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[bookmark: _Toc515547298]Abstract
 This section of the report analyses the current processes that are used at the Felindre Water Treatment Works with a critical assessment of the processes and technologies that are available to treat the raw water. This section also includes the calculations for a new sedimentation tank that can cope with a surge in incoming water.





























[bookmark: _Toc515547299]Introduction
Dwr Cymru Welsh Water (DCWW) provide almost all of the potable drinking water to Swansea County, this water is sourced from the River Tywi and Llyn Brianne system and is treated and delivered and processed through the Felindre Water Treatment Works (WTW). Raw water is sent via a 66” pipeline that feeds the lower Lliw reservoir which is then fed directly into the WTW with the flow determined by the demand in the water network. The site is classed as critical infrastructure which means the site is essential to the health, safety and security of the local population and as a result the site has high security to prevent any unauthorized personnel from entering. The site is also a lower tier COMAH (Control of Major Accidents and Hazards) site as the facility requires the use of large quantities of Chlorine which is stored on site, this means the site is tightly regulated by the Health and Safety Executive which monitors the emergency preparedness of the site to ensure the risk of a potential Chlorine gas leak is kept as low as possible. The site has the potential to process and distribute 120 mega litres of water per day directly to the ‘Gower’ distribution network. The site also has the capacity to store 75 mega litres of processed water which can be released into the distribution network during periods of planned and unplanned high-water consumption. The sites primary process includes Coagulation, Flocculation, Clarification and Disinfection which allow the raw water that has entered the site to be processed and released into the distribution network in a condition which is compliant with the local standards and ensures that the water is potable and palatable.
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[bookmark: _Toc515547276]Figure 1 : Felindre Water Treatment Works [1]

[bookmark: _Toc515547300]General principles of how the treatment site works.



[bookmark: _Toc515547277]Figure 2 : Schematic of Felindre Water Treatment Works
1. The raw water that is abstracted from the source at the River Tywi and Llyn Brianne system which is pumped through he 66” mains to the water treatment sites storage reservoir is first passed through an initial screen which prevents any large objects that may have been picked with the water from entering the water treatment process. The screen is primarily designed to prevent branches and large pieces of plant matter from entering the system however the screen regularly prevents manmade objects from entering the process.
2. The raw water then enters collection tans that are designed to allow large volumes of water collect that generates large head pressures for the downstream processes, this large head height reduces the sites dependency on pumps and improves the energy efficiency of the process. 
3. The collection tanks also allow smaller pieces of waste that have passed though the initial screen to settle before the water is processed. For the water to exit the collection tanks the water must pass through a finer secondary screen which collects much smaller pieces of waste.
4. Chlorine is then added to the raw water that has been through the collection tanks to provide initial disinfection which prevents the equipment used in downstream processes from becoming contaminated to such an extent that the post chlorination is not sufficient to provide adequate disinfection before storage or distribution.
5. Aluminium Sulphate is then added to the water, this acts as a coagulant which destabilizes the colloidal particles that are in suspension because of the colloidal particle being charged, with the dosing of Alum the colloids are destabilised and can form flocs by binding together because of the charge neutralization.
6. Static flocculation takes place in a series of tanks that allow the neutralized colloids to bind together as they no longer repel each other, the flow rates of these tanks is kept low as the shearing forces that are present in turbulent water can potentially break up the forming flocs and would increase the time required for the floc to be removed at the next stage.
7. The water with the formed floc is then processed in the CoCoDAFF (Counter Current Dissolved Air Floatation Filtration) The CoCoDAFF beds have a mixed media gravity filter that prevents the dense floc from passing through the process, the water that is present in the beds is subjected to a dissolved air current that is moving in the direction of the liquids surface which is opposite to that of the direction f the fluid flow. The dissolved air which takes the form of very small bubbles which because of their size have extremely high values of surface tension pass through the liquid and bind to the floc formations that have been created due to the addition of a coagulant. The air bubble and floc mix have a density that is lower than the surrounding liquid and as a result floats towards the surface and forms a sludge layer that is removed periodically through the addition of filtered water that blows the sludge layer across the CoCoDAFF beds and into drainage troughs.
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[bookmark: _Toc515547278]Figure 3 : CoCoDAFF Bed [2]
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[bookmark: _Toc515547279]Figure 4 : CoCoDAFF [3]
8. The processed water is then passed into Gravity activated Carbon Filters that have a depth of 1.2 metres, the purpose of the GAC filters is to allow the manganese that is present in the water to precipitate out into the GAC media, this process is designed to remove the taste and odour of the water making it palatable where all other processes before and after the GAC filters are put in place with the aim of creating safe potable water.
9. The water is then dosed with chlorine for disinfection to kill any bacteria or organisms that may be present in the water 














