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• To work closely with the consultants designing the "Minworth" Advanced Water 

Treatment Plant (AWTP) to define treatment requirements.  

• Similarly to work with the consultants designing the new Water Treatment Works 

(WTW) to define the quality of water arriving at Leighton Buzzard.  

• Inform Gate 3 environmental assessments for GUC including aquatic ecology, 

fisheries, sedimentation, etc 

1.4 Software 

The following models were used in the preparation of this report: 

• River Quality Planning Monte Carlo version 6.0 

• River Quality Planning MPer version 6.0 

• Streeter-Phelps dissolved oxygen spreadsheet, supplied by Environment Agency 

(EA) on 05/02/2024. 

• "OECD" model based on the Vollenweider regression equation for nutrients in the 

Daventry and Drayton reservoirs, supplied by the Environment Agency on 

29/01/2024. 
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2 Methodology 

2.1 Approach 

The approach to this assessment was primarily developed from the Environment Agency 

operational instructions: 

• The Environment Agency’s operational instruction on permitting of hazardous 

chemicals and elements in discharges to surface waters (LIT13134) 

(Environment Agency, 2019). This includes advice on screening, cleaning quality 

data, modelling and tests to apply to assess whether a discharge is “potentially 

significant”. It includes details of Environmental Quality Standards (EQSs) for 

hazardous substances, although these were updated in 2022 (Environment 

Agency, 2022).  

• Instructions for modelling surface water pollution to surface waters, LIT 10419 

(Environment Agency, 2014).  

• Guidance for assessing continuous discharges of sanitary determinands 

(Biological Oxygen Demand (BOD), ammonia, suspended solids) and nutrients 

(phosphorous and nitrogen). This includes Water Framework Directive (WFD) 

class standards for these determinands (Environment Agency, 2014). 

• EA operational instruction 50_12 on assessing no deterioration under the WFD. 

(Environment Agency, 2012) 

• A draft operational instruction on modelling discharges to lakes and reservoirs 

(Environment Agency, Undated). 

The approach was further developed through liaison with the EA, including three meetings 

and review of a draft water quality modelling method statement. 

2.2 Modelling assessment for discharges to the Coventry Canal 

2.2.1 H1 screening assessment 

An H1 surface water pollution risk screening assessment for all sampled determinands was 

undertaken by the Minworth SRO design consultants (Jacobs, 2023). This identified 14 

determinands which were confirmed as being potentially significant and liable to cause 

pollution. These determinands were screened-in for modelling: 

• Cypermethrin 

• Diazinon  

• Formaldehyde 

• Hexabromocyclo-dodecane (HBCDD) 

• Hydrogen sulphide 

• Mancozeb 

• Maneb 

• Mercury and its compounds - (Total) 
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• Nickel and its compounds - (Total) (bioavailable) 

• Nonylphenol (4-nonylphenol) 

• Perfluorooctane sulfonic acid and its salts (PFOS) 

• Permethrin 

• Triclosan 

• Zinc - (Total) (bioavailable)  

Thirty-four determinands were identified as potentially requiring modelling in the H1 

assessment but have not been included at this modelling stage for the following reasons:  

• Minworth concentration is below the LOD for all samples; the EQS has either an 

equivalent or more stringent limit than the LOD (15 no.) 

• Minworth results are below the LOD, and also the EQS (17 no.) 

• Minworth final recycled water concentration is less than the EQS (2 no.) 

In parallel with this Gate 3 water quality modelling workstream, the water quality sampling 

workstream has reviewed LODs with commercial laboratories, and has confirmed the latest 

list of LODs achievable in final effluent and canal water, with the National Assessment Unit 

(NAU). These revised LODs are being applied to samples taken from June 2024 onwards 

(July 2024 in the case of one chemical). Further water quality modelling will be required at 

Gate 4 which will use these improved LODs. 

2.2.2 Additional parameters for modelling 

Following engagement with the EA, it was agreed that dissolved oxygen (DO), Biochemical 

Oxygen Demand (BOD) and temperature should also be modelled. This is due to lower 

concentrations of DO in the existing Minworth WwRC effluent than in the canal which could 

cause a DO sag. 

2.2.3 Software selection 

Monte Carlo and MPer models were selected for the Gate 2 assessment because they 

enabled modelling of 160 determinands in a consistent and reliable manner, aligned with 

the EA's standard approach to modelling for permit applications. This approach was 

accepted by the EA, although it was noted that, for assessing the impact downstream in the 

canals at Daventry and Leighton Buzzard, the approach was conservative in that it did not 

allow for any dilution, degradation or speciation along the route. We also note the EA's 

comment in their response to the Jacobs H1 assessment that "Modelling the impact of 

discharges on canals and other still waters requires a highly site-specific modelling 

approach. Given the water management within canals careful consideration must be taken 

on the appropriate modelling approach to use. This should take account of accumulation 

and the extent to which the water body is impacted. This should include assessment of the 

mixing zone(s) in the water body and any potential breaches of EQS. Further guidance is 

included in LIT 13134." 

Monte Carlo / MPer were again selected for the impact assessment at Gate 3, for the 

following reasons: 
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• Monte Carlo / MPer is a simple, relatively quick approach, not prone to delays as a 

result of instabilities within dynamic models. As such it is a pragmatic approach 

within the challenging timescale of the RAPID gated process.  

