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Abstract: Felindre water treatment plant is located at north of Swansea. It can produce up to 225 million litres every day. The crucial processes of Felindre water treatment plant contains coagulation, CoCoDAFF, filtration and disinfection. This paper introduces the principles and processes of water treatment in Felindre water treatment plant, illustrates the technologies that can apply in Felindre water treatment plant, and provides some methods to deal with hard water softening and toxic heavy metal removal.




























1. Introduction

Felindre water treatment plant(Fig.1) is located 600m south-east of Felindre at Waun Y Garn-Wen. The Lower Lliw reservoir is 1km north-east of the treatment works. It belongs to Welsh water that provides most of wales and some bordering areas of England with water and sewerage services, supplying customers with clean, safe drinking water and taking away sewage 24 hours a day ,365 days a year.

[image: https://coflein.gov.uk/proxy/image?url=http://orapweb.rcahms.gov.uk/coflein/A/AP_2011_3944.jpg]
Fig.1 Felindre water Treatment plant (coflein, 2011)

[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK38][bookmark: OLE_LINK2]Welsh water implements 66-inch Strategy (swansea.gov, 2016). And Felindre water treatment plant is one part of the plan. The route of 66 inch (1.7m) raw water main crosses the Land South of Glanffrwyd Road allocation. The main is a most strategic in Wales, is 17 miles in length and forms part of the Nantgaredig to Felindre water supply system. It holds a significant amount of water, operates under high pressure and serves approximately 690,000 people and associated strategic businesses and major medical institutions.

[bookmark: OLE_LINK7]Water that is treated in Felindre water treatment plant flows 65 km down the river Tywi from Llyn Brianne to Nantgaredig and is then pumped 26 km to the Lower Lliw reservoir. Felindre water treatment plant can produce up to 225 million litres every day, equivalent to 10000 road tankers. The massive service reservoir that is 160m square and 7.5m deep, has a capacity of 150 million litres. The quality of water leaving Felindre is regularly monitors both manually and by automatic measurement instruments.

[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Felindre water treatment plant coagulates with Alumina and polyelectrolyte, filters through anthracite and sand beds, sterilizes with chlorine, corrects pH with lime, dechlorinates with Sulphur dioxide, and stabilizes with Ammonia.

This paper introduces the principles and processes of water treatment in Felindre water treatment plant, illustrates the technologies that can apply in Felindre water treatment plant, and provides some methods to deal with hard water softening and toxic heavy metal removal.
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2. General principles of how Felindre water treatment site works

There are 4 main steps to treat water in Felindre water treatment plant that includes coagulation COCODAFF, filtration, disinfection. The detail processes is shown in the Figure 2.

[image: E:\uwtsd study\water treatment-1-27\绘图1.jpg]
Fig.2 Process of water treatment in Felindre (Felindre, 2018)

The raw water enters the treatment works where a coagulant, usually alumina or polyelectrolyte, is added. This makes any particles of dirt and debris cling together in a process called coagulation, making contamination easier to remove in CoCoDAFF.

The raw water is primary treated via the COCODAFF plant. This is Counter Current Dissolved Air Flotation and Filtration. The solids are removed using this process by lifting with air saturated water. The water is filtered before entering the 12 rapid gravity filters for secondary filtration and manganese removal. The water enters the contact tank where disinfection occurs by addition of chlorine and pH adjusted by addition of lime.

The filtered water is collected at the bottom of the filters and transferred to the covered filtered water contact tank, where chlorine is added to destroy all harmful bacteria, before passing in to the treated water service reservoir and then the distribution system.


3. The technologies available for the treatment of each site

[bookmark: OLE_LINK39][bookmark: OLE_LINK40]The plane graph of Felindre water treatment plant is shown below.

[image: E:\uwtsd study\water treatment-1-27\MAP OF PLANT2.jpg]
Fig.3 The plane graph of Felindre water treatment plant

3.1 Coagulation unit

The water entering the plant is first prepared for the filtration process. Contamination is not easily filtered from the water in their natural state. So the coagulant is dosed as the water enters the flash mixer tank and makes the tiny particles cling together. They build-up into large particles of ‘floc’ which can then be easily removed from the water by the next stage of treatment. The process by which the floc forms in the water takes several minutes, so the water passes through the Contact Tanks before it flows to the filters.