[bookmark: _Toc515547301]The technology available for the treatment at the site.

The site utilises many different technologies in the treatment of raw ground water and the control of the processes and the safety systems. This section will analyse the different technologies used in the treatment plant.

[bookmark: _Toc515547270]Equation 1 : Dissociation of Alum in Water
[bookmark: _Toc515547302]Chemical 
The treatment plant uses a variety of chemicals in the treatment of water most notably the use of Chlorine for disinfection and the use of Aluminium Sulphate as a coagulant. 
Chlorine is dosed into the water at the initial stage of processing to prevent contamination of the downstream processing units and at the final stage of the treatment process to ensure that the water that is produced by the water treatment works is safe for distribution or storage. The chlorine that is stored at the Felindre site is contained in pressure vessels at 6 bar which allows the vapour to be kept in the liquid state greatly reducing the volume of storage required. The liquefied chlorine goes through a regassification process where the pressure is dropped allowing the liquid to return to the vapour state before dosing. The quantity of the chlorine kept on site is 23.5 tonnes which allows the site to operate under the lower tier COMAH regulations, these regulations dictate the type of safety processes that must be installed on site, the regulations also dictate the frequency of the process safety critical equipment’s testing and maintenance. Higher quantities of chlorine would require additional safety equipment to be installed and the sites emergency procedures to be updated. The site currently has Crowcon chlorine gas detection in use that will sound the COMAH alarm in the event of a gas leak to allow the sites personnel to evacuate.
Alum or Aluminium Sulphate are also stored on site as it is used as a coagulant for flocculation. Alum is dosing occurs through dosing pumps before the static flocculation process, the dosing of the Alum requires the powdered chemical to be dissolved in water at a concentration of 3-7% usually 5% which is then fed into the raw water by the dosage pumps the Alum usage of the site is 300 litres per hour which requires 5700 litres of treated water to mix. When alum is added to water it dissociates and releases Al3+ ions which are then free to attach to colloids that are present in the water, the colloids are negatively charged and as a result are held in suspension, the liberated ions from the Alum which have a high positive surface charge then attach to the negatively charged colloids to initiate the formation of floc which providing the formation of floc occurs in a tank where the shear forces of the liquid are kept to a minimum the floc can float to the surface. The formation of floc occurs in the CoCoDAFF plant where the addition of dissolved air increases the velocity of the floc towards the surface as the floc combines with dissolved air bubble that reduce the overall density of the floc and the overall viscosity of the liquid allowing the floc to rise at a faster rate.
[bookmark: _Toc515547303]Physical 
Simple Screens of varying mesh size prevent any unwanted waste from entering the processing units, this is required as the raw water is delivered direct from source through a 66” pipe line that has the potential to transport large solid objects that have the potential to cause damage moving equipment.
Static Flocculation occurs after the Alum is dosed into the water, the Alum is added, and these tanks provide low enough shear forces in the water for the dissociated aluminium ions to begin to flocculate and have a size of less than 2mm. The floc that is formed in the static flocculation tanks which have a depth of 8 metres, the floc does not rise at an efficient rate and is then passed into the CoCoDAFF beds.
