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1. Introduction
1.1 Background
The Power, Capture and Compression (PCC) site of the proposed Net Zero Teesside (NZT) 
development is located on part of the former Redcar Steel Works which operated until 2015. It is 
proposed to redevelop the site and construct a gas fired power station with carbon capture, as well as 
a high pressure compressor station, and in the surrounding Teesside are a CO2 Gathering Network and 
development associated with the power station will be constructed. During operations, it is proposed to 
discharge wastewater from on-site processes (cooling water) to Tees Bay. The outfall will also be used 
for disposal of surface water runoff.

Process water from the Carbon Capture Plant is assumed to be treated by Northumbrian Water Ltd. 
at Bran Sands Waste Water Treatment Works with treated effluent discharged to Dabholm Gut under 
NWL’s Environmental Permit.

In their Relevant Representations, the Environment Agency and Natural England have asked for an 
assessment of the potential impacts of the proposed discharge on water quality in Tees Bay with specific 
focus on localised temperature impacts and wider impacts on Dissolved Inorganic Nitrogen (DIN) 
concentrations within Tees Bay and the River Tees Estuary. The results of this assessment will aid in 
the assessment of the impact of the Proposed Development on Nutrient Neutrality in the Teesside and 
Cleveland Coast Special Protection Area/Ramsar site, including parts of Tees Bay and the Tees Estuary. 
This report sets out the results of a preliminary assessment of the discharge of cooling water to Tees 
Bay. This cooling water will be supplied to the Proposed Development by NWL and is assumed to be 
raw water abstracted by NWL from the River Tees. A separate assessment of the nutrient nitrogen 
impacts of the process water discharge to Dabholm Gut (or Tees Bay) will be prepared based on a 
preliminary assessment of the load of DIN in the discharge. This assessment is of relevance to the 
assessment of the impacts of DIN emissions from treated process water discharges to Tees Bay in that 
it assesses the potential for effluent discharged to the sea to re-enter the Tees Estuary.

A preliminary study of near field and far field mixing of discharges from the site was carried out by 
ABPmer and was included in the DCO Application submitted in July 2021 as Appendix 14E [App-321]. 
Site design was at an earlier stage at that point (referred to throughout this report as the Initial Design 
Stage Assessment and included as Appendix A). The Initial Design Stage Assessment focussed on 
thermal impacts only and the assessment was limited in scope due to the earlier design stage of the 
proposed development at that time. ABPmer was aware that heated water and surface water runoff 
would need to be discharged from the site and were provided with an initial future discharge rate of 1.37 
m3/s which would be a combination of both. However at the time of ABPmer’s Initial Design Stage 
Assessment, there was no information concerning the likely design of the surface water system, the 
temperature of the heated water or the proportion of heated and surface water runoff present in the 
effluent. A worst case scenario in which the entire 1.37 m3/s flow was heated to 30°C was assumed in 
this Initial Design Stage Assessment.

Details of the site design have now been progressed and information on discharge rates and volumes 
is now available. The discharge rate of heated effluent is anticipated to be significantly lower at 
approximately 0.07 m3/s. The addition of surface water runoff will increase this flow rate, but will also 
potentially produce a cooler discharged effluent and dilute contaminants, as well as being intermittent 
and attenuated through on-site storage provision. In view of the progress in the design, it is necessary 
to update the assessment carried out by ABPmer to reflect the changes in effluent flow rates and to 
include an assessment of DIN emissions to Tees Bay.

This Intermediate Design Stage Assessment sets out details of the near and far field modelling carried 
out on the basis of the information now available. This includes consideration of chemical pollutants
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using data which were not available to inform the Initial Design Stage Assessment. The assessment
aims to represent worst case thermal and DIN impacts on Tees Bay and the Tees Estuary given current
design philosophies and water management methods proposed for the PCC site. However, the
Proposed Development is currently in the Front End Engineering Design (FEED) stage and as such
proposals have yet to be finalised and proposed discharge rates and effluent quality may change in the
future as the design progresses further and arrangements for water use are finalised (e.g. on or off site
water treatment provision, water re-use on site, design of future outfalls). This Intermediate Design
Stage Assessment therefore seeks to provide a worst case scenario assessment of water quality
impacts based on the currently available information. It is envisaged that the modelling will be revisited
and a Final Design Stage Assessment carried out as the development proposals are finalised. The
purpose of this Intermediate Design Stage Assessment is to establish the worst case possible impacts
on Tees Bay and the Tees Estuary and inform the design finalisation process.

This Intermediate Design Stage Assessment builds on the work carried out for the Initial Design Stage
Assessment, including work to characterise the receiving environment and construct a 3D
hydrodynamic model of the tidal River Tees and Tees Bay. Full details of this work are provided in
Appendix A and the same 3D model is used to provide input data to the near field modelling discussed
below as well as to carry out the far field modelling.

1.2 Development Proposals
At this Intermediate Design Stage there are two main options for site design being developed. Given
the nature of this intermediate assessment, with FEED works ongoing, full details of these designs are
not yet available. However the different design philosophies both include a supply of untreated raw
water abstracted upstream of the tidal limit on the River Tees by Northumbrian Water Limited (NWL)
and supplied to the site via NWL’s network. This supply will be used as cooling water (“Blowdown
Water”) in the power station and will be discharged as effluent to Tees Bay. A small amount of additional
effluent will be generated on site as steam condensate (“Condensed Water”) and will also be discharged
to Tees Bay. Surface water from the redeveloped site will be routed through oil interceptors on any site
areas where there is potential for contamination and discharged to Tees Bay via on-site attenuation
storage facilities. Some additional effluent will be generated within the Carbon Capture Plant but this
will be discharged to NWL’s existing Wastewater Treatment Plant at Bran Sands which discharges to
the Tees Estuary via the Dabholm Gut.

Water quality impacts in Tees Bay may occur because the Blowdown Water and Condensed Water will
be generated, and may be discharged, at temperatures exceeding that of Tees Bay. Further, the origin
of the Blowdown Water is untreated water from the River Tees and contains contaminants typical of a
large lowland river draining a diverse catchment with extensive farming and industrial use including
DIN. These contaminants will be concentrated by up to five times by the on-site processes. The
Condensed Water flows are significantly smaller (see Section 2) but this water may contain
concentrations of ammonia up to 5 mg/l.

At this stage, four scenarios for modelling the impact of wastewater discharges have been identified:

 Option 1A – Concentrated Blowdown Water and Condensed Water, excluding the re-
use of wastewater from any process as Blowdown Water, excluding surface water
runoff present in the discharged effluent.

 Option 2A – Concentrated Blowdown Water and Condensed Water, partial re-use of
Condensed Water as Blowdown water, no surface water runoff present in the
discharged effluent.

 Option 1B – Concentrated Blowdown Water and Condensed Water, excluding re-use
of wastewater from any process as Blowdown water, including average annual surface
water runoff present in the discharged effluent.

 Option 2B – Concentrated Blowdown Water and Condensed Water, partial re-use of
Condensed Water as Blowdown water, including average surface water runoff present
in the discharged effluent.
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Option 1A above will be worst case for effluent temperature and Option 2A will be worst case for effluent
DIN concentrations. Scenario 1B will be worst case for effluent flow rates but the effluent will be cooler
and contaminants will be diluted through addition of surface water.

