	Thickened Sludge Liquid returned

	Stabilisation

	Aerobic
	Max.
	Freezing
	Good
	Good
	Max.
	Good 
	Good
	--
	--
	Digested Sludge Liquid returned

	Anaerobic
	Max.
	--
	Good
	Good
	Max.
	Good
	Good
	 Explosion
	--
	Digested Sludge 

CO2 and methane gas Liquid returned 

	Conditioning

	Elutriation
	Max.
	Freezing
	Good
	Fair
	Min.
	Fair
	Fair
	--
	Odours
	Conditioned Sludge

Liquid returned

	Heat Treatment
	Mod.
	--
	Fair 
	Fair
	Min.
	Good
	Fair
	Explosion
	Odours
	Conditioned Sludge

	Dewatering

	Dye beds
	Max.
	High rainfall
	Good
	Good
	Min.
	Fair
	Very good
	--
	Odours
	Sludge cake 

Liquid returned

	Filtration
	Mod.
	--
	Fair
	Fair
	Min.
	Good
	Good
	Chemicals 
	Odours
	Sludge cake

Liquid returned

	Centrifuge
	Min.
	--
	Fair
	Fair
	Min.
	Good
	Good
	Chemicals
	--
	Sludge cake

Liquid returned

	Disposal

	Landfilling


	Max.
	--
	Good
	Good
	Max.
	Very good
	Good
	--
	Odours
	--

	Land Application
	Max.
	Freezing
	Good
	Good
	Max.
	Fair
	Good
	--
	Odours
	--

	Incineration


	Min.
	--
	Fair
	Good
	Min.
	Very good
	Fair
	Explosion
	--
	Ash


Wastewater and sludge treatment and disposal systems must be considered together to ensure the most efficient utilisation of the resources in meeting treatment requirements. A methodological process of selection can be very helpful in choosing a resource-efficient and environmentally sound system from the myriad of treatment and disposal options available. . Some of the pertinent technical and non-technical factors influencing and determining the system suitability and choice include effectiveness, implementability, comparability, economic aspects, environmental impacts, energy, and administrative burdens. Figure 7.2 shows typical selection criteria for wastewater sludge handling, treatment and disposal facilities. 

Figure 7.2

Selection Criteria for Sludge Treatment Process
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We will now discuss in detail different stages of sludge treatment.

7.2.1 
Sludge thickening

Thickening is a procedure used to increase the solids content of the sludge by removing a portion of the liquid fraction. This is to decrease the capital and operating costs of subsequent sludge processing steps. For example reduced percent solids concentration can half the sludge volume. Further concentration to five per cent solids reduces the volume to one-fifth its original volume. Other benefits include sludge blending, sludge flow equalisation, sludge storage, grit removal, gas stripping, and clarification.

Thickening is generally accomplished by physical means, including primary and secondary sedimentation, gravity thickening, flotation and centrifugation. Some of the typical sludge concentration methods are summarised below:

	Type of Sludge
	Method

	Untreated primary
	Gravity

	Untreated primary and waste activated sludge
	Gravity, dissolved air-flotation

	Waste activated sludge
	Gravity, dissolved air-flotation, basket centrifuge, solid bowl centrifuge, gravity belt thickening, and rotary drum thickener


Let us now consider design of thickening process.

The main design variables unit in which they are expressed will improve the content and qualities of thickening process are:

· Solid concentration and volumetric flow rate of the feed stream.

· Chemical demand and cost if chemicals are employed.

· Suspended and dissolved solid concentrations and volumetric flow rate of the clarified stream.

· Solids concentration and volumetric flow rate of the thickened sludge.

· Effective O & M costs.

· Thickening reliability.

Primary and secondary sedimentation tanks

A primary clarifier can be used as a thickener under certain conditions. Primary sludge thickens well, provided the sludge is reasonably fresh and the temperature is reasonably low. If sludge of five to six per cent solids content is to be recovered, it is essential that sludge transportation facilities be designed for prompt removal of the solids. Thickening in the secondary clarifier has not been successful because biological sludges are difficult to thicken by gravity.

Gravity thickeners

Gravity thickening is a simple and inexpensive process that has been used widely on primary sludge. It is essentially a sedimentation process similar to what occurs in all settling tanks. Sludge flows into the central well of the tank and the solids are allowed to settle to the bottom where a heavy duty mechanised scraper moves the sludge into the hopper from which the settled solids are withdrawn. The type of sludge being thickened has a major effect on performance. The best results are obtained with only primary sludge (from 1-3 per cent to 10 per cent) and as the proportion of waste activated sludge increases, the performance deteriorates.