The Felindre site has 8 CoCoDAFF beds that allow the floc that has formed to coagulate into greater floc formations of between 2-5mm, the beds have aerators that produce very small air bubbles with high surface tension, the air that is pumped into the aerators is at a pressure of 6.5 bar and comes directly from three pneumatic collectors that are fed by seven compressors that operate with an output of 8 bar. The Collectors are topped up by the compressors when the air feed to the CoCoDAFF beds is operational. The location of the DAF aerators is below the inlet for the flocculated water as the air bubbles are required to be generated at a lower height than the entry of the liquid as the direction of travel of the bubbles and subsequently the floc formation and bubble mix is towards the surface. The bubble and floc mix has a density that is overall lower than that of water and allows the velocity of the floc to be increased. Once the CoCoDAFF bed has been operational for a long enough period to allow the build up of a sludge layer, the sludge layer is removed by the addition of filtered water that is pumped in through a central pipe at a slightly higher height than the CoCoDAFF bed and flows into the bed pushing the sludge layer towards drainage troughs removing the sludge layer completely. The water that remains in the CoCoDAFF bed then passes through a mixed media gravity filter of anthracite and sand to be further processed.
The last physical treatment of the water at the Felindre site are the 6 GAC (Gravity Activated Carbon) filters, which is essentially a media gravity filter which contains 1.2 metres of powdered activated carbon that creates porous media for the water to gravity feed through. The activated carbon is used as it allows the manganese that is present in the water to precipitate out into the media, this greatly improves the taste and odour of the water. The activated carbon is required to be periodically dried and removed and then baked by a contactor to burn off the manganese and return the carbon to its pure form which allows for the precipitation of manganese to occur at a greater rate. When the water is added to the GAC beds the inlet valve for the water is managed by a level sensor that prevents the head height over the GAC bed form reaching a height great enough to increase the head pressure over the filter bed and in turn the velocity of the fluid through the bed which would decreased the time that the manganese must precipitate out into the activated carbon.
[bookmark: _Toc515547304]Control 
At various stages the pH of the water is monitored by pH sensors that are linked to the sites SCADA system and allow the speed of processing to be altered in response to the pH changes. The Turbidity and Conductivity of the water is also tested at various points to establish the presence of colloidal particles and electrolytes which are also fed to the SCADA system allowing the processes to be managed the ensure that the water meets the standards set by the local authority.
In the event of an emergency the site can be immediately shut down with the major inlet water valve closing and as all other processes are flow dependent they also shut off, emergency shutdown valves are then operated to prevent any water from leaving the site as it may be unsafe to distribute, although this is unlikely as the time required for the water to pass through the entire site is long.
The SCADA (Supervisory Control and Data Acquisition) system is a computer system that allows the processes, instrumentation and control systems to be managed on a single interface. This allows the site to be almost entirely operated from a computer as many of the processes are automated. 
A CMMS (Computerised Maintenance Management System) is used to generate weekly, monthly and yearly maintenance activities that the onsite maintenance staff completed, and this system dictates the shutdown periods required by certain sections of processes.


























[bookmark: _Toc515547305]A consideration of the factors that should be considered when evaluating any new technologies that must be included or added to the site to increase the performance and efficiency of the site.
For the addition of a new rectangular pre-sedimentation tank that can treat a max flowrate of 60,000 m³ where;







Horizontal Velocity Calculation (Scour Velocity);


[bookmark: _Toc515547271]Equation 2 : Scour Velocity





Actual Horizontal Velocity is a third of VH;




Particles Settling Velocity;

[bookmark: _Toc515547272]Equation 3 : Settling Velocity





Turbulence of Fluid Calculation (Reynolds Number);

