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This report investigates the current processes in place at the Gowerton wastewater treatment plant. The unit processes are each discuss explain their operation and relevance to the plant. Additional process which could be implemented at the Gowerton wastewater treatment plant are then discussed to improve the water quality up domestic, industrial and agricultural standard to produce close system of water. Furthermore, the report will investigate how the sludge is currently manged on the site and what can be done to improve the sludge management, reducing environmental consequence and with the potential to economic gain. 
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[bookmark: _Toc536377480]Introduction
This report focuses on the Gowerton wastewater treatment plant, the current unit processes and further possible processes that could be introduced. The Gowerton wastewater treatment plants treats waste from the 60km2 area called the Gower in South Wales and services wastewater from around a pollution of 90,000 people. The existing works consist of screening, grit settlement, primary sedimentation, aerobic and anoxic chambers, secondary sedimentation and finally ultraviolet disinfection. There is also a basic sludge processing facility at the plant. The operation of these unit processes will be discussed in this report. A description of how they work, link together and what they benefit to the whole treatment process will be given. Then there will be a look into how the plant could be modified to provide water that meets domestic, industrial and agricultural standards, the process involved will also be described. And finally, the sludge processes already in place will be discuss and furthermore on how the sludge could be processes to reduced volume further and possibly recoopered some costs. 



[bookmark: _Toc536377481]Gowerton Wastewater Treatment Plant
[bookmark: _Toc536377482]Preliminary Treatments
[bookmark: _Toc536377483]Screening
[bookmark: _GoBack]The first step in the wastewater treatment is screening, screening removes large debris from the influent such as rags, sticks and boards as these items could cause damage or blockages to pumps and processes upstream. Screens are classified as fine or coarse, depending on their design. Corse screens usually consist of metal bar’s equally space by 1cm or more inclined away from the direct of flow and can be clean mechanically or manually by scrapping. Fine screens are usually constructed of woven cloths or perforated plates mounted on a rotating device while submerge in the influent, they required cleaning mechanically on a regular basis (Parker, Morris, Fair, & Bhatia, 2008).The Gowerton treatment plant uses a coarse screen that is mechanically scrapped, and the debris is then compacted to remove liquid and then collect in a skip which is emptied periodically to a recycling plant. 

[bookmark: _Toc536377484]Grit Settlement
After screening the influent is slowed down and fed to a grit settle chamber, the reason the effluent is slowed down is to allow for the grit particles to settle but, it must also be maintained at a speed to allow the organic particles to remain suspended and further more to be able shake up the settled grit a little bit to remove any organic particles trapped in the settled grit. An ideal speed for a grit settling chamber is 0.3m/s (Metcalf & Eddy, 2014). At Gowerton there is a rectangular grit chamber with 4 triangular pockets that catch the settling grit. 

