
debra.power
Stamp



debra.power
Stamp













APEM Scientif ic Report  

 

April 2021 - Final Page 2 

 

ST Classification: OFFICIAL COMMERCIAL 

 

Figure 1. Map of GUC locations (courtesy of Stantec Ltd) 
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1.2 Objective 

The objective of this project was as follows: 

• To analyse the data from water quality samples collected as part of the GUC Water 
Quality Monitoring Phase 1 adjacent workstream within the SRO (Figure 2). 

• To carry out an initial assessment of the potential for the transfer of a discharge from 
Minworth WwTW into the Midlands canal system to affect water quality of the GUC, in 
terms of its impact to the WFD status. 

• To indicate to the GUC PMB the level of treatment which is likely to be needed at 
Minworth WwTW. 
 

 

Figure 2. Workstreams of the GUC Transfer SRO project 

 

1.3 This Report 

The report covers two stages: Stage 1 has screened the substances being monitored to 
determine which ones were of concern and needed to be taken to Stage 2. Stage 2 involved 
water quality modelling using bespoke EA tools to assess whether discharging the Minworth 
WwTW final discharge into the canals would present a risk of exceeding WFD EQS.  

The modelling tools used were RQP (the EA River Quality Planning v2.5) which was used for 
most substances and MPER (Metals Permitting) which was used for the assessment for 
bioavailable metals. The flow rates used in these models at the sampling sites were provided 
from models that are being generated as part of the GUC SRO project: Grand Union Canal 
Gate 1 Model, Draft Report March 2021 GUC Modelling Report (issued as 

). 

Any EQS failures caused by the water transfer from Minworth WwTW at its current quality will 
be highlighted. This information will feed into the future additional treatment processes being 
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considered for Minworth WwTW, as upgrades in the treatment which will be required to 
support the GUC SRO scheme. 

 

2. Methods 

2.1 Stage 1: Screening 

Note: the screening stage in Stage 1 related to whether the parameter continued to the next 
stage of analysis (Stage 2, RQP/MPER modelling). This does not relate to any decision on 
whether the parameter will continue to be sampled or if other parameters will be added.  

At this stage there were 74 parameters being measured in the discharge and the water bodies. 
The parameters were selected for inclusion based on WFD monitoring requirements and in 
consultation with the EA, who requested some extra parameters to be assessed. The EQS for 
these 74 parameters were obtained from the WFD using ‘The Water Framework Directive 
(Standards and Classification) Directions (England and Wales) 2015’. 
 
For some of the parameters there are no WFD EQS and there is only a low level of certainty 
of the EQS to use (the EQS could be derived for some parameters from older, now repealed 
European Directives). These parameters are shown in Appendix 1, Table A.2. Advice from the 
EA was obtained on what EQS to use for Stage 2 (RQP/MPER modelling) or if any of the 
parameters could be screened out. 
 
Note: site specific EQS have been calculated for some substances as required by the WFD. 
These type of EQS are based on the criteria for WFD assessments and use the data for a 
combination of dissolved organic carbon, pH, alkalinity and altitude. The EQS for these 
parameters are shown in Appendix 1, Table A.3.  
 
The steps in this screening process were as follows:  

1. Remove those parameters where the results at all sites (including Minworth WwTW) 
were all below the analytical limit of detection.  

2. Remove those parameters where there is no EQS or if they are not included in WFD 
for freshwaters. 

3. For those parameters detected above trace levels, determine the canal EQS for each 
parameter. This allowed for a sense check of the measured concentrations in the 
discharge against the EQS.  This was another point at which parameters were 
screened out from further analysis, i.e. where the concentrations in the discharge 
levels were substantially below the EQS. We used 10% of the EQS value for this 
screening assessment.  This screening method was carried out for each canal 
location, six in total as per Table 1.1.  

4. Substances where the concentration at Minworth WwTW was lower than at any of the 
six canal locations were also screened out next because they were unlikely to cause 
any negative impact.  

 
 

2.2 Stage 2: High-level assessment 

Further analysis was carried out for the parameters which were screened in at Stage 1. Also, 
following the screening carried out in work package ‘GUC WP1 – Optioneering (WSP 2021) 
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 WP1 Route Limitation Paper’, only sub-options 1, 3 and 6 were selected for further 
analysis. Therefore, the Stage 2 assessment in this report was only carried out for three 
locations.   
 