[bookmark: _Toc515547273]Equation 4 : Reynolds Number Calculation




Laminar flow is less than 1 meaning this fluid is almost in the Laminar flow zone.
If no increase in Overflow rate or Vt the dimension of the sedimentation tank will be;









The ratio of length to width is not given so a ratio of 1:6 was used giving the tank dimensions to be;









If the overflow rate was increased by a factor of four which is commonplace in water treatment, the dimensions of the tank would be as follows;







Using the same ratio of Length to width of 1:6 the dimensions of the tank would be;












[bookmark: _Toc515547306]Conclusions
The Felindre water treatment works has a variety of processes at its disposal and has the potential to provide water to a population that is greater than the current population of the Gower catchment area, this is advantageous as the population of the UK is predicted to grow in the future which would result in the increase in demand on the distribution network that the Felindre WTW feeds.
The application of the CoCoDAFF plant in the WTW has greatly reduced the time taken to treat the raw water and has reduced the overall footprint of the works and provides a highly efficient process for the removal of flocculated particles using dissolve air.
The design of sedimentation tanks is highly reliant on the specification of the required tank which has resulted in the calculations for the design of the sedimentation tank having two sets of values with the use of an approximated length to width ratio of 1:6 being used and the calculations for the overflow rates of the tank being either equal to the settling velocity or four times the settling velocity.
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[bookmark: _Toc515547308]Abstract
This section of the report includes and overall description of the layout of the Llanelli Waste Water Treatment Works, with a critical analysis of the processes currently used and also potential new technologies that could be utilised if the type of waste water in the future changes due to climate change.

























[bookmark: _Toc515547309]Introduction
Llanelli WWTW (Waste Water Treatment Works) processes the industrial and domestic waste water that is produces by the local area to the West of the Loughor estuary. The waste water that is treated at the site is processed by the four main stages which include Preliminary processing where large solids are removed, Primary Settling which allows the solids that have passed through the preliminary processing to settle out, Biological treatment where bacteria is used to break down the suspended solids and Final settlement where the processed waste water is allowed a greater detention time for far smaller solids to settle out. The site also utilises Ultra Violet light disinfection prior to the discharge to kill any unwanted bacteria before the processed waste water is discharged t the Bury inlet. The site is maintained and run by WWDC (Welsh Water Dwr Cymru) with additional contractors that are used for periodic cleaning and maintenance.
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[bookmark: _Toc515547280]Figure 5 : Llanelli Waste Water Treatment Plant [4]



[bookmark: _Toc515547310]General principles of how the treatment site works.