[bookmark: _Toc536377485]Pumping
When the influent has passed through the grit settlement tanks it reaches a sump which feds the pumps in the pumping station. In Gowerton there are 5 pumps in total, 2 for the Dry Weather Flow (DWF), 2 for storm conditions and 1 spare. The pumps are controlled by the level of the sump, as the sump levels raises the pumps are activated and controlled to maintain the correct flow rate. Gowerton plant is designed to treat a flow of 612l/s which works well for most normal weather conditions but when the flow exceeds this rate the level in the sump raises and activates the storm pumps which can then pump 3000l/s up to the storm storage tanks. The water for treatment is pumped to the top of the water treatment plant. 
[bookmark: _Toc536377486]Primary Treatment
[bookmark: _Toc536377487]Primary Sedimentation Tanks
The influent then reaches the primary sedimentation tanks, this is the first process in the treatment that removes a significant portion of the organic particle matter (Suspended solids) these suspended solids contribute to the biochemical oxygen demand (BOD) of the wastewater. By removing the suspended solids, the BOD is reduced this means there is less oxygen demand, less energy consumptions and improves efficiency of the biological processes further downstream (Davis, 2011).
At Gowerton there are three circular primary sediment tanks, circular tanks are one of the most commonly used sedimentation tanks. The waste water is fed to the centre tank through a pipe and up into a fed well which distributes the wastewater evenly in all directions. This water then flows out from the centre and the suspended solids settle in the cone shape below and run down into the centre to produce sludge which is periodically pumped to sludge storage. The retention time for this process is 1.5hrs, the waster water then flows out over the trough around the circumference of the tank.
[bookmark: _Toc536377488]Secondary Treatments
[bookmark: _Toc536377489]Aeration
The wastewater is then gravity fed to aeration tanks, this is where air is pumped into the wastewater mixing the organic compounds, microorganisms and oxygen to create aerobic conditions. As the microorganism are mixed with the air, they grow which cause the organisms to flocculate to form a mass of active microbes called ‘activated sludge’. This activated sludge together with the wastewater and the oxygen from the injected air is known as the “mixed liqueur”, the concentrations of activated sludge within the liquor is known as ‘mixed liquor volatile suspended solids’ (MLVSS), the concentrations of activated sludge with inert solids is known as ‘mixed liquor suspended solids (MLSS). Within the ‘mixed liquor’ the flocs of microorganism together with the surplus of oxygen from the air, oxidise the organic compounds. Aeration typically last around six to eight hours, in rectangular basins, with the air being pumped from underneath at enough pressure to maintain the suspension of the activated sludge (Davis, 2011). 
The level of activated sludge needs to be controlled to maintain efficiency, to little sludge and oxidation won’t take place therefore, its essential to maintain an appropriate level of activated sludge. The activated sludge is collected in the secondary sedimentation tanks and returned to the aeration tanks to ensure the level of activated sludge, typically around 20 to 30% of the waste water flow. Often more activated sludge is produced than required so the surplus sludge need to be transferred to the sludge handling facilities on the plant. As well as the level of sludge needing to be controlled, fresh microorganisms need to be introduced into the process as sludge can age slowing the oxidation process down. Removing a portion of the activated sludge regularly stops this from happening as fresh microorganisms are then allowing to grow (Davis, 2011).
The aeration creates an aerobic condition, the processes that take place within the aeration tank in an aerobic condition are shown in the below in figure 1 and 2 (Parker, Morris, Fair, & Bhatia, 2008). This process is known as nitrification, and involves the reduction of organic compounds, which produce ammonia followed by the reduction of ammonia to nitrate. The ammonia is oxidised to nitrite by “Nitrosomonas” and nitrite oxidise to nitrate by “Nitrobacter”  (Davis, 2011).

[bookmark: _Toc536374884]Figure 1 - First Process in Aeration Tank

[bookmark: _Toc536374885]Figure 2 - Nitrification of Ammonia in Aeration Tanks
[bookmark: _Toc536377490]ANNOX
The wastewater then reaches the 2 ANNOX tanks, these were installed in 2004 to meet the urban wastewater treatment directive for nitrate sensitive waters which state that the work must achieve an annual average of 5mg/l of total Nitrogen or 80% nitrogen removal. As the effluent from the plant runs into the estuary it is very important to avoid high levels of Nitrogen releases as this could Eutrophication of the waters which could lead to environmental loses. 
The anoxic tanks are starved of oxygen which creates an anaerobic condition. The nitrate within the tanks is then used by the microorganisms as a terminal electron acceptor for the oxidisation of organic or inorganic electron donors, hence the aeration tanks are needed in conjunction with the anoxic tanks as the influent needs to be nitrified before reaching the anoxic tanks. A portion of the nitrified influent from the aerobic tanks is recirculated round into the anoxic tanks to martin the level of nitrate available for denitrification. The nitrate in the recirculated flow is then stripped of oxygen by the biological flocs releasing nitrogen gas. The amount of recirculated nitrate is crucial to the efficiency of the process and is dependent on the maximum rate of denitrification in the anoxic zone, to much nitrate and it is possible the nitrate will flow through the anoxic zone back into the aeration tanks or on to secondary sedimentation, to short an aeration time may lead to not enough nitrate for denitrification, other factors such as temperature, concentration of nitrogen to BOD effect the operation of the process. Figure 3 shows the process of denitrification (Parker, Morris, Fair, & Bhatia, 2008) (Davis, 2011). 