The major design criteria for gravity thickeners are minimum surface area based on hydraulic and solid loading, thickener side wall depth, and floor slope. Generally, the thickeners are designed with hydraulic loading rate of 10-30 m3/m2.d, a wide wall depth of 3 m, and a retention period of 24 hours. Floor slopes are normally designed to be greater than 50 mm of vertical distance per 300 mm of tank radius. This steep slope allows better performance.


Dissolved air flotation (DAF)

There are three basic variations of the flotation thickening operation; DAF, vacuum flotation, and dispersed-air flotation. Only DAF is widely used.

In the flotation thickening process, air is injected into the sludge under pressure (275 to 550 kPa). Under this pressure a large amount of air can be dissolved in the sludge. The sludge then flows into an open tank where, at atmospheric pressure, much of the air comes out of solution as minute bubbles. The bubbles attach themselves to sludge solid particles and float them to the surface. The floated sludge is skimmed mechanically. The process typically increases the solids content of activated sludge from 0.5-1per cent to 3-6 per cent. Flotation is especially effective on activated sludge, which is difficult to thicken by gravity.

Factors affecting design of DAF include air/solid ratio, solid loading rate, hydraulic lauding rate, and polymer dosage.

Centrifuging

Centrifuges are used to thicken and dewater sludge and their application is limited to waste activated sludge. Thickening by centrifugation involves the settling of sludge particles under the influence of centrifugal forces. Common centrifuges available for sludge thickening are disc nozzle, imperforated basket, and solid bowl decanter. The disc nozzle centrifuges are continuous type but require extensive and careful pre-screening and grit removal from the sludge. The solid bowl decanter offers continuous operation and has received widespread application in sludge thickening.

7.2.2 
Sludge stabilisation

The second most important step in sludge handling is sludge stabilisation.

The main objectives of sludge stabilisation are reduction of pathogens, elimination of offensive smell, and elimination of the potential of putrefaction. The success in achieving these objectives is related to the effects of the stabilisation operation process on the volatile or organic fraction of the sludge.

Method of stabilisation

Many methods can be applied to achieve the stabilisation of which we will discuss the important ones:

(i) 
Lime stabilisation: Lime stabilisation is a very simple process with advantages such as low cost and simplicity of operation. In the lime stabilization process, sufficient lime is added to untreated sludge to raise the pH to 12. Such high pH creates an environment not conducive to survival of pathogens, so the sludge will not putrefy, create odours, or pose a health hazard. If pH falls below 12, biological decomposition will resume. Sufficient lime must be added to maintain the pH at 12 for at least two hours to ensure pathogen destruction and to maintain a high pH for several days, to get enough time for disposal or use without renewed putrefaction.

Two methods of lime stabilisation are used viz. lime pretreatment (add lime prior to dewatering), and lime post-treatment (add lime after dewatering). The former consumes more lime per unit weight of sludge processed than that necessary for dewatering. In addition, sufficient contact time must be provided before dewatering so as to effect a high level of pathogen kill. The latter method is a relatively new technology with the following advantages over the lime pre-treatment are as given below:

· Dry lime can be used, no additional water need be added.

· No special requirements for dewatering.

· Scaling problems of equipment are eliminated.

Table 7.2 shows the typical lime dosages for stablising various liquid sludges.

Table 7.2

Typical Lime Dosage for Stabilising Liquid Sludge

	Type of Sludge
	Solids Concentration %
	Lime Dosage lb Ca

(OH2/lb dry solids)*

	
	Range
	Average
	Range
	Average

	Primary
	3-6
	4.3
	54.5 - 154.5
	109.0

	Waste Activated
	1-1.5
	1.34
	9.0 - 390.9
	272.7

	Aerobically disgested mixed
	6-7
	6.5
	127.3 - 227.3
	172.7

	Septage
	1-4.5
	2.7
	81.8 - 463.6
	181.8


* Amount of Ca(OH)2 required to maintain a pH of 12 for 30 minutes

Source: Tchobanoglous, 1991

(ii) 
Chlorine stabilisation:  The chlorine stabilisation process is applied to wastewater treatment sludges and side streams to reduce putresibility and pathogen concentration. Because chlorine reactions with sludge are rapid, reactor volumes are relatively small, which reduces system size and initial costs. The process results in no appreciable destruction of volatile solids, and unlike anaerobic digestion, yields no methane gas for energy generation and little sludge mass reduction.

