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1.	Abstract
This report covers the investigation & analysis of two treatment works in West Glamorgan. One of the treatment plants is the Water Treatment Works in Felindre, which handles the treatment of abstracted water from the Llyn Brianne Reservoir, while the other is the Waste Water Treatment Works in Llanelli, which handles the treatment & disposal of waste water for the local area.
An In-depth analysis into the overall treatment process as well as each processing unit was covered while also investigating for issues & possible improvements for the Llanelli Waste Water plant to improve overall efficiency as well as to halt any issues from developing further and affecting the overall process.
The dimensions for a pre-sedimentation tank as well as the osmotic pressure across a semipermeable membrane was calculated to demonstrate a clear understanding of the subject area and the necessary steps needed to reach and come up with the specifications.
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2.	Introduction
Water is a resource with an ever growing demand for consumption, after which needs treatment & handling for industrial or commercial reuse. Because of this constant need for fresh water, it is important to understand the ways in which water can be obtained and treated to become potable water that is fir for human consumption. It is also very important to understand the steps taken to handle dirty water from the home after it has been used and disposed of, as it is no longer fit for use and must be treated to become potable again.
This report will look at the two different treatment plants as well as the processes that take place on site to treat and handle the abstraction of clean water from a fresh source to the disposal & treatment of dirty water to make it reusable for either agricultural use or to be delivered back to the local populace.
As well as the above, different aspects of the treatment plants will be analysed to gain a better understanding of the processes being used while also identifying possible changes and improvements that could be made to boost the overall effectiveness of the site and solve any issues taking place in the plant.


 3.	Water Treatment

3.1.	General Process Overview
The Felindre Water Treatment plant is a site which handles the treatment of the water abstracted from the River Tywi. The water abstracted comes from a lake called the Llyn Brianne Reservoir and is delivered in controlled bursts down the River Tywi and then abstracted downstream at the Nantgaredig Intake Works using low lift pumps.
The water is then delivered to the Felindre Water Treatment Works to be treated and become potable water that is safe for consumption. (1)
The overall capacity of the site is approximately 240 Megalitres of water, of which 190 Megalitres is used on average and can change depending on the climate as it can affect the demand for water drastically. An approximate 75 Megalitres can be stored on site for use during peak times when a rapid response is needed to a sudden high demand.
The treatment process that takes place on site involves the following processes:
· Intake of abstracted water from Nantgaredig
· Delivery of Intake water to settlement tanks
· Coagulation using Aluminium Sulphate
· COCODAF using Sand/Anthracite Filtration
· Water is the moved into Flocculation tanks for floc removal
· Water is passed through Granular Activated Carbon filters to remove taste & odour
· pH Correction using Manganese alongside Chlorine Dosing



3.2.	Site Diagram
Below is the site diagram showing all the major process used to treat the abstracted water from the inlet, through coagulation & flocculation, to the outlet where it is filtered & pH corrected for human consumption.
[image: ]
3.3.	Treatment Technologies available on site
The range of technologies used to treat the abstracted water include the use of numerous settlement tanks for coagulation & flocculation and as part of the COCODAF system used.
There are also several different types of filtration such as sand, anthracite and carbon filters.
There are several pressurised pumping systems which are used for delivering filtered water for backwashing as well as chlorine for manganese removal. Because of this, there are several large storage tanks connected to the system.


3.3.1	Coagulation
After the initial intake of the water, it is mixed with Aluminium Sulphate before entering the series of settlement tanks to begin the coagulation process. Approximately 300 litres of Aluminium Sulphate is used per hour during this process. After the two fluids have been combined, it is then moved to the contact tanks where it is given time to mix and form floc.

3.3.2	COCODAF
After the floc is formed, it is then moved to a series of eight dual-cell COCODAF tanks which use a 1.2mm media filter composed of sand & anthracite. The water is also flash mixed to form larger floc which can float to the surface. After some time, the floc on the surface is pushed by overflowing water from a centre channel.

3.3.3	G.A.C Filtration
After the water has been through Coagulation & Flocculation, it is then passed through a series of Granular Activated Carbon filters in order to remove the taste & odour and make the water more palatable for consumption. At this point, the water is still of a low pH and needs further treatment to be fit for consumption.