[bookmark: _Toc536374886]Figure 3 - Denitrification Process

[bookmark: _Toc536377491]Secondary Sedimentation Tanks
The secondary sedimentations tanks are crucial to in the reduction of BOD and total suspended solids (TSS) but also supply a critical link to the activated sludge process, although they are designed very similarly to the primary sedimentation tanks, they are required to carry out a slightly different task. 
The influent received by the secondary sedimentation tanks will contain large volumes of flocculated solids in the mixed liquor. Theses large volumes of flocs can cause issues within the tank, they tend to be light and more buoyant which reduces settling velocity and alongside that, large flocs can create a small anaerobic region within inside them causing denitrification creating bubbles of nitrogen which will lift more clusters of flocs to the surface (Gray, 2005).
Furthermore, the settled activated sludge as a tendency to thicken building up into blanket that could reach half the depth of the tank at peak flow for this reason continues removal of the sludge is required. Secondary sedimentation tanks can be built with a slope bottom to allow continues removal of sludge or another common method is to have uptake pipes which rotate around with a scraper sucking up the sludge under hydrostatic pressure. A portion of the sludge removed would be directed back to the activated sludge process up stream and the rest taken to sludge storage. As the level of microorganisms within the activated sludge is crucial to the efficiency of the process upstream considerations into the flow rate and sludge removal must be taken to avoid damage or break up of the microorganisms.
In Gowerton they have four circular secondary sedimentation tanks which use a venturi system to remove the sludge via syphon as the sludge is within the tanks in Gowerton has a very low settling velocity so the venturi system aids settlement. Some of the sludge collected is recycled back to the aeration chamber and the rest to sludge storage. There has been a noticeable problem with sludge overflowing at Gowerton so a further two secondary sedimentation tanks are currently being installed. 

[bookmark: _Toc536377492]Ultraviolet Treatment
Finally, the wastewater reaches UV treatment whereby disinfection takes place. Light contains energy know as photons, this energy is related to the wavelength of radiation. Light photons contained within shorter wavelengths have more energy than ones within larger wavelengths. Large wavelengths cause little chemical damage when absorbs compare to shorter wavelengths. It is this chemical destructive property of UV that causes tanning of the skin. 
UV is categorised as UVA, UVB and UVC with UVC having the shortest wavelength and being the most destructive. The Ultraviolet is generally generated through the flow of electrons through an ionised mercury vapour lamp, manufacturers have designed many UV lamps with on system specifically for water treatment which allow the flow of wastewater through the stream of UV. The level of UV required to damage DNA is much less than that to complete destroy DNA, there for the level of UV can be maintained to only damage the DNA to the point where it is unable to replicate to reduce energy consumption. The effect is still the same as damaged microorganism that cannot replicate cannot cause infection (Gray, 2005).
Figure 4 shows the basic layout of Gowerton wastewater treatment plant.