[bookmark: OLE_LINK10]Felindre water treatment plant uses alumina and polyelectrolyte as coagulants in coagulation process clumping the small, destabilized particles together into larger aggregates so that they can be more easily separated from the water in CoCoDAFF plant.

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]3.2 CoCoDAFF unit

Counter Current Dissolved Air Flotation and Filtration(Fig.4) is a water clarification process, which is a radical advance from current DAF and combined dissolved air flotation and rapid gravity filtration (pciafrica, 2009; An, 2014), developed by Thames Water Utilities Ltd. Flotation and filtration take place in the same tank in a counter current flow. While flotation takes place in the top of the tank, filtration takes place in the bottom. Particles with a lower gravity than water are removed by the up flow movement of air bubbles in flotation process. The dissolved air recycle is introduced at a depth below the flocculated water inlet. Porous mediums such as sand and anthracite are used to remove pollutants in filtration (pciafrica, 2009). The average capacity of CoCoDAFF process is 227000 cu.m/day.
[image: ]
Fig.4 COCODAFF (pciafrica, 2009)

[bookmark: OLE_LINK13]The efficiency of the filtration decline continuously with proceeding the filtration process as more and more particles adhere to the filtration bed blocking the interspace of porous mediums. So the filter need to be cleaned by backwashed to remove the solids that has accumulated within the granular filter bed (wikipedia, 2012). During backwash, water is pumped upwards through the bottom. Backwash can consume 1%-5% of the COCODAFF plant’s production. In Felindre water treatment plant, backwash takes place every 4 days to clean the filtration bed of COCODAFF plant. 

3.3 Covered filtered water contact unit

After filtration the water may still contain harmful bacteria, requiring further chemical treatment in the Covered Filtered Water Contact Tanks. Chlorine is dosed first then, after about half an hour contact time, Sulphur dioxide id added to reduce the chlorine concentration so the water is drinkable. Lime is added to ‘stabilize’ the water, minimizing any corrosive tendencies. Finally, ammonia is added to stabilize the chlorine and maintain water quality throughout the system to our customers’ taps, and phosphate added to minimize the tendency of water to dissolve bad from our customer’s pipework.

3.4 Gravity filter unit

Gravity filtration is a water filtration and clarification process using the gravity head of water to overcome the resistance of the filter layer (baikebaidu, 2009).

There are 12 gravity filter tanks in Felindre water treatment plant. The peak filtration rate of gravity filter is 7.4cu/m2/hr.
[bookmark: OLE_LINK8]
3.5 Wash water recovery unit

Much of the water produced when the filters are washed can be recycled, leaving only a small amount of waste ‘sludge’. First the water flows to the wash water recovery tanks, where it is dosed with polyelectrolyte to help clean water and sludge separate. After standing the clean water is pumped back to the raw water inlet to the works through the floating arm outlet. Sludge is removed from the bottom of the tank and then more water removed in the sludge thickening tanks before it is pumped to the drying lagoons., located beyond the final water storage reservoir.

[bookmark: OLE_LINK21]3.6 Manganese removal unit

In natural water, manganese usually is present in the soluble ionised form, Mn2+, and sometimes as MnOH+ which solution is very basic pH. It can form compounds with many acid salt compounds and also with some types of OM (humic and fulvic acids) at the same time, such as the bicarbonates, sulphates and silicates present. Manganese often is present in natural water in combination with iron and ammonium. However, manganese is present on its own in some cases (suezwaterhandbook, 2019).

Oxidation method is used to oxidize low-valent manganese ions in water into high-priced manganese ions, and then remove them by suction filtration to reduce manganese content in water.

3.7 Balancing tank

A balancing tank is a key part of a wastewater management system (waterandbeer, 无日期). Also known as an equalization or EQ tank, it is a reservoir that homogenizes the change in the flow rate and concentration of the liquid to avoid impact on the processing unit and to ensure its normal operation (baikebaidu, 无日期).