• It is the EA's preferred approach for assessment at the point of discharge. Being a 

stochastic approach, it is able to calculate permit values which enable EQSs to be 

met.  

• Whilst we accept that canals are low velocity channels, they are not entirely static 

water bodies, as evidenced by Gate 2 and Gate 3 hydrometric surveys and 

modelling. In addition, they are narrow, shallow water bodies where the passage of 

boats assists the mixing of water. As such, we do not consider that they are prone 

to temperature stratification or zones of differential mixing.  

• Further to this, the transfer will introduce a flow an order of magnitude greater than 

the existing flows within the canals, and as such will change the flow regime. We 

consider, therefore, that it is reasonable to assume that the canal flow and 

discharge flow will be fully mixed within a relatively short distance of the point of 

discharge at Atherstone. The discharge flow is outlined in Section 3.2. 

• Between Atherstone and the other water quality sampling stations at Daventry and 

Leighton Buzzard, there are numerous gravity and pumped feeders, and numerous 

points of overflow at waste weirs. The intermediate water quality monitoring stations 

have not sampled all of the determinands screened-in for modelling, and hence any 

dynamic model which attempted to model water quality along the canal would need 

to make some "heroic assumptions" about the quality of inflows. In short, it would 

result in a need to force-fit the model at numerous locations, in order to represent 

the downstream quality observed at Daventry and Leighton Buzzard, and would 

not, therefore, be reliable for assessment of water quality impacts at intermediate 

locations along the GUC SRO route.  

2.2.4 Modelling at the point of discharge 

Modelling was undertaken within the EA’s River Quality Planning (RQP) suite. The Monte 

Carlo model was used for this assessment, with the exception of bioavailable metals 

(copper, lead, manganese, nickel and zinc) which used the Metals Permitting (MPer) tool. 

The MPer bioavailable calculation requires mean values for pH, calcium and Dissolved 

Organic Carbon (DOC) in the canal, and DOC in the recycled water discharge. These 

parameters were collected as part of the manual sampling and sonde monitoring 

programme, and the mean calculated for the same time period, April 2021 to October 2023.  

Flow statistics were determined for the proposed discharge and the receiving waterbody 

(see section 3). 

Modelling was undertaken using checked and processed data, as described in section 4. 

For all determinands with an EQS, Tests 1 and 2 as defined in Figure 2-1 were applied. In 

addition, the WFD class deterioration test was applied.  
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• Likewise, the “discharge” quality statistics for each determinand at site 6 (Leighton 

Buzzard) would be taken from the modelled, mixed results for that determinand at 

site 5 (Daventry).  

As several determinands are not sampled at site 5, the mixed quality cannot be calculated 

here, and the mixed quality at site 3 would be used instead. 
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© Environment Agency 

Figure 2-1:  Modelling process for Hazardous Substances 
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2.2.6 Dissolved oxygen 

The assessment of dissolved oxygen (DO) in the canal requires a different approach, 

because: 

• Dissolved oxygen is prone to reduce downstream of a recycled water discharge 

as a result of the up-take of oxygen from the biochemical oxygen demand (BOD) 

and the oxidation of ammonia to nitrite and then nitrate, and will hence be at its 

lowest concentration some distance downstream of the outfall.  

• The timing and distance downstream of this "oxygen sag" is impacted by the 

temperature, the rates of BOD and ammonia decay and reaeration, the latter 

varying according to the flow, velocity and surface area of the channel. 

• Rather than the mean, MAC and 95%ile EQSs applied to other parameters, 

compliance can be judged against the Fundamental Intermittent Standards (FIS). 

These set out permissible minimum concentrations of DO. (Foundation for Water 

Research, 2018) 

• Dissolved oxygen within the discharge can be increased by design of an outfall 

structure at Atherstone which promotes re-aeration.  

Consequently the RQP models are not suitable for modelling DO. Three alternatives were 

considered: 

• Flood Modeller Pro (FMP): An FMP hydrodynamic model has been developed to 

assess the hydraulics of the baseline and with-scheme canal system (see A4.2). 

FMP has the capability to model DO and other water quality parameters. 

However, initial testing at Gate 2 suggested that this could be difficult to set up 

and stabilise, with no previously known implementations of the FMP water quality 

functions in a model of the size and complexity of the transfer route.  

• SIMCAT: This stochastic model is used by the EA nationally to assess and set 

permit conditions across river basins. It follows a similar approach to Monte 

Carlo, but simulates whole river systems, allowing the cumulative impact of all 

continuous and intermittent wastewater outfalls, as well as rural and urban diffuse 

sources, to be assessed. SIMCAT is theoretically suitable for modelling of a canal 

system, and is not prone to the instabilities of a hydrodynamic model, however it 

models dissolved oxygen  in quite a simple way, for example by only including 

depletion from BOD not ammonia and so is not commonly used for permitting 

when issues with dissolved oxygen need to be addressed or mitigated..  

• The EA's simple Street-Phelps spreadsheet model.  