Chlorine demand varies with the characteristics of each waste stream. Demand can be estimated from Table 7.3 for cases in which combination of sludges and/or side streams make up the process feed.

Table 7.3

Estimated Chlorine Requirements for Sludge and 

Sidestream Processing

	Feed Steam
	Suspended Solids %
	Chlorine requirement Kg/m3

	Primary sludge
	4.0
	7.7

	Waste-activated Sludge

     With prior primary treatment

     No primary treatment
	0.7

0.7
	3.2

3.2

	From contact stabilisation
	0.7
	3.2

	Sludge from low and high rate trickling filters
	1.0
	4.5

	Digester supernatant
	0.3
	0.9 - 7.3

	Septage
	1.2
	2.7


1 lb/1,000 gal = 0.12 kg/l

(iii) 
Heat treatment: Heat treatment is a continuous process in which sludge is heated in a pressure vessel to temperature up to 260 degrees centigrade at pressures up to 2,760 kN/sq.m. for approximately 30 minutes. Heat treatment serves essentially as both a stabilization process and a conditioning process. Heat treatment conditions the sludge by rendering the solids capable of being dewatered without the use of chemicals. When the sludge is subjected to the high temperatures and pressures, the thermal activity release bound water and results in coagulation of solids. In addition, hydrolysis of proteinceous materials occurs, resulting in cell destruction and release of soluble organic compounds and ammonia nitrogen.


7.2.3 
Anaerobic and aerobic digestion

The physico-chemical process, which we discussed earlier, may not be suitable for all types of sludges or the location. Therefore, the biological processes are used which have been discussed in detail.

Anaerobic digestion utilises airtight tanks in which anaerobic micro-organisms stabilise the organic matter producing methane, water, and carbon dioxide. The digested sludge is stable, inoffensive, low in pathogen count, and suitable for soil conditioning. Major difficulties with anaerobic digestion are high capital cost, vulnerability to operational upsets, and tendency to produce poor supernatant quality. This discussion will focus on anaerobic sludge digestion.

The anaerobic sludge digesters are of two types: standard rate and high rate. In the standard rate digestion process the digester contents are usually unheated and unmixed. The digestion period may vary from 30 to 60 days. In a high rate digestion process, the digester contents are heated and are completely mixed. The required detention period is 10 to 20 days.

Often a combination of standard and high rate digestion is achieved in two stage digestion. The second stage digester mainly separates the digested solids from the supernatant liquor; however additional digestion and gas recovery may also be achieved. 

The most important factors controlling the design and operation of anaerobic digestion are digester capacity, heating and temperature control, mixing, gas production and utilisation, cover, supernatant quality, and sludge characteristics.

After having discussed the anaerobic digestion, let us understand the aerobic process of digestion. The aerobic digestion of biological sludges represents a variant of the activated sludge process. Aerobic digestion is accomplished by aerating the organic sludges in an open tank resembling an activated sludge aeration tank. Unlike the activated sludge process, the effluent (supernatant) from the clarifier is recycled back to the head end of the plant. This is because the supernatant is high in suspended solids (100 to 300 mg/l), BOD (up to 500 mg/l), TKN (to 200 mg/l) and total P (to 100 mg/l). Because the fraction of volatile matter is reduced, the specific gravity of the digested sludge solids will be higher than before digestion. 

Advantages for aerobic digestion as compared to anaerobic digestion are: 

· volatile solids reduction is approximately equal; 

· lower BOD concentrations in supernatant liquor; 

· production of an odourless, humus-like, biologically stable end product; 

· recovery of more of the basic fertiliser values in the sludge; 

· operation is relatively easy; and 

· lower capital cost. 

The major disadvantages of the aerobic digestion process are that: 

· a high power cost is associated with supplying the required oxygen; 

· the process is affected significantly by temperature, location, and type of tank material; 

· no useful by-product such as methane is recovered.

7.2.4 
Sludge conditioning 

We have discussed till now some of the major processes used in sludge treatment processes. However, sludge conditioning process, which we will discuss further is important from the point of waste solid separation.