4.A consideration of the factors that should be taken into account when evaluating any new technologies that must be included or added to the site to increase the performance and efficiency of the site

4.1 Hard water softening

The so-called "hard water" and "soft water" mainly refer to the content of calcium carbonate and magnesium carbonate, expressed as "mg calcium carbonate / liter of water" or "ppm", which is called the hardness of water. The hardness of the content is large, and vice versa (baikebaidu, 2010).
Generally, the hardness of water is divided into 4 levels (baikebaidu, 2010):
1. Soft water: 0-60ppm
2. Slightly hard water: 60-120ppm
3. Hard water: 120-180ppm
4. Extremely hard water: 181ppm or more
Hard water does not pose a direct health hazard, but it can cause a lot of troubles in life, such as scaling on water appliances, soap and detergent cleaning efficiency.

In the UK, hard and soft water distribution is shown in Fig 2. In southeast and the west of the UK, water is hard.
[image: ]
Fig hard and soft water in the UK and Ireland (the geological society, 2016)
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]
Due to environmental circumstance, the quality of water is deteriorated from original sources: the hardness of the water is more than 200mg/l as CaCO3 that is in the scale of extremely hard water.

Softening treatment methods for hard water mainly include precipitation method, ion exchange method, and membrane separation method (baikebaidu, 2008; Oram, 2009; dwi.defra.gov, 2016).

4.1.1 Precipitation method
It is treated with a softener such as lime or soda ash to precipitate and precipitate Ca2+ and Mg2+ in the water. After filtration, soft water is obtained, and manganese and iron ions can be removed.

[bookmark: OLE_LINK36][bookmark: OLE_LINK37]4.1.2 Ion exchange method
The mixed gel is composed of inorganic or organic materials to form an exchanger core, surrounded by two layers of different electric double layers, and ion exchange can occur after the water passes.
The use of a specific cation exchange resin to replace the calcium and magnesium ions in the water with sodium ions, due to the high solubility of the sodium salt, avoids scale formation due to an increase in temperature. This method is currently the most common standard method. The main advantage is that the effect is stable and accurate, and the process is mature. The hardness can be reduced to zero. The softened water equipment in this manner is also commonly referred to as an "ion exchanger" (also referred to as "sodium ion exchanger" because it is mostly sodium ion exchange resin), a water softener, and a water softener.
[image: ]
Fig  (Spencer, 2013)

4.1.3 Membrane separation method
Both the nanofiltration membrane (NF) and the reverse osmosis membrane (RO) can intercept calcium and magnesium ions in the water, thereby fundamentally reducing the hardness of the water. The characteristic of this method is that the effect is obvious and stable, and the water after treatment has a wide application range; however, the inlet water pressure has high requirements, and the equipment investment and operation cost are high.

4.2 Heavy metal removal

Heavy metals in water mainly include copper, nickel, lead, chromium, cadmium, mercury, zinc and the like (Yuhui, 2002)

At present, the treatment processes for heavy metal wastewater include chemical precipitation, ion exchange (Weiling, 2009), membrane separation (China Wastewater Treatment Engineering Network, 2017), electrocoagulation (LUO Dongyuan, 2013; YANG Guochao, 2012; Dina T. Moussa, 2017), and the like.
4.2.1 Chemical treatment methods
Chemical treatment methods (Heffron, 2015) include redox method, electrolysis method, neutralization precipitation method and chemical precipitation method. Such methods are characterized in that heavy metals are not recovered in the original chemical form. Due to the simple operation, the chemical precipitation method occupies a large proportion in actual engineering practice, but the treatment efficiency is low. After the electroplating wastewater industry raises the standard, it can not meet the standard discharge, the sludge moisture content is high, the sludge volume is large, and the subsequent treatment is troublesome. And because of the different environments of various heavy metal precipitation, multi-step precipitation is usually used, which increases operating and investment costs.

4.2.2 Ion exchange method
Ion exchange is an important treatment method for electroplating wastewater. The treatment capacity is large, the effluent water quality is good, the water and heavy metal resources can be recovered, and there is no secondary pollution to the environment. However, the resin is susceptible to pollution or oxidative failure, frequent regeneration, and high operating cost, and thus is not suitable for purification of micro-polluted drinking water source water with a large amount of water and a small concentration.