Following engagement with the Environment Agency (EA), the agreed approach was to 

initially test the DO impact of the scheme using a simple Streeter-Phelps spreadsheet 

model provided by the EA. If the results of this analysis indicated potential issues for the 

canal as a result of the transfer, further consideration would be given to modelling using 

more sophisticated techniques.  
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2.3 Modelling assessment for discharges to the Daventry and Drayton reservoirs 

2.3.1 Overview 

The potential for the GUC SRO to use the Daventry and Drayton reservoirs as additional 

storage to provide greater resilience to shocks was identified late in Gate 2. This would 

include providing resilience during periods when Minworth final recycled water is diverted 

back to the River Tame in order to avoid causing earlier breaches of the Hands-off-Flow 

(HOF) on the River Trent at North Muskham. 

This would involve diverting some or all of the transfer flow from the bottom of the 

Braunston flight into Daventry and Drayton reservoirs via a new pumping station and rising 

main, such that they remain full. In the event of any outage which prevented the transfer to 

operate to the north of Daventry, this stored water would then be released back to the GUC 

in order to meet demand for the scheme in the Affinity Water region. 

The Daventry and Drayton reservoirs are Canal & River Trust assets, whose primary 

purpose is to provide water to maintain canal water levels for navigation. In discussions 

held with the Environment Agency, they confirmed that they consider that the proposed 

discharges from the GUC into the reservoirs would be likely to require new environmental 

permits, and that the change of operating regime may also require abstraction licenses to 

be agreed for the reservoirs.  

2.3.2 H1 screening assessment 

The EA have indicated that the transfer of water from the Grand Union Canal at Braunston 

into the Daventry and Drayton reservoirs will likely require new environmental permits for 

discharges to surface water. In line with EA guidance, a screening assessment should first 

be carried out to identify substances potentially significant and liable to cause pollution. 

As the quality of the water to be transferred from Braunston to the reservoirs will be 

dominated by the quality of the Minworth recycled water discharge at Atherstone, the 

following approach was taken to the screening: 

• Where a substance has been modelled at site 5 (Welton Lane Daventry, a short 

distance downstream of Braunston), the results of this modelling were used to 

define the quality of water being discharged to the reservoirs.  

• Where a substance has not been modelled, the Predicted Environmental 

Concentration (PEC) calculated for the Atherstone H1 screening will be used for 

the H1 screening assessment. This is a conservative approach since it assumes 

no further dilution downstream of Atherstone. 

Discussions around the required consents for the reservoirs are ongoing. 
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2.3.3 Software selection 

Nutrients 

Following initial discussions with the Environment Agency, an alternative approach will be 

followed for nutrients in the Daventry and Drayton reservoirs, if the screening assessment 

indicates that the transfer could increase nutrient levels in the reservoirs. 

Under the existing situation, the residence time in the reservoirs is approximately five 

months. Once the transfer scheme is in place, the residence time will drop to one month. 

For the proposed transfer scheme, the residence time is so short that the water quality of 

the reservoirs will be driven by the quality of the inflowing water. That means that the water 

quality can be assessed using a simple spreadsheet model. The residence time for the 

existing case is significantly longer which may mean issues such as stratification and 

internal water quality processes could be more dominant. However, the proposed data 

collection exercise is limited so there will be insufficient information against which to 

calibrate a more complex model. Therefore, the same simple spreadsheet model will be 

used to represent the existing case. The proposed approach means there will be a 

consistent approach to modelling the existing and proposed cases. As such, comparisons 

between the two cases will be dependable.  

The EA guidance suggests the OECD model which is based on the Vollenweider 

regression equation. The model predicts the annual average chlorophyll-a from the 

estimated nutrient concentrations. This model will be used to assess the nutrient input to 

the reservoirs for existing conditions based on the observed quality in the reservoirs. The 

nutrient input will be then used in a mass balance model to simulate the observed variation 

in water quality of the lakes. 

The mass balance model will be first calibrated for continuity of flow through the reservoirs. 

This will require the inflow to the reservoirs (predicted using rainfall-runoff models of the 

reservoir catchments), the outflow from and the level in the reservoirs. 

Once the mass balance model has been calibrated for continuity of flow, the model will then 

be calibrated for mass balance of nutrients (nitrogen and phosphate) over the data 

collection period. The nutrient loading of the outflow will be based on the outflow discharge 

and the nutrient concentration measured in the reservoirs. The models will be calibrated for 

the nutrient concentration of the inflow and the sedimentation rate (loss of nutrients to the 

reservoir bed).  

Having calibrated the model for the existing case the impact of the transfer flows will be 

tested. The quality of the water being transferred from the canal to the reservoir has already 

been investigated. The calibrated model can then be tested with the changed inflow pattern 

that the scheme will entail. 

The impact of the inflows will depend on whether they increase the concentration of 

nutrients in the reservoirs. If the nutrient concentration of the new inflows to the reservoirs is 

less than the existing concentration in the reservoir, we would anticipate a reduction in the 

nutrient concentration  of the waterbody. That is because the residence time of the reservoir 

will be decreased and the existing nutrient concentrations in the reservoir will be diluted. 
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If the nutrient concentration of the new inflows to the reservoirs is more than the existing 

concentration in the reservoir, the situation will be more complicated. Although there will be 

increased flushing there will be higher nutrient concentrations in the reservoirs. The effect 

on the quality of the waterbody will be a balance between the flushing that would be 

expected to improve quality and the risk of increased eutrophication due to the availability 

of nutrients. 

Other chemicals 

For other chemicals screened in by the H1 assessment, the Monte Carlo approach will be 

followed. 

