Waste-water Treatment Facility at Gowerton Site

Objectives of the Report

The key objectives of this report on the Gowerton waste water treatment facility, after our class visit to the site, are as follows:
· To report on the layout of the site, giving detailed information on each waste water treatment unit, and using diagrams and flowcharts to help the explanation.
· To produce a series of possible improvements that could be made to the existing Gowerton site and analyse the limitations that the current system has. Making sure to comment on the bio-chemical advantages to the recommendations suggested, as well as factors such as cost, size, practicality and efficiency.
· Along with the improvements there should be examples of technological units that are needed for the purification of the water to agricultural, industrial and domestic standards.
· To recommend technologies for further separation, dewatering, reuse and drying.

Site Layout
Stage 1 of Treatment at Gowerton
Removing Impurities

The raw waste water is brought in through pipes directly towards the first area which screens out the larger waste objects that are washed in with the fluids. Common swage objects that are caught up in the screen are bacterial wipes, metal cans, bottles, also organic waste such as twigs and leaves which are pulled own with the current. The screen is comprised of sets of metal bars and followed by a grit chamber. This area aids to separate out smaller debris, like pebbles and glass shards, which escape the initial stage.
The swage remover lays in a stable lock position at the edge of the facility; the only shredder in the area funnels this waste and breaks down the macro/large impurities and the rest of the matter falls to a point of accumulation for the effluent. This area opens into a centre of the finest particulates roughly a few millimetres wide and maximum capacity.
After the raw waste water has been screened to the standardised degree the effluent is then pumped from the grit chamber(s) towards the grit settlement tanks. The sewage is pumped from this point, a series of centrifugal pumps which pump a maximum capacity of 612 l/s in dry weather conditions (DWCs). These work together with a series of sump pumps which are located at the same level as the base of the storage tank. When there is heavier thicker effluent flow, thickness greater than 3000ppm, the surplus activated sludge (SAS) pumps are activated and direct the sewage to the settling tanks, 500 meters uphill away from the pumps position. 
[image: Image result for initial grit chamber]
These pumps are satisfactory during DWC, but when the facility is under the effects of stormy weather conditions special storm pumps are used to increase the flow to 3000 l/s per pump that is activated. Inverters in the pumps regulate the flow removed from the storage tanks to match that of the inflow waste water. If the pumps were removing more water than is coming in, then the storage tank would empty, and operations would have to be halted; wasting energy and time. Therefore, new pumps come online with every storage tank in-flow increment. 



Stage 2 of Treatment at Gowerton
Grit Settlement

The next stage of treatment involves the primary settling tanks. There are commonly two or more settling tanks at a facility depending on the size and holding capacity the facility was designed for. The wastewater is pumped upwards through a central shaft in the tank and delivers the flow to the top of the tank where it spreads out and disperses into the tank. The collection at the bottom is called raw primary biosolids or sludge and this substance must be drained out at the bottom and pumped down to the sludge treatment area, while the rest of the wastewater is passed on to the secondary treatment phase. The primary sedimentation tank is the processing unit for finer particulates in the wastewater which are given ample time to settle as a sludge scrapping arm slowly turns the sludge in a centrifugal fashion, down towards the sludge outlet of the tank. The arm must be slow enough in order to prevent turbulence in the sludge causing it to mix back with the waste water. 
[image: ]
Anaerobic treatment is also used to turn organic compounds into various types of biogas. The biogas is heavily comprised of methane and carbon dioxide and there is no air input required, because anaerobic bacteria lives in oxygen free environments. It is energy efficient to do this and far less sludge is produced from this process than from aerobic treatment; as much as 50-80% less.





Stage 3 of Treatment at Gowerton
Secondary Treatment Phase- BOD Reduction

The secondary treatment phase uses an activated sludge process to remove organic matter from the effluent, slashing 85% of harmful bacteria present before the waste water has entered secondary treatment. The sewage is mixed in an aeration tank with air and bacteria dense sludge, resulting in a boom of bacteria that multiply and begin to break down the organic waste into harmless by-products. Allowed to flocculate and sit still for several hours the waste water is cleansed by the strong bacteria and this process reduces the overall BOD, up until a point, in the sludge as well as helping to dismantle most volatile solids. This aerobic process is more effective than a septic tank and often replaces its function in the system.