There are also two alternative proposals under consideration for the location and geometry of the Tees
Bay outfall. The first option is to re-use the existing former steelworks outfall located at Ordnance Survey
National Grid Reference (OS NGR) 457108 E, 527563 N and constructed for discharge of effluent from
the Teesside Integrated Iron and Steel Works. The second is to construct a new outfall at a location
south-east of the existing outfall, with the precise location and outfall pipeline/diffuser design still to be
determined. This Intermediate Design Stage Assessment examines the water quality impacts of both
options over the tidal cycle. The current NZT DCO boundary outline and outfall locations are shown in
Figure 1-1.
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Figure 1-1:  NZT Development Boundary and Potential Effluent Discharge Locations
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2. Discharged Effluent Quality
2.1 Environmental Quality Standards
Table 2-1 sets out Environmental Quality Standards (EQS) relevant to the Tees Bay coastal water under
current UK legislation. These standards are used to develop the list of pollutants which need to be
assessed to determine the water quality impacts of the proposed discharge.

Table 2-1:  Environmental Quality Standards for Tees Bay

Parameter Environmental Quality Standard
Temperature Less than 3°C increase in temperature outside the immediate mixing zone
Dissolved Inorganic Nitrogen (µmol/l) Mean = 12 µmol/l (selected based on salinity and turbidity data)
Dissolved Oxygen Mean = 5.74 mg/l (calculated from salinity)
Un-ionised Ammonia Mean = 21 µg/l
Arsenic Mean = 25 µg/l
Chlorine 95%ile = 10 µg/l
Cyanide Mean = 1 µg/l, 95%ile = 5 µg/l
Hydrocarbons
Benzyl butyl phthalate Mean = 0.75 µg/l 95%ile = 10 µg/l
2,4-dichorophenol Mean = 0.42 µg/l, 95%ile = 6 µg/l
3,4-dichloroaniline Mean = 0.2 µg/l, 95%ile = 5.4 µg/l
Phenol Mean = 7.7 µg/l, 95%ile = 46 µg/l
Toluene Mean = 0.074 mg/l, 95%ile = 0.370 mg/l
Triclosan Mean = 0.1 µg/l, 95%ile = 0.28 µg/l
Metals
Chromium (VI) Mean = 0.6 µg/l, 95%ile = 32 µg/l
Copper Mean = 3.76 µg/l dissolved
Iron Mean = 1 µg/l
Zinc Mean = 6.8 µg/l dissolved plus ambient (1.1 µg/l) = 7.9 µg/l
Pesticides
Cypermethrin Mean = 0.1 µg/l, 95%ile = 0.4 µg/l
Diazinon Mean = 0.01 µg/l, 95%ile = 0.26 µg/l
2,4-dichlorophenoxyacetic acid (2,4-D) Mean = 0.3 µg/l, 95%ile = 1.3 µg/l
Dimethoate Mean = 0.48 µg/l, 95%ile = 4 µg/l
Glyphosate Mean = 196 µg/l, 95%ile = 398 µg/l

Linuron Mean = 0.5 µg/l, 95%ile = 0.9 µg/l
Mecoprop Mean = 18 µg/l, 95%ile = 187 µg/l
Permethrin Mean = 0.2 ng/l, 95%ile = 1 ng/l

The EQS for DIN has been selected based on High Status EQS standards1 for clear coastal waters
containing less than 10 mg/l suspended particulate matter and with a salinity of 32 ppt. Environment
Agency data show an average of 8 mg/l suspended solids and normal salinity of 30 ppt at Tees Mouth
(see Section 3) and salinity of 32-35 ppt in Tees Bay. The dissolved oxygen EQS is calculated for High
Status from salinity for coastal waters with salinity less than 35 ppt. Dissolved oxygen discharges will
not be modelled as a pollutant because concentrations in receiving waters will be controlled by
temperature and nutrient (DIN) impacts.

1 For further information see https://www.legislation.gov.uk/uksi/2015/1623/pdfs/uksiod_20151623_en_auto.pdf

https://www.legislation.gov.uk/uksi/2015/1623/pdfs/uksiod_20151623_en_auto.pdf
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2.2 Effluent Pollutant Concentrations
2.2.1 Blowdown Water Quality
The source of the Blowdown Water is untreated River Tees water from three abstraction points – Low
Worsall, Blackwell and Broken Scar. River water quality monitoring data have been provided by
Northumbrian Water for Broken Scar and a summary dataset of key substances has been provided for
Low Worsall and Blackwell. Review of the data show significant differences in water quality at Low
Worsall while water quality at Blackwell is similar to that at Broken Scar – average pollutant
concentrations at each abstraction are shown in Table 2-2. Un-ionised Ammonia concentrations have
been calculated from observed ammonia concentrations using the formula in Equation 2-1. DIN
concentrations have been calculated by converting nitrate, nitrite and ammonia concentrations recorded
in mg/l in each sample to µmol/l based on molecular mass, then calculating the average of the total
µmol/l concentration.

Equation 2-1:  Approximation for Calculating Un-ionised Ammonia Fraction from Total
Ammonia2

Table 2-2:  Mean Pollutant Concentrations at River Tees Abstraction Points (2016-2022)

Parameter Broken Scar Blackwell Low Worsall
Temperature (°C) 11.2 10.8 10.9
Dissolved Inorganic Nitrogen (µmol/l) 57 59 178
Un-ionised Ammonia (µg/l) 0.1 0.5 1.3
Arsenic (mg/l) No data No data No data
Chlorine No data No data No data
Cyanide No data No data No data
Hydrocarbons
Benzyl butyl phthalate No data No data No data
2,4-dichorophenol No data No data No data
3,4-dichloroaniline No data No data No data
Phenol No data No data No data
Toluene No data No data No data
Triclosan No data No data No data
Metals
Chromium (VI) (mg/l) 0.5 No data No data
Copper (mg/l) No data 1.0 1.6
Iron (mg/l) 0.6 0.5 0.6
Zinc (mg/l) No data No data No data
Pesticides
Cypermethrin (µg/l) Not detected No data No data
Diazinon (µg/l) 0.003 No data No data
2,4-D (µg/l) 0.002 No data No data
Dimethoate (µg/l) No data No data No data
Glyphosate (µg/l) 0.012 No data No data
Linuron (µg/l) No data No data No data

2 https://floridadep.gov/sites/default/files/5-Unionized-Ammonia-SOP_1.pdf, accessed 10 May 2022

https://floridadep.gov/sites/default/files/5-Unionized-Ammonia-SOP_1.pdf
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Parameter Broken Scar Blackwell Low Worsall
Mecoprop (µg/l) 0.002 No data No data
Permethrin (µg/l) No data No data No data

Discussions with NWL have confirmed that the Low Worsall abstraction point is currently out of use.
However, it is expected to return to use as local water requirements increase, for example in response
to development of the PCC site. In this case, the PCC site will receive the majority of its water supply
from Low Worsall. Based on the current site design information, potential contaminants species in this
raw water will then be further concentrated by up to five times as a result of its use as Blowdown Water.

The pollutant loads in the Blowdown Water have been calculated in this report based on the assumption
that all Blowdown Water will be sourced from Low Worsall, with no supply from Broken Scar or
Blackwell. This gives a worst case scenario for effluent DIN concentrations. However, a full analysis of
hydrocarbons, arsenic, chlorine, cyanide and zinc cannot be made due to lack of data. Data are also
missing for Dimethoate, Linuron and Permethrin, however these substances are not expected to be
present in significant quantities in the River Tees because they were withdrawn from UK use in 2002,
2018 and 2002 respectively. Monitoring continues for Cypermethrin in the River Tees but this substance
has not been detected in any sample in the dataset and is therefore considered to be absent. The
impact of mixing and concentration on final effluent quality is discussed in Section 2.2.4.