4.2.3 Membrane separation method
Membrane separation method uses a special semi-permeable membrane to separate the solution, so that a certain solute or solvent water in the solution permeates out, thereby achieving the purpose of separating the solute. According to different types of membranes and different driving forces, it can be divided into diffusion dialysis, electrodialysis, reverse osmosis and ultrafiltration. Since the membrane separation process does not undergo a phase change, the energy conversion efficiency is high, and the temperature is performed at a normal temperature. Compared with the conventional water treatment method, the membrane has a small footprint, a wide application range, and high treatment efficiency. However, it must be combined with other processes because the concentrated water produced by the membrane separation process requires further processing to achieve standard discharge. Membrane separation method is only suitable for the treatment of industrial wastewater with high concentration and small amount of water. For micro-polluted drinking water source water with large water content and small concentration, it is not suitable for treatment by this method.

4.2.4 Electrocoagulation

Electrocoagulation (Jean Nepo Hakizimana, 2017) is considered to be a new method in the field of heavy metal wastewater treatment and belongs to electrochemical technology. The electrocoagulation method has the characteristics of high treatment efficiency, small sludge production, and simultaneous removal of various heavy metals.

The electrocoagulation method utilizes the action of an external electric field to achieve the desired removal of contaminants or removal of heavy metals through a series of chemical reactions, electrochemical processes or physical processes in a specific electrochemical reactor. The reaction process includes a direct electrochemical process and an indirect electrochemical process. A direct electrochemical process refers to the process of direct oxidation or reduction that occurs at an electrode. The indirect electrochemical process refers to a process in which a strong oxidation active substance generated by an electrode, such as a hydroxyl radical, causes a redox reaction of a contaminant.

The cations produced by electrocoagulation are hydrolyzed in solution and polymerized to form a series of polynuclear hydroxyl complexes and hydroxides, which act as flocculants for flocculation. The process mechanism is similar to that of chemical coagulation. In addition, the generated complex ions and hydroxide have high adsorption activity, and the adsorption capacity is higher than that of the general chemical method, which can effectively adsorb organic pollutants and other colloidal substances in water, and The dissociation of water and other substances are electrolytically oxidized, and tiny bubbles of oxygen and hydrogen are generated on the anode and cathode. These bubbles have good adhesion properties, and can bring the agglomerated micelles and suspended matter generated during the electrolysis to the water surface. The purpose of separation. Electrocoagulation also has the effect of electrochemically reducing metal ions in the removal of heavy metals. The electrons are reduced by the electrons of the cathode to achieve the effect of removing heavy metal contaminants.
[image: “Electrocoagulation”的图片搜索结果]
Fig     Electrocoagulation (Dina T. Moussa, 2017)








5 Conclusions

[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Felindre water treatment plant, located at north of Swansea, can produce up to 225 million litres every day, supplying customers with clean, safe drinking water 24 hours a day ,365 days a year. The key processes to treat raw water in Felindre water treatment plant includes coagulation, CoCoDAFF, filtration and disinfection. Felindre water treatment plant uses Alumina and polyelectrolyte as coagulants clumping the small, destabilized particles together into larger aggregates so that they can be more easily separated from the water in CoCoDAFF plant. CoCoDAFF is introduced into Felindre water treatment plant that is combine dissolved air flotation and filtration technologies, making it different from conventional water treatment plants. Anthracite and sand are applied in filter bed. The CoCoDAFF tank backwashed every 4 days to Restore filtering capacity. Chlorine is dosed to sterilize water and it is usually dose more chlorine to prevent contamination during transportation.

To deal with water whose hardness exceeds 200mg/L as CaCO3, ion exchange method can be used. The ion exchange method is stable, accurate, and the process is mature, which can reduce the hardness to 0. Electrocoagulation can be design to solve the problem of toxic heavy metal pollution. The electrocoagulation method is high-efficiency. Also, it produces small sludge and removes various heavy metals simultaneously.
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