[bookmark: _Toc515547281]Figure 6 : Schematic of Llanelli WWTW
1. The waste water initially enters a collection chamber that feeds a control penstock that limits the volume of waste water that enters the site. The control penstock regulates the flow of the waste water to 600 litres per second, in the event of a storm surge the penstock remains operational however the amount of water over the 600 litres per second is fed through a separate feed to the downstream processes.
2. The waste water that is fed from the penstock flows through a screen with a mesh diameter of 6mm this screen separates out any solids from the liquid, the solid waste is then further processed with the inorganic matter compressed, chipped and sent to a waste skip that is disposed of at an energy from waste site located in Bristol. The organic matter that is removed is returned to the waste water immediate after the screen for further processing.
3. The waste water then enters the grit chamber which allows the small dense particles of grit to settle out before passing the waste to the next processes. The grit chamber does not remove all the grit from the waste as some of the grit is attached to floating waste.
4. The next process the waste water goes through is the preliminary settling tank, this tank is used to mix Ferric Sulphide which is a coagulant to the waste to encourage the destabilisation of the colloids in the waste water, the ferric sulphide dissociated on contact with water and releases Fe3+ ions that destabilise the negatively charged colloids which allows the colloids and the ions to form dense coagulated flocs that settle to the base of the tank. The settlement tanks have radial scrappers that scrape the settled waste into the centre drain, the sludge that is removed is stored in storage tanks at the site for further processing. The site has four of the preliminary tanks with the tanks alternating in use as they require periodic cleaning.
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[bookmark: _Toc515547282]Figure 7 : Preliminary Settlement Tank with Radial Scraper
5. The waste water that has exited the preliminary settling tank then is processed in the biological treatment chamber, which is constructed of two aerated lanes and one non oxygenated lane as the waste water passes through the lanes the presence of bacteria that can break down the waste further processes the suspended solids, levels of oxygen in the aerated lanes and the non-aerated lane are greatly different which encourages specific bacteria to flourish in the two differing environments to maximise waste processing and phosphorus removal. The air that is supplied to the aerated lanes is fed from a compressor at a pressure of 0.7 bar.
6. The waste water then enters two of three settlement tanks with radial scrapers to allow the remaining solids to settle out, this occurs at a much slower rate than the preliminary settling rate as the solids at this point are of a much smaller diameter which requires a greater detention time for a sludge layer to form on the base, a sludge layer also forms on the waste water surface and is drained through a circular trough. The reason only two of the three tanks are used at one tie is that the tanks once used for a set period must be drained and cleaned out to remove the sludge layer from the circular trough. During cleaning the radial scraper is inspected for flaw to ensure that it is removing the sludge layer, the nylon edge of the scraper is replaced every 12 months as it will eventually fail if used for a period longer than 12 months. The sludge from this process is sent to the same storage tanks that the preliminary tanks sludge is sent to.
7. The waste water is then passed through a Ultra Violet disinfection chamber that contains 162 U.V lamps that are arranged in 6 channels of 27 lamps that provide an output that must be greater than 32 micro joules cm2 to ensure adequate disinfection. When two adjacent lamps fail the output at that area drops below the minimum requirement and the lamps require replacement, this in monitored by a control panel that indicates the lamps condition. The site also has a U.V treatment process in case of a storm surge to ensure that the increased flow is treated.
8. The waste water is then released into the Bury inlet.
[bookmark: _Toc515547311]The technology available for the treatment of each site.
[bookmark: _Toc515547312]Chemical 
The chemical usage in the waste water treatment plant is far simpler than the water treatment plant as the water is not for human consumption and only must be safe for discharge into the sea. Waste water treatment plants that discharge to fresh water sources are required to further treat the waste as the potential for downstream abstraction is possible. The main chemical used at the Llanelli site is Ferric Sulphide which is the coagulant that is added to the preliminary sedimentation tank, when the coagulant is mixed with water it dissociated releasing Fe3+ ions that due to their high positive charge can destabilise the negatively charged colloids that are present in the waste, this allows the colloids to form flocs and either rise or fall for removal as a sludge layer.

[bookmark: _Toc515547274]Equation 5 : Dissociation of Ferric Sulphate
[bookmark: _Toc515547313]Physical 
The physical processes that are present at the site star with the collection chamber that has an initial 10mm screen which then feeds the pen stock that has a 6mm screen, the waste removed by the screens is separated with the organic waste returned to the process and the inorganic waste loaded into a container for landfill, the process requires the use of an ogre to transport the solid waste to the container.
Both the preliminary and final settlement tanks are constructed in the same manner with a waste outlet at the base and a circular waste trough for the removal of the base and surface sludge layers and a circular scraper to agitate the base sludge layer into the centre.
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[bookmark: _Toc515547283]Figure 8 : Preliminary Settlement Tanks [4]
the waste is then pumped to the sludge storage tanks. Once the waste has entered the storage tanks with a solid content of 3-4% the waste is further processed to increase the solids percentage to 22-24% via a centrifuge and screen press to reduce the wastes liquid volume, this waste is then sent to a power plant that increases the liquid content and abstracts methane from the waste to convert into power at port Talbot.
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[bookmark: _Toc515547284]Figure 9 : Waste water Centrifuge [5]
The aerators that are used in the biological treatment tank are fed by compressors at 0.7bar that are monitored by a control unit to provide enough air to increase the oxygen levels of the aerated channels in the tank, the addition of air also reduces the shear forces of the liquid and allow secondary flocs to form for removal in the secondary settlement tanks.
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[bookmark: _Toc515547285]Figure 10 : Biological Treatment Process (Centre Lane Non-Aerated) [4]
[bookmark: _Toc515547314]Control
All the processes are flow controlled and are dependent on the volumetric flowrate of the flow that enters the collection chamber, in the event of a storm surge where the flow of water is rapidly increased the control system compensates by increasing the dosing rate of the Ferric Sulphide, the output of the aerators and introduces further U.V disinfection. Most of the control units that are used are PLC’s that are all contained in a control room on site. Before the waste water is discharged the pH of the water is tested and tis pH if too high or low can shut the outlet of the plant down.
Ultraviolet (UV) rays penetrate harmful pathogens in your home’s water and destroy illness-causing microorganisms by attacking their genetic core (DNA). [6]