2.2.2 Condensed Water Quality
The Blowdown Water will make up the majority of the process effluent produced by the PCC site.
However, a small additional flow of Condensed Water is also expected to be discharged into Tees Bay.
This water is expected to contain only one contaminant which is subject to an EQS, ammonia, at
concentrations of 5 mg/l (294 µmol/l), which is limited through the DIN EQS. The Condensed Water
may also contain dissolved carbon dioxide at concentrations sufficient to reduce the pH to a value of 6,
however neither pH nor carbon dioxide concentrations are limited in coastal waters. The impact of
mixing and re-use of Condensed Water on the final discharged effluent quality is discussed in Section
2.2.4.

2.2.3 Surface Water Runoff
Surface water runoff is not expected to be a significant source of contaminants to the discharged
effluent. The surface water management proposals for the PCC site are still at an early stage, however
they include installation of oil interceptors where there is a risk of surface water contamination.
Sustainable drainage systems will be installed following redevelopment which will include surface water
attenuation features which will allow settlement of solids and breakdown of contaminants. Therefore, it
is assumed at this stage of the study that the addition of surface water runoff to the discharged effluent
will serve to dilute contaminants rather than increase concentrations (see Section 2.2.4).

2.2.4 Final Mixed Effluent Discharge Scenarios
As discussed in Section 1.2, the final effluent discharged to Tees Bay will comprise a mixture of
concentrated Blowdown Water and Condensed Water, with or without an aspect of Condensed Water
re-use and surface water addition. The temperature of the discharged effluent will depend on the final
development design because the current site designs include areas where Blowdown Water and
Condensed Water will be stored prior to discharge, giving opportunity for cooling. Depending on the
final development option selected, the site designs are expected to result in worst-case summer
scenario temperature of the discharged effluent will be either 27 or 23°C. The addition of surface water
runoff will significantly cool the discharged effluent.

Based on the available information, four scenarios for modelling the impact of wastewater discharges
have been identified:

 Option 1A - no re-use of wastewater from any process as Blowdown Water, no surface water
runoff present in the discharged effluent. Effluent pollutant concentrations are taken from the
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River Tees Water data multiplied by 5, with an additional ammonia component then added to
represent the Condensed Water. The effluent discharge temperature is taken as 27°C.

 Option 2A - Re-use of Condensed Water as Blowdown water, no surface water runoff present in
the discharged effluent. Effluent pollutant concentrations are taken from the River Tees water
with an additional ammonia component added before the total concentrations of all pollutants are
multiplied by 5. The effluent discharge temperature is taken as 23°C.

 Option 1B – Option 1 effluent concentrations are diluted by average annual surface water runoff
volumes prior to discharge. Based on the current design documents, the effluent discharge
temperature is taken as 15°C.

 Option 2B - Option 2 effluent concentrations are diluted by average annual surface water runoff
volumes prior to discharge. The effluent discharge temperature is taken as 15°C based on the
current design documents. Note that this design philosophy contains more measures to store
and manage water flows on site in order to allow for water re-use. This includes using a single
controlled discharge rate based on pumping of process flows only. The addition of surface water
runoff will therefore dilute and cool the effluent but will not increase the effluent discharge flow
rate.

Options 1 and 2 reflect different potential design philosophies at the site. The pollutant flows, effluent
loads and temperatures in each scenario are set out in Table 2-3. Worst case scenario conditions are
assumed where required, e.g. it is assumed that all Blowdown Water is sourced from Low Worsall as
this is the worst case for DIN. Options 1B and 2B reflect the addition of surface water runoff from the
redeveloped site to Option 1A and 2A effluent, respectively. The runoff volume has been estimated by
allowing for 9 mm rainfall depth3 (the rainfall depth expected during a rainfall event lasting 1 hour and
occurring, on average, once per year, i.e. a moderately sized storm) over an area of 150,000 m2 of hard
standing surface, based on the area of the PCC site.

For each scenario, each chemical substance present in the effluent at concentrations greater than the
EQS in Table 2-1 is highlighted in yellow. A water quality impact assessment is not required for those
parameters which are not highlighted (2,4-D, glyphosate and mecoprop) because the discharge of these
substances to Tees Bay at these concentrations does not risk exceeding the EQS.

3 Rainfall depth information taken from Flood Estimation Handbook 2013 model, accessed at https://fehweb.ceh.ac.uk/GB/map
on 10 May 2022

https://fehweb.ceh.ac.uk/GB/map
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Table 2-3:  Flows and Pollutant Loads for Modelled Discharge Scenarios

Parameter Option 1A Option 2A Option 1B Option 2B

Description

Low Worsall water
concentrated 5

times, condensed
water added

Low Worsall water
and condensed

mixed, then
concentrated 5 times

Scenario A with
addition of

1350 m3/hr surface
runoff

Scenario B with
addition of surface

runoff

Flow Rate (m3/s) 0.04 0.07 0.41 0.07
Temperature (°C) 27 23 15 15
DIN (µmol/l) 8901 9893 75 1626

Un-ionised
Ammonia (µg/l) 22 274 0.25 67

Metals8

Chromium (VI)
(mg/l) 2.5 2.5 0.2 0.3

Copper (mg/l) 8.0 8.0 0.7 1.1
Iron (mg/l) 3.0 3.0 0.3 0.3

Pesticides8

Diazinon (µg/l) 0.015 0.015 0.001 0.002
2,4-D (µg/l) 0.010 0.010 0.001 0.001
Glyphosate (µg/l) 0.060 0.060 0.005 0.009
Mecoprop (µg/l) 0.010 0.010 0.001 0.001
1Normal operating conditions, condensate collected on site and discharged to Tees Bay 1 hour per month, during which time DIN
drops to 856 µmol/l
2 Normal operating conditions, condensate collected on site and discharged to Tees Bay 1 hour per month, during which time un-
ionised ammonia increases to 4 µg/l
3Worst case scenario, condensate collected on site and discharged into the Blowdown Water for 1 hour per month. Outside this
time, DIN  = 890 µmol/l
4 Worst case scenario, condensate collected on site and discharged into the Blowdown Water for 1 hour per month. Outside this
time, un-ionised ammonia  = 2 µgl/l
5 Normal operating conditions, condensate collected on site and discharged to Tees Bay 1 hour per month, during which time un-
ionised ammonia increases to 0.3 µg/l when allowing for the addition of runoff
6Worst case scenario, condensate collected on site and discharged into the Blowdown Water for 1 hour per month. Outside this
time, DIN  = 124 µmol/l allowing for the addition of runoff
7Worst case scenario, condensate collected on site and discharged into the Blowdown Water for 1 hour per month. Outside this
time, Un-ionised Ammonia = 5.8 µg/l, allowing for the addition of runoff
8All values for metals and pesticides are worst case scenarios, i.e. no dilution of blowdown water via addition of Condensate
Water
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3. Receiving Environment
3.1 Model of the River Tees Estuary
Information on the physical environment of Tees Bay have been obtained for the study area from an 
existing, calibrated hydrodynamic model configured using the Delft3D (Deltares) software. This model 
was developed using the latest available data (ABPmer, 2019) and is provided in Appendix A. The 
model domain covers the River Tees Estuary and extends 10 km offshore and 30 km along the 
Hartlepool, Redcar and Cleveland coastline, as shown in Figure 3-1. 