3.3.4	pH Correction
After filtration, the water is mixed with Manganese to increase the pH from 6.5 to 7.6. However, because Manganese can affect the taste of the water, it is then removed by adding chlorine and passing the water through a set of gravity filters. Approximately 23.5 tonnes of chlorine is stored on site in liquid form. Because of this, up to 50 tonnes of Lime Slurry is also stored to neutralise possible chlorine gas leaks.



3.4	Pre-Sedimentation Tank Dimensions
As part of the report, the dimensions of a pre-sedimentation tank and the detention time, have been calculated to be used for an input of the given specification in case of a surge. The specification given states an input flow rate of 60,000 metres cubed per day with water viscosity being  and the density being 
The detention time has been calculated based on a target particle with the average diameter of , a cohesion constant of 0.05, a friction factor of 0.025 and a density of 
The pre-sedimentation tank has been calculated with a length to width ratio of 6 while also having an overflow rate of at least four times the settling velocity and the horizontal velocity being at least one third the scour velocity.
Below are the dimensions as well as the calculations done to reach these measurements:



























Overflow rate =  0.021772 m/s



If W = Width, L = Length and H = Height,






Given that L=6W,



 



 = 468.81 sec = 7.813 min




4.	Waste Treatment

4.1.	General Process Overview
The Llanelli Waste Treatment Plant is a site which handles the waste water, known as effluent, produced from homes in the local area and treats it to be reused as potable water, or in industrial sectors such as agricultural use. The treatment process involved are to remove any suspended solids in the water as well as maintain a set BOD & COD. 
Any chemicals used during treatment must also be kept to a set standard to avoid making the water unusable.
The total throughput of the treatment plant is approximately 600 litres per second, which gives an estimate of 51 Megalitres of effluent per day being treated. The throughput can become higher depending on the climate as the control penstock used can handle a throughput of up to 1000 litres per second.
The treatment process that take place on site involves the following processes:
· Preliminary Settlement - Screening via Storm Screen & series of Inlet Screens
· Primary Settlement – Slow mix & Coagulation using Pheric Sulphate
· Biological Treatment – Aerated & Anoxic tanks containing microorganisms
· UV Disinfection – sterilization of any organisms remaining
· Final Settlement – Treated water is taken for reuse
· Sludge Storage – Drying of any remaining sludge & removal of water



4.2.	Site Diagram
Below is the site diagram for the waste treatment site showing each step of the overall process from the inlet where the effluent enters the system, to the outlet or sludge tank where it is processed again or dried & sent offsite for composting.
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4.3.	Treatment Technologies available on site
The range of technologies used to treat the contaminated effluent include a control penstock which aids in controlling the flow of water allowed into the treatment plant.
The settlement tanks also use slow mixers during coagulation when thickening the sludge.
The amount of oxygen in the biological treatment tanks is regulated using a pressurised pumping system so that specific areas are anoxic while others are kept aerated.
UV bulbs along with control systems are used to sterilise the microorganisms and to alert staff when any bulbs need to be replaced. Centrifuges are also used to dry surplus sludge so that it can be dried and sent for composting. Finally, there are several control systems monitoring each part of the plant to ensure that it remains operational and to alert staff if any issues occur with the equipment or if there is a decrease in efficiency.


4.3.1	Preliminary Settlement
At the intake, the effluent is passed through a storm screen to separate the water from large debris which could damage machinery or form a blockage. The effluent is then moved to a control penstock so that it can be directed through a series of finer screens made from stainless steel with a 6mm perforation. Any material caught by the plates is then squeezed to remove the remaining water, after which it is then dried and sent for composting.

4.3.2	Primary Settlement
After screening, the effluent flows into a series of settlement tanks and mixed with a coagulate called Pheric Sulphate in order to thicken the sludge. Because the coagulate decreases the pH of the water, Sodium Hydroxide is applied further into the plant in order to offset the pH change. The overall capacity of the settlement tanks ranges from 200-600 litres depending on the climate. 