[bookmark: _Toc536374887]Figure 4  - Basic Layout of Gowerton Wastewater Treatment Plant
[bookmark: _Toc536377493]Improving the Water Quality
There is growing concern about the future of the supply of water throughout the world with populations growing and worrying predicted environmental impacts on supply, the need to reuse our water is become more and more prominent. Environmental water stress, as defined by the European Environment Agency is “when the amount of water demand exceeds the amount of fresh water available during a certain period or when poor water quality restricts its use” high environmental water stress can lead to a lack of fresh water or poor-quality water. Areas in the south of England often experience high levels of localised and seasonal environmental water stress. There is also the driving factor from industry and agricultural, Farmer require a reliable supply of quality water for irrigation to improve production of crops during growing season, so water shortages could pose a risk to the harvest which could lead to food shortages, material shortages etc. Many industries have a need for reliable quality water to remain productive and attract investment. Furthermore, the environmental standards for effluent quality are continuously raising, driving the cost of discharge into locally controlled waterbodies as more expensive permits are being required (Ryen, 2016).  With this mind there has interest in improving many wastewater treatment plants to treat water up to domestic, industrial and agricultural standards. With an aim towards adopting zero discharge policies where the treatment plant would purify and recycle all the wastewater.
 Wastewater effluent can vary between plants, so an assessment of the wastewater effluent quality would be required to identify the possible unit processes required to treat the wastewater up to the required standards. Ideally monthly sampling of the influent and effluent identifying the pathogen and chemical concentrations over a period of 1 to 2 years would provide a grater understanding into the efficiency of the plant as it stands and guidance into the requirements for the further treatment processes (Watereuse, 2015).
The wastewater effluent at the Gowerton plant would need to be analysed for remaining contaminants but is suspected that there would be a requirement to remove heavy metals, organic chemicals, viruses and inorganic salts. As the there is already a nitrification/denitrification process in place in Gowerton the level of nitrogen within the wastewater effluent is already low through a further reduction of phosphate maybe required. To achieve a higher quality of water a few more unit processes would need to be installed at the Gowerton treatment plant these could include depending on effluent quality, coagulation/flocculation unit, a filtration unit, sedimentation unit and a form of further disinfection.
[bookmark: _Toc536377494]Coagulation/Flocculation
This unit process is essential to the treatment of water for domestic, industrial or agricultural use. This process can remove infectious agents, toxic compounds, precursors to disinfection by products and make the water palatable (Davis, 2011). 
After the secondary sedimentation tanks and UV treatment the wastewater effluent will still contain small amounts of suspend solids. These remaining suspended solids all so small they have a very low settling velocity, can also be colloidal in nature and negatively charged so they repel each other further slowing down settling. To induce a greater settling velocity a coagulant is mixed into the water, selection of an appropriate coagulant depends on the nature of the particles within the water, their ability to absorb water and their charge. By altering the charge of the particles, they begin agglomerate. The coagulant is usually added in a sperate vessel and mix in well with the water, the mixture then moves into a flocculation tank whereby it is gently stirred to aid flocculation, care must be tank not to stir the flocs too much and this could cause separation.  

[bookmark: _Toc536377495]Sedimentation
The flocculated water would then need to pass through another sedimentation tank, these will be slightly different to the sedimentation tanks used for the wastewater treatment as the remaining suspended and colonial material will be very small. It is this material that causes unwanted turbidity and colour in drinking water. The common sedimentation tanks used today is of a lamellar design, a greater surface area is made in the settling zone by honeycomb like structures or submerged tubes set at an angle to encourage flocs to settle. These baffles also discourage unwanted current that can inhibit settling. The sludge blanket created is then removed via a desludging pipe. Dissolved air flotation (DAF) could also be used, DAF used air to float the floss to the surface to form a foam and then ae removed by a rotating skimmer, the influent then flows out of the bottom of the tank and on to filtration (Gray, 2005). 

[bookmark: _Toc536377496]Filtration  
At this stage only, fine solids and soluble materials remain within the water, filtration is one of the most commonly used treatment processes. The process consists of passing the water through a layer of porous material which in turn catches the remaining material in it. The layer can either be made up of a single material or multiple types of material together, often made up of a layer of coarse sand of 0.5 to 1.0mm in diameter and 600mmm deep on top of a layer of gravel 12 to 25mm in diameter and 300mm deep. The head height within the tanks must be able to provide enough hydraulic load to force the water through the layers. Filters not only strain the particles out of the water, but chemical and physical adsorption, sedimentation and adhesion takes place for this reason filters become blocked over time and required back washing. This done by feeding water back through in the opposite direction of normal flow to clean out the filter and this normally required between every 20 to 60 hours depending on load (Gray, 2005). 
[bookmark: _Toc536377497]Disinfection 
Water needs to be disinfected before being reused this does not mean the water is made sterile but that the risk to human health after consumption is significantly reduced by controlling the number of bacteria and viruses. There are three main type of disinfection available they are ozone, UV radiation and chlorination. 
Ozone is very powerful disinfected as has been found to destroy all bacteria within 10minutes from just 1ppm dose however, ozone does not offer any residual effects. Ultraviolet as discussed previous section is a disinfected by damaging or destroying bacteria DNA but is only really used in small water treatment plants or households. UV offer also offers no residual effects because of this is required to be used need to or within the distribution network to work most effectively. Chlorination is the most widely used form of disinfection is it not as powerful as ozone but is cheaper, easier to handle and offers lasting residual effects. When chlorine reacts with water it forms hypochlorous acid (HOCl) and hydrochloric acid (HCl). HCl is a weak acid that regularly disassociates to produce hypochlorite ions. The degree of this dissociation is pH dependant the more acid the water the above pH9.0 chlorine is in its chlorite form below ph5.0 chlorin is in its hypochlorous acid form. The hypochlorous acid form is around 80 times more effective than the hypochlorite ion state so for greater disinfection efficiency disinfection is carried put under acidic conditions (Gray, 2005).  


