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This report contains an explanation about the general layout of the whole Gowerton waste water treatment plant using schematic diagrams, the report outlines the principle of each processing unit used for water treatment in the Gowerton site. An evaluation of the processing units and technologies that are involved in improving the quality of the effluent waste water at Gowerton site up to agriculture, industrial and domestic standard. 
A description of description of suitable technologies that are used at the Gowerton plant to provide: Separation, dewatering, reuse, and drying the residues remaining after wastewater treatment is also include. Here is a brief overview of what is included in the report. 

Primary
Outlines the first stage of water treatment which is primarily physical treatment.
Secondary 
Outlines the secondary stage of water treatment which is treated both physically and biologically’
Tertiary 
Outlines advanced treatment stages if advanced treatment is necessary. 
Equipment 
Describes the equipment used in the process of different stages of water treatment.
Equations 
The equations used in the calculation of water treatment
Other considerations
Other things to take into consideration when treating wastewater. 
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Water is an essential part of life and we use it constantly in our everyday lives. Water has many properties and one property that it has is its ability to dissolve compounds into it and hold onto other materials that are not very useful to us (at least not while they are immersed inside the body of water). Due to the frequency with which we use water it is inherent that we recognise the need to understand how to remove these materials from the water so that we can maintain, not only public health but the health of the environment that the water returns to. Here is a brief summery of the things that can be found in wastewater. 
Physical suspended solids: 
Can lead to the development of sludge deposits 
Chemical biodegradable organics:
When discharged untreated to the environment they lead to the depletion of natural oxygen resources  
Nutrients: 
If discharged, can lead to water pollution. 
Hazardous:
Because of their characteristics (e.g. toxicity, flammability) are dangerous for human health and the environment.  
Heavy metals:
Can negatively impact upon biological waste treatment processes 
Dissolved inorganic solids:
Result of water use, may have to be removed if the wastewater is to be used. 
Biological pathogens: 
Communicable diseases can be transmitted by the pathogenic organism in wastewater.  

Wastewater treatment facilities such as the Gowerton, are tasked with treating wastewater and removing these pollutants from the water so that it can be released back into the environment without having adverse effects to the ecology of the area. 
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Primary treatment (60% of suspended solids 35% of BOD)
A combination of preliminary screening and gravity settling is called primary treatment. 
Untreated waste water flows from storm drains and sewers to the treatment facility.  This can be achieved by flumes (which can be considered similar to a venturi tube) by which the flow rate can be measured. A Parshall flume is often utilised as a permanent sewage flow metering system. A nomograph can be used to relate the water level to the flow rate. 
The fundamental aspects of primary treatment are to remove the bulk of the heavier material in the waste water through screening and sedimentation. 
Chemicals can be added to promote the removal of very small particles; however, this is usually considered secondary and even tertiary treatment.  (Mackenzie L. Davis, 2013)
 

Secondary Treatment (85% BOD and TSS removal)
Secondary treatment removes the suspended solids that do not settle out in the primary tanks and provides treatment for the dissolved BOD that is unaffected by physical treatment.
Microbes including bacteria and protozoa consume organic pollutants as food and, as a result, use oxygen to convert organics into C02, H20, energy and as a means for reproduction.
Secondary treatment allows microbial organisms to stabilize the organic pollutants in a controlled, l environment. This helps to control the dissolved oxygen balance of the aquatic environment. It is important in secondary treatment that there is enough oxygen provided in the waste, and that the wastewater comes into contact with certain types of bacteria in order for secondary treatment to be efficient. 
Biological treatment: Activated sludge treatment (suspended growth system = Microbes are thoroughly mixed and suspended in the wastewater) 

Tertiary treatment: Advanced waste treatment (varies 95+% of BOD and solids, N, P)
Tertiary treatment is used if the primary and secondary treatment processes are not sufficient to meet any particular standards of treatment set to protect aquatic life. The processes focus on decreasing the BOD and to reduce levels of nitrogen and phosphorus in the effluent (which can cause algal blooms, accelerated lake aging or cultural eutrophication).
released back into the environment. 