Organic material, such as fat, is present and accumulates within waste water which decomposes and decays to feed biological matter. As the populations of bacteria grow so too does the BOD increase. This makes the body of water healthier, by absorbing the small biological contaminants. Organic flocs consume the available oxygen and will do so until they are starved out, that is unless DAF systems are implemented to pump air bubbles into the system. So, the oxygen demand of the substance will increase at a steady pace. Water that is oversaturated by this process is called septic water, which is where the name septic tank comes from, and why it smells so bad because there are stagnated gases seeping out. Pressure changes and reactions occur which increase the rate of change of this process.

DAF-dissolved air flotation processes are used in the secondary treatment phase to aid the removal of colloidal particulates. The DAF system is submerged in the secondary settling basin and sends air bubbles shooting up through the effluent, the particulates becoming latched onto the air bubbles. 
When the floc on the basins surface becomes too dense it is cleared by big mechanical screens.
Settled floc that is produced by this process is returned to the mixing basin, in order to sustain the ongoing biological cleaning process.


A pipe flows from this tank into the final settling tank to remove the bugs and bacteria, although 1% of bacteria thickness in the effluent is maintained beyond this stage and it feeds back to the secondary treatment area saving time and making the process more efficient. In order to do this a screw pump is used over the powerful centrifugal pump, so that the traveling bacterium is not disturbed or destroyed. The screw pump is much more adept for this function of passing bacteria from one tank to the other.


The effluent is nearly at an acceptable standard, monitored in correspondence with waste water regulations and legislation. The final unit to pass is a narrow channel with a sensor scanning the incoming flow, feeding information that trigger ultraviolet-lights some 3 foot beyond the sensors, which shine into the passing water for the reason of sterilizing it of any further bacteria. The UV light is altered dependent upon the information it receives from the scanner, so that the intensity of light beams being produced can eliminate the remaining biological matter and make it safe for drinking.


After the primary sedimentation process sludge removed from the waste water, at the primary treatment phase, is pumped down to the sludge treatment area where the machines at the site attempt to separate it from excess waste water and thickened. The Gowerton treatment facility uses poly for thickening the sludge to a desirable level.

It is crucial to thicken the sludge at this stage, because the sludge waste still contains valuable water and nutrients that could be lost to the sludge reuse stream. Also, if a waste water facility mishandles the, sometimes toxic, sludge in an irresponsible way then excess waste water that could have been conserved has gone to waste. Added on to this the facility in question would incur transport cost penalties due to added water weight inside the end earth sludge container.

(Agency, 1998)

Quality Improvements and Gowerton Evaluation
[image: https://upload.wikimedia.org/wikipedia/commons/f/f5/What_is_Zero_Liquid_Discharge_Diagram.png]Zero Discharge Policy

Zero discharge policy is a set of goals aimed around reducing the amount of liquid that is produced by the treatment process and is passed out with the sludge waste. The treatment process is called Zero Liquid Discharge (ZLD) and it aims to reduce the amount of economically valuable waste water expelled and instead recover it for reuse purposes. These processes employ the most sophisticated and stringent technological units to purify and recycle the waste water loss to a negligible point.

(Zero Liquid Discharge, 2019)

Electrodialysis (ED)
Electrodialysis involves ionically charged membrane technology. A series of meshes, one after the other in a positive and negative pattern, can discard of all the electrically charged particulates in the fluid. This is due to the positive-negative laws of attraction, which means that two electric bodies of opposite electric charge are attracted to one another. Thus, the waste water flows through and the ions are removed.