[bookmark: _Toc536377498]Sludge Treatment 
Gowerton wastewater treatment plant currently carries some processing on the sludge they collect as well as taking in sludge from surrounding plants. The current process consists of collection, straining and centrifuge thickening. The sludge is collected in sludge tanks then 2 raw sludge pumps force the sludge through a strain press which removes items such as screws, glass that could be in the sludge. The pumps are made and designed in a way to withstand the wear that could be subjected by such articles. The strain press has a pressure sensor built in that recognising blockages and activates a scrapper that removes the items blocking the screen. The strained sludge is then collected in another tank and pump to the centrifuge house. Within the centrifuge house a polyelectrolyte is mixed into the sludge before being fed into the centrifuge, this aids separation of water from solids. The centrifuge then thickens the sludge form 4% sludge content to 24%. The thicken sludge then is hauled away three times a day to a further treatment plant. 

[bookmark: _Toc536377499]Further Sludge Processing

The sludge produce at the Gowerton wastewater plant could be processed further there is the potential to increase volume reduction by separation, dewatering and drying. This could potentially result in usually energy source that could be recycled back into the plant or onto the grid network. 
For separation the sludge would need to be put through some form of separation process, this can be down through a filter press. A filter press consists of metal plates setup to form a series of chambers that are then covered in cloth and tightly press together to form a seal unit. The sludge in then force through the filer at high pressure to separate the solid from the liquid. This is batch process as the dry sludge needs to be removed after every cycle by separating the filter (Gray, 2005).
Another option would be to dry the sludge using a thermal dryer, this is where the application of heat under pressure for short period of time dry’s the sludge. The heat causes the water to release from the solid matter and allows the solids to coagulate. This needs to be done in reactor vessel capable of withstanding the heat and pressure required for the process. The product produced from the process sterilise, pretty much odourless and around 90-95% solid. The liquid revered from this stage could then be redirected back into the wastewater treatment plant. The product could then be processed further into a pellet and sold or used on site as biofuel or bagged up and sold as a fertiliser (figure 50. The product produce could be used om site to produce the heat need for the thermal dryer or even t run a generator producing electricity. This would could benefit the wastewater treatment plant economically and environmentally. 
[image: ]
[bookmark: _Toc536374888]Figure 5 - Sludge to Pellet to Fuel Process

[bookmark: _Toc465159181][bookmark: _Toc536377500]Conclusions
The Gowerton wastewater treatment plant has been well discuss and explained in this report. The current processes in place provide treatment to the wastewater and currently meet regulation standards. The current improvements being made to the plant will also improve this. This report has identified the possible ways the plant could be improved to produce water meeting sometime, agricultural standards. The addition of coagulation, flocculation, and filtration units could easily achieve this. Provided a close water/wastewater system to help combat protect environmental issue and water supply issue. 
The sludge produces with the Gowerton plant could provide a great source of income for the works if further processes such as drying and were installed the plant could be producing it’s on fuel and selling fuel on to commercial uses. The would provide a great offset to the company’s finances and is provide a great step into the future of wastewater residual management. 
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