(i)
Chemical conditioning: Chemical conditioning is associated principally with mechanical sludge-dewatering systems such as the vacuum filter, filter press, belt filter and centrifugation. The objective of conditioning is to facilitate the separation of the liquid and solids in the sludge. Chemical conditioning can reduce 90 – 95 per cent incoming sludge moisture content to 60 – 85 per cent, depending on the nature of the solids treated. Some of these conditioning chemicals include ferric chloride, lime or organic polymers. In recent years, organic polymers, have become increasingly popular for sludge conditioning because they are easy to handle, require little storage space and are very effective. In addition, use of polymers produces smaller quantity of sludge than lime and ferric chloride. Factors that can affect the selection of the type and dosage of the sludge-conditioning agents are the sludge properties and the type of mixing and dewatering devices to be used.

(ii)
Elutriation: Elutriation is washing of sludge in order to remove certain soluble organic or inorganic compounds that would consume large amounts of chemicals for conditioning of sludge. The elutriation of sludge generates large volumes of wastewater that contain high concentration of suspended solids. This liquid when returned to the plant loadings. Generally, the volume of the wash water is 2 to 6 times the volume of sludge. Elutriation units are designed to act as gravity thickeners with solid loading of 39 – 50 kg/m2.d. The cost of additional tanks and the equipment for washing and solid separation may not justify the savings in the cost of chemicals.

(iii)
Thermal conditioning: Thermal conditioning involves heating the sludge at high temperatures at 1400 to 2400 C and high pressures (1,720 to 2,760 psi) for periods of 15 to 40 minutes. Under these conditions the water that is bound up in the solids is released, improving the dewatering characteristics of the sludge. Heat treatment has the advantage of producing sludge that dewaters better than chemically conditioned sludge and is sterilised with practically no odours. However, the process also has many disadvantages such as relatively complex operation and maintenance; creation of highly polluted cooking liquors; and initial high capital investment.

7.2.5 
Dewatering

Dewatering is a physical (mechanical) unit operation used to reduce the moisture content of sludge for one or more of the following reasons:

(i)
The costs for transporting dewatered sludge to the ultimate disposal site become substantially lower.

(ii)
Dewatered sludge is generally easier to handle than thickened or liquid sludge.

(iii)
Dewatering is required normally prior to the incineration of the sludge to increase the energy content by removal of excess moisture.

(iv)
Dewatering is required before composting to reduce the requirements for supplement bulking agents.

(v)
In some instances, removal of the excess moisture may be required to render the sludge odourless and non-putrescible.

(vi)
Sludge dewatering is required prior to land-filling to reduce leachate production at the landfill site.

A number of techniques are used in dewatering. Some rely on natural evaporation and percolation (drying beds and sludge lagoons) to dewater the solids, and some on mechanical means including belt filter press, vacuum filter, centrifuges and recessed plate filter presses. The selection of sludge dewatering processes can be a complex procedure because of the large number of possible combinations of unit processes available for wastewater treatment, sludge thickening, stabilisation, conditioning, dewatering and ultimate use/disposal.

Let us now discuss handling methods of sludges with high water content where an efficient and low cost method is used.  

Sludge drying beds

Sludge drying beds are commonly used to dewater digested sludge. After drying, the sludge is removed and either disposed off in a landfill or used as a soil conditioner. The principal advantages of drying beds are low cost, infrequent attention required, and high solids content in the dried product. Normally two types of sludge drying beds are used viz. conventional sand and artificial media. We will discuss only conventional sand drying bed here as it is one of the mostly used systems.

For medium to large plants, if land cost is high, sand drying beds are not used due to large land area required to dewater the sludge. A typical sand drying bed has 10-20 cm layer of 0.5 to 1.5 mm filter sand with uniformity coefficient not exceeding 4.0 and effective size of 0.3 to 0.75 mm; 5-10 cm layer of 5 to 15 mm medium gravel; 20-25 cm of 15-15 mm coarse gravel; central drainage system; lateral drainage lines (unjointed or perforated PVC or vitrified clay pipe) at a space of 2.5 to 6 m apart under the gravels and slope at a minimum of 1.0 per cent.

Sludge can be removed from the drying bed after it has drained and dried sufficiently to be easily lifted. The moisture content is approximately 60 per cent after 10 to 15 days under favourable conditions. Sludge removal is accomplished by manual or mechanical equipment.

Open beds are used where adequate area is available and a buffer zone of about 100m is required from dwellings to avoid odour nuisance. Covered beds with greenhouse types of enclosures are used where it is necessary to dewater sludge continuously throughout the year regardless of the weather.

