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Abstract
Gowerton Waste Water Treatment Plant receives wastewater from a population equivalent of about 77 thousand, of which some 10% are emitted from commercial source and treats influent from a 60km2 combined sewerage catchment, which is located in the North Gower area of South Wales. Therefore, it is critical for this plant to apply appropriate wastewater treatment methods and install corresponding processing units, which can ensure the quality of the effluent wastewater up to specific regulated standard. More alternative advanced treatment technologies are available to this plant in order to obtain higher quality of the effluent wastewater. The treatment and disposal of sewage sludge is also a significant part of wastewater treatment processes. Performance, cost and sustainability are important concepts when determining any new technologies that must be involved or added to the site.

Table of Contents
1	Introduction	1
1.1	Aims	1
1.2	Objectives	1
2	General principles of how the treatment site works	2
2.1	The layout of the treatment plant	2
2.2	The process of treatment	2
2.3	The principle of each processing unit	4
2.3.1	Preliminary treatment	4
2.3.2	Primary treatment	5
2.3.3	Secondary treatment	6
2.3.4	Disinfection	7
2.3.5	Sludge thickening	8
3	The technology available for the treatment of the site	8
3.1	The processing units and technologies to improve the quality of the effluent wastewater	8
3.1.1	Microscreening	11
3.1.2	Filtration	12
3.1.3	Activated carbon adsorption	13
3.1.4	Polishing ponds	14
3.1.5	Post-aeration	14
3.1.6	Nitrogen Removal	14
3.1.7	Phosphate Removal	16
3.2	The technology to dispose the sewage sludge	19
3.2.1	Treatment methods	20
3.2.2	The implementation of sludge treatment technology	22
3.2.3	Disposal	22
4	A consideration of the factors of determining appropriate wastewater treatment technologies	24
4.1	Performance	24
4.1.1	Reliability	24
4.1.2	Efficiency	24
4.1.3	Simplicity	25
4.2	Cost	25
4.2.1	Initial cost	25
4.2.2	Operation and Maintenance Costs	25
4.3	Sustainability	25
4.3.1	Energy Management	26
4.3.2	Resource Recovery	26
5	Conclusions	27
6	References	28


12

[bookmark: _Toc535980756]Introduction
[bookmark: _Toc535980757]Aims
This report is based on a site investigation of Gowerton Waste water treatment plant, which is a sewage treatment plant located at Swansea, South Wales, UK. The aim of the report is to demonstrate the author’s understanding of the operation units in the Gowerton Waste treatment plant and application of knowledge in dealing with environmental issues and natural disasters to have urgently needed works for the improvement of wastewater effluent and sanitation facilities in Swansea city implemented in the shortest time possible, and to provide a reliable, affordable and sustainable wastewater treatment service.
[bookmark: _Toc535980758]Objectives
1) Explain the general layout of the whole Gowerton Waste water treatment plant with schematic diagrams;
2) Explain the principle of each processing unit used for waste water treatment at the Gowerton site;
3) Evaluate the processing units and technologies that should be involved in order to improve the quality of the effluent wastewater at Gowerton site up to agricultural, industrial, and domestic standard;
4) [bookmark: _GoBack]Describe a suitable technology that can be integrated with the Gowerton plant to dispose the sewage sludge(separation, dewatering, reuse, and drying the residues remaining after wastewater treatment), combining with schematic diagrams.