[bookmark: _Toc515547315]Osmotic Pressure Differential
Approximate the osmotic pressure difference across a semipermeable membrane that has brackish water on one side and mineral-free water on the other, assuming the temperature is 25 degrees centigrade. The molar concentrations of the major ions found in the solution are as follows; 0.02;  0.015;  0.01;  0.001;  0.025;  0.001;  0.002; and  0.012.


[bookmark: _Toc515547275]Equation 6 : Osmotic Pressure Difference
Where;



The molar concentrations of the particles that are present in the brackish water are;



















[bookmark: _Toc515547316]A consideration of the factors that should be considered when evaluating any new technologies that must be included or added to the site to increase the performance and efficiency of the site.
For the waste water treatment site, the of climate change will affect the frequency of the extreme weather conditions that are experienced by this area of the UK, this means that storm surges will increase in frequency and the concentration of the waste in the waste water may increase in extended periods of dry weather, most sever will be the effects of rising sea levels on the site.
[bookmark: _Toc515547317]Storm surges
Due to the potential impacts of storm surges on the site the applicant of an additional collection chamber to deal with a sudden increase incoming waste water, as storm surges do not typically last for long periods the addition of another collection chamber may help retain the sudden increase in volume and can be connected to the existing control penstock to allow the downstream processes to cope and treat the increased volume effectively.
[bookmark: _Toc515547318]Dry periods
During periods of low rainfall and lower water consumption due to restrictions on water feeds to domestic and industrial users the concentration of the waste in the waste water will increase, the increased waste percentage will make it far more difficult to use coagulants and settling tans to settle out the activated sludge due to the increased viscosity of the concentrated waste water. The high viscosity waste has the potential to be dewatered using electro kinetic dewatering that has the potential to remove liquid from sludge that has a relatively high moisture content, with the liquid that is removed being treated in the conventional manner of adding a coagulant and allowing floc to form and settle out.
[bookmark: _Toc515547319]Increasing Sea Level
The current waste water once treated is released into the Bury inlet which is a tidal estuary, with an increase in sea level as the result of climate change the effluent that is released from the site may require additional pumping to cope with the increased head pressure due to increased tide levels to insure the waste is pumped out at a velocity that ensures that it is as widely distributed as possible to prevent high concentrations of waste water building up at the outlet which may deplete the existing environment.










[bookmark: _Toc515547320]Conclusions
Llanelli WWTW (Waste Water Treatment Works) effectively processes the current industrial and domestic waste water produced by the local area. The current site layout and processes are fit for purpose; however, the climate is expected to change in the future which will have an impact on the type, concentration and physical qualities of the waste and to deal with the changes the site may need to be retrofitted with additional processes or equipment to cope. The site already has plans to install photo voltaic cells on land that is surrounding the site and it is hoped that the power generated from the PV cells will help reduce the reliance of the site on the national grid for power.
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