Figure 3-1:  Delft3D hydrodynamic model extent
The model uses a curvilinear computational grid, which allows a grid composed of various sizes to be 
used throughout the model domain. A finer grid has been used for a section of the estuary west of the 
former steelworks (black shaded area in Figure 3-1) and a much coarser grid for the offshore region 
(blue grid lines in Figure 3-1). 

Input flows to the model have been applied at three locations: tidal boundaries surrounding the offshore 
section of the model, Greatham Creek inflow and River Tees inflow represented at the location of Tees 
Barrage. These flows have been applied as follows:

 Three offshore boundaries have been used in the model (yellow lines in Figure 3-1) which are 
driven by tidal harmonics. 

 The Tees Barrage has been represented as a “thin dam” structure which prevents saline water 
extending upstream in the River Tees. A non-continuous freshwater discharge has been added at 
this location which was calculated from flow data available from the National River Flow Archive 
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(NRFA). Peak discharge rates used in the model vary seasonally between 3 m3/s (summer) and
74 m3/s (winter).

 A continuous inflow of 1.8 m3/s has been added to the model to represent the flow from Greatham
Creek. This has been based on previous values used in prior modelling work.

The Delft3D hydrodynamic model was run for three simulation periods: calibration (20/04/2005 –
01/05/2005), verification (13/01/2001 – 27/10/2001) and 2019 seasonal runs (23/06/2019 –
08/07/2019). The period chosen for the 2019 seasonal run was selected to ensure that the mean spring
and mean neap tidal conditions are captured in the model simulation period. The results from this
simulation have been used in this study to simulate the tidal water variations and flows at the two outfall
locations.

3.2 Outfall Locations
Effluent from the PCC site may be discharged via an existing outfall located at OS NGR 457108 E,
527563 N. An alternative option is to construct a new outfall at 458705 E, 526354 N, as indicated in
Figure 1-1.

3.2 Bathymetry
The bathymetry data for the model has been compiled from a number of sources: PD Teesport Redcar
Bulk Terminal Survey Data (29/01/2020), PD Teesport Survey Data (2019), LiDAR Contours, CMap,
Admiralty Charts and survey data contained in previous models (2003). Where datasets overlapped,
they were prioritised in the above order which has been dictated based on the quality of data. The bed
profile extending from the shore towards the existing outfall is shown in Figure 3-2, where zero chainage
is at the high tide shoreline (mean high water). The existing outfall is at approximately 750 m chainage
and at -6.24 mAOD. The alternative outfall location is taken to be 500 m offshore at approximately -6
mAOD.

Figure 3-2:  Bed Profile Extending Offshore at W3 Outfall Location

3.3 Tide Levels and Currents
Water level and current data have been extracted from the Delft3D model for the 2019 seasonal runs
at the location of the existing outfall and are shown in Figures 3-3 to 3-5. An analysis of tidal conditions
at the alternative outfall location were found to be not significantly different to those at the existing outfall
location.
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Figure 3-3:  Water Levels at Existing Outfall

Figure 3-4:  Current Speeds at the Existing Outfall Location

Figure 3-5:  Current Directions at the Existing Outfall Location

Based on the above data, the values for water level, current speed and current direction, as listed in
Table 3-1, have been used in the CORMIX modelling of the existing and alternative outfalls.
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Table 3-1:  Water Level and Current Conditions at Existing and Alternative Outfall Locations

Tidal Stage Water Level (mAOD) Current Speed (m/s) Current Direction (°)
Minimum Tide Level -2.24 0.25 319
Maximum Tide Level 2.61 0.31 131

Maximum Current
Condition 2.54 0.33 131

Minimum Current
Condition 0.77 0.013 82

3.4 Wind Conditions
Wind speed data has been obtained from the Durham Tees Valley Airport anemometer. Data is available
for the years 2015 to 2019 at hourly intervals. This data was analysed as part of the Delft3D thermal
discharge modelling exercise to calculate a monthly average wind speed and direction. From this, the
highest (5.32 m/s) and lowest (4.08 m/s) average speeds were taken as the winter and summer
condition in the Delft3D model. A value of 4.08 m/s has been applied in the CORMIX modelling as a
worst case low wind speed scenario, however the Initial Design Stage modelling in Appendix A shows
that the near field mixing zone is not sensitive to wind speeds over the observed range at Durham Tees
Valley Airport.

3.5 Temperature and Salinity
Temperature and salinity are included in the Environment Agency ambient water monitoring data at the
sample points shown in Figure 3-6. The salinity in Tees Bay (Sampling Point A in Figure 3-6) is shown
to be relatively constant and varies between 31 and 34 ppt. A value of 32 ppt will be used in the near
field modelling.

The temperature in Tees Bay is shown to vary between 5°C in winter and 16°C in summer. Given the
significant variation in seawater temperatures, separate CORMIX model runs will be carried out to
assess the seasonal variation in mixing zone extent.

Figure 3-6:  Environment Agency Ambient Water Quality Monitoring Locations
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3.6 Ambient Water Quality
The Environment Agency data for two water quality sampling points, as shown in Figure 3-6, have been
analysed to obtain suitable ambient water quality values for near field mixing zone modelling. Sample
Point A is located within Tees Bay and records data from July 2019 to November 2021. This data shows
an ambient DIN concentration within Tees Bay of 11.6 µmol/l and a calculated un-ionised ammonia
concentration of 3.9 mg/l, but concentrations of chromium, copper, iron and diazinon are not monitored
at this location. These substances are monitored at Sample Point B and this is considered to be the
best available data for Tees Bay, although the location of Sample Point B may mean that water quality
at this location is more influenced by flows from the River Tees.

Table 3-2 sets out ambient water quality values used in the near field CORMIX modelling and the
location of the sample point. This data shows that DIN concentrations are close to the EQS of 12 µmol/l
(Table 2-1) and ambient chromium (VI) concentrations are above the EQS for mean values. The
ambient chromium (VI) concentration is the same as the concentration in the PCC site effluent under
Options 1A and 2A and higher than the effluent concentration under Options 1B and 2B (Table 2-3).
Near field modelling is therefore not required for chromium (VI) because the discharge from the PCC
site will either make no change to the Tees Bay concentrations or will locally reduce chromium (VI)
concentrations.

Ambient concentrations of all other substances are all below the EQS and effluent concentrations under
at least one discharge scenario.

Table 3-2:  Ambient Pollutant Concentrations in Tees Bay

Substance Concentration Sample Point
DIN 11.6 µmol/l A

Un-ionised Ammonia 3.9 µg/l A
Chromium (VI) 2.5 µg/l1 B

Copper 0.8 µg/l2 B
Iron 0.37 mg/l3 B

Diazanon 0.0003 µg/l4 B
1Values for total chromium (VI) quoted as per UK water quality standards. Of 14 samples taken between 2008 and 2022, 5
contained measurable chromium VI however a further 14 contained concentrations below a limit of detection of 30 µg/l.
2Values for dissolved copper quoted as per UK water quality standards
3Value based on 6 samples containing measurable iron concentrations between 2008 and 2022. However, a further 53 samples
contained iron concentrations below a limit of detection of 0.1 mg/l
4A total of 22 samples taken between 2008 and 2022, all but 5 below the limit of detection of 0.0001 µg/l
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4. CORMIX Input Data
The Cornell Mixing Model software (CORMIX), developed and maintained by MixZon Inc., has been
used to define the extent of the near field mixing zone at both the existing and alternative outfalls.
CORMIX requires details of the effluent, the ambient conditions and the outfall geometry and the
following sections outline how these aspects have been represented in the model for each of the
modelled scenarios. Following analysis of the effluent and ambient water quality in Section 2 and 3.6
above, the near field mixing zone has been modelled for temperature, DIN, un-ionised ammonia,
copper, iron and diazinon.