[bookmark: _Toc535980759]General principles of how the treatment site works
[bookmark: _Toc535980760]The layout of the treatment plant
[image: ]
Figure 3‑1-The layout of Gowerton Waste Water treatment plant
[bookmark: _Toc535980761]The process of treatment 
1. Stage one: Preliminary treatment
1) Fine Screening. Raw sewage entering the plant passes through a fine screen which removes solid material such as rags, papers, wood, and plastics. If they are not removed, they could choke pipelines, damage pumps and interfere with the operation of valves.
2) Grit and Grease Removal. After screening, the grit and grease present in the sewage is removed using a separator. Once removed, this material is taken away in sealed containers for disposal. Grits and grease could also affect pumps and machinery and potentially cause expensive blockages.
2. Stage two: Primary treatment 
Material is transferred into four large primary settlement tanks. This is the stage where the majority of the sewage sludge is separated from the waste water.
Solid material starts to accumulate on the floors of the tanks, and this will be withdrawn and transferred to a sludge thickener. The installation of place separators in the tanks allows water to flow up through the plates, while solid material gathers on the downside of the separators and sinks to the floor.
3. Stage three: Secondary treatment
1) Activated Sludge. Waste water from the primary treatment process is now transferred into deep aeration tanks. Air is pumped through the water to activate micro-organisms in the sewage to biologically break down the sewage.
2) Secondary Settlement. Flows are then transferred into twelve secondary settlement tanks. Separator plates allow the sludge to be collected in hoppers with the clean water going for disinfection. Excess sludge will be transferred to the sludge thickening tanks.
4. Stage four: Disinfection 
Flows from the secondary settlement tanks are disinfected through exposure to ultra-violet light. Low pressure ultraviolet lamps will be placed in an open channel and water will pass by to be bombarded by the UV rays which are effective against bacteria and viruses.
The treated and clear water will then be discharged along a new sea outfall into Swansea Bay.
5. Stage five: Sludge thickening 
1) Thickening. Sludge from the primary and secondary treatment process is initially stored in two sludge tanks where it is thickened. Excess water is taken back into the primary treatment process.
2) Digestion. After thickening, the sludge is transferred to one of two digestion tanks where the material is substantially reduced in volume. A by-product of this process is methane gas which is recycled to heat the sludge in the first digester unit. Very occasionally, during the summer months, there may be excess gas. This will be piped into a fully enclosed waste gas burner to be safely burned off.
3) Dewatering. The digested sludge is then transferred to dewatering units where liquid is taken from the material using a centrifugal process. This leaves the sludge in “cake” form and this virtually odourless material is stored before being taken off site in fully enclosed tankers for use as fertiliser. Water separated from the sludge goes back for full treatment.
6. Other units
1) The sea outfall. The pipe has to be 3.5km in length because Swansea Bay is very flat near the sewage treatment works. The pipe has to be this long to ensure that the clear water effluent is discharged well below the low water mark.
2) Visitor centre. A visitor centre will be established at the treatment works and will offer guided tours by appointment. It will give local residents, visitors, and school and community groups the opportunity to get a closer look at a world class facility using the most advanced technology.
3) Clean air. A highly sophisticated deodorisation unit will ensure that smells are eradicated, and only clean air is emitted from the treatment works. All the processes which are usually smelly will be fully enclosed under negative air pressure within the building which will have its own air conditioning system. There will be a system stage treatment process for the air.