Temperature 

The assessment of temperature impacts at the point of discharge at Atherstone has 

concluded that the change in temperature will remain within allowable limits (see section 8). 

The Daventry and Drayton Reservoirs are some 50km downstream from Atherstone, so 

some normalisation of canal temperature with ambient temperature would be expected to 

occur as water is transferred over this distance. A check will be made to confirm that 

adverse temperature impacts aren't anticipated at the reservoirs. Initially a conservative 

approach will be taken, assuming no change in temperature between Atherstone and the 

reservoirs, and taking into consideration any temperature stratification observed in the 

reservoirs. 

2.4 Changes to the scheme during Gate 3 

2.4.1 Location of discharge 

Figure 2-2 provides an overview of the geography of the GUC Transfer. Following treatment 

at the "Minworth" Advanced Water Treatment Plant (AWTP), recycled water will be 

pumped, via the "Minworth" to Atherstone pipeline to a break pressure tank (BPT) located 

close to the Atherstone outfall to Coventry Canal. The location of the outfall structure was, 

at the time of writing (May 2024), subject to the outputs of a non-statutory consultation to 

gather stakeholder and public opinions on two potential pipeline route alignments via either 

Coleshill Road or Atherstone Golf Course. 

These two locations are a short distance apart and both to the same canal pound. We 

therefore consider that the modelling results presented herein are equally valid to both 

candidate sites for the discharge location.  

2.4.2 Location of abstraction 

Water quality sampling site 6, south of Leighton Buzzard, is close to the WTW candidate 

site 30. During Gate 3, a further assessment of locations for the abstraction, raw water 

reservoir and Bletchley WTW has been carried out. These cover a long section of the GUC, 

from site 400 just south of Bletchley to site 300 at Slapton Lock. At the time of writing (July 

2024), this site selection process was ongoing. 
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Given that the alternative sites under consideration would abstract from different canal 

pounds, we would recommend that a review of the water quality analysis is carried out at 

Gate 4, once the preferred location for the WTW is confirmed.  

2.4.3 Tick-over flow 

This Gate 3 assessment has used 29Ml/d (28.75Ml/d) as the 'tick-over' scheme flow during 

winter months. The tick-over flow has evolved during Gate 3, largely as a result of further 

analysis of the treatment processes at "Minworth" AWTP and Bletchley WTW, and of 

operating costs. 23Ml/d is now the preferred tick-over flow, and this will be adopted into 

further modelling at Gate 4. A summary of the likely implications of this small change is 

provided in the Gate 3 modelling report (Annex A4). 
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Figure 2-2: Overview of the Grand Union Canal Transfer 
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3.3 Correlation of canal and Minworth discharge flow 

The Monte Carlo and MPer models include a measure of correlation between data 

sequences. Where data sequences are closely related they are said to be correlated. An 

example would be a flow discharge from a WwTW into a river with a similar catchment area 

and time of concentration as the urban drainage system, in which case it is likely that there 

would be a higher degree of correlation between river flow and discharge. The 'r' value is 

used to express the degree of correlation between two data sequences - a value of one 

means the two datasets are totally correlated, a value of zero means that they are 

completely unrelated.  

The correlation between canal flow and discharge flow was assessed as follows: 

The 61-year flow results for the Aquator model at the three locations were further analysed 

to identify monthly mean flows. 

Using the excel correlation tool, the correlation of monthly mean canal flow and monthly 

discharge from Minworth was correlated. Results indicate a strong negative correlation of -

0.79 at site 3, and site 6, whereas there is a positive correlation of 0.68 at site 5. Data for 

sites 3, 5, and 6 are shown in Figure 3-2 to Figure 3-4Figure 3-4: Correlation of canal and 

discharge flow at site 6. This strong negative correlation is largely explained by the full 

discharge flow being applied in summer when canal flow is at its lowest. Site 6 is a trough 

pound and in winter receives more inflows from uncontrolled feeders. Site 5 is a busy area 

for navigation and its location at a summit means there are limited gravity inflows into the 

canal hence the strong correlation. 
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Figure 3-2: Correlation of canal and discharge flow at site 3 

 

Figure 3-3: Correlation of canal and discharge flow at site 5 

 

Monthly Flows
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Figure 3-4: Correlation of canal and discharge flow at site 6  

Monthly Flows
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4 Water quality data analysis 

4.1 Data sources 

4.1.1 Water quality monitoring 

The water resources, hydraulic and water quality models for the Gate 3 submission have all 
modelled the point of abstraction south of Leighton Buzzard, representing the Gate 2 
abstraction site. As part of the DCO Non-Statutory Consultation (Autumn 2024), a number 
of other WTW and abstraction locations are being consulted on, both to the north and 
south. Once selected, the preferred location should be retested in the models at Gate 4. 
 

The data examined and modelled was taken from the Water Quality Monitoring database - 

Round 33 v1.0 (Atkins, 2023), which included samples up to December 2023. As shown in 

Figure 4-1, sampling was undertaken at eleven locations, of which six sampling locations 

are of interest to this study (based on the Gate 2 abstraction site south of Leighton 

Buzzard):  

• Site 1, Minworth WwRC final recycled water. Note that this is sampling the 

present-day final recycled water (which will receive further treatment prior to 

discharge into the canal). 

