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Introduction
The Abbey Consols historical mine site was identified as the main source of heavy metal pollution (mainly zinc) in the Afon Teifi catchment. The Teifi itself is a designated SAC and SSSI. Currently a combination of uncontrolled surface run-off from mine waste tips, a mine water discharge from the historical workings and groundwater carry the heavy metals into the river, in particular under wet weather conditions. A site remediation has been designed to:
· stop percolation of rainfall through mine waste via construction of a capping layer;
· keep groundwater levels below the mine waste body through groundwater drainage; and
· avoid contact between mine water, waste and groundwater by capturing and treating the mine water.
The design identified the need for the development of an outfall to the Afon Teifi combining a range of water sources. Currently there is no formal outfall to the river, i.e. water generated on site discharges to the river in an uncontrolled way including mobilised sediment.
The proposed measures aim for over 80% reduction of the heavy metal release from the site and will generate a substantial improvement of the surface water quality adjacent to the site and, consequently, also downstream of the site.
This technical note describes the water sources and treatment steps which will influence the discharge water quality at the proposed outfall location.

Water Sources on Site
Figure 1 (attached to this note) indicates the locations of water sources and water treatment elements on site and Table 1 below summarises the specific features.
Table 1: Summary of water sources on site
	Drg
ref
	Main Water Source
	Specific Element
	Description

	1
	Surface run-off from capped areas (uncontaminated cover)
	Run-off drainage
	Drainage system to collect water from the capped areas and carried towards the wetland within the treatment area. No specific treatment required. Sediment will be prevented from entering the system via filter material surrounding drainage pipework. Topography and material properties of the capping material aim to minimise run-off peak flows.

	2
	Surface run-off from capped areas (contaminated cover/bryophyte zone)
	Run-off drainage
	This area is designed to be contaminated for ecological reasons (bryophyte/lichen habitats). Only minor volumes of run-off expected as design aims to create wet conditions in parts of this area. Discharge is expected to be contaminated with heavy metals and therefore will be collected and feeds into the mine water/mine water treatment.

	3
	Shallow groundwater to the north of the road predominantly originating from slope run-off 
	Shallow groundwater drainage
	Replacing existing drainage which aims to protect the road/race track. Additional objective will be to prevent shallow groundwater entering the mine waste site. Groundwater quality is expected to be natural background and therefore is not passed through the treatment area.

	4
	Groundwater along eastern site boundary
	Groundwater drainage
	Groundwater levels on site are generally below the bottom of the waste but under wet conditions groundwater levels rise into the bottom zone. This eastern drain aims to reduce groundwater inflows from the wider catchment to the northeast into the site under such wet conditions. Groundwater quality is expected to be natural background and therefore is not passed through the treatment area.

	5a
	Mine water
	Mine water capture
	Mine water is captured to the north of the road, close to the buried historical adit mouth. Mine water is polluted with heavy metals.

	5b
	
	Mine water transfer
	Mine water is carried in a closed pipe under the road and then feeds an open channel, heading towards the treatment area. No treatment occurs within the channel.

	5c
	
	Mine water treatment
	Mine water treatment options have been assessed and tested concluding that precipitation of the heavy metals (in particular zinc) can be achieved most cost effectively by dosing of sodium carbonate to form metal carbonate precipitate. The treatment area comprises a dosing unit (including store for sodium carbonate powder, dosing tanks and dosing pump), two treatment lagoons with pH sensors to control sodium carbonate dosing, facilities to filter, dry and store metal carbonate sludge and a wetland for post treatment polishing and mixing with clean run-off from the capped areas. The wetland has also a function as a retention feature during storm events.

	6
	Combined discharge
	Outfall
	All water sources feed into a chamber at the south-eastern corner of the treatment area from where it is carried to the Afon Teifi outfall.


Continuous mine water discharges are expected, whereas groundwater and surface water drainage are expected to generate discharges only under prolonged wet conditions.
The only water sources which will undergo a treatment process are the mine water and the run-off discharge from the eastern capped area (bryophyte/lichen area).
The following section describes the water treatment process and mitigation measures to deal with uncertainties.