[bookmark: _Toc535980762]The principle of each processing unit
[bookmark: _Toc535980763]Preliminary treatment
The purpose of preliminary treatment is to remove coarse solids and other large materials usually existing in raw influent. It is essential to eliminate these contaminants to protect subsequent treatment units and ensure a satisfactory quality of effluent and final sludge product. Typical preliminary treatment operations mainly consist of screening(such as coarse screening and fine screening), and grit removal and sometimes comminution of large objects is also necessary (Pescod, 1992). The preliminary treatment units in this plant only include a fine screen and a grit and grease separator.
1. Fine screen
One of the ways to remove materials that may cause blockage problems in downstream processes, especially in systems lacking primary treatment, is to install a wastewater screen. Screens have various shapes, sizes and types, but can be divided into two simple categories: coarse and fine screens. Typical opening sizes for coarse screens are 6 mm (0.25 in) or bigger. Fine screens have typically openings of 1.5 to 6 mm (0.06 to 0.25 in). In some cases, very fine screens are often installed following coarse or fine screens, which can reduce suspended solids to levels near those achieved by primary clarification (U.S.EPA, 2003).
2. Grit chamber
The objective to remove grit is to prevent possible wear and abrasion of the mechanical components, particularly pumps. In general, grit includes grave, cinder, sand, heavy solid materials, large organic particles (like food waste), etc. In a grit chamber, through selective sedimentation, the grit and similar mineral material with a grain diameter of > 0.15 mm are removed (Delft University of Technology, 2018). The installation of a grit chamber is preferably at the beginning of the purification process. From the technical and practical standpoint, in general situations, the grit chamber is installed on the surface and often follows the screens when it is placed in an influent pumping station.
[bookmark: _Toc535980764]Primary treatment
Primary treatment removes settleable organic and inorganic solids by sedimentation and disposes suspended materials by skimming, which occurs in primary settlement tanks, also called primary clarifiers. They are usually rectangular or round basins with typical depth between 3 and 5 m and hydraulic retention time of 2 to 3 hours. Settled solids, which is referred to as primary sludge, are normally removed from the bottom of tanks by sludge rakes. The sludge is scraped to a central well and then pumped to sludge processing units. And by mechanical means like water jets, scum is swept across the tank surface and finally pumped to sludge processing units too. Usually the primary settlement tanks closely follow the grit chamber. 
During this treatment process, about 25 to 50% biochemical oxygen demand (BOD5), 50 to 70% of the total suspended solids (SS), and 65% of the oil and grease of the incoming wastewater can be removed. Primary sedimentation can also remove some heavy metals associated with solids, organic nitrogen, and organic phosphorus. Many of the settleable undissolved particles are separated here and form the sludge. But colloidal and dissolved solids are not affected during primary treatment. The effluent from primary sedimentation units is referred to as primary effluent (Pescod, 1992). 
There are also some plants (oxidation ditch types) without primary settlement tanks installed. In such cases, the undissolved particles are captured in the activated sludge and are directly stabilized there. Grit particles, mostly granular particles, settle unchanged (discreet sedimentation). When the concentration of undissolved solids is high enough, the process of flocculent sedimentation will occur. It means the settling of particles can become larger by means of particle agglomeration or flocculation. The sedimentation process can be stimulated by stirring or adding chemicals and biological agents (Delft University of Technology, 2018).
[bookmark: _Toc535980765]Secondary treatment
The secondary treatment aims at treating the suspended solids and residual soluble organic matters which escape from primary treatment further. Secondary treatment often follows primary treatment. Due to the addition of aerobic biological treatment processes, the secondary treatment still involves the removal of colloidal organic matter and biodegradable dissolved. 
Aerobic biological treatment is referred to as a process that in the presence of oxygen, aerobic microorganisms (mainly bacteria) metabolize the organic matter in the wastewater, meanwhile producing more microorganisms and inorganic end products (principally CO2, NH3, and H2O). According to the differences of the manner in which oxygen is supplied to the microorganisms and the rate at which organisms metabolize the organic matter, there are several types of aerobic biological processes applied in secondary treatment, such as low-rate and high-rate biological processes.
Compared with low-rate biological processes, high-rate processes have relatively small reactor volumes and high concentrations of microorganisms which consequently have greater growth rate of new organisms because the environment is well-controlled. To obtain clean secondary effluent, the process of sedimentation must be used to separate the microorganisms from the treated wastewater by sedimentation. The settlement tanks used in secondary treatment, also referred to as secondary clarifiers, are the same as the primary clarifiers described previously in operating manners. The biological solids removed during secondary sedimentation, called secondary or biological sludge, are normally treated along with primary sludge in the sludge processing unit.
High-rate processes generally include the activated sludge processes, oxidation ditches, trickling filters or biofilters, and rotating biological contactors (RBC). Sometimes combining two of these processes in series (e.g., biofilter followed by activated sludge) can be more efficient to treat municipal wastewater from industrial sources which has a bit higher concentration of organic material. The process that Gowerton Waste Water treatment plant uses is the activated sludge process.
A dispersed-growth reactor (an aeration tank or basin) is used in the activated sludge process, which contains the mixed suspension of the wastewater and microorganisms. The reactor uses aeration devices to mix the contents of the aeration tank fiercely and supply oxygen to the biological suspension. Common aeration devices include two types: submerged diffusers which release compressed air, and mechanical surface aerators which introduce air by stirring the surface of the mixed liquid. In general, wastewaters stay in the aeration tanks for about 3 to 8 hours (hydraulic retention time) but the time can be higher if wastewaters have high BOD5. What follows the aeration step is the separation of the microorganisms from the liquid by sedimentation. The clarified liquid left is secondary effluent. It is necessary to recycle a part of the biological sludge to the aeration tank in order to maintain the mixed liquor suspended solids (MLSS) within a high level. But meanwhile the concentration of microorganisms in the system should keep relatively constant, so the remainder needs to be removed from the process and sent to sludge processing. 
Several widely-used processes like oxidation ditches and extended aeration are just the extension of the basic activated sludge process. Hence, the basic principles are similar (Delft University of Technology, 2018).
[bookmark: _Toc535980766]Disinfection
Disinfection is the process designed to kill or inactivate most microorganisms in wastewater,
including essentially all pathogenic organisms, which are bacteria, viruses, or cysts that can cause disease in a host.
Gowerton Waste Water treatment plant use ultra-violet light for disinfection. UV light provides faster and more effective inactivation of microorganisms through a physical process compared with chemical approaches. When exposed to the germicidal wavelengths of UV light, bacteria, viruses and protozoa are rendered unable to reproduce and infect (TrojanUV, 2018). But in fact, this type of method is not widely used in current wastewater treatment works. Instead, most plants normally add a chlorine solution at the head end of a chlorine contact basin for disinfection. This process is named chlorination. Ozone can also be used for disinfection
[bookmark: _Toc535980767]Sludge thickening
Sewage sludge, usually including primary and secondary sludge, is the solid, semisolid, or slurry residual material that is a by-product of wastewater treatment processes. As described previously, primary sludge comes from chemical precipitation, sedimentation, and other primary processes, while secondary sludge is the activated waste biomass generated from biological treatments. They are often collected for further treatment and disposal. 
All waste water treatment plants need to consider the treatment and disposal of sewage sludge in the process of design and operation. It is necessary to reduce the volume of the sludge and stabilize the organic materials. Smaller sludge volume can save more costs of pumping and storage. And stabilized sludge will not release an offensive odour and can be disposed without causing a nuisance or health hazard. More details about sludge treatment are discussed in the chapter 4.2.
[bookmark: _Toc535980768]The technology available for the treatment of the site
[bookmark: _Toc535980769]The processing units and technologies to improve the quality of the effluent wastewater