• Site 3, Coventry Canal at Atherstone Top Lock. 

• Site 5, Grand Union Canal at Daventry. 

• Site 6, Grand Union Canal at Leighton Buzzard. 

• Site 17, Daventry Reservoir (note, sampling commenced on 28/02/2024. Analysis 

of this site to be presented at Gate 4). 

• Site 18, Drayton Reservoir (note, sampling commenced on 28/02/2024. Analysis 

of this site to be presented at Gate 4). 

32 rounds of sampling were undertaken for sites 1, 3, 5 and 6, all were monthly spot 

samples taken between April 2021 and October 2023, except June 2021, in which 2 

samples were taken. Laboratory analysis of samples was undertaken to confirm the 

concentration of each determinand.  
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Figure 4-1: Plan of GUC SRO water quality sampling stations 

4.1.2 Data checks and preparation   

The following data checks and preparation steps were undertaken prior to modelling: 

• Treatment of "less-than" values 

• Outliers 

• Step changes 

Note that the screening assessment was undertaken using the raw data prior to data 

checks being undertaken. 

4.1.3 Treatment of "less-than" values 

For each determinand, the laboratory sets a Limit of Detection (LOD). This is the lowest 

concentration in which the test undertaken can reliably determine. Where this limit is 

reached, the laboratory results state that the value is said to be "qualified" as "less-than" 

the LOD. So, for example, the LOD for cypermethrin is 0.00008μg/l. This concentration was 

not detected in the Coventry Canal at Atherstone, so the results are reported as 

<0.00008μg/l.  
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For modelling, the EA recommend that samples which are less than the LOD are 

considered to be half of the LOD. In the example of cypermethrin, this resulted in the 

sample values being adjusted to 0.00004μg/l.  

Where a high proportion of samples are qualified, there is a significant risk that this will 

influence the reliability of the results. In the presentation of results (tables in sections 5, 6, 

7, and 9), determinands where 50% or more of the canal samples are qualified as less than 

the LOD, and the LOD is >10% of the EQS, are marked with a (Q).  Whilst it is possible to 

model these determinands, we can never be sure of the actual concentrations as they 

cannot be measured and as such, results for these determinands should be treated with 

extra caution. A summary of qualified values is provided in Appendix C. 

Note that for two determinands (formaldehyde and hydrogen sulphide), the LOD is greater 

than the average EQS. For these determinands it is not possible to reliably assess current 

or future performance compared to the EQS.  

4.1.4 Outliers 

Outliers are values which differ significantly from the normal range of values encountered, 

inclusion of which in the Monte Carlo modelling might skew the results. Time series graphs 

were generated for all determinands to be assessed in the water quality impact 

assessment. Outliers were identified where they were 3 times the standard deviation above 

or below the mean value. Due to the way concentrations of some determinands were 

reported, we chose to include these statistical outliers in the modelling. This is because 

when examined they present little variation from the other values that were sampled. This 

reasoning for the inclusion or exclusion is outlined below.  

4.1.5 Step changes 

Step changes are permanent increases or decreases in the range of concentrations 

sampled. They may represent a new discharge, improved treatment at an existing 

discharge, or additional, unknown changes to the sources of contaminants. Step changes 

were identified visually using graphs for each determinand, when these were identified the 

corresponding graph has been included below. The graphs for every determinand are 

available if required. 

4.1.6 Qualified results 

The Environment Agency have advised the SRO that, where possible, the Limit of 

Detection (LOD) should be ≤10% of the EQS. Table 4-1 shows whether the LOD for each 

determinand exceeds 10% of the EQS. 

For the purpose of this report, an additional check was added to identify where 50% or 

more of the samples are qualified as less-than the LOD, because there is less uncertainty 

in the modelling where samples are consistently above the LOD. Within this report, where 

50% or more of the samples are qualified as less-than the LOD, and the LOD is >10% of 
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Figure 4-2: Cypermethrin (μg/l) at site 1 

4.3 Data checks for site 3 Coventry Canal at Atherstone 

4.3.1 Outliers 

Table 4-3 identifies 13 potential outliers identified in site 3 data, and whether they are 

included (6) or excluded (7) when calculating the mean and standard deviation in the Monte 

Carlo analysis. 

 

 

















 

KCX-JBAU-XX-XX-RP-WQ-0020-D1-C01-Gate3_WQ_Modelling_Report 45 

regarding the scope and findings of this water quality assessment has been carried out with 

the EA and Trust, through the Gate 3 engagement and review processes.  

5.3 Sensitivity testing  

5.3.1 Overview 

The draft results were reviewed in a meeting with the Environment Agency. The following 

sensitivity tests were identified to provide further understanding of the impact of 

uncertainties in the data:  

• Sensitivity test 1 - Replacing outlier values removed from the observed data,  

• Sensitivity test 2 - Test for the impact of the transfer running at maximum flow of 

115Ml/d, and  

• Sensitivity test 3 - Test model sensitivity to the correlation coefficients used for 

river flow and quality and for recycled water flow and quality. 

5.3.2 Sensitivity test 1 - outliers 

Test design 

The aim of the assessment was to determine whether the removal of outlier values from the 

observed water quality data could have resulted in an over-optimistic assessment of the 

impact of the transfers. 