Figure 1: Overview of Gowerton Wastewater treatment plant






[bookmark: _Toc536366128]The technology available for the treatment of each site
[bookmark: _Toc536366129]Primary Treatment 
[bookmark: _Toc536366130]Screening 
Bar screen 
The first treatment process in wastewater treatment is screening and will usually consist of a first stage bar rack spaced around 25mm apart. These retain large scale debris such as wood and other bulky objects. 
[image: Related image]
Figure 2: Bar screen 
	



Stair screen
A screening surface with a ladder like conveyor that sits vertically or at an incline. The bars that make up the ladder structure catch the larger solids and bring them up to the surface where they are washed into a hopper. Space between the bars can range from 3 - 6 mm. The Gowerton treatment facility can remove up to 10 ton of debris material per week. 


[image: Related image]
Figure 3: Stair Screen
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Determining factors: detention time, overflow rate and tank configuration 
· Designed to completely remove particles of a settling velocity v0, such that all particles with a terminal settling velocity greater than V0 will be completely removed. 
· Particles with a terminal settling velocity less than V0 will be fractionally removed. 

Settling tank (primary clarifiers) 
· Typical parameters are 1-2 hours of detention time, side water depth (SWD) 2.5 – 5m. In the Gowterton treatment plant the sedimentation tanks consist of four triangular pockets, however they can be rectangular or even circular. Mechanical sludge collectors that continually scrape the settled solids along the bottom to a sludge hopper for removal and a surface skimming device is used to remove grease and other floating materials from the liquid surface. 
· Once influent has passed through the sedimentation tanks it is then then pumped back up to the top of the works at 612 L/s to the trickling filter.
· Anything more gets sent to storm drain tanks and requires less treatment due to the fact that the majority of it is rain water and it is considered weak influent. 
[image: Image result for sedimentation tank schematic]
Figure 4:Sedimentation tank
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Treatment efficiency 

Pin = Concentration of pollution following into the system
Pout = Concentration of pollution following out of the system
Inlet: Gravity fed 
Sedimentation 

Where: TD = Detention time 
V=volume of water in tank 
Q = average flow rate (volume per unit time) 

Where: V = overflow rate 
Q = average flow rate 
As = tank surface area (top view) 
(Kiely, 1997)



Design of ideal sedimentation tank 
Horizontal velocity component:


Detention time:



Design settling velocity:
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Biological treatment: Trickling filters (Fixed-growth system = Microbes remain fixed to a surface area that contacts wastewater) 
Always preceded by primary treatment so to remove coarse and settable solids, the sewage flows from the primary treatment tanks to trickling via gravity (topography permitting). It consists of a layer of crushed rock (2m). Usually circular and can be 60m in diameter on to which the primary effluent is sprayed and trickles down into an underdrain system. Mounted on a centre column of a trickling filter, the distributor arms are driven by the reaction force or jet action of the wastewater flowing from the nozzles situated along the length of the arms (maintained through re-circulation). The influent trickles down into an underdrain that collects and carries wastewater away from the bottom of the bed and allows for the circulation of oxygen back up and through the bed. Microbes exist in a thin layer of slime that emerges on the surface of the crushed rocks and oxygen passes through the spaces in the crushed rocks. It should be noted that despite the name ‘tricking filter’, the size of the stone used is much too large ~(75mm) to act as a filter and even so, a filter will do little in the case of dissolved solids. Therefore, the stones are merely to provide an adequate surface area for bacterial growth and room by which oxygen can pass through. The volume of slime increases with time as microorganisms continue to grow and eventually gets washed off the surface of the stones by passing wastewater. This is known as sloughing this collects at the bottom of the container and so a detention time is required for the trickling filters. This produces a sludge that needs to be settled out for a second time before the effluent can be sent to the next stage.
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Figure 5:Trickling Filter
[image: ]
Figure 6: Trickling filters at Gowerton
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Hydraulic load 
The rate at which wastewater flow is applied to the trickling filter surface. 
A typical load: 20m^3/m^2 x d

Where: Q = raw sewage flow rate 
	 = recirculated flow rate 
	AS = trickling filter surface area 	

Recirculation 

To maintain a relatively uniform flow rate through the trickling filter and to keep the distributor arm rotating even during periods of low sewage flow, a portion of the effluent is pumped back into the trickling filter.
Improves the pollutant removal efficiency by allowing organics previously unabsorbed in the first pass to absorbed through re-circulation. 