The analysis for Stage 2 involved carrying out a high level water quality modelling assessment 
for the screened in parameters. For this assessment we used two water quality modelling tools 
that were available from the EA: 
 

• RQP (River Quality Planning v2.5). This allows the user to calculate the effect of a 
single discharge on the water quality of a river. It can also assess the discharge quality 
required to achieve a downstream water quality target if there is an EQS failure. 
The mixing of a discharge with a river is described by the Mass Balance Equation:  
  

fF

cfCF
R

+

+
=  

where:   
• F is the river flow upstream of the discharge  
• C is the concentration of pollutant in the river upstream of the discharge  
• f is the flow of the discharge  
• c is the concentration of pollutant in the discharge  
• R is the concentration of pollutant downstream of the discharge. 
   

• MPER (Metal Permitting) which is based on RQP and was designed as a result of new 
EQS for rivers for some dissolved metals (copper, zinc, manganese, nickel and lead).  
The standards aim to pinpoint a fraction of the dissolved metal that causes real 
damage: the part which is “bioavailable”. MPER calculates the bioavailable fraction of 
the dissolved metals to assess the impact of the discharge on the EQS. This is used 
to determine what discharge quality is required to achieve a downstream water quality 
target. 

 
The aim of this stage of the assessment was to determine whether discharging the Minworth 
WwTW discharge would present a risk of deterioration in water quality for WFD parameters. 
This work was carried out to support assessments by the STWL GUC engineering workstream 
on what additional treatment at Minworth WwTW might be required at each of the discharge 
sub options.  
 
 

3. Results 

The screening assessment in Stage 1 was carried out to determine whether the parameters 
continued to the next stage of analysis in Stage 2. The modelling in Stage 2 was as an initial 
assessment of the potential for the current discharge from Minworth WwTW to affect water 
quality in the GUC and to consider WFD effects of discharge. The findings from this 
assessment will feed the Minworth WwTW SRO design. In this section we have presented the 
results from Stage 1 and results from the Stage 2 high-level assessment. 

3.1 Stage 1: Screening 
 
Out of the original 74 parameters, 44 parameters were initially screened out based on the 
criteria stated previously: 17 parameters because all the samples at all locations were below 
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Table 3.4). All these parameters were carried forward to Stage 2 for RQP/MPER modelling at 
all the GUC locations. 

The Minworth WwTW concentrations were higher compared to some of the GUC sites for a 
further 8 parameters (Table 3.5). These parameters were carried forward into Stage 2, but the 
modelling was only to be undertaken for those locations where the concentration was higher 
at Minworth WwTW. 

In some instances, modelling was carried out for some substances and sites from Table 3.5 
where it was initially believed not to be necessary. Dissolved nickel at GUC Coventry Canal 
Atherstone is an example of this. Even though Minworth STW doesn’t pose a direct risk 
because the concentration at the site was higher than at Minworth STW, the GUC site was 
already failing the EQS. Because of this, we carried out the modelling to determine what load 
standstill limit would be required to not cause any further deterioration.  

The concentrations for 7 parameters were lower at Minworth WwTW compared to all the GUC 
sites. These parameters are screened out from Stage 2 RQP modelling WwTW (Table 3.6). 

In summary, modelling in Stage 2 was carried out only for 23 substances, 15 of them at all the 
locations (  
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Table 3.4), and 8 at selected locations (Table 3.5). 
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Load standstill limits were also calculated for those locations where it was required to maintain 
current High Ecological Potential. Where a permit limit was not calculated then Minworth 
WwTW should maintain the current quality to avoid causing a deterioration and this is also 
indicated in Table 3.8. 

Permit limits calculated in this report are only for information as a proxy for recommended 
maximum discharge value (RMDV). Their objective is to give an indication of the level of 
treatment which is likely to be needed at Minworth WwTW. They are not intended to be used 
as the final permit limits. Further monitoring is being carried out and further 
modelling/assessments will be carried out as the scheme progresses.  

RMDV were required only for one of the bioavailable metals: dissolved nickel. GEP RMDV 
and load standstill RMDV are provided in Table 3.9 and Table 3.10.  The equations which 
calculate the bioavailable portion of these dissolved metals are very complex and there is a 
certain amount of uncertainty around them. Because of this, the software returns upper, mean 
and lower confidence limits for the results.  

For this work, two sets of RMDV, based on mean and upper confidence limits values, are 
presented. These RMDV can be significantly different, which at this stage is most likely to be 
due to the small number of samples and the variability in the data this causes. 

The upper confidence limits are presented in this report because the EA tends to set the permit 
limits for bioavailable metals based on the modelling results for the upper confidence limits. 
This is in order to give the benefit of the doubt to the discharger.  