Selection of determinands 

The results for determinands where outliers have been removed (as defined in Sections 0 

and 4.3) were reviewed. At sites 1 and 3, outliers were removed for 7 determinands. These 

have been remodelled with the outliers included. 

Results 

Comparing the results with outliers retained against those where it was removed, only had 

a significant impact on the results for maneb and mercury total, where a percentage 

deterioration is predicted and the hazardous chemicals tests are failed only when outliers 

are included. The results are summarised in Table 5-4. 
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For maneb, inclusion of outliers values leads to a failure of the hazardous substances 

modelling tests. Similarly to mercury total, this outlier value (33.6μg/l CS2) is significantly 

greater than the next lowest value (3.8μg/l CS2) and has not been included in the 

modelling. 

The inclusion of the other outlier values previously removed did not impact the hazardous 

chemical or WFD results, and so no further action is recommended. 

5.3.3 Sensitivity test 2 - maximum transfer flow 

Test design 

This test was requested to understand the impacts of the transfer operation at its maximum 

flow rate of 115Ml/d. To model this, the following flow statistics were used: 

• Mean upstream canal flow: 5.674 Ml/d (annual mean calculated from the Aquator 

model) 

• 95-percentile canal flow: 3.939 Ml/d (calculated from the Aquator model) 

• Mean discharge flow: 115Ml/d 

• Standard deviation of discharge flow: 0.1Ml/d (nominal standard deviation 

resulting in effectively a constant 115Ml/d flow) 

This effectively represents the scheme running at its maximum capacity for 100% of the 

time. This is well beyond any predicted deployment of the scheme and therefore represents 

an extreme scenario. 

Selection of determinands 

The following filters were applied to identify determinands which might be sensitive to this 

test: 

• Has an AA and MAC EQS specified. 

• Passes all of the hazardous chemicals tests (so would not already have been 

identified as potentially significant) but exhibits some deterioration compared to 

the baseline. 

Diazinon, maneb and triclosan meet these criteria and have been modelled. 

Results 

Results indicated only very minor changes as a result of the higher discharge value. None 

of these changes would have resulted in failure of one of the modelling tests which had 

been passed using the default, demand-based flow scenario.  

Conclusions: 

Results were not found to be sensitive to the transfer flow regime. This is probably because 

the transfer flow, even in the demand based scenario, is an order of magnitude greater than 

flow in the receiving water, so already dominates the downstream, mixed results. There are 

no recommendations for further action on this aspect of the modelling.  
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9 Preliminary scheme impact assessment using 
bench-trial treatment results 

9.1 Introduction 

A bench trial has been undertaken by WatStech Laboratories to represent the potential 

treatment processes that would be present at the "Minworth AWTP" (see Minworth SRO 

Annex A3 for full details). Results from this assessment are presented in Table 6 in the 

bench testing summary report produced by WatStech and have been used to update the 

Site 1 (Minworth) discharge quality values used within the modelling. A summary of results 

from the WatStech report is presented below. 

 

Figure 9-1: Table 6 results from Minworth bench trial summary report 
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Carbon (GAC) F400 and an innovative media4, both separately and combined. All three of 

these tests showed that a reduction in concentration below the EQS (0.00065μg/l) is 

achievable providing each method is managed over time, PFOS has therefore been 

modelled with a discharge quality of 0.00065μg/l. The results of the bench trial for PFOS 

are shown below; outlet 2 was both F400 and the innovative media, outlet 3 was just the 

innovative media and outlet 4 just F400. 

 

Figure 9-2: PFOS bench trial results 

Source: redacted Minworth PFAS RSSCT (Severn Trent) Minworth SRO Annex A3. 

9.2.2 Comparison with input values used in the bench trials  

It was noted that the input values into the bench trial differ from inputs into the modelling. 

Following EA guidance (Environment Agency, 2019) for water quality impact modelling, 

outlier values have been removed and "less-than" values below the LOD were taken as half 

the face value. By contrast, at the screening assessment stage qualified values are taken at 

face value. These differences were investigated for mancozeb, which was modelled with a 

site 3 canal water quality of 0.098μg/l for the bench trial, a concentration of 0.145μg/l has 

been used.  

It was determined that the differences in inputs between the two assessments were due to: 

 

4 The details of this innovative media are not known to JBA and are subject to a non-
disclosure agreement between the supplier and Severn Trent.  
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Figure 9-3: RQP required to meet no deterioration results for mancozeb (continuous and 

intermittent flows, left, continuous only flows, right). 

As shown in Figure 9-3, when a target is set to the upstream water quality (0.098μg/l), the 

resultant mean downstream river quality only matches in the continuous-only scenario. It is 

believed that to meet the downstream target, the mean downstream river quality should 

match this target, however this does not occur in the continuous and intermittent combined 

flow scenario.  

This is believed to be an anomaly with the addition of intermittent flows that causes RQP to 

calculate the required discharge mean for a different downstream target than the one 

specified, and hence the results indicate a different downstream river quality than expected. 

As such, the continuous-only method has been taken forward for this assessment. 

9.3 Impact of the bench-trial discharge  

One scenario has been tested on the determinands within Monte Carlo: 

• Impact of input on discharge quality  

Of the 14 determinands modelled at site 3, 5, and 6, only 13 have been considered within 

the bench trial. Of these 13, the bioavailable metal results for zinc total and nickel total were 

not reliable and have been excluded. 