4.1 Outfall Representation
The available information for the existing outfall is provided in Appendix B. The plan shows a pipe
extending offshore at a gradient of 1 in 500 ending in a double diffuser extending above the seabed.
The outfall tunnel is extremely large because it was designed to convey heated water effluent from the
steelworks when under full operating conditions – based on the drawing in Appendix B it appears to be
approximately 3.4 m in diameter. However, there is insufficient information concerning the size of the
diffuser heads. If the option to re-use this outfall is taken forward then a survey of the pipe and diffuser
will be required to inform the Final Design Stage water quality modelling.

For this Intermediate Design Stage study, and for consistency with the Initial Design Stage modelling in
Appendix A, the pipe size will be modelled based on the assumption that the final designed outfall will
be sized based on the future effluent flow rate. This means that different pipe sizes will be specified for
Options A and B. The pipe size calculations are set out below:

Option A
Option A includes a large allowance for surface water drainage via gravity, with a discharge rate limited
to approximately 0.41 m3/s. The pipe diameter required to convey this flow at a gradient of 1 in 500 is
710 mm. A value of 800 mm will be used for consistency with the Initial Design Stage report.

Option B
Option B includes a more limited discharge rate of 0.07 m3/s following more extensive collection and
management of site wastewater streams to facilitate water re-use as Blowdown Water. The pipe
diameter required to convey this flow at a gradient of 1 in 500 is 315 mm.

For both discharge points, it is assumed that the pipes will terminate in a diffuser head with a single port
extending 1 m above the seabed. The diffuser is assumed to be vertical in line with the
recommendations of the Initial Design Stage report. The use of a different pipe size, diffuser design
(e.g. use of a multiport diffuser) and port orientation will have implications for the mixing zone size and
shape, therefore the assumptions in this report will need to be checked against the preferred outfall
design for the Final Design Stage water quality assessment.

4.2 Ambient Conditions
4.2.1 Ambient Geometry
The following parameters must be specified in CORMIX to characterise the ambient geometry at a
coastal water outfall: average depth; depth at the discharge and seabed roughness (n, Manning’s 
number or roughness coefficient). The parameters for each modelled scenario have been calculated
based on information extracted from the Delft3D model and discussed in Sections 3.4 and 3.5 and are
set out in Table 4-1.
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Table 4-1:  Ambient Water Parameters Specified in CORMIX Modelling

Tidal Stage Outfall Minimum Tide
Level

Maximum Tide
Level

Maximum
Current

Condition

Minimum
Current

Condition

Water Level
(mAOD) Both -2.24 2.61 2.54 0.77

Depth at outfall
(m)

Existing 4.00 8.85 8.78 7.01
Alternative 3.76 8.61 6.54 6.77

Average depth
(m)

Existing 3.30 8.10 8.00 6.30
Alternative 3.10 7.90 7.80 6.10

Seabed
Roughness

(Mannings n)
Both 0.025

Distance from
bank (m)

Existing 750
Alternative 500

4.2.2 Ambient Density
The ambient water density is calculated within CORMIX based on temperature and salinity. The
calculated densities used for each scenario have been summarised in Table 4-5.

Table 4-2:  Ambient Water Density used in CORMIX

Scenario Temperature (°C) Salinity (ppt) Density (kg/m3)

Winter 5 32 1025.3

Summer 16 32 1023.4

A winter heat loss coefficient of 42 W/m2,°C has been used in the modelling while the summer heat loss
coefficient is 44 W/m2,°C. These values have been selected based on ambient water temperatures and
wind speeds of 5.37 m/s in winter and 4.00 m/s in summer.

4.3 Presentation of Results
The CORMIX results for temperature will be presented in terms of the distance from the outfall over
which the temperature in the mixing zone falls to less than 3°C and 1.5°C above ambient temperatures
and when contaminant concentrations are diluted to below the EQS. The CORMIX modelling has shown
that the mixing zone plume can take two different shapes depending on the current flow rate compared
to the discharge velocity; the plume either forms a vertical mixing zone extending towards the water
surface or a lateral plume extending along the direction of the current. The two plume shapes are shown
in simplified form in Figure 4-1 and Figure 4-2. The size of a vertical rising mixing zone can be
approximated with references to two distances – the height of rise and the maximum spreading area.
The size of a deflected lateral mixing zone requires three parameters to approximate – the travel
distance in the direction of the current, the spreading distance perpendicular to the current direction and
the vertical thickness of the plume. These dimensions will be quoted in Section 5 to show the size of
the near field mixing zone for temperature, copper, iron, diazinon and un-ionised ammonia for each
scenario.

If a vertically rising plume reaches the water surface, then the effluent will spread horizontally at the
surface as it mixes with the ambient surface water. For all scenarios, the density of the effluent is
significantly less than that of the ambient seawater in Tees Bay, which will limit vertical mixing once the
plume begins to spread at the surface level. The lateral extent of the surface mixing zone can become
large under this scenario, although the vertical rising plume thickness remains small. The extent of any
surface mixing zone will be mapped in Section 5 where surface spreading occurs.
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Figure 4-1:  Vertical Rising Mixing Zone

Figure 4-2:  Deflected Lateral Plume Mixing Zone

The CORMIX modelling shows that the EQS concentration for DIN is not reached within the near field 
for any modelled scenario. In addition, the CORMIX model has difficulty producing reliable results at 
the limit of the near field for very low current conditions. For this reason, the mixing zones for DIN will 
be modelled using the far field model only (see Section 6) and the CORMIX model will not be used to 
inform the far field modelling to allow for consistency of approach for all current conditions.
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5. Near Field Modelling Results
5.1 Existing Outfall CORMIX Results
Table 5-1 describes the size of the near field mixing zones (see Section 4.3) for temperature and
contaminant concentrations for summer and winter conditions under each discharge Option (Section
2.2.4) assuming ongoing use of the existing outfall. The effluent temperature is not significantly different
from seawater temperatures in summer (15°C assumed effluent temperature, seawater temperatures
up to 16°C) so thermal impacts under Options 1B and 2B only need to be assessed for winter conditions.
Further, concentrations of pollutants in the effluent (except DIN) are diluted to below the EQS by the
addition of runoff (see Table 2-3) so the mixing zone for copper, diazinon and iron also do not need to
be assessed for Options 1B and 2B.