Sludge bed loading is computed on a unit loading of kilograms of dry solids per square metre per year. Typical data for various types sludge and its loading rate are summarized below:

	Type of Sludge
	Sludge-loading rate,

kg to dry solids/m2 year

	Primary digested
	120 - 150

	Primary and trickling-filter humus digested
	85 - 120

	Primary and waste activated digested (WAD)
	60 - 100

	Primary and chemically precipitated digested
	100 - 160


Now, assuming that the daily per capita solids contribution from the mixed sludge is 57 kg. we will calculate the necessary design data for a sludge drying bed for digested sludge from an activated sludge plant serving 150,000 people. 

For computation of area, let us say that:

Daily solids contribution
=
150,000 x 57g


=
8550kg

Adopting a dry solid loading of 100 kg/m2year, the area of the bed required is:
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Per capita area requirement = 
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This conforms to the recommended range of 0.1 – 0.5 m2/capita.

Assuming 8m wide x 30 m long beds with single point discharge and a bed slope of 0.5%.

Number of beds required = 
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Assuming 2 months of rainy season in a year and 3 weeks for drying and one week for bed preparation and repair of bed, number of cycles per year would come to 10.

Volume of digested sludge (assuming 7% solids and a specific gravity of 1.025) is: 


[image: image11.wmf]  

8550

´

100

7

´

1

1

.

025

´

1

1000

=

119

.

2

m

3

/

d

=

120

m

3

/

d


Depth of application of sludge is:
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Provide a free board of about 15cm is generally provided.

Sludge drying lagoons

Sludge drying lagoons are an economical method for sludge dewatering where land is cheap and readily available. They are similar to drying beds because the sludge is periodically removed and the lagoons refilled. Lagoons are not suitable for dewatering untreated sludges, limed sludges, or sludges with a high-strength supernatant because of their odour and nuisance potential. The performance of lagoons, like that of drying beds, is affected by climate because precipitation and low temperature inhibits dewatering. Lagoons are most applicable in areas with high evaporation rates.

Dewatering by subsurface drainage and percolation is limited by increasingly stringent environmental and groundwater regulations. If a groundwater aquifer used for a potable water supply underlies the lagoon site, it may be necessary to lime the lagoon or otherwise restrict percolation.


Vacuum filters


Rotary vacuum filters were widely used for dewatering both raw and digested sludges. Due to improvement in other methods of mechanical dewatering, use of vacuum filters has declined in the past decade for the following reasons namely system complexity; conditioning needed; and high O & M cost.

Vacuum filters consist of a cylindrical drum covered with cloth of natural or synthetic fabric. The drum remains partly submerged in a vat of sludge and rotates slowly. Internal vacuum that is maintained inside the drum draws the sludge to the filter medium and water is withdrawn from the sludge. The cake-drying zone represents from 40 to 60 per cent of the drum surface and terminates at the cake discharge zone where the cake is removed. In a drum-type rotary vacuum filter, the sludge cake is scraped off.

Filter presses 

In a filter press, dewatering is achieved by forcing the water from the sludge under high pressure. Advantages cited for the filter press include (i) high concentrations of cake solids, (ii) filtrate clarity, and (iii) high solids capture. Disadvantages include mechanical complexity, high chemical costs, high labour costs, and limitations on filter cloth life. Three types of filter presses are widely used, namely (i) belt filter presses, (ii) fixed volume recessed plate filter presses, and (iii) variable volume recessed plate filter presses.

 

7.3 
SLUDGE TREATMENT AND DISPOSAL

We will discuss the final treatment of sludges before it can be disposed off by various means as follows:

· Heat drying: Heat drying is a unit operation that involves reducing water content by vaporization at a temperature of 3100 C. The purpose of heat drying is to remove the moisture from the wet sludge so that it can be incinerated efficiently or processed into fertilizer. Drying is necessary in fertilizer manufacturing so as to permit the continued biological action. The moisture content of the dried sludge is less than 10 per cent. Five mechanical processes may be used for drying sludge: (i) flash dryers, (ii) spray dryers, (iii) rotary dryers, (iv) multiple-hearth dryers, and (v) multiple-effect evaporation. Dewatering normally precedes sludge dryers. Flash dryers are the most common type in use at wastewater treatment plants.

· Incineration: Incineration of sludge involves total or partial conversion of organic solids to oxidised end products, primarily carbon dioxide and water, and the partial oxidation and volatilisation of organic solids by pyrolysis or starved-air combustion to end products with energy content. The major advantages of thermal reduction are maximum volume reduction (80%) thereby lessening the disposal requirements, destruction of pathogens and toxic compounds, and energy recovery potential. Disadvantages include high capital and operating costs, highly skilled operating and maintenance staffs are required, the residuals produced (air emissions and ash) may have adverse environmental effects, disposal of residuals, which may be classified and hazardous wastes may be uncertain, expensive and sensitive to quality of sludge feed. Medium-to-large sized plants with limited ultimate disposal options use thermal reduction processes most commonly.

