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Title:

An investigation of saline water entering the Sewage Networks within tidal coastal areas across the UK.

Introduction:
Hypothesis:
Saline water has been found to been entering sewerage systems across the UK resulting in breach of permits granted at Sewage Treatment Works. Failure of network infrastructure allows saline water ingress into the system. 

Excessive salinity can damage or kill bacteria used to breakdown the effluent and prevents the biological treatment process from operating properly. 

Literature Review:
Although untreated waste water is mostly water, (generally less than 0.1% is solid material), without treatment the waste water produced every day would cause signiﬁcant damage to the environment.  The impacts of untreated waste water range from, chronic ecosystem damage due to oxygen depletion of receiving waters from the biodegradation of organic matter; ecosystem damage of eutrophication of waters resulting from excessive inputs of nutrients present in waste water; potential health risks from water-borne pathogens from discharges to waters used for recreational activities, such as swimming and canoeing. Untreated waste water also contains sewage litter and other sewage solids that can impact the environment.

Produced by the Department for Environment, Food and Rural Affairs. (2012).
Each discharge point be it a sewage treatment works, sewage pumping station or a consented sewage overflow, are all given a permit/consent by the NRW which needs to be met. From 2019, any data that water companies hold of their assets and their performance will be open for the NRW to see therefore it is important to ensure that the assets are working correctly and are meeting the requirements of thepermit/consent.
Historical Cases – South West Water:
South West Water was fined £71,800 for failing to correct faults which caused the polluting at Salcombe and Dartmouth sewage treatment works.

As stated by the Environment Agency “sewage pipes upstream of the works cross the estuary foreshore and are submerged at high tide. Some of these pipes have faults that allow saline water to enter the sewer network. The treatment process, that involves the use of bacteria to break down effluent, cannot treat excessively salty sewage.

Excessive salinity can damage or kill bacteria used to break down the effluent and prevents the biological treatment process from operating properly. It can prevent suspended solids from breaking down adequately and disrupt the final stage of ultraviolet disinfection before effluent is discharged into the Kingsbridge estuary.”
Environment Agency. (2018).
Saline water was entering the sewage network upstream of the sewage treatment works which caused South West Water to breach their given permit at Salcombe, by repeatedly exceeding the maximum number of non-compliant samples it was allowed. The permit only allows spills in an emergency. 
Equipment failure of a valve which was allowing saline water to enter the network was again causing a breach of their permit. 

Science Background:
Different types of waste water treatment are designed to remove the various contaminants of sewage solids, pathogens, nutrients, toxic chemicals and metals dangerous to wildlife and humans alike. Effective treatment also means treated waste water can be returned to the environment to maintain river ﬂows for conservation, ﬁsheries and recreational interests. 
Produced by the Department for Environment, Food and Rural Affairs. (2012).
The performance of biological treatment processes for saline waste water is usually low because of salt on microbial flora. The high salt concentrations cause plasmolysis of the bacterial cells i.e. the cells lose water and therefore do not break down effluent effectively.
Issues at Cardigan:
Cardigan Town is situated on the north west coast of Wales, sits on the estuary of the River Teifi at the base of Cardigan Bay. The estuary is affected twice monthly by spring tides. This coinciding with heavy rainfall causes flooding in the area. Which also causes issues for Dwr Cymru Welsh Water with foul floodings from combined sewers. All flows from within the Cardigan catchment get passed through a series of gravity sewer networks and pumped rising mains (from sewage pumping stations - SPS) to the sewage treatment works (STW). The treatment process within the STW is having issues which is being caused by saline water. 
Currently, a saline monitor has been placed within the inlet of the STW to detect salinity. If saline levels entering the system are above 4000m/s per litre, then the treatment process is bypassed to protect the biological process. The levels have been set to protect the process preventing the great fluctuation in levels of salinity
The saline water is possibly entering the network through non-return valves at times of high water at tidal locations, therefore halting treatment process. Extensive investigations need to be carried out to confirm what failure is allowing saline water to enter the system. With the process being bypassed, flows are sent to the storm tanks which once full the flows are sent to the river therefore there are implications of being under breach of consent.
Method for Investigations:
Step 1:

Saline monitors to be placed at strategic points (see appendix 1 for catchment plan) (wet wells within the SPS’s and CSO chambers) within the catchment to pinpoint the areas which have the peaks in salinity levels. Each of the chosen points are upstream from an outfall, therefore if saline water is entering through the outfall via a valve (used to prevent backflow) then the monitor will identify the increased levels. Identifying the valves which are failing and allowing tidal ingress into the system.

The monitors will be in place for a period of 6 months to validate the levels, and to test the hypothesis. The data will be cross referenced with tidal data to show the peak during high tides and drops during low tide.
Below are examples of actual valves within the catchment which are allowing saline ingress from the estuary.
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(Data source: DCWW – Dwr Cymru Welsh Water, 2018 – Marion Vimpany)

Step 2:
CCTV will be put in place to monitor and record water movement through the valves identified in step 1 during a high tide. Dye will be placed in the downstream chamber of the valve. Therefore, water will be coloured blue. The CCTV camera is placed upstream of the valve. If the valves are failing (allowing tidal water to return into network system), then coloured water will return upstream from the downstream chamber through the valve. Recorded footage will capture any coloured water returning through the failing valves.
Step 3:
Data collection - 
Collating all data gathered from the Saline monitors, and cross referencing with the already available data within wet wells of the receiving SPS (telemetry data), rainfall which is available off the metoffice and also the tide times for the area (see appendix 2).
Results:
The data gathered can be collected  from the Saline monitors, and cross referencing with the already available data within wet wells of the receiving SPS (telemetry data), rainfall which is available off the metoffice and also the tide times for the area.
The data will be presented in different forms therefore may be beneficial to place all results into a table as given below.

· The results for the saline monitors will be given in graphical form.

· The wet well levels taken from existing available telemetry will be given in graphical form which also gives rainfall. 
· Tide times will be given in a table therefore the time of the high tide would need to be recorded.
Table example
	Date
	Time – 24 hours
	Saline Reading from Monitor (m/s) within pinpointed locations
	Tidal Height (m)
	Rainfall (mm)
	Wet Well Level (m)
	STW Sline monitor (m/s)

	01/11/2018
	00:00
	 
	 
	 
	 
	 

	 
	01:00
	 
	 
	 
	 
	 

	 
	02:00
	 
	 
	 
	 
	 

	 
	03:00
	 
	 
	 
	 
	 

	 
	04:00
	 
	 
	 
	 
	 

	 
	05:00
	 
	 
	 
	 
	 

	 
	06:00
	 
	 
	 
	 
	 

	 
	07:00
	 
	 
	 
	 
	 

	 
	08:00
	 
	 
	 
	 
	 

	 
	09:00
	 
	 
	 
	 
	 

	 
	10:00
	 
	 
	 
	 
	 


[image: image4.emf]Data below shows a   screen shot  from a depth logger currently installed in the wet well of Cardigan 2.5 SPS, drop downs at the top of the chart represent  rainfall   intensity .  Spring tides occurred on 7 th   November   23 rd   November and 7 th   December .          


(Data source: DCWW – Dwr Cymru Welsh Water, 2018)

Evaluation:
In conclusion, if the hypothesis is deemed to be correct and proved by the collected data then further research can be carried out into the suitability of the valves that are currently in place which are being used across the UK. 
A breach of consent for a water company has huge implications, not only a financial penalty but environmentally, the water quality is greatly affected especially if this is a regular occurrence which, in the case of Cardigan a breach could occur 365 days a year. 
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