Tertiary Treatment 

Sludge Dewatering and Disposal

Introduction

· One of the major problems in water and wastewater treatment is that of sludge disposal.

· Large volumes of sludge with high water contents are produced from sedimentation tanks and their dewatering and ultimate disposal may account for as much as half the cost of treatment.

Principle of Dewatering

· The types of sludge which are produced in water and wastewater treatment processes are:

1. Primary sludge from wastewater sedimentation

2. Secondary sludge from biological wastewater treatment

3. Digested sludge

4. Hydroxide sludge from coagulation and sedimentation of water and industrial wastes.

5. Precipitation sludge from softening plants and from industrial waste treatment.

· All of these sludges have low solids contents (1-6)%.

· The main concern in sludge treatment is therefore to concentrate the solids by removing as much water as possible.

· Specific Gravity (SG) of sludge with a particular solids content can be determined from the following expression.

Sludge SG = 
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· Consider a sludge with 2% solids of SG 1.4. 20 kg of solids are accompanied by 980 kg of water, thus the sludge SG is 1.006 and the volume occupied is 0.994 m3.

· By dewatering to a solids content of 25%, the 20 kg of solids are now accompanied by only 60 kg of water so that the sludge SG becomes 1.077 and the volume reduces to 0.074 m3, i.e. about 7.5% of the original volume (see Figure 7).
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· Coackley developed equation for dewatering of sludge by filtration as follows:
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where, 
V = filtrate volume obtained after time t


P = applied pressure



A = filter area



 = absolute viscosity



r = specific resistance of sludge



c = concentration of sludge



R = resistance of clean filter medium

· For constant P integration of the equation gives:

t = 
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· Using a laboratory filtration apparatus it is possible to determine the specific resistance by plotting t/V against V, the slope of the line being rc/2PA2. 

· The higher the value of specific resistance the more difficult the sludge will be to dewater.

Sludge Conditioning

To improve the efficiency of the dewatering process it is often useful to provide a preliminary conditioning stage to release as much bound water as possible from the sludge particles.

(1) Thickening:
With many flocculent sludge, slow speed steering in a tank encourages further flocculation and can significantly increase the solids content and settle-ability, allowing supernatant to be drawn off.

(2) Chemical conditioning: Chemical coagulants can be useful in promoting agglomeration of floc particles and releasing water.

(3) Elutriation: the chemical requirement for conditioning can be reduced by mixing the sludge with water or effluent and allowing settlement and removal of supernatant to take place before chemical are added. This washing process removes much of the alkalinity which in digested sludge exerts a high chemical demand.

(4) Heat treatment: A number of processes have been employed to heat wastewater sludge under pressure with the aim of stabilizing the organic matter and improving dewater-ability. 

Sludge Dewatering

Preliminary-dewatering of sludge is essential to keep its disposal under control. Dewatering of sludge can be employed by  the following methods.

It is important to note that in all sludge dewatering operations the separated liquid requires suitable disposal arrangements. With wastewater sludge the liquid is usually highly polluting and must be returned to the main treatment plant for stabilization.

(1) Drying beds: The oldest and simplest dewatering process uses shallow rectangular beds with porous bottoms above under-drain layout.

· Sludge is run on the beds to give a depth of 10-25 centimeter and dewatering take place due drainage from lower layers and evaporation from the surface under the action of sun and wind.

· The cake cracks as it dries allowing further evaporation and the escape of rainwater from the surface.

· In good conditions a solids content of around 25% can be achieved in a few weeks but a more normal period in temperate climates would be 2 months.

· Removal of dried sludge can be undertaken manually or by mechanical sludge-lifting.

(2) Pressure Filtration: Pressure filtration is a batch process in which conditioned sludge is pumped with increasing pressure into chambers lined with filter cloths which retain the solids but allow liquid to escape via grooves in the metal backing plates.

· Pressing times vary from 2-18 h with pressure 600-850 kPa giving a resultant cake solids content of 25%-50%.

· A development of pressure filtration in the form of the belt press provides continuous operation by introducing conditioned sludge into the gap between two endless belts to which pressure is applied by means of rollers.

(3) Vacuum Filtration:  This is a continuous process in which a revolving segmented drum covered with filter cloth is partially submerged in conditioned sludge.

· A vacuum of about 90 kPa is applied to the submerged segments and sludge is attracted to the surface of the cloth.

· As the drum rotates and the layer of sludge emerges from the tank, air is drawn through it by the vacuum to assist dewatering.

· A scraper blade removes the sludge cake assisted by change to positive pressure in the relevant drum segment.

· The cake solids are usually 20-25% with filter yields of around 20 kg dry solids/m2h.

(4) Centrifugation: Continuously operated centrifuges have some application for sludge dewatering. Most are the solid-bowl type in which conditioned sludge is fed into the center of a rapidly rotating bowl.

· The solids are thrown to the outer edge of the bowl from where they are removed by a scraper/conveyor.

· Solids content can be achieved not greater than 20% and in many cases it is difficult to reach solids content higher than about 12-15%.

(5) Lagoons: 
Lagoons are the most widely used method to handle softening and coagulation sludge, and although the operating cost are rather low, the land requirements are appreciable.

· The sludge is added until the lagoon is full, then it is taken out of service and allowed to dry.

· Once drying is sufficient, the sludge is removed.

· Lime softening sludge is effectively handled by lagoons, and the solids content of the dewatered sludge is usually about 50%.

· Lagoons have not been nearly as successful in dewatering alum sludge. Usually alum sludge can be dewatered to about 1-10% solids.
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Sludge Disposal

· Sewage sludge has some value as a soil conditioner since it contains significant amounts of nitrogen and phosphorous and thus dewatered sludge without major industrial discharges may be readily disposed of to farm land.

· A good deal of sludge is dumped in old quarries and similar structures and by land filling with dewatered sludge it is possible to reclaim waste areas. The possibility of groundwater contamination must always be borne in mind.

· In coastal areas the disposal of liquid sludge at sea in suitable deep-water sites is fairly common and there is little evidence of any significant environmental damage caused by such actions if properly controlled.

· The composting of dewaterd sludge of about 25% solids with domestic refuse produces a stable material with good soil-conditioning properties.

· In situation with no sludge-disposal sites or where the sludge contains toxic matter the best solution may be that of incineration. After incineration the residual ash amounts to only 5-10% of the original solids thus greatly reducing the disposal problem.

· The volume and nature of sludge produced by water-treatment operations are such that their disposal does not normally cause great problems.
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