(Lenntech, 2018)

Forward Osmosis (FO)
Unlike reverse osmosis, forward osmosis does not involve pressurising the waste water vessels to initiate the osmosis process. Instead the system is passive, using virtually no energy to achieve water, energy or product recovery, through slow separation using a water permeable membrane to remove the impurities. On one side of the membrane there is a salt ‘draw’ solution which increases the osmotic potential of the membrane allowing for more efficient diffusion to occur and reduce the overall units processing time. This technique is useful for removing impurities sourced from industrial waste and can help to purify it back to environmentally safe levels.

(Triqua International BV)

Membrane Distillation (MD)



· To what extent does Gowerton go to process its waste water
· To meet agricultural standards
· To meet industrial standards
· To meet domestic standards


Meeting agricultural standards does not require as high a degree of purification as industrial and domestic standards. To meet this level of treatment the facility need only go so far as secondary treatment processes, using physical phase separation to remove settleable solids and biological processes to remove dissolved and suspended organic compounds. Dissolved compounds and colloidal compounds are removed from the effluent, but the nutritional value in the treated waste water remains. Nutrients like phosphorus and nitrates aid the biological systems of agriculture to grow as they are fed into the agricultural system post-treatment. Most of the waste water is sent to serve agricultural purposes as its’ treatment involves the least amount of work and energy.


Industrial standards for waste water involve anaerobic bacterial processes that can remove industrial chemical impurities efficiently and safely. After this process the sludge containing previously deadly compounds is now safe to use as soil enrichment. Industrial strength effluent also requires physical chemical separation, including some very sophisticated units, e.g. filtration, carbon absorption, distillation and reverse osmosis.


Domestic treatment standards are the highest standards to meet and have the most stringent regulations, amongst the three categories under analysis. The only way to attain these sanitation goals is to make use of effective combinations of technological processing units. Each unit contributes to the overall process of removal and separation, which improves the water quality incrementally.
Biological treatment capable of removing nitrogen and phosphorous is included in this treatment as these elements are dangerous to humans.


Sludge Technology for Separation, Dewatering, Reuse and Drying

Dewatering, drying, reuse and separation

Belt Filter Press

A technology for separation and dewatering is a belt filter press. This machine uses belts and pulleys (presses) to thin out and by extension dry out the sludge on long conveyor belts with water collection trays beneath, followed by a series of compact belts to maximise the drying process and press every part. The water gathered from the process will be pumped back into the waste water treatment cycle. This type of instalment would be cost effective for Gowerton as it is small and cheap to run. Multiple machines would take up minimal space and conveyor belts are cheap machines to run. The end sludge product will contain less water and be easier more easily packable into the containers for transport.

Rotary Screen Thickener
Another technology for dewatering and separation is a rotary screen thickener, a machine designed to press out the excess waste water from the sludge substance and funnel the waste water to a collector, for then sending back to the treatment process. An inexpensive process to run, even to satisfy the scale at Gowerton, and appears to be simple to implement at the facility, considering there isn’t a great amount of complex machinery involved.




Sewage has been transported over to the sludge thickening unit

For ease of movement purposes, the sludge must be thickened, so that when transport vehicles come to routinely collect them, they are as densely packed as possible, because if there were greater weight caused by water then the final product creates a situation where more trucks are needs to remove the same amount of sludge matter.
There are, however, limitations to this solution as if the sludge becomes too dewatered it cannot be pumped into the sludge tanks to be taken away from the facility. Therefore, a set amount of poly is added to a monitored flow of sludge and other residue to thicken it to a point, being careful not to go beyond it; potentially causing blockages further down the system.

Poly enables this thickened sludge to be poured into 200t/400t containers, which can be removed from the site at regular intervals, removing the waste so that the treatment facility can continue its’ cyclical process.

[bookmark: _GoBack]From this point the trucks take away the sludge to various destinations for either reuse as soil enrichment or to be further distilled to separate out the valuable products and then sold on. These extended refinement processes are expensive to run, which is another reason why it is important for the sludge to be as thick, and densely packed with nutrients as possible, because the sludge is more useful in a desaturated form and therefore more valuable.

(Solutions, 2018)
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