Table 5-1:  CORMIX Near Field Modelling Results (Existing Outfall)

Discharge
Option

Tide
Condition Description of Plume Distance from outfall to reaching EQS

Temp
(3°C)

Copper &
Diazinon Iron

1A Winter

Low Tide

Plume is deflected horizontally
and does not reach water

surface

a = 2.0 m
b = 1.6 m
c = 1.0 m

a = 1 m
b = 0.5 m
c= 0.8 m

a = 1.4 m
b = 0.8 m
c= 0.8 m

High Tide
a = 1.8 m
b = 1.4 m
c = 0.9 m

a = 0.9 m
b = 0.5 m
c= 0.8 m

a = 1.3 m
b = 0.7 m
c= 0.8 m

Max
Current

a = 1.6 m
b = 1.3 m
c = 0.9 m

a = 0.8 m
b = 0.5 m
c= 0.7 m

a = 1.2 m
b = 0.7 m
c= 0.8 m

Min
Current

Plume rises vertically but does
not reach water surface

a = 0.12 m
b = 5 m

a = 0.03 m
b = 2 m

a = 0.05 m
b = 3 m

1A Summer

Low Tide

Plume is deflected horizontally
and does not reach water

surface

a = 1.4 m
b = 0.8 m
c = 0.8 m

a = 1 m
b = 0.5 m
c= 0.8 m

a = 1.4 m
b = 0.8 m
c= 0.8 m

High Tide
a = 1.2 m
b = 0.8 m
c = 0.8 m

a = 0.9 m
b = 0.5 m
c= 0.8 m

a = 1.2 m
b = 0.7 m
c= 0.9 m

Max
Current

a = 1.2 m
b = 0.7 m
c = 0.8 m

a = 0.9 m
b = 0.5 m
c= 0.5 m

a = 1.3 m
b = 0.7 m
c= 0.8 m

Min
Current

Plume rises vertically but does
not reach water surface

a = 0.05 m
b = 3 m

a = 0.03 m
b = 2 m

a = 0.05 m
b = 3 m

2A Winter

Low Tide

Plume rises vertically and only
spreads laterally at the water

surface for scenarios marked *

a = 1.5 m
b = 3.1 m

a = 0.3 m
b = 1.9 m

a = 0.6 m
b = 2.3 m

High Tide a = 1.5 m
b = 2.6 m

a = 0.3 m
b = 1.6 m

a = 0.6 m
b = 1.9 m

Max
Current

a = 1.6 m
b = 2.5 m

a = 0.3 m
b = 1.6 m

a = 2.5 m
b = 3.0 m

Min
Current

a = 0.1 m
b = 7.0 m*

a = 0.02 m
b = 3.2 m

a = 0.04 m
b = 4.1 m

2A Summer
Low Tide Plume rises vertically but does

not reach water surface

a = 0.4 m
b = 2.0 m

a = 1.9 m
b = 0.3 m

a = 0.6 m
b = 2.3 m

High Tide a = 0.4 m a = 0.3 m a = 0.6 m
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b = 1.7 m b = 1.6 m b = 1.9 m

Max
Current

a = 1.8 m
b = 12.4 m
c = 1.5 m

a = 0.3 m
b = 0.3 m
c = 0.3 m

a = 0.4 m
b = 0.6 m
c = 0.3 m

Min
Current

a = 0.03 m
b = 3.6 m

a = 0.01 m
b = 3.3 m

a = 0.04 m
b = 4.1 m

1B Winter

Low Tide

Plume rises vertically and
spreads laterally at the water

surface for scenarios marked *

a = 2.6 m
b = 4.0 m*

High Tide a = 1.5 m
b = 3.9 m

Max
Current

a = 1.6 m
b = 3.3 m

Min
Current

a = 28 m
b = 7.0 m*

2B Winter

Low Tide

Plume rises vertically and
spreads laterally at the water

surface for scenarios marked *

a = 0.7 m
b = 2.4 m

High Tide a = 0.7 m
b = 2.0 m

Max
Current

a = 0.8 m
b = 2.0 m

Min
Current

a = 0.05 m
b = 4.4 m

Un-ionised ammonia is diluted to below the EQS immediately on discharge under Option 2A for both
summer and winter conditions.

The results in Table 5-1 show that the mixing zone is extremely small for thermal impacts and chemical
contaminant concentrations under most scenarios. EQS concentrations for chemical contaminants are
always met within a few metres of the outfall and before the plume meets the water surface. A thermal
impact is seen at the water surface under three specific combinations of tide and discharge conditions,
although the surface spreading zone remains extremely small in all scenarios.

5.2 Alternative Outfall CORMIX Results
Table 5-2 describes the size of the near field mixing zones for temperature and contaminant
concentrations for summer and winter conditions under each discharge Option (Section 2.2.4)
assuming that a new outfall is constructed to the southeast of the existing outfall location. As for the
existing outfall, the effluent temperature is not significantly different from seawater temperatures in
summer so thermal impacts under Options 1B and 2B are only assessed for winter conditions. Further,
concentrations of copper, diazinon and iron in the effluent are diluted to below the EQS by the addition
of runoff (see Table 2-3) so the mixing zones for these substances are not need assessed for Options
1B and 2B.

Table 5-2:  CORMIX Near Field Modelling Results (Alternative Outfall)

Discharge
Option

Tide
Condition Description of Plume Distance from outfall to reaching EQS

Temp
(3°C)

Copper &
Diazinon Iron

1A Winter

Low Tide
Plume is deflected horizontally

and does not reach water
surface

a = 2.0 m
b = 1.6 m
c = 1.0 m

a = 1 m
b = 0.5 m
c= 0.8 m

a = 1.4 m
b = 0.8 m
c= 0.9 m

High Tide
a = 1.8 m
b = 1.5 m
c = 0.9 m

a = 0.9 m
b = 0.5 m
c= 0.8 m

a = 1.3 m
b = 0.7 m
c= 0.9 m
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Max
Current