· In developing countries, however, incinerating is normally not practiced as it has high capital and operating cost. In India, other processes are more popular due to their low cost and ease of maintenance.

· Many if the thermal reduction processes considered include multiple-hearth incineration, fluidized-bed incineration, co-incineration, wet-air oxidation, and wet oxidation in vertical, deep-well reactors.

· Composting: Composting may be defined as a method of solid waste treatment in which the organic component of the solid waste stream is biologically decomposed under controlled aerobic conditions to a state in which it can be easily and safely handled, stored, and applied to the land without adversely affecting the environment. Thus, composting is a controlled or engineered biological system. It is often a cost-effective and environmentally sound alternative for the stabilization and ultimate disposal of wastewater sludge. In addition, increasingly stringent air pollution regulations and sludge disposal requirements coupled with the anticipated shortage of available landfills have accelerated the development of composting as a viable sludge management option.

Sludge that has been composted properly is a sanitary, nuisance-free, humus-like material. Approximately 20 to 30 per cent of the volatile solids are converted to carbon dioxide and water. As the organic material in the sludge decomposes, the compost heats to temperatures in the pasteurization range of 50 to 70 degrees centigrade, and enteric pathogenic organisms are destroyed. A properly composted sludge may be used as a soil conditioner in agricultural or horticultural applications or for final disposal, subject to any limitations based on constituents in the sludge.

The two components of composting are the sludge and a bulking agent, which can consist of many different types of materials, including recycled compost, wood chips, sawdust, and shredded rubber tyres. The bulking agent (except tyres) serves as a carbon source during composting. It also increases the porosity and thus the surface area of the sludge that will be exposed to oxygen during composting, and it decreases the moisture level of the composting material. The composting process takes place after mixing, and it generally requires 3 to 4 weeks to complete. During that time, the mix is aerated and biological processes decompose the sludge and generate high temperatures above 550 C that destroy pathogens. After composting, the material is usually cured for about 30 days. During this phase, further decomposition, stabilization, pathogen destruction, and degassing take place, which help to make the compost more marketable. Figure 7.3 shows the basic steps, or process flow, that apply to all types of composting systems.

Figure 7.3

Composting Process Flow
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Source: EPA, 1985

The three major types of composting systems used are the aerated static pile, windrow, and in-vessel (enclosed mechanical) systems. Majority are aerated static pile followed by windrow and by in-vessel. 

(i)
Ocean disposal: In ocean disposal, though not practiced in India and many countries. In the USA, it was practiced with certain regulation specified by USEPA. Municipal wastewater sludges are released into a designated area of the ocean, either from vessels at the ocean surface or through outfall pipes. In the United States, piped discharge of sludge is not legal under the Clean Water Act and is being phased out.

(ii)
Agricultural use: Agricultural use of sludge is the most widely used of all land application methods. Sludges may be applied to a wide range of crops, including grains, animal feeds, and nonfood crops. Enough control must be exercised to control adverse effects on the food chain.

Agricultural application is often extremely economical. Farmers participating in land application may save money by reducing their dependence on expensive chemical fertilizers. Agricultural application rates generally range from 2 to 70 dry metric tonnes per hectare per year (mt/ha/yr). A typical rate should be 15 dry mt/ha/yr. Application rates are usually limited by either the nitrogen needs of the crop grown or by the annual or cumulative metals addition to the soil. Less frequently, application rates are limited by the phosphorus needs of the crop.

(iii)
Forest application: Sludge application can greatly improve forest productivity. Forest soils are in many ways well suited to sludge application. They have high rates of infiltration (which reduce runoff and ponding), large amounts of organic material (which immobilize metals from the sludge), and perennial root systems (which allow year-round application in mild climates). Although forest soils are frequently quite acidic, research has found no problems with metal leaching following sludge application.

One major advantage of forest application over agricultural application is that forest products (e.g., wild edible berries, mushrooms, game and nuts) are an insignificant part of the human food chain. The primary environmental and public health concern associated with forest application is therefore pollution of water supplies. Contamination of water supplies by nitrates can be prevented by limited sludge application rates according to a rate of 10 to 220 mt/ha in a single application every 3 to 5 years. A typical application rate would be 40 mt/ha every 5 years, which is equivalent to an average yearly application rate slightly less than that for agricultural application.