4.3.3	Biological Treatment
After the sludge has settled, the effluent is passed through Biological Treatment where microorganisms break down and digest the remaining solids in the water. 
The microorganisms are separated into Aeration & Anoxic zones with oxygen being pumped into the Aeration zone at a rate of 2mg per litre of water with a pressure of 0.7 BAR.

4.3.4	UV Disinfection
After any remaining solids have been digested, the effluent is then passed under an array of UV Bulbs in order to sterilize the microorganisms still present in the water. This process is also capable of sterilizing 600 litres per second with a 80% efficiency and must be properly maintained to ensure that multiple bulbs do not break next to each other as this can introduce a “no-kill zone” and allow microorganisms to pass through unaffected.

4.3.5	Final Settlement
After the water has been sterilized, it is then allowed to settle one final time to catch any remaining sludge, at which point it is then transported for reuse. The remaining sludge is moved back the beginning of the plant where it is mixed with the initial effluent while surplus sludge produced is moved to a storage tank where it is dried & centrifuged to remove any water content. The sludge will then be transported for composting off site.
Finally, There are several control systems monitoring each part of the facility which will alert staff in case of water or gas leaks as well as any issues that occur such as a decrease in output or a fault with the equipment.



4.4.	Issues & Possible Improvements
There are some areas of concern as there were some issues identified with the processing units at the treatment plant. These issues include:
· The rate at which perforation screens need to be replaced
· Algae growth in the settlement tanks before entering biological treatment
· Consumption of compressed air during biological treatment
· Overall power consumption of the plant
· Old equipment in need of replacement
The perforation plates are under constant stress at the intake as they are obstructing the main flow from the intake to the primary settlement tanks. Because of this, they need to be regularly replaced and can become relatively expensive. This could be improved by looking for a supplier who can supply the necessary perforation plates at an agreeable price while also lasting longer before needing to be replaced.
[bookmark: _GoBack]During settlement, algae can develop in the settlement tanks and can become a problem if not properly regulated. This is because the algae can affect the overall BOD of the water as well as affect the UV disinfection efficiency further on in the treatment process as the algae can stick to the UV bulbs and block the light from sterilizing the water. This can be fixed by installing a weir washer in the settlement tanks so that it can easily be cleaned when in use.
The consumption of compressed air, while efficient, could be improved as it was noted by staff that the distribution of compressed air was not as ideal. To improve this, the method of distribution would need to be analysed to see if more entry points could be added or if the rate of oxygen fed to the aeration zones could be raised.
Two other areas which were brought up by staff were overall power consumption as well as the old equipment currently in use. The current equipment performs as desired but could be replaced to improve overall efficiency of the plant as well as responsiveness at relatively large expense. The power consumption of the plant could be improved by installing new machinery which is more power efficient while also introducing new features to improve overall efficiency, making the large expense a worthwhile venture.


4.5.	Osmotic Pressure across Semipermeable Membrane
As part of the report, the osmotic pressure difference across a semipermeable membrane has been calculated. The pressure difference has been calculated using the given specification which states that the membrane will be used in an environment of 25 degrees and will have brackish water on one side and mineral-free water on the opposite side.
The specification also states that the major ions found in the solution have molar concentrations of 0.02;  0.015;  0.01;  0.001;  0.025;  0.001;  0.002; and  0.012. 
Below are the calculations done to reach the given osmotic pressure difference:

Molar Concentration = 0.02 + 0.015 + 0.01 + 0.001 + 0.025 + 0.001 + 0.002 + 0.012
 =0.086 M

π = cRT

π = 0.0860.08206(273+25)
    =2.10 atmospheres



5.	Conclusion
After visiting both the water and waste treatment plants, it is clear that they are performing to the set standards given and are overall very efficient at treating abstracted water and treating disposed waste water respectively. A greater understanding  of the underlying processes behind each treatment works was achieved which can be used when analysing similar facilities or when developing a new site. The issues identified as well as the possible solutions given for the waste treatment works show that while efficient, the site can be further improved upon and also shows that constant monitoring is key to ensure that no further issues develop in the future.
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