The majority of BOD and Suspended Solids existing in wastewater can be removed by primary and secondary treatment. But in many cases, the quality of wastewater treated by this level of processes has proved to be not enough to protect the receiving waters or to supply reusable water for industrial and/or domestic recycle. Thus, many waste water treatment plants will involve additional treatment steps for further removal of organics and solids or removal of nutrients and/or toxic materials.
Hence, in order to improve the quality of the effluent wastewater at Gowerton site up to agricultural, industrial, and domestic standard, the plant can add some advanced wastewater treatment processes. 
Advanced Wastewater Treatment, which is primarily a tertiary treatment, is referred to as any process designed to produce a high-quality effluent which cannot be achieved by primary and secondary treatment processes or involving unit operations not normally found in primary and secondary treatment.  
The general sequence of unit operations typically used in advanced treatment is presented in schematic form in Figure 4-1 (Guyer, 2011). But the most applicable process design should be selected in accordance with the specific situations. In order to compare alternative advanced wastewater treatment processes, the applications, advantages, and disadvantages of various treatment processes are presented in Table 4-1 (Guyer, 2011). The applications listed are those for which the process is normally selected. Although many processes are selected according to their effectiveness in removal of a particular pollutant, additional benefits can be obtained by controlling other waste characteristics.
[image: ]
Figure 4‑1-Advanced Wastewater Treatment Schemes
Table 4‑1-Typical application data for advanced wastewater treatment operations and processes
[image: ]
[bookmark: _Toc535980770]Microscreening
Microscreening is a mechanical process concerning rapid sand filtration which is achieved through a thin screening cloth. The retained suspended solids often form a contacting film cover that should be removed by backwashing.
The equipment used in the microscreening process is shown in Figure 4-2 (Engineering civil, 2017). It is a rotating drum with a woven metallic mesh or a plastic filter fabric, which has openings of 20 to 60µ attached on its periphery. Its rotating speed is about 4 rpm. The drum is installed inside the wastewater flow channel. 
The treatment process is: first, the wastewater flows into the horizontal drum at its upstream end and then rotates radially outward through the mesh or micro fabric and the suspended solid material whose diameter is greater than that of mesh is left behind; next, use a high pressure water jet to backwash the solids retained inside the drum and in the mesh (during the screening process, proceeding the pores which get clogged by the accumulation of particles can increase the pressure inside the drum and further help to filter small suspended particles); finally these solids are recycled into the sedimentation tank (Engineering civil, 2017).
[image: ]
Figure 4‑2-Wastewater treatment microscreening
[bookmark: _Toc535980771]Filtration
As part of tertiary treatment process, wastewater filtration involves the final removal of suspended particles in water from both the primary and secondary treatment. The residual suspended material and bacteria is trapped in the filter and are removed from the filtered water after the water passes through the filter. The process is usually the final step in the solids removal process.
One of the most common filtration units used in advanced wastewater treatment is granular media filtration, which filters those suspended and colloidal solids from previous unit processes. After being treated by biological processes following filtration the effluents are usually of less than 10 mg/L BOD and 5 mg/L suspended solids.
Gravity filters which is similar to rapid sand filters are also used in some cases. In general, the filter medias are arranged in a coarse to fine gradation and combine several materials such as sand and anthracite coal. The water is finally collected by the underdrain system after passing through the filter media and support gravel. The filtration process will increase the head loss within the depth of the filter due to the accumulation of particles on top. When either the head loss becomes excessive or solids breakthrough occurs, the filter is backwashed (Brillyant, 2009).
[bookmark: _Toc535980772]Activated carbon adsorption
Activated carbon adsorption is a common technology by adsorbing contaminants onto the surface of a filter which is effective in removing fluorine, chlorine or radon in water, certain organics (such as unwanted taste and odours, micropollutants) and recalcitrant contaminants especially from municipal or industrial effluents. 
The principles of activated carbon adsorption are the same as those of any other adsorption material. The contaminant is attracted to and held or adsorbed on the surface of the carbon particles. The efficiency of adsorption is determined by the characteristics of the carbon material (such as surface area, surface chemistry, particle and pore size, surface area etc.) (Mazille & Spuhler, 2018) and the characteristics of the chemical contaminant. Figure 4-3 (Engineering civil, 2017) shows the treatment unit of activated carbon adsorption.
[image: ]
Figure 4‑3-Activated carbon adsorption treatment unit
[bookmark: _Toc535980773]Polishing ponds
As a practical and economical method in advanced treatment, wastewater treatment ponds which includes both aerobic and aerobic-anaerobic ponds, are used for upgrading existing secondary treatment facilities to remove organic and suspended solids further. The operating characteristics of polishing ponds are the same as those used for primary or secondary treatment and the same precautionary design should be applied.
[bookmark: _Toc535980774]Post-aeration
Post-aeration is achieved by diffused, cascade, U-tube or mechanical aeration. Its principles are the same as that of any other aeration device which have produced previously.  
The tanks of diffused aeration are generally 9 to 15 feet deep and 10 to 50 feet wide (depth-to-width ratio is maintained at less than 2), with the detention time of some 20 minutes. The maximum air demand is about 0.15 cubic feet per gallon of treated wastewater. Mechanical aeration is carried out in basins of 8 feet deep and 15 to 50 square feet per aerator. Surface aeration is the most efficient mechanical aeration with respects to required horsepower (0.1 horsepower per 1,000 gallons of effluent) (Guyer, 2011). 
[bookmark: _Toc535980775]Nitrogen Removal
In most cases, the performance of secondary treatment plants is always measured in terms of BOD and SS removals. However, the BOD cannot reflect all the organic material present in the wastewater. Thus, when the quality of effluents is required to improve, additional organic removals must be accomplished. 
Besides the organic materials remaining in most secondary effluents, the nitrogen present in the wastewater will also add oxygen demand resulting. Much of the nitrogen exists in the form of ammonia in most secondary effluents. Most of this ammonia is discharged from the effluent in secondary treatment.
[bookmark: _Hlk535684243]A variety of biological, physical and chemical processes can be applied to remove nitrogen from wastewater. The most common method is the biological process which is accomplished by nitrification/denitrification (Pennsylvania Department of Environmental Protection, 2014).
1. Nitrification
Transferring ammonium into nitrate takes place in two stages with nitrite as an intermediate. The first stage is the slowest and is performed by a type of bacteria known as Nitrosomonas which uses dissolved molecular oxygen to convert the ammonium ion to nitrite as the following equation: 
[image: ]
The second stage is converting nitrites to nitrates (NO3-) by a microorganism namely Nitrobacter which requires suitable environment (temperature and pH), free oxygen (dissolved) and a carbon source to complete the transformation. The reaction is presented by the following equation:
[image: ]
2. Denitrification 
The denitrification process is typically achieved by a number of heterotrophic microorganisms that break down nitrates to obtain the oxygen they need for survival. Therefore, oxygen for metabolism is obtained from nitrates instead of dissolved oxygen. These microorganisms require a carbon source to complete the metabolism of nitrates into nitrogen gas and other minor end products. Methanol is usually used as a carbon source and added to the process tank by the operator. The following equation represents the reaction (using methanol as a carbon source):
[image: ]
3. Case
In Figure 4-4 a carousel is shown as a case of the treatment unit for the purpose of nitrogen removal (Delft University of Technology, 2018). The unit body is an aeration tank which is divided into a part with oxygen supply and another without oxygen supply. In plug flow systems, limiting the oxygen supply in the first part (oxygen concentration in any case lower than 0.5 mg/l) can achieve denitrification (see Figure 4-5) (Delft University of Technology, 2018). The return activated sludge flow supplies the nitrate which is essential to this so-called pre-denitrification configuration. Another construction is the post denitrification, which creates anoxic conditions in a part after nitrification. There is no need to recycle nitrate because it can be directly provided by the nitrification part. One problem with this configuration is that the organic material may be not enough for a complete denitrification. Therefore, the addition of an external “carbon” (e.g. methanol) must be performed.
[image: ]
Figure 4‑4- Carousel with denitrification zone
[image: ]
Figure 4‑5-Plug flow reactor with primary denitrification; b with extra recirculation
[bookmark: _Toc535980776]Phosphate Removal