9.3.1 Hazardous chemicals modelling tests 

For the hazardous chemicals modelling tests, Figure 2-1 outlines each hazardous chemical 

test and whether a determinand passes or fails a test. A summary of the overall pass/fail is 

presented below and the results of each individual test are shown in Appendix B.  

Of the 11 determinands modelled:  
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10 Results for Dissolved Oxygen in the Coventry 
Canal 

10.1 Overview 

As stated in the methodology (section 2.2.6), a simple spreadsheet-based Streeter-Phelps 

model was selected to make the initial assessment of the impact of the scheme on DO. 

Only if the results indicated a significant adverse impact would more detailed modelling be 

required.  

Canal and discharge values of DO and temperature were derived from the continuous 

sonde monitoring. Figure 10-1 and Figure 10-2 show DO and water temperature for two-

week periods in June and December 2023. Ammonium is also shown for reference, 

although the ammonia values used in the modelling were derived from sampling, not 

sondes. There is a clear diurnal variation of DO in the summer, related to plant respiration, 

which is not observed in the winter. Similarly, a diurnal variation in temperature is observed 

in the summer related to daily heating of the upper layer of water, which is not observed in 

the winter.  

 

Figure 10-1: DO, ammonium and water temperature, site 3, June 2023 
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Figure 10-3: Example DO results graph, future, one month, low decay coefficient 

The results for all six simulations are shown in Figure 10-4. 
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Future, one month, low decay rate Future, one month, high decay rate 

  
Future, three months, low decay rate Future, three months, high decay rate 

  
Future, one year, low decay rate Future, one year, high decay rate 

Figure 10-4: DO modelling results graphs  

The key findings are: 

• The baseline 10th percentile DO in the Coventry Canal meets the FIS criteria for 

all return periods. 

• Except in the one year, low decay rate scenario, DO is predicted to sag to below 

the appropriate FIS criteria immediately downstream of the discharge. 

• The length and depth of the sag is highly dependent upon the decay rates 

selected, with the deepest, longest sag resulting from high decay rates. 
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• In the worst case scenario tested, the one month, high decay rate, DO is reduced 

to 3.3mg/l, and 10km of canal experiences DO concentrations below the FIS 

criteria.  

10.6 Improving DO during transfer operation 

There is limited opportunity to improve DO downstream of the discharge to the Coventry 

Canal, since the nearest lock, where aeration could be improved as a result of pumping, is 

some 18km downstream at Hawkesbury. Consequently, to ensure that the Coventry Canal 

meets FIS criteria for DO, improvements may be required to BOD and/or DO prior to 

discharge. 

Minworth SRO design consultants Jacobs have confirmed that the AWTP treatment design 

aims to ensure the TOC discharged from the AWTP causes no deterioration to the 

receiving water course. As illustrated in Figure 10-5, the design is targeting approximately 

60% organics removal, resulting in BOD in the recycled water being below the limit of 

detection. Further reductions in ammonia may be also possible, however it was not possible 

to confirm this in the bench testing since the ammonia concentration in the bench-test 

influent was extremely low (<0.02mg/l). The planned pilot plant will provide further 

information on this.  

 

© Jacobs 

Figure 10-5: Illustration of TOC reduction in the AWTP 

There are opportunities to improve the DO of the discharge prior to entering the canal, by 

designing the outfall structure to encourage aeration. At the time of this assessment the 

outfall structure at Atherstone had not been designed as the location is still under 

consideration.  

The worst case model (future, one month, high decay rate) was used to apply three 

additional tests of reduced BOD and increased DO in the discharge: 
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• Test 1: Discharge BOD reduced to 2.0mg/l, the quality achieved by the jar tests 

undertaken by Jacobs.  

• Test 2: Discharge DO increased to match the August mean value observed in the 

Coventry Canal, 7.27mg/l. 

• Test 3: A combination of Test 1 and Test 2. 

The results are graphed in Figure 10-6. These show that neither reducing BOD (Test 1) nor 

increasing DO (Test 2) can, on their own, prevent DO in the canal from going below the FIS 

criteria. However the combination of reduced BOD and increased DO (Test 3) would ensure 

suitable levels of DO in the canal for a sustainable cyprinid fishery.  

As previously mentioned, the ammonia performance of the proposed "Minworth" AWTP 

could not be assessed in the bench-testing, as the concentration of Ammonia in the influent 

(from Minworth WwRC final effluent) was extremely low. An additional Test 4 was modelled, 

with BOD and DO improvements as per Test 3, but also with the influent concentration of 

Ammonia from the bench tests (0.02mg/l) used. Results (Figure 10-7) show that this further 

reduces the DO sag downstream of the recycled water discharge, however to a lesser 

extent than that achieved as a result of reducing BOD and increasing DO. The potential of 

the "Minworth" AWTP process to reduce Ammonia will need to be further investigated at the 

pilot-plant stage.  
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Test 1: BOD reduced to 2.0mg/l Test 2: DO increased to 7.27mg/l 

 

Test 3: BOD reduced to 2.0mg/l and DO increased to 7.27mg/l 

Figure 10-6: Results of the tests for reduced BOD and increased DO in the discharge 
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Figure 10-7: Test 4: BOD reduced to 2.0mg/l, DO increased to 7.27mg/l and Ammonia at 

0.02mg/l 
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were reproduced by the AWTP, or that the required targets were below the limit 

of detection used for the bench trials, so it was not possible to conclude whether 

the bench trial achieved the target concentration.  