a = 1.6 m
b = 1.3 m
c = 0.9 m

a = 0.9 m
b = 0.5 m
c= 0.7 m

a = 1.2 m
b = 0.7 m
c= 0.8 m

Min
Current

a = 0.12 m
b = 5.1 m

a = 0.03 m
b = 2.3 m

a = 0.05 m
b = 3.0 m

1A Summer

Low Tide

Plume is deflected horizontally
and does not reach water

surface

a = 1.4 m
b = 0.8 m
c = 0.9 m

a = 1.0 m
b = 0.5 m
c= 0.8 m

a = 1.5 m
b = 0.8 m
c= 0.9 m

High Tide
a = 1.2 m
b = 0.8 m
c = 0.8 m

a = 0.8 m
b = 0.5 m
c= 0.7 m

a = 1.2 m
b = 0.7 m
c= 0.8 m

Max
Current

a = 1.2 m
b = 0.7 m
c = 0.7 m

a = 0.8 m
b = 0.5 m
c= 0.7 m

a = 1.2 m
b = 0.7 m
c= 0.8 m

Min
Current

Plume rises vertically but does
not reach water surface

a = 0.05 m
b = 3.0 m

a = 0.03 m
b = 2.3 m

a = 0.05 m
b = 3.0 m

2A Winter

Low Tide

Plume rises vertically and only
spreads laterally at the water

surface for scenarios marked *

a = 1.4 m
b = 3.8 m*

a = 0.3 m
b = 1.8 m

a = 0.6 m
b = 2.2 m

High Tide a = 1.5 m
b = 2.6 m

a = 0.3 m
b = 1.6 m

a = 0.5 m
b = 1.9 m

Max
Current

a = 1.5 m
b = 2.5 m

a = 0.2 m
b = 1.5 m

a = 0.6 m
b = 1.9 m

Min
Current

a = 0.1 m
b = 6.0 m

a = 0.02 m
b = 3.3 m

a = 0.04 m
b = 4.1 m

2A Summer

Low Tide

Plume rises vertically but does
not reach water surface

a = 0.4 m
b = 1.7 m

a = 0.3 m
b = 1.5 m

a = 0.6 m
b = 1.9 m

High Tide a = 0.4 m
b = 1.7 m

a = 0.3 m
b = 1.6 m

a = 0.5 m
b = 1.9 m

Max
Current

a = 0.4 m
b = 1.7 m

a = 0.3 m
b = 1.5 m

a = 0.6 m
b = 1.9 m

Min
Current

a = 0.03 m
b = 3.6 m

a = 0.02 m
b = 3.3 m

a = 0.04 m
b = 4.1 m

1B Winter

Low Tide

Plume rises vertically and
spreads laterally at the water

surface for scenarios marked *

a = 2.8 m
b = 3.8 m*

High Tide a = 1.5 m
b = 3.1 m

Max
Current

a = 1.6 m
b = 3.7 m

Min
Current

a = 30 m
b = 6.8 m*

2B Winter

Low Tide

Plume rises vertically but does
not reach water surface

a = 0.7 m
b = 2.3 m

High Tide a = 0.6 m
b = 1.9 m

Max
Current

a = 0.7 m
b = 2.0 m

Min
Current

a = 0.05 m
b = 4.4 m

Un-ionised ammonia is diluted to below the EQS immediately on discharge under Option 2A for both
summer and winter conditions.
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The results in Table 5-2 show that the mixing zone is extremely small for thermal impacts and chemical
contaminant concentrations under most scenarios. EQS concentrations for chemical contaminants are
always met within a few meters of the outfall and before the plume meets the water surface. A thermal
impact is seen at the water surface three specific combinations of tide and discharge conditions,
although the extent of the surface spreading zone remains small for all scenarios.
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6. Far Field Modelling Results
6.1 Far Field Model Scenarios
The Delft3D model has been used to carry out far field modelling of DIN mixing at the existing and
alternative outfall locations. Far field modelling of thermal effects has not been carried out because the
distance from the outfall over which a temperature difference of 3 °C is observed is extremely small and
contained in the near field only (Section 5). Full details of the far field model setup and representation
of the outfalls and ambient conditions are provided in Appendix A – the model was used as set up by
ABPmer without editing any of the model parameters or input data except for discharge flow rate and
DIN concentration. DIN was modelled as a conservative tracer and the model was run to identify mixing
zone concentrations through the water column and laterally within Tees Bay.

The Delft3D model was run for eight scenarios, four discharge options each at the existing and
alternative outfall locations. The discharge options are summarised in Table 6-1. A continuous flow rate
and DIN concentration is assumed in each option; however, this is also a worst case scenario because 
DIN concentrations vary in the River Tees at Low Worsall, and water will initially be supplied to the PCC
site from Broken Scar and Blackwell abstractions where DIN concentrations are much lower (Section
2.2.1). DIN concentrations in the effluent are therefore expected to vary significantly over time, with
further variation due to site operation processes. Further, the high flow rate under Option 1B would not
be sustained because this option allows for discharge of surface water runoff following rainfall and the
effluent discharge rate would be lower during dry weather. The discharge for each scenario was
modelled as a continuous discharge into the relevant model cell at full effluent concentrations – the
model does not take account of mixing within the near field because the near field mixing zone is small
and does not provide significant dilution of DIN in comparison to the far field dilution.

Table 6-1:  Discharge Scenario Input Data for Delft3D Model

Parameter Option 1A Option 2A Option 1B Option 1B
Flow Rate (m3/s) 0.04 0.07 0.41 0.07
Temperature (°C) 27 23 15 15
DIN (µmol/l) 890 989 75 162

6.2 Far Field Model Results
The mixing zone extents predicted by the model for each outfall are discussed and mapped below. The
figures show the maximum concentration found within each grid cell from the analysis of hourly data
over the 14-day simulation period. Results are presented for three vertical layers within the water
column:- a surface layer  (2% of the water column depth), a mid-layer  (layer thickness of 10% of the
water depth) and a lower layer (35% of the water depth measured from the sea bottom). The edge of
the mixing zone is taken as the contour where DIN concentrations meet the High Status WFD EQS for
DIN in coastal waters (Section 2.1). Since ambient DIN concentrations are at 11.6 µmol/l and the EQS
is 12 µmol/l, the edge of the mixing zone is found where excess DIN concentrations fall below 0.4 µmol/l.

The model outputs represent a worst case scenario because the model does not currently take account
of wave action. This is likely to be particularly important for mixing at the alternative outfall which is
within the wave breaking zone and close to Coatham Rocks, a rocky outcrop extending into Tees Bay
which is under water at high tide but will promote wave breaking and vertical mixing. If the final design
for the PCC site includes use of the alternative outfall, then it is recommended that the Delft3D model
is revised to include wave action to better represent mixing at this location as part of a Final Design
Stage water quality assessment. The omission of wave action in this Intermediate Design Stage report
allows for worst case scenario impact prediction for both outfalls based on the currently available
information.
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6.2.1 Existing outfall
The DIN mixing zone under Option 1A for the existing outfall only affects the lower 35% of the water 
column and modelled concentrations are above the EQS in area shown in Figure 6-1. The mixing zone 
is small in comparison to the overall size of Tees Bay and the DIN is rapidly diluted such that DIN 
concentrations are below the EQS in the mid and surface layers in the model. 

Figure 6-1:  DIN Mixing Zone: Existing Outfall Option 1A, Lower 35% of Water Column
Discharge rates and effluent DIN concentrations are higher under Option 2A, resulting in a mixing zone 
which can extend through the water column. The extent of the mixing zone in the lower section of the 
water column and at the surface are compared in Figures 6-2 and 6-3, the mixing zone is small at the 
water surface and does not extend into the River Tees at any water depth. A mixing zone of this size is 
not considered to be detrimental to the water quality of Tees Bay as a whole because it is unlikely to 
change the WFD status classification of the wider Tees Bay waterbody.

Mixing zone maps are not provided for Options 1B and 2B because dilution of DIN within the far field 
occurs extremely rapidly such that the EQS concentration is reached over an extremely small area. The 
effluent is diluted to an excess concentration of less than 0.4 µmol within the space of one model cell – 
these cells are 79 m x 168 m at the existing outfall. The model shows that the EQS standard is met 
within an area of 0.013 km2 within the 35% of the lower water column.  
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Figure 6-2:  DIN Mixing Zone: Existing Outfall Option 2A, Upper 2% of Water Column

Figure 6-3:  DIN Mixing Zone: Existing Outfall Option 2A, Lower 35% of Water Column
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6.2.2 Alternative outfall
The DIN mixing zone under Option 1A for the alternative outfall location is shown for the lower, mid and
upper water column layers in Figures 6-4 to 6-6. The mixing zone is relatively small, although it does
reach the low tide shoreline. The mixing zone extent is similar in both the mid and surface water column
layers.
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Figure 6-4:  DIN Mixing Zone: Alternative Outfall Option 1A, Upper 2% of Water Column

Figure 6-5:  DIN Mixing Zone: Alternative Outfall Option 1A, Mid 10% of Water Column
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Figure 6-6:  DIN Mixing Zone: Alternative Outfall Option 1A, Lower 35% of Water Column
The alternative outfall mixing zone under Option 2B is much larger and reaches the high tide shoreline 
as well as intersecting with Coatham Rocks (Figures 6-8 to 6-10). Given that wave action will 
significantly increase mixing along the shoreline and at Coatham Rocks, this mixing zone extent should 
be considered a worst case scenario.
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Figure 6-7:  DIN Mixing Zone: Alternative Outfall Option 2A, Surface 2% of Water Column

