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Disclaimer 

This report has been prepared by EnviroSolution Ltd who has exercised such professional skill, care 
and diligence as may reasonably be expected of a properly qualified and competent consultant 
experienced in preparing reports of a similar scope. 

However, to the extent that the report is based on or relies upon information contained in records, 
reports or other materials provided to EnviroSolution Ltd, which have not been independently 
produced or verified, EnviroSolution Ltd, gives no warranty, representation or assurance as to the 
accuracy or completeness of such information.
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1 Introduction 
Wrights Pies (Shelton) Ltd  are operating a number of boilers at their Crewe, Chester, site (the 
‘site’) and following an initial H1 Screening assessment (presented separately) it was 
concluded that detailed dispersion modelling would be required for NO2, NOx and CO 
emissions from the site.  

ADMS (Atmospheric Dispersion Modelling System, Ref 1) v5.2 was used to undertake the 
detailed dispersion assessment of emissions to air from operations at Wrights Pies (Shelton) 
Ltd (the ‘site’).  Predicted NOx concentrations have been calculated assuming that 70% of NOx 
is converted to NO2 for the long-term (annual) average. The short-term 99.8th percentile 
(hourly mean) was derived assuming a 35% conversion of NOx to NO2. 
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2 Site Setting 
2.1 Source Emission Locations 

Figure 1: Source Location Plan 

The approximate Site boundaries are shown in Figure 1 along with the location of the stacks 
used in the modelling, taken from plans provided by Wrights Pies (Shelton; ‘Wrights’). The 
source coordinates, locations and size details are described in Table 1. 

Table 1: Source Locations and Details 

Name Easting Northing Height (m) Diameter 

External Boiler (A1) 371650 354507 54 0.40 

Internal Boiler 1 (A2) 371577 354437 8.6 0.47 

Internal Boiler 2 (A3) 371578 354437 8.6 0.47 

 

2.2 Receptors 
As part of the air emissions risk assessment it is necessary to screen the local area surrounding 
the site for ecological receptors and Air Quality Management Areas (AQMAs). This review was 
undertaken as part of the Baseline Report and H1 Assessment and full details are included in 
the associated reports (document refs: CL1002 and CL1003 respectively). The receptors 
identified in the screening as pertinent for this investigation are listed in Figure 2 and Table 
2. 
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Figure 2: Receptor Location Plan 

Table 2: Receptor Coordinates 

Name Easting (X) Northing (Y) Receptor type 

West Midland Mosses 369801 350406 SAC/Ramsar 
Midland Meres & Mosses 1 374360 348475 Ramsar 
Midland Meres & Mosses 2 374849 350566 Ramsar 

Basford Brook and Mere Gutter 371757 353667 LWS 

Crewe Road 371448 354962 HH 
St Clair Street 370851 354347 HH 
Goode Way 371068 354147 HH 

Springfield School 372088 355364 HH 
Weston Road Cottage 372493 353594 HH 
Pebble Brook Primary 370065 354021 HH 

Railway Street 370817 354877 HH 

 
The receptors identified as ‘HH’ represent the most proximal human health receptors for the 
assessment. 
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2.3 Meteorology 
Hourly sequential meteorological (Met.) data recorded at Shawbury Airfield between the 
years 2014 and 2018 have been used in the assessment, provided by ADM Ltd (Ref 2). This 
data has been selected as it was the most recent, proximal and consecutive set of data 
available for the Site. A wind rose showing the average wind conditions for the 5 years is 
presented in Figure 3. 

 
 
Figure 3: Composite wind rose for Shawbury Airfield for 2014-2018 
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2.4 Background Concentrations 
The background air concentration for annual mean NO2 is 14.36 µg/m3

 and for NOx (ecological 
assessment only) is 20.22 µg/m3. These values were obtained from the Defra UK: AIR 
background maps for 2017 (the most recent monitoring data available; Ref 3) for the site 
location quadrant. 
 

2.5 Modelling Scenario 
The modelling undertaken here represents the current operation of the Wrights site. The 
scenario is based on 24/7 operation of the three boilers as the manufacturing processes at 
the site are largely continuous. 

 

2.6 Buildings 
Buildings and structures located close to emission sources can impact on the dispersion of 
pollutants though the wake effect, which may result in increased retention nearby the source.  
There are a number of proximal buildings to the various sources at the Site which have been 
included in the assessment. Only buildings considered large and/or close enough to 
significantly affect dispersion were entered the model.  
 
An ADMS Mapper view of the structures included in the modelling is shown in Figure 4 where 
the red points are source locations. 

 
Figure 4: Modelled Buildings Plan 
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2.7 Test of Significance 
In general terms, the significance of atmospheric emissions is assessed through comparison 
of the predicted concentrations of the specific pollutant to published Environmental Quality 
Standards (EQS’s), atmospheric EQS’s typically comprise Air Quality Standards (AQS), 
Environmental Assessment Levels (EAL) and Ambient Air Directive Limit Values (AADLV). 
 
EQS’s provide a means of defining acceptable air quality on a long-term basis where the 
effects of pollutants are cumulative (or ‘chronic’) e.g. annual average concentrations, and on 
a short-term basis, where the effects of pollutants are considered ‘acute’, e.g. 15 minute or 
hourly peak concentrations. EQS’s provide a basis for assessment of potential impacts of 
emissions on human health receptors and ecologically sensitive receptors. 
 