These processes of phosphate removal are typically performed following secondary treatment and are therefore regarded as part of tertiary treatment. The most common methods applied in removing phosphorus from wastewater are chemical precipitation and biological removal. 
1. Chemical Precipitation
In the process of chemical dephosphating, the phosphate binds with polyvalent metal ions to form an undissolved complex. The metal ions are dosed in the form of aluminium salts, iron salts or lime (calcium). The process can be divided into four types according to the different places where the chemicals are added in the WWTP (see Figure 4-4) (Delft University of Technology, 2018). 
1) Preprecipitation: dosing of trivalent metal salts (e.g. FeCl3) on the inlet of the primary sedimentation. The precipitation occurs in the primary settlement tank. But there is a defect that the readily biodegradable material can be removed (too) highly which is actually essential to denitrification in the activated sludge process;
2) Simultaneous precipitation: dosing of iron or aluminium salts (primarily ferrous sulphate) and precipitation of phosphate sludge mixed with activated sludge. It may improve the settle ability but decrease the total activity of the activated sludge;
3) Post precipitation: dosing of the trivalent metal salts and separation of them from the treated water in a filter unit or settling tank. This is only suitable for removal of low-concentration phosphate with respects to the cost ;
4) Chemical precipitation with biological phosphate sludge
[image: ]
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Figure 4‑6-Chemical precipitation construction forms
2. Biological Phosphorus Removal
Biological phosphorus removal is to remove phosphorus from wastewater by phosphate accumulating bacteria, which are found in the activated sludge. These aerobic bacteria can not only form the normal amount of phosphorus satisfying cell growth, but also take up the extra phosphorus in the form of polyphosphate into the cell, namely ‘luxury uptake’. As a result of the characteristics of the phosphate accumulating bacteria, it is necessary to create an alternating anaerobic and aerobic environment. 
1) An anaerobic environment stimulates the selection of the phosphate accumulating bacteria. Meanwhile, the environment should have neither oxygen nor nitrate. It means that biological phosphate removal can only take place in condition that nitrate is also removed in the treatment system; 
2) An aerobic environment stimulates the phosphate uptake from the wastewater. 
The two principles of the biological phosphate removal are described in Figure 4-7 (Delft University of Technology, 2018). It includes the head flow process and the split flow process. 
In the head flow process, the uptake of phosphate takes place by the activated sludge in the aeration tank. The discharge of the excess (phosphate-rich) sludge realizes the extra phosphate removal. 
In the split flow process, the uptake of phosphate also occurs in the aeration tank, but this is removed from the sludge in a split flow. The treatment of the activated sludge in the split flow brings the phosphate back into the solution so that the phosphate-poor sludge is stripped from the phosphate-rich liquid and goes back to the head flow where it can take up the phosphate again. The phosphate is then removed from the water phase by chemical methods. 
[image: ]
Figure 4‑7-Principle of Biological Phosphorus Removal
[bookmark: _Toc535980777]The technology to dispose the sewage sludge
No matter what technology is used in a wastewater treatment plant, the methods to settle the obtained sludge are certain, including thickening, digestion, dewatering, stabilization, conditioning, thermal sludge reduction, etc. Some of those technologies are quite new and not applied very commonly. And some technologies need previous treatments. For example, prior to sludge stabilization and conditioning, dewatering or thickening needs to be performed at first. This report mainly focuses on the following fundamental sludge treatment and disposal technologies. The whole process is presented by schematic diagram in Figure 4-8.
[image: ]
Figure 4‑8-Sludge treatment process
[bookmark: _Toc535980778]Treatment methods
Treatment of sewage sludge may include a combination of thickening, digestion, and dewatering processes.
1. Thickening
Thickening is usually the first step of sludge treatment in order to make further treatment process easier. It is infeasible to dispose thin sludge, which is a slurry of solids suspended in wastewater. The tank where thickening takes place is called a gravity thickener. Besides gravity thickening, dissolved-air flotation is another alternative to thicken the sludge. In this method, air bubbles carry the solids to the surface and then a layer of sludge is thickened (Ambulkar & A. Nathanson, 2018). 
By thickening, the total volume of sludge can be reduced to less than half the original volume.
2. Digestion
The purpose of sludge digestion is to reduce the total mass of solids, destroy pathogens, and make it easier to dewater or dry the sludge. It is accomplished by using bacteria to decompose organic solids into stable substances.  
A two-stage digestion system where organics are metabolized by bacteria anaerobically is typically used in most large sewage treatment plants. First of all, the sludge is thickened to a dry solids (DS) content of about 5 %, then heated and mixed in a closed tank for several days. Next, the sludge flows into a second tank where other bacteria transfer the dissolved matter into biogas (principally CO2 and CH4). Due to its combustibility, CH4 is used as a fuel to heat the first digestion tank and generate electricity for the plant as well.
Anaerobic digestion can be affected easily by acidity, temperature, and other factors. Therefore, careful monitoring and control are necessary. 
Aerobic digestion is also possible. The sludge is fiercely aerated in an open tank for 20 days or so. This process does not produce methane gas. Aerobic systems are easier to perform than anaerobic systems, but the operation cost is usually higher as a result of the power provided for aeration. In most cases, aerobic digestion is combined with small extended aeration or contact stabilization systems.
About half of the organic sludge solids are transferred to liquids and conventional gases by aerobic and anaerobic digestion. If combined with thermal hydrolysis, which is an improvement of the traditional two-stage anaerobic digestion process and is done in a separate step before digestion , the volume of sludge can be reduced greatly and produce more biogas which can make some wastewater treatment plants self-sufficient in energy (Ambulkar & A. Nathanson, 2018).
3. Dewatering
Dewatering the digested sewage sludge is usually the final step before disposal. Dewatered sludge no longer behaves as a liquid and can be disposed as a solid material even still containing a high-water content (almost 70 %). A digested sludge slurry is spread and remained on an open bed of sand until dry, which is achieved by evaporation and gravity drainage through the sand. The water is collected and pumped back to the head of the plant by a piping network built under the sand. After around six weeks of drying, the sludge only has a solids content of about 40 % and presents in the form of cake (namely sludge cake), which is easy to remove from the sand with tools like a pitchfork or a front-end loader. Sometimes a glass enclosure may be built over the sand beds to save the drying time especially in wet or cold weather. This method of dewatering is generally applied in rural or suburban towns instead of crowded cities as a large land area is needed.
So some alternatives to sludge-drying beds can be the centrifuge, the rotary drum vacuum filter or the belt filter press. Besides occupying less space, these mechanical systems is also easier to operate and control but must add a step called sludge conditioning by adding chemicals to the liquid sludge to coagulate solids and improve drainability.
[bookmark: _Toc535980779]The implementation of sludge treatment technology
The process of sewage sludge treatment using thermal hydrolysis and anaerobic digestion is shown in Figure 4-9 (Ambulkar & A. Nathanson, 2018). Mixed sludge from primary and secondary wastewater treatment passes through a dissolved-air flotation tank to accomplish thickening at first. Next, the thickened sludge is pulped with steam and passes over thermal hydrolysis which breaking down large molecules such as proteins and lipids under certain pressure and heat. Then, the hydrolysed sludge passes through a flash tank, where large number of sludge cells rupture since the pressure falls suddenly. The following step is anaerobic digestion. Finally, digested sludge is dewatered and disposed, and the effluent flows back to secondary treatment.
[image: ]
Figure 4‑9-Sludge treatment unit
[bookmark: _Toc535980780]Disposal
A very common method to dispose dewatered sludge is sanitary landfill. Sometimes besides being buried underground, the sludge can be also spread on agricultural land as a soil fertilizer or conditioner. But it should not be allowed to spread it on land where crops are grown for human consumption since some toxic industrial chemicals may exist in the sludge.
If it is difficult to find a suitable site for land disposal, sludge may be incinerated, usually in some urban areas. By incineration, the moisture is absolutely evaporated and the organic solids are converted into inert ash which needs to be handled further. When WWTPs use incineration to treat the sewage sludge, air pollution can be a problem and must be controlled by using appropriate air-cleaning devices such as filters and scrubbers.
Many coastal communities used to dump sludge into the ocean in order to save disposal costs. But now it is forbidden in the United States and many other coastal countries out of the determination to protect the ocean environment. (Ambulkar & A. Nathanson, 2018)