Figure 6-8:  DIN Mixing Zone: Alternative Outfall Option 2A, Mid 10% of Water Column
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Figure 6-9:  DIN Mixing Zone: Alternative Outfall Option 2A, Lower 35% of Water Column
As with the existing outfall, far field mixing zone maps are not provided for Options 1B and 2B for the 
alternative outfall because dilution of DIN within the far field occurs extremely rapidly such that the EQS 
concentration is reached over an extremely small area. The effluent is diluted to an excess 
concentration of less than 0.4 µmol within the space of one model cell – these cells are 108 m x 370 m 
at the alternative outfall. The model shows that the EQS standard is met within an area of 0.04 km2 
within the 35% of the lower water column.
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7. Summary and Conclusions
Near field and far field water quality modelling has been carried out to support the design of the PCC
site in respect of surface water and process effluent management for the discharge of cooling water to
Tess Bay. This Intermediate Design Stage report utilises information available at the time of publication
and draws on hydrodynamic water quality modelling carried out at the Initial Design Stage. There is
now significant additional information available concerning the future design and operation of the PCC
site which enables more refined estimates of future cooling water discharge rates, locations, pollutant
loads and effluent discharge temperature compared to the previous assessment. However, there are
different options for the final design and some aspects such as outfall details, pipe sizes and surface
water drainage rates are still to be finalised. It is therefore envisaged that the water quality assessment
will be revisited in future to check the likely water quality impacts of effluent discharges at the Final
Design Stage. This Intermediate Design Stage report seeks to assess the likelihood of adverse impacts
on the water environment arising from future discharges of waste cooling water from the PCC Site to
Tees Bay.

This report does not at present contain an assessment of cumulative impacts from other
discharges of DIN into Tees Bay. The report will be updated once data on such discharges is
provided by the Environment Agency.

The discharged effluent at the PCC site will be comprised of blowdown water from a gas fired power
station, condensed water from a carbon capture facility and surface water runoff. The blowdown water
will be initially sourced from the River Tees and will contain river water contaminants which will be
concentrated by up to 5 times as a result of its use as blowdown water. The condensed water is a much
smaller stream but can contain up to 5 mg/l of ammonia and there is an option to use this as a source
of blowdown water. The surface water runoff will be routed through oil interceptors to remove
contamination prior to combining the runoff with the blowdown water and condensed water and
discharging the combined streams to Tees Bay.

Water quality data for the River Tees has been provided by Northumbrian Water and combined with
information on potential future water use and pollutant loads in the condensed water to produce four
discharge scenarios for this Intermediate Design Stage Assessment:

 Option 1A - no re-use of wastewater from any process as Blowdown Water, no surface water
runoff present in the discharged effluent. Effluent pollutant concentrations are taken from the
River Tees Water data multiplied by 5, with an additional ammonia component then added to
represent the Condensed Water. The effluent discharge temperature is taken as 27°C.

 Option 2A - Re-use of Condensed Water as Blowdown water, no surface water runoff present in
the discharged effluent. Effluent pollutant concentrations are taken from the River Tees water
with an additional ammonia component added before the total concentrations of all pollutants are
multiplied by 5. The effluent discharge temperature is taken as 23°C.

 Option 1B – Option 1 effluent concentrations are diluted by average annual surface water runoff
volumes prior to discharge. The effluent discharge temperature is taken as 15°C.

 Option 2B - Option 2 effluent concentrations are diluted by average annual surface water runoff
volumes prior to discharge. The effluent discharge temperature is taken as 15°C. Note that this
design philosophy contains more measures to store and manage water flows on site and to allow
for water re-use. This includes using a single controlled discharge rate based on pumping of
process flows only. The addition of surface water runoff will dilute and cool the effluent but will not
increase the effluent discharge flow rate.

Pollutant concentrations within the effluent under each of the options listed above have been compared
with EQS standards for Tees Bay under the WFD. An assessment of compliance with WFD standards
for hydrocarbons could not be carried out due to lack of hydrocarbon concentration information for the
River Tees Water. The available information does show that concentrations of iron, copper, diazinon,
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un-ionised ammonia and DIN in the effluent may exceed EQS concentrations under some discharge
options. Concentrations of chromium (VI) may also be present in the effluent above the EQS, although
ambient monitoring data show that concentrations would be at or below chromium (VI) concentrations
in the North Sea at Tees Mouth, therefore further assessment of this parameter is not required. The
effluent from the PCC site will also be discharged at temperatures exceeding ambient temperatures in
Tees Bay, especially when surface water runoff is not mixed with the process effluent. On the basis of
the available information, the near field mixing zone modelling has been carried out to assess the water
quality impacts for iron, copper, diazinon, un-ionised ammonia and temperature using the flow rates
and effluent temperatures and pollutant loads summarised in Table 7-1. Concentrations of DIN in the
effluent are too high to be sufficiently diluted within the near field and DIN mixing has therefore been
assessed using the far field model only.

Table 7-1:  Flows and Pollutant Loads for Modelled Discharge Scenarios

Parameter Option 1A Option 2A Option 1B Option 1B
Flow Rate (m3/s) 0.04 0.07 0.41 0.07
Temperature (°C) 27 23 15 15
DIN (µmol/l) 890 989 75 162
Un-ionised
Ammonia (µg/l) 2 27 0.2 5.8

Copper (mg/l) 8.0 8.0 0.7 1.1
Iron (mg/l) 3.0 3.0 0.3 0.3
Diazinon (µg/l) 0.015 0.015 0.001 0.002

The near field modelling has been carried out for summer and winter conditions at four stages across
the tidal cycle – low tide, high tide, maximum current velocity and minimum current velocity. Water level
and current data at each stage in the tidal cycle have been extracted from a Delft3D hydrodynamic
model of Tees Bay and the River Tees constructed and calibrated in 2019 and included as Appendix A
of this report. Two potential outfall locations have been considered, one requiring re-use of an existing
outfall and one requiring construction of an outfall at an alternative location to the southeast. Pipe
dimensions and outfall configurations are still to be confirmed and have therefore been assumed based
on the effluent flow rates for each option.

The near field modelling shows that the impacts of the discharge is small for all four assessed discharge
Options at all stages of the tidal cycle. The chemical contaminants (excluding DIN) are diluted to below
the EQS within a very short distance of the outfall and before the mixing plume reaches the water
surface. Thermal effects are also extremely small, with the temperature of the mixing plume falling
below 3°C above ambient condition within a very short distance and usually before the plume reaches
the water surface. Surface temperatures are not increased by more than 3°C over a significant area for
any combination of effluent discharge option and tidal stage at either outfall location.

The far field modelling for DIN shows that, if the existing outfall continues to be used, DIN emissions at
the predicted effluent concentrations are not sufficient to cause major impacts on Tees Bay water quality
and no impacts on water quality in the Tees Estuary. The mixing zone is larger if the alternative outfall
location is used due to the shallower water depths in this area, especially under Option 2A, although
the mixing zones predicted in this report should be considered as a worst case scenario because the
far field model does not currently take account of wave action which will be important at the alternative
outfall location. If the final design for the PCC site includes use of the alternative outfall location, then
additional far field water quality modelling should be carried out which includes representation of wave
action effects on mixing as well as the final proposed effluent discharge rates and pollutant
concentrations. If the Final Design Stage report confirms that large mixing zone extents are possible
within Tees Bay, then a limit on DIN concentrations in the final effluent may be required to protect
receiving water quality.
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