• Water quality screening and modelling at Daventry and Drayton reservoirs will be 

carried out and presented at Gate 4, allowing sufficient time for water quality 

sampling at these two sites.  

11.4 Recommendations  

• Sampling of these 14 substances of concern should continue in order to build a 

long, continuous series of water quality data.  

• The results of this modelling should be used to inform the design of the AWTP at 

Minworth, and the WTW.  

• The discharge structure at Atherstone should be designed to reaerate the 

recycled water prior to discharge. This would need to be designed in conjunction 

with any energy dissipation and/or energy recovery at this structure. In designing 

the reaeration structures, the high decay rates for BOD and ammonia should be 

assumed, unless further analysis is undertaken to calibrate these to observed 

rates of decay in the canal. Further sensitivity testing should also be carried out 

to account for variability in the canal water quality and temperature.  

• Further mitigation to maintain levels of dissolved oxygen may be required, for 

example planting of marginal vegetation downstream of the recycled water 

discharge at Atherstone. This should be informed by the environmental 

assessments, and any additional hydraulic roughness accounted for in the 

hydraulic modelling and bank raising.  

• In parallel with this Gate 3 water quality modelling workstream, the water quality 

sampling workstream has reviewed LODs with commercial laboratories, and has 

confirmed the latest list of LODs achievable in final effluent and canal water, with 

the National Assessment Unit (NAU). These revised LODs are being applied to 

samples taken from June 2024 onwards (July 2024 in the case of one chemical). 

Further water quality modelling will be required at Gate 4 which will use these 

improved LODs. Given that this will be building on from the two years of sampling 

at existing LODs, an additional six months of data should be sufficient to 

determine whether or not these chemicals are present at or close to the EQS 

value. 

• A water quality impact assessment is also required at Gate 4 for the proposed 

transfer into the Daventry and Drayton reservoirs. This will commence with an H1 

screening assessment to identify substances requiring modelling, but it is 

anticipated that nutrient and temperature modelling may be required.  

• Further modelling may also be required once treatment results are available for 

the planned pilot plant.  

• A review of the water quality analysis at site 6 (Leighton Buzzard) should be 

carried out at Gate 4, once the preferred location for the WTW is confirmed. 
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• The Gate 4 modelling should also consider the impacts of climate change, both 

on the background canal flows and the use of feeders (from the Aquator model), 

and on the impacts of higher temperatures on evaporation, water temperature 

and dissolved oxygen.   
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A Appendix: RQP Input data 

A.1 Site 1 and 3 input data 
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A.2 Site 5 and 6 input data 
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B Appendix: Modelling results 

B.1 Modelling results, site 3 
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B.2 Modelling results, site 5 
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B.3 Modelling results, site 6 
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B.4 Combined water quality impact results for all sites 
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B.5 Bench trial assessment results 
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C Appendix: Qualified values 

 



Determinand Site 1 samples Site 1 unqualified 
samples 

Site 1 percentage 
of unqualified 
samples 

Site 3 samples Site 3 unqualified 
samples 

Site 3 percentage 
of unqualified 
samples 

4-n-nonylphenol 25 0 0% 32 3 9% 
cypermethrin 32 28 88% 32 6 19% 
diazinon 32 5 16% 32 0 0% 
formaldehyde 32 1 3% 32 0 0% 
hexabromocyclododecane 
(HBCDD) 31 30 97% 32 4 13% 
mancozeb 31 26 84% 30 11 37% 
maneb 31 20 65% 32 8 25% 
mercury total 31 28 90% 31 27 87% 
nickel total 31 31 100% 31 31 100% 
perfluorooctane sulfonic 
acid (PFOS) 36 35 97% 32 31 97% 
permethrin 32 22 69% 32 3 9% 
sulphide or hydrogen 
sulphide 32 19 59% 32 18 56% 
triclosan 32 26 81% 32 0 0% 
zinc total 32 32 100% 31 31 100% 

 

  



Determinand Site 5 samples Site 5 unqualified 
samples 

Site 5 percentage 
of unqualified 
samples 

Site 6 samples Site 6 unqualified 
samples 

Site 6 percentage 
of unqualified 
samples 

4-n-nonylphenol 33 0 0% 33 0 0% 
cypermethrin 33 3 9% 32 11 34% 
diazinon N/A N/A N/A 25 0 0% 
formaldehyde N/A N/A N/A N/A N/A N/A 
hexabromocyclododecane 
(HBCDD) 33 1 3% 33 8 24% 
mancozeb N/A N/A N/A N/A N/A N/A 
maneb N/A N/A N/A N/A N/A N/A 
mercury total 32 26 81% 32 28 88% 
nickel total 32 32 100% 33 33 100% 
perfluorooctane sulfonic 
acid (PFOS) 32 32 100% 33 26 79% 
permethrin N/A N/A N/A N/A N/A N/A 
sulphide or hydrogen 
sulphide 33 18 55% 31 22 71% 
triclosan 32 1 3% 32 0 0% 
zinc total 32 32 100% 32 32 100% 
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D Appendix: DO modelling input values 
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