R = Qr/Q
R = recirculation ratio 
Qr = recirculated flow rate 
Q = raw sewage rate 

Organic BOD Load  
The rate at which organic material is applied to the trickling filter and it does not include BOD added by recirculation. 
Expressed in kg/m^3 x d. A typical load is: 0.5 kg/m^3 x d 

Q = raw wastewater flow, (ML/d) 
BOD = BOD in the primary effluent (mg/L) 
V = Volume of trickling filter (M3)




Efficiency 
BOD removal is dependent on the organic load, the recirculation, and the temperature of the wastewater. Generally, the efficiency increases when: 
· Organic load decreases 
· Recirculation increases 
· Temperature increases 
e.g. 60% when:
· organic load is 2kg/m^3 
· no recirculation (R=0) 
· temperature = 20 °C
75% when the same conditions are met with 0.5kg/m^3 x d of organic load
80% with same conditions and R = 1 
85% with the previously stated conditions and a temperature increase of 2 °C

Increasing the temperature, particularly in northern climates, increases the efficiency and some trickling filters can often be enclosed in fibreglass domes for protection from weather and to reduce heat loss from wastewater. 
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Sludge settling 
Organic pollution is absorbed by the billions of microorganisms in an aeration. It is these microorganisms that produce activated sludge. Gravity settling in the second clarifier is part of the activated sludge treatment system and if the sludge does not settle fast enough it can be carried over the effluent weir and cause pollution of the receiving body of water. This known as sludge bulking. Although this can be controlled by adjustments to the MLSS concentration and the F/M ratio. This is accomplished by regulating the sludge return from the clarifier. 
[image: Image result for Sludge settling tank schematic]
Figure 7:Settling Tank.
(This is caused by filamentous or stringy bacteria usually of the species Sphaerotilus natans that grow and cause the sludge to become fluffy and light, also caused by too much aeration) 
Sludge volume index (SVI) Evaluates the settle-ability of the activated sludge. Equal to the volume occupied by 1 g of settled sludge and is expressed in mL/g. 
Good settling characteristics will give an SVI of less of 100, any increase over 100 will result in a decrease of the settle-ability of the sludge and anything over 200 indicates that: 
· Sludge return rate should be increased 
· Aeration rate should be decreased
· Chlorine added as a last resort to destroy the filamentous organisms
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· To ensure an adequate and continuous supply of dissolved oxygen for biomass
· To keep biomass in suspension 
· To mix the incoming waste water with the biomass, and to remove excess C02 from the solution
[bookmark: _Toc536366138]Anaerobic treatment 
If there is a high amount of organic waste and suspended solids from primary and biological treatment. Getting enough oxygen into the sludge becomes difficult due to the physical limitations of the equipment and this can cause anaerobic conditions to become apparent. Anaerobic treatment allows different kinds of bacteria to breakdown products such as ammonia into nitrogen. Another product of anaerobic treatment is a biogas comprised mainly of methane (60% ) carbon dioxide (35%) which can also be used as a fuel source.  
[image: ]
Figure 8: Sludge settling and activated sludge tanks
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String press
The Gowerton treatment plant also has the facility to treat sludge from other smaller treatment plants in the area that do not have the capacity to treat the sludge produced on site. The sludge is transported to the Gowerton site and delivered to a ‘string press’ that filters out all the heavier material like rags and other debris in order for the sludge to either be sent into the active sludge process or to be removed. 
[image: ]
Figure 9: String Press
Removal of sludge 
The sludge is then treated with a polymer which is added to thicken the sludge in order for it to be properly centrifuged. The sludge is then put through a centrifuge that operates at 4000 rpm. This leaves sludge that is around 24% solid. A percentage higher than this will result in difficulties transporting the sludge. The sludge is then transported to another facility, in this case, Avon steel works for digestion (steamed at 120C) in order to produce methane gas that can then be used to generate electricity, this is also used to offset the cost of electricity on site.
[image: ]
Figure 10: Sludge Treatment
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Food-to-microorganism ratio F/M Ratio: Typical ratio = 0.2 - 0.5

 

F/M = food-to-microorganism ratio, in units of kilograms of BOD/kg of MLSS/day 
Q = raw sewage flow rate, ML/d (mgd) 
BOD = applied 5-day BOD, mg/L (ppm) 
MLSS = mixed liquor suspended solids, mg/L 
V = Volume of aeration tank, ML (million gal) 
MLSS = mixed liquor suspended solids, mg/L (Because the suspended solids in the mixed liquor consists mostly of living micro-organisms, the suspended solids concentration is used as a measure of the amount of the microorganisms in the tank).