The objective of this report is not to come up with firm permit limits, but is to show all the 
outcomes and come up with potential standards. This will inform the treatment process design 
at Minworth WwTW to support the GUC transfer SRO. Nevertheless, we recommend that the 
engineering solutions are initially based on the upper confidence limit figures that are provided. 
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4. Conclusions  

4.1 Stage 1: Screening 

In Stage 1 of the GUC SRO water quality assessment project, the parameters which should 
be screened in for modelling in Stage 2 were identified, along with the relevant EQS to use 
from the Water Framework Directive (Standards and Classification) Directions (England and 
Wales) 2015. These parameters are shown in Appendix 1 (Table A.1). All the EQS were 
agreed with the EA, Appendix 1 ((Table A.1 and Table A.2).  In consultation with the EA, 51 
substances were screened out at this point: 

• 17 parameters have been screened out because all the results at all locations were 
below the LOD (Table 3.1)  

• 2 parameters were screened out because there is no EQS in the WFD (Table 3.2) 

• 25 parameters were screened out because they are not in the WFD (Table 3.3). 

• 7 parameters were screened out because the concentration at Minworth WwTW is 
lower than the concentration at any of the GUC sites (Table 3.6) 

In agreement with EA’s Water Quality specialists from the Integrated Environment Planning 
teams in the Lincolnshire and Northamptonshire, Thames, East Midlands, West Midlands, and 
East Anglia areas, 23 parameters were screened in to be modelled in Stage 2: 

• 15 substances were modelled at all the locations because the concentration at 
Minworth WwTW is higher than the concentration at any of the GUC sites ( 
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• Table 3.4). 

• 8 substances were modelled at selected locations only because the concentration at 
Minworth WwTW is higher than the concentration at some of the GUC sites (Table 
3.5). 

 

4.2 Stage 2: High-level assessment 

In Stage 2 of the GUC SRO water quality assessment project the effect of the current 
discharge from Minworth WwTW on the water quality at several GUC locations was 
determined. This will determine what additional level of treatment is required at Minworth 
WwTW, in order to tackle any possible deterioration in water quality due to this scheme. We 
focused the assessment in Stage 2 on those substances previously agreed with the EA in the 
Stage 1. 

Modelled or measured flow data (Table 3.7) were used for the RQP and MPER modelling 
work. Several indicative permit limits or recommended maximum discharge values (RMDV) 
were calculated. These standards were set to achieve Good Ecological Potential. The 
modelling was carried out if the discharge was likely to cause a failure of the WFD status, or 
where load standstill limits were required when the site is already failing (because it is 
necessary to maintain current water quality or to maintain current high WFD status) (Table 
3.8). 

Bespoke RMDV were calculated for dissolved nickel and dissolved zinc for Good Ecological 
Potential (Table 3.9)   and load standstill purposes (Table 3.10).  

RMDV were required for seven substances across the three locations. Some of the 
parameters: nitrate, soluble reactive phosphate, dissolved nickel and PFOS; need RMDV for 
all of the sites. RMDV for BOD are required for two locations and the remaining substances 
(ammoniacal nitrogen and dissolved zinc) only needed RMDV at one site (Table 4.1). 

Overall, the RMDV required for the scenario where Minworth WwTW transfers the minimum 
flow (50Ml/d) are not significantly different to when it transfers the maximum flow (100Ml/d). 
This means that the RMDV on Table 4.1 would be able to protect the environment under any 
transfer flow rate. 

The main substances of concern are soluble reactive phosphate, nitrate and dissolved nickel 
as they fail at all the locations under both minimum and maximum Minworth WwTW flow. 
PFOS also fails at all the locations, but this is due to its ubiquitous nature which makes it a 
widespread EQS failure across the whole country. 

The modelling assessment shows that the GUC Leamington Trough Pound (sub-option 6) 
requires the lowest number of substances to be permitted (four). The Coventry Canal 
Atherstone (sub-option 3) and the Bham & Fazeley Canal Minworth (sub-option 1) require both 
the highest level of permit limits for six substances.  

The indicative WFD status at all six locations included in this study, based on the collected 
data, is shown in Table 4.2. This shows that water quality is less than Good Ecological 
Potential at all sites for benzo(a)pyrene, dissolved oxygen and PFOS. Most of the sites also 
fail the standards for dissolved nickel. However, this indicative WFD classification is based on 
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a small number of samples (between 4 to 7) and we recommend monitoring continues in order 
to develop a more robust dataset. 

 

 

 