Water Treatment Process
Treatment process details
The proposed innovative treatment solution for the site has been developed to minimise environmental impacts and is taking NRW’s sustainability objectives into account. The initial design is for a large-scale treatment trial programme which will involve a substantial academic research programme. The initial test phase will take at least one year. Treatment facilities are designed to allow further testing and optimisation which will result in some variability of the final discharge quality within year one after construction. The treatment process is part of the site-wide remediation and is taking the particular site constraints into account.
Treatability trials using the mine water samples from the site showed that raising the mine water pH to between 8.5 and 9 and adding a carbonate source results in effective precipitation of zinc carbonate. Initial field trials (with a slightly lower pH) achieved lowering of dissolved zinc concentrations from around 16 mg/l to approx. 2-4 mg/l (70-90% reduction). An optimised second field trial achieved reduction of dissolved zinc concentrations of well over 90% getting zinc concentrations lowered to around 0.1 mg/l. It is currently expected that further optimisation of the system is likely to achieve dissolved zinc concentrations to be lowered below 0.1 mg/l. Other dissolved heavy metal concentrations (lead and cadmium) are also expected to be substantially reduced.
A range of dosing reagents have been tested and sodium carbonate was found to be the most suitable. Most of the carbonate will not enter the water environment due to the precipitation as metal carbonate in the treatment lagoons and increases of sodium in the discharge were found to be minimal. Hydrochemical characterisation of surface water on site indicated a sodium chloride water type, i.e. sodium is a common element and is not expected to vary the overall water quality characteristics in the river.
The treatment trials indicated difficulties with capturing the very fine precipitate particles which requires further optimisation. So far, a sand filter was found to be most efficient in removing very fine particles.
The treatment area will comprise the following units for which details are provided in the following subsections (locations are indicated on Figure 1):
· Reagent store with dosing plant;
· Two treatment lagoons;
· Facilities for post treatment of the sludge to reduce water content; and
· A polishing wetland.
Reagent store with dosing plant
This will comprise two tanks (2x1 m3) in which sodium carbonate powder will be manually dissolved in mine water to form the reagent solution. A storage area is included for temporary storage of a small quantity of sodium carbonate powder bags. Duty/standby dosing pumps will deliver the reagent to a static mixer at the inlet to the treatment lagoon. Sensors within the reagent tanks, the treatment lagoons and the outflow will be used to control the dosing regime remotely and/or on site. Dosing will ensure that the pH of the water in the treatment lagoon stays within a range of 8.5 to 9 (typically at 8.7), i.e. under higher mine water flows dosing will increase and vice versa. The dosing system would be bunded and the dosing lines dual-contained to capture any leakage of reagent and raise an alarm if detected.
The dosing plant will be protected from rain, wind and unauthorised access in a small building. After the commissioning of the system it is envisaged that reagent solution will need to be supplemented approximately once in a month (depending on mine water flow rates). 
Treatment Lagoons
Two treatment lagoons (approx. 50 m2 in surface area) have been designed to create a controlled environment for the chemical reaction and precipitate accumulation/settlement to occur. The lagoons will be covered to control the effect of weather and lined to prevent leakage to groundwater. The current set-up is based on an overflow from one lagoon to the other to test extra settlement time and filter configurations to remove fine particulate. The second lagoon can also be used directly for treatment if maintenance on the first lagoon will be required (e.g. if it needs to be cleaned out).  
The chemical dosing controlled by pH sensors ensures that the pH within the lagoons stays around 8.7 (between 8.5 and 9). Precipitate (mainly zinc carbonate) settles to the bottom of the lagoons, with the particles too fine to settle being trapped by downstream sand filters. The trial system will be used to optimise the precipitate collection and post-treatment processes, i.e. initially precipitate sludge may be removed more frequently (e.g. monthly) during the first months but the sizing of the lagoons allows less frequent removal visits later on (e.g. yearly). Precipitate sludge is transferred to the post treatment area for dewatering and temporary storage. Different methods of removing the sludge will be trialled, such as draining one lagoon, partially dewatering the sludge in-situ and then excavating it, or using a suction pump to remove sludge from a full lagoon to the dewatering system.
Treated mine water will discharge from the lagoons via the sand filters into the wetland area.
If the dosing plant fails, the volumes of elevated pH water within the lagoons provide temporary buffer to operate the treatment under decreasing efficiency (similar to a scenario when mine water flows are temporarily exceeding the design flows of max. 2 l/s). As soon as the pH in the lagoons drops below 8.5 inflowing mine water would be diverted around the lagoons into the wetland to avoid the precipitated metal carbonate re-dissolving in the lagoons. Duplication of reagent tanks, dosing pumps and dosing lines reduces the risk of dosing plant failure affecting the process but, if necessary, manual sodium carbonate dosing into the lagoons is possible under observation of the pH in the water whilst repairs are carried out.
Overdosing, which could lead to a treatment discharge pH of slightly over 9, is unlikely to be a concern due to the dilution effect in the combined outfall and ultimately in the river. The multiple pH sensors in the system should minimise such risk anyway. 
Sludge Post-treatment area 
This area provides platforms for post-treatment of the sludge, aiming to reduce the water content as much as practical and to temporarily store minor volumes to make transport from the site cost-effective. Post treatment can involve further filter techniques or simple drying beds. Protection from wind and rainfall will be implemented and any clean filtration residual discharge would drain into the wetland area.
Wetland
The wetland will be a lined depression, mainly within the treatment area, and is designed to have the following main functions:
· Additional polishing of fine particulate from the surface run-off and the water treatment processes;
· Offer some temporary storage (retention) to buffer high flow events; and
· Allow hydrochemical stabilisation after water treatment and mixing.
The wetland will discharge into the chamber to the southeast of the treatment area where the water mixes with captured groundwater from the eastern and northern groundwater drains before discharging at the outfall location into the Afon Teifi.
Mitigation of uncertainties
[bookmark: _Hlk53352262]Some uncertainties have been identified during the design stages. Uncertainties with their potential impacts and mitigation are summarised in Table 2 below.
Table 2: Design uncertainties
	Uncertainty
	Potential Impact
	Mitigation