Sludge Settling 

SVI = sludge volume index (mL/g) 
V = volume of settled sludge 
MLSS = mixed liquor suspended solids 
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Effluent polishing (for secondary effluent)
· Uses a granular-media filter
· With backwashing the filters, decomposition causes septic and anaerobic conditions to develop in the filter bed. 
· Filtered water that has been stored can be used as a backwash when the filter experiences a pre-determined amount of head loss. 

Phosphorus Removal 
Raw sewage contains about 10mg/L of phosphorus, primarily in the form of organic phosphorus and phosphate PO43. Only around 30% of the phosphorus is removed by bacteria in secondary sewage treatment plants.  Leaving around 7mg/L of phosphorus in the effluent. 
Usually involves chemical precipitation of the phosphate ions and coagulation to be settled out. Al2SO4 is used for this. Phosphate ions react with the alum to produce aluminium phosphate. Other coagulants that can be used are ferric chloride, FeCl3 and lime, CaO. 
Applying the coagulant as a tertiary treatment stage removes around 90% of the phosphorus but this requires additional flocculation and settling tanks which have a high cost. The coagulant can be introduced at various stages during water treatment. Phosphors removal increases volume and weight of sludge requiring disposal.

Nitrogen Removal 
Exists as organic nitrogen, ammonia, and nitrate compounds. Effluent from a conventional activated sludge plant contains mostly ammonia nitrogen NH4+. Trickling filters will have more NO3- because there are more of the nitrifying bacteria growing on the surfaces of the trickling filter and do not survive amongst the faster growing bacteria that consumes carbonaceous organics.  
Ammonia can be toxic to fish and exerts an oxygen demand on the receiving water due to its conversion to nitrate. Nitrate is a major nutrient that causes algal blooms and eutrophication. 
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Grit removal
 .3 m/s for grit to settle out, keep the flow by specially spaced weir. Mechanical collectors remove the grit. Aerated grit chambers use air to keep the lighter organic suspended solids in suspension while grit settles. 
Grit chamber 
Defined as any kind of mineral material with a nominal diameter of 0.15 - 0.20mm or larger. Placed after screening and before primary clarifiers, their purpose is to remove materials that may form heavy deposits in pipelines to:
· protect them and other equipment from abrasion
· Reduce the frequency of digester cleaning caused by grit accumulation 
· Separate heavier inert solids from lighter biodegradable organic solids 
Generally designed to remove particles with a specific gravity of 2.65 (sand) (can also range from 1.1 – 2.7) and a nominal diameter of 0.20 mm or larger. Settling velocities of these particles = 2.3 cm/s. 
Three types of grit chamber can be implemented 
Horizontal flow grit chamber 
Aerated grit chamber 
Vortex grit chamber 

Sludge aeration 
Air diffusers 
Bubble diameter range: 25mm – 2 mm to provide oxygen with large surface area 
Mechanical diffuses 
Impellers that produce turbulence at the air/water interface. 
Step feed process: 
Influent comes in at various stages 
Tapered aeration: 
Air is concentrated at the inlet
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Energy generation
Wastewater plants can generate significant amounts of methane gas from anaerobic digestion of the sludge.
Beneficial reuse of biosolids
Producing fuel or fertilizer from biosolids can save a lot of the cost.
Wastewater reuse
As freshwater resources become scarce it may be necessary to reuse wastewater as much as possible.
Fundamental research
New find their way into the water supply such as pharmaceutical products and new ways need to be found to treat this
Mathematical modelling
Improvement of wastewater treatment is very much a consideration moving forward as the practice is still in its infancy.
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