(iv)
Landfilling: It is a sludge disposal method in which sludge is deposited in a dedicated area, alone or with other solid waste, and buried beneath a soil cover. Landfilling is primarily a disposal method, with no attempt to recover nutrients and only occasional attempts to recover energy from the sludge.

Landfilling has been and continues to be a popular sludge disposal option, but increasing competition for available landfill space has diminished interest in this disposal option. Nevertheless, landfilling can be viable for municipalities that have available land with hydrogeologic characteristics that protect ground water and other drinking water supplies. If landfilling operations are properly planned and executed, a completed landfill site can be sold or used by the municipality for other purposes, such as for recreational and industrial building purposes.

There are many factors, which need to be taken into account for proper planning, design and operation of sludge landfills:

· sludge characteristics;

· site selection;

· regulations and permits, and public participation;

· methods of sludge landfilling;

· design consideration;

· operation and maintenance; 

· monitoring of completed landfills.

(v)
Land application and reclamation: Land application is defined as the spreading of sludge on or just below the surface of the land. The sludge can serve both as a soil conditioner facilitating nutrient uptake, increasing water retention, permitting easier root penetration, and improving solid texture and also as a partial replacement for commercial fertilizers. Usually, sludge is applied to land in one of four settings: on agricultural lands, forestlands, drastically disturbed lands (land reclamation), or land dedicated to sludge disposal (dedicated land disposal).

Concurrent with improving soil productivity, land application also functions as a sludge treatment system. Sunlight, soil micro-organisms, and desiccation help to destroy pathogens and many toxic organic substances in the sludge. Heavy metals and to some extent, nutrients in sludge are trapped by soil as a result of soil’s various physical and chemical characteristics. Nutrients, which can cause eutrophication and other problems if released into surface waters, are instead largely converted into useful biomass such as crops or wood. However, the capacity of the land to treat sludge constituents is finite, and land application systems must be designed and managed to work within the assimilative capacity of the land and the crops grown on it.

The steps involved in the development of a sludge land application system include the following:

· Characterisation of sludge quantity and quality;

· Evaluation and selection of site and disposal option;

· Determination of process design parameters – loading rates, land area requirements, application methods and scheduling.

These steps are essential for a successful development of a programme, which will be useful for sludge application on land.  


 

7.4 
SEPTAGE TREATMENT AND DISPOSAL

As mentioned earlier, septage refers to the entire contents of a septic tank, including both the liquid and sludge. The total volume of septage equals the volume of the contents removed form the septic tanks and other ancillary tanks. The annual per capita septage accumulation rate is about 0.3m3. The pollutant concentrations in septage are highly variable and depend on such factors as the storage period, removal efficiency and septic tank volume. In general, the composition of septage is similar to those of various types of sludges and the pollutant concentrations are of the same order of magnitude, but the heavy metals content in septage is lower than in municipal sewage sludge. The principal methods commonly used for the treatment and disposal of septage are similar to those used for municipal sewage sludges.

Land disposal

Land application of septage is the most frequently used technique for septage disposal. Properly managed land application is relatively simple, generally the most economical disposal technique, and can make beneficial utilisation of nutrient value of septage. It should continue to be a very common means of disposal if all environmental constraints, including health risk, possible contamination of groundwater, and production of nuisance condition and odours, are considered during feasibility study, design and operation stages.

Land disposal options are applicable to the solids fraction, liquid fraction, or the combined liquid/solid mass.

Combined treatment (co-treatment)


Co-treatment with existing wastewater treatment facility is one of the most effective methods for the treatment and disposal of septage if the existing treatment plants have the facilities required to stabilize the excess organic loading from septage.

If septage is to be co-treated at an existing wastewater treatment plant, it will be necessary to construct septage receiving stations which discharge to the sewer system, or a septage receiving station at the treatment plant. Such station will consist of an unloading area, a septage storage tank, and one or more grinder-type transfer pumps. The storage tank is used to store the septage to that if can be discharged to the treatment plant at desirable feed rates. The storage tank should be covered for odour control. Discharge of septage to head works is usually preferred for the removal of grit and screenings. If there are no screening or communition facilities ahead of the septage discharge facility, the septage should be transferred from the storage tank to the treatment plant with grinder pumps. If the septage is especially strong, it can be diluted with treated wastewater. Chemicals such as lime or chlorine can be added to the septage in the storage tank to neutralise it, to render it more treatable, or to reduce odours.