[bookmark: _Toc535980781]A consideration of the factors of determining appropriate wastewater treatment technologies
When determining any new technologies that must be included or added to the site to increase the performance and efficiency of the site, we must take many factors into account. This report lists three important standard criteria for selecting technology: performance, cost, and sustainability.
[bookmark: _Toc535980782]Performance
As one of the most important factors to consider, the performance of the process is critical to select suitable technologies. Performance determines the quality of the effluent, measured by the percentage of the removal of chemical oxygen demand (COD), biochemical oxygen demand (BOD), total organic carbon (TOC), and other parameters.
[bookmark: _Toc535980783]Reliability
Technical reliability is a basic requirement in the system. The system must be dependable, strong enough, well-tested, and flexible under specific conditions and for some periods of time. For example, when the unusual circumstances (i.e. shock load) take place, the process should be able to adjust and still operate effectively. In order to assure the reliability, these factors need to be considered: the variability of treatment performance under typical and emergency situations, the responsive way of the process to changes in effluent, the probability of mechanical failures, the minimum requirements of the water quality to achieve optimal performance, the long-term reliability of the system and so on(Esparza, 2014); (Laugesen, 无日期); (Grady, 2011).
[bookmark: _Toc535980784]Efficiency
The removal efficiency of various technologies may be different, which can be evaluated on past experience, full-scale, or pilot studies (Esparza, 2014). The efficiency determines the quality of effluent and needs to be considered carefully when selecting a technology.
[bookmark: _Toc535980785]Simplicity
For a wastewater treatment plant, an operational simplicity of technologies is icing on the cake. The plant can provide more employment opportunities for less skilled labours which can also help the plant save labour cost if the system is easy to understand, operate and manage.
[bookmark: _Toc535980786]Cost
Economic consideration is a major factor to all fields, let alone the wastewater treatment plants. The cost should be reasonable, feasible, and affordable.
[bookmark: _Toc535980787]Initial cost
When selecting a technology, the initial cost or capital cost should be considered carefully. It includes design, construction and land costs, as well as the purchase and installation of mechanical apparatus. 
[bookmark: _Toc535980788]Operation and Maintenance Costs
The operation and maintenance costs are over the lifetime of the system so it can be as high or sometimes even more than the construction costs. The costs include maintenance, repair and replacement of the equipment cost, chemical cost, sludge disposal cost, energy cost, labour cost and everything which is related to the processes of operation and maintenance. The cost comes after building a wastewater treatment facility and is determined by the processes in wastewater treatment, and the goal to meet the standard requirement.
[bookmark: _Toc535980789]Sustainability
The environmental-friendly goals should be achieved when determining wastewater technology processes. Some major aspects related to the health of the public should be considered, including noise pollution, odour problems produced during treatments, some harmful emissions and so on. When it comes to the sustainability of appropriate wastewater treatment technologies energy management and resource recovery should be evaluated.
[bookmark: _Toc535980790]Energy Management
The wastewater treatment systems should be able to reduce energy used improve energy or produce renewable energy. Local governments should consider making energy-saving policies for wastewater treatment plants (U.S.EPA, 2013). Wastewater treatment plants should alter or develop the units consuming less energy with higher efficiency than the existing ones. The plants had better produce their own energy for the purpose of energy consumption reduction.
[bookmark: _Toc535980791]Resource Recovery
Many substances separated from the wastewater can be reused or recycled to produce renewable energy including the organic fraction from the sludge, nutrients presented in wastewater, etc. Two common nutrients in wastewater, phosphorus and nitrogen, can be used to produce fertilizer. What’s more, wastewater treatment plants can apply landfill gas technologies, which can capture biogas(methane) by using anaerobic digesters. 