	Unconfirmed mine water discharge rates and profile due to currently buried adit entrance
	Mine water treatment process may be over or undersized which could lead to underperformance or temporary overwhelming of the treatment facilities.
	Reagent dosing system offers flexibility to cope with variable mine water discharge rates. Residence time in the lagoons would reduce which would increase pressure on the filter system to avoid the precipitate getting washed out. If unexpected extreme flows were released from the mine (storm flows) design would allow for bypassing of the treatment lagoons to avoid damage.

	Groundwater within the quarry area to the north of the road is currently affected by mine water discharge. After installation of an efficient mine water capture system it is expected that groundwater may not be present at all or only under very wet conditions and would generally be expected to be uncontaminated (natural background). This can only be confirmed after construction.
	Polluted groundwater could enter the direct discharge route to the river.
	The groundwater drainage system to the north of the road will have an option to direct groundwater captured from the quarry area into the mine water channel and then into the treatment area.



Maintenance & monitoring
The site would be visited at least once a month for routine maintenance, including refilling the reagent tanks, ensuring both pumps are operational and delivering reagent to the dosing point, and checking for any blockages in flow paths, and removing precipitate from flow channels. 
Mine water flow rate from the adit and the pH in the lagoons would be monitored, with the data recorded and available on site and also remotely via telemetry. 
Alarms, such as for dosing pump failure, reagent leakage, power failure, high or low pH, low reagent level, etc. would be issued by telemetry.
A research programme will be implemented after construction and run for at least one year. The objective of this trial programme is to optimise the treatment process and maintenance requirements. At the end of this programme a permanent operations manual will be developed.

Summary
The proposed water management and mine water treatment system is designed to substantially reduce the heavy metal load which is currently entering the Afon Teifi from the site. An initial test period will allow collection of monitoring date (e.g. mine water discharge rate profile) and academic research to be undertaken which will help to optimise the treatment process and the overall environmental footprint of the remediation scheme.
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