7.5 
SLUDGE TREATMENT STATUS IN

DEVELOPING COUNTRIES

The primary factor which limits use of the sludge management processes is that of operational and maintenance (O & M), including both skills availability and parts replacement problems. Operation and maintenance of waste management systems do not command much attention in most developing countries (DCs), hence the O & M budget, which is made available is commonly only a fraction of that assumed by most designers. These problems stem from the common practice in most DCs including India, whereby the Central Government agencies plan and build the treatment systems, then turn them over to the local government agencies for operation, but without making available to the local agencies the funds needed for efficient O & M. In addition, in most cases, a meaningful environmental monitoring system is needed. Due to task of proper O & M practices treatment systems investments are often wasted. The feasibility studies for such systems, do prescribe an adequate O & M system, but these are rarely implemented.

Because of the problem described above, it is important in designing treatment systems to utilise designs which absolutely minimize the needed O & M skills levels and which also simplify the problems of parts replacement. The problems of parts replacement can be greatly simplified if the national design agencies adopt standardized systems for all types of treatment including sludge management. At the present, each system designer makes his own choice of processes, leading to different types of parts replacement problems all over the country. With standardized systems it is feasible for the national agency concerned to maintain a national parts replacement warehouse, which could very effectively service the entire country.

In India, in recent times some of the municipal corporations have started with the concepts of gas digestor with a view to generate biogas and use it. The sewage treatment is slowly trying to adopt technology which requires less power and can generate some power from the biogas generated from the sewage as well as sludges. 

SUMMARY 

After studying this Unit and attempting learning activities and also working through the problems at the end of the Unit, you would be able to adequately understand the aspects relating to sources, nature, composition and quality characteristics of sludges and septages besides various processes available for treatment of sludges and septages and available methods for their disposal and reuse. Other issues, which have been dealt with, are criteria for the selection and design of the various treatment processes, disposal/reuse methods for sludges and common technical problems associated with treating and disposing/reuse of domestic sewage sludges.
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Unit 7


Model Answers to Learning Activities
LEARNING ACTIVITY 7.1
Different types of sludges are the ones generated from screenings from screen, grit from grit chamber, primary sludge from primary sedimentation tank and secondary sludge from biological treatment and tertiary sludge coming from various advanced chemical and physical treatment.

LEARNING ACTIVITY 7.2
There are four major constituents in sludge namely organics, pathogens, nutrients and other toxic metals and chemicals. The organics present in the sludge can be digested to produce methane gas. However, if there are toxic metals and organics, they can hamper the digestion process. Pathogens present in the sludges come from the sewage itself, however if the sludge has to be made safe for handling, one needs to get rid of these pathogens.

LEARNING ACTIVITY 7.3
There are about six design variables, of which the three most important ones are (i) solid concentration with volumetric flow rate, (ii) chemical demand and (iii) suspended & dissolved solids desired in the outflow.

LEARNING ACTIVITY 7.4
The main methods of stabilisation are lime stabilisation, chlorine stabilisation and heat treatment.

LEARNING ACTIVITY 7.5
Sludge drying bed is preferred over sludge lagoon for the main reason that as in the latter’s case it can not be used for dewatering untreated sludge, limed sludge or sludges with high strength supernatant due to odour and nuisance. Sludge lagoon is also not preferred as affected by climate as in places where rain is high and temperature is low, dewatering process is reduced considerably. 

LEARNING ACTIVITY 7.6
Sludge treatment methodologies are many, however the common methods are Heat drying, Incineration Composting agriculture use, Forest use and Land filling.




































































































(LEARNING ACTIVITY 7.6





What are the sludge treatment methods commonly used





Note:


a)	Write your answer in the space given below.


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














(LEARNING ACTIVITY 7.5





Describe why sludge drying bed is preferred over sludge drying lagoon (20 words).





Note:


a)	Write your answer in the space given below.


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














(LEARNING ACTIVITY 7.4





Name the methods of sludge stabilisation.





Note:


a)	Write your answer in the space given below.


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














(LEARNING ACTIVITY 7.3





Write any three-design variables for thickening process.





Note:


a)	Write your answer in the space given below.


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














(LEARNING ACTIVITY 7.2





Name and explain four important constituents of sludges.





Note:


a)	Write your answer in the space given below.


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














(LEARNING ACTIVITY 7.1





State the types of sludges generated from various sources.





Note:


a)	Write your answer in the space given below.


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