[bookmark: _Toc535980792]Conclusions
The operation units in the Gowerton Waste Water Treatment Plant are not very complicated, which mainly includes typical preliminary, primary and secondary treatment. And their principles are also easy to understand according to the knowledge of environmental science and engineering. For the further improvement of wastewater effluent and sanitation facilities, the report provides many available advanced treatment technologies and gives detailed descriptions. Meanwhile, as a result of the importance of sewage sludge disposal, the sludge treatment technology is introduced in the report as well. When determining the appropriate wastewater treatment, many factors should be taken into account, including performance, cost, and sustainability. 

References
Ambulkar, A. & A. Nathanson, J., 2018. [Online] 
Available at: https://www.britannica.com/technology/wastewater-treatment
Brillyant, 2009. [Online] 
Available at: http://www.brillyantinc.com/index.php?option=com_content&view=article&id=69:what-is-advanced-wastewater-treatment&catid=56:wastewater-treatment&Itemid=41
Delft University of Technology, n.d. [Online] 
Available at: https://courses.edx.org/c4x/DelftX/CTB3365STx/asset/Wastewater_Lecture_Note.pdf
Engineering civil, 2017. [Online] 
Available at: https://engineeringcivil.org/articles/advanced-wastewater-treatment-methods-complete-list/
Esparza, R. U., 2014. Selecting a Sustainable Disinfection Technique for Wastewater Reuse. In: s.l.:s.n., pp. 2732-2747.
Grady, D. L., 2011. Biological Wastewater Treatment. s.l.:s.n.
Guyer, J. P., 2011. An Introduction to Advanced Wastewater Treatment. In: California: Clubhouse Press, p. 5.
Guyer, J. P., 2011. An Introduction to Advanced Wastewater Treatment. In: California: Clubhouse Press, p. 6.
Guyer, J. P., 2011. An Introduction to Advanced Wastewater Treatment. In: California: Clubhouse Press, pp. 4-5.
Guyer, J. P., 2011. Introduction to Advanced Wastewater Treatment. In: California: Clubhouse Press, pp. 6-7.
Laugesen, F. (., n.d. Sustainable Wastewater Management in Developing Countries: New Paradigms and Case Studies from the Field. American Society of Civil Engineers. s.l.:s.n.
Mazille, F. & Spuhler, D., 2018. [Online] 
Available at: https://sswm.info/sswm-university-course/module-6-disaster-situations-planning-and-preparedness/further-resources-0/adsorption-%28activated-carbon%29
Pennsylvania Department of Environmental Protection, 2014. [Online] 
Available at: http://files.dep.state.pa.us/Water/BSDW/OperatorCertification/TrainingModules/ww08_advanced_wastewater_wb.pdf
Pescod, M., 1992. Wastewater treatment and use in agriculture. s.l.:s.n.
TrojanUV, 2018. [Online] 
Available at: https://www.trojanuv.com/uv-basics
U.S.EPA, 2003. Wastewater Technology Fact Sheet:Screening and Grit Removal. June.
U.S.EPA, 2013. Biological Nutrient Removal Processes and Costs. Washigton, DC: s.n.



image2.png
TREATMENT TREATMENT
e STAGE STAGE

[ —
o s

£ G





image3.png
[IRCTRING Nt 3+ 31
g tigtih

R LR
v





image4.png




image5.png
ADSORPTION USING ACTIVATED CARBON - Krones AG




image6.png
NHi*+ 1502 > 2H*+ H0 + NOz




image7.png
NOz +0.50; & NOz




image8.png
BNOy +5CH;0H > 5CO; + 3N, + 7H;0 + 60H-




image9.png
A Aaration et £ tuent
& Dentrfcaton sne F Messuing Moo concentason
€ Measing ey concentaton . Rt acteted ue

0. Point aeratory & Soorly Wacoewaar




image10.png
A~ Anoic reactor A Anoxic reactor
B - Plug flow tarks B Plug flow tanks
C— Secondary settiing tank C - Secondary settiing tank




image11.png




image12.png




image13.png




image14.png
Primary and Sludge Digestion
Secondary | Sludge Thickening

Sludge Sludge Storage
87 Dewatering Facility

Sludge Final
i Cakes Disposal

Gas Storage  Flame Tower





image15.png
mixed sludge + * effluent
from secondary to secondary
treatment treatment

dewatering
dissolved-air flotation tank

water
filters

thickened

anaerobic
digester

pulped sludge _J hydrolyzed sludge heat exchanger
© 2012 Encyclopadia Britannica, Inc.




image1.png
Excess sludge

—fud Sludge
Grit @ [cleanair ir
Fuuid
infivent | | s | |Ac rele O | 5  |Water
Sludge
©
Water

1Fine screening
2Grit and Grease Removal
3Primary settling
4Bioreactor

5Secondary settling

6 Disinfection

7)Sludge thickening
8Sludge fermenter

97The sea outfall

Visitor center

@Clean air

Fermented Sludge