In general terms, the assessment criteria employed by the Regulator to assess the significance 
of emissions is to compare the prediction concentrations of pollutants associated with 
emissions from the site (termed the Process Contribution, PC) to short term and long term 
EQS’s, as presented in Environment Agency (EA) and DEFRA Air Emissions Risk Assessment 
guidance (Ref 4). 
 
The environmental impact may be considered significant where greater than: 
 

• 1% of the EQS for the long-term average calculations; and 
 

• 10% of the EQS for the short-term calculations. 
 

Where the PC exceeds this significance threshold then the total Predicted Environmental 
Concentration (PEC) of that substance is calculated by summing the background 
concentration and the process contributions. The PEC may then be compared to the relevant 
environmental standard. It should be noted that the background concentrations used will 
often already include contributions from existing site sources and is therefore a pessimistic 
approach. 
 
The next stage of the screening determines if further, more detailed modelling is required 
(i.e. ADMS). This is necessary if the following requirements are not met: 
 

• The LT PEC is <70% of the long-term environmental standards; and 
 

• The ST PC is <20% of the short-term environmental standards minus twice the long-
term background concentration (i.e. ‘headroom’). 
 

Criteria for secondary screening of the impacts for protected conservation areas differ slightly 
from human health receptors. For SPAs, SACs, Ramsars and SSSIs where the ST PC exceeds 
the first screening stage then detailed modelling is required. Further modelling is required for 
the long-term emissions only if the LT PEC exceeds 70% of the long-term environmental 
standard. Local nature sites (e.g. ancient woodlands and local wildlife sites [LWS]) require 
detailed modelling if the LT or ST PC exceed 100% of the respective LT or ST environmental 
standards. 
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The initial screening assessment has been undertaken and presented in the H1 Assessment 
Report document (Doc ref: CL1003), the above secondary screening thresholds are used here 
as a metric by which to review the significance of results from detailed modelling. 
 

2.8 Toxicity of Discharged Pollutants 

2.8.1  Nitrogen Oxides (NOx) 
Nitrogen oxides (also known as oxides of nitrogen and abbreviated as NOx) is a collective term 
used to refer to two species of oxides of nitrogen: nitrogen monoxide (NO) and nitrogen 
dioxide (NO2). Nitrogen monoxide is a colourless, flammable gas with a slight odour. Although 
somewhat toxic, its odour is insufficient to provide warning. Nitrogen dioxide is a reddish 
brown, non-flammable, gas with a detectable smell. In significant concentrations it is highly 
toxic, causing serious lung damage with a delayed effect. Nitrogen dioxide is a strong oxidising 
agent that reacts in the air to form corrosive nitric acid as well as toxic organic nitrates. It also 
plays a major role in the atmospheric reactions that produce ground-level ozone or 
photochemical smog.  

Nitrogen monoxide oxidises rapidly to form nitrogen dioxide. For this study, it has been 
assumed that NOx emissions from the stacks result in a conversion rate to NO2 of 70% in the 
Long Term (LT) and of 35% in the Short Term (ST). This rate generally accepted as it is deemed 
conservative and therefore considered appropriate for this investigation. 

The environmental standards (Ref 3) for NO2 for Human Health are: 

• 200 µg/m3 (105 ppb) as a 1-hour mean level with a maximum of 18 
exceedances per year. This is equivalent to a 99.8th percentile; and 
 

• 40 µg/m3 (21 ppb) as an annual mean. 
 
 

The limit values for protection of vegetation and ecosystems is applied as total NOx: 

• 30 µg/m3 as an annual mean. 
 

• 75 µg/m3 as a daily mean target. 
 

Conversion factor (NO2): 1 g/m3 = 0.52 ppb 

 

2.8.2 Carbon Monoxide (CO) 
Carbon monoxide (CO) is a product of the incomplete combustion of carbon-containing fuels 
and is also produced by natural processes within the human body. With external exposure to 
additional carbon monoxide, subtle effects can begin to occur and exposure to higher levels 
can result in death. The health effects of carbon monoxide are largely the result of the 
formation of carboxyhaemoglobin (COHb), which impairs the oxygen carrying capacity of the 
blood. Carbon monoxide is absorbed through the lungs, and the concentration of 
carboxyhaemoglobin will depend mainly on the concentrations of inspired carbon monoxide 
and oxygen and will also depend on the duration of exposure, pulmonary ventilation, and the 
concentration of carboxyhaemoglobin originally present. Occupational or accidental 
exposure to the products of combustion and pyrolysis, particularly indoors, may lead to acute 
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decrements in lung function if the carboxyhaemoglobin levels are high. It is difficult, however, 
to separate the potential effects of carbon monoxide from those due to other respiratory 
irritants in the smoke and exhaust. The odour threshold for carbon monoxide is 
approximately 10% in air and is greater than the lethal concentration. 

The environmental standard for CO is: 

• 10,000 g/m3
 (8,600 ppb), as measured by a maximum daily running 8-hour 

mean.  

Conversion factor (CO): 1 g/m3 = 0.86 ppb 

 

2.9 Basford Brook and Mere Gutter LWS 
To assess the NOx impacts at the Basford Brook and Mere Gutter LWS the predicted contour 
results of the worst case year in ADMS modelling are used to represent the receptor (these 
correspond to the 0.5 µg/m3 LT NO2 and 5 µg/m3

 ST NO2 contours as presented in Appendix 
B).  
 
The contour values present the maximum distance from the site that the concentrations are 
predicted to occur from the 5 years of Met. data. Therefore, if the concentrations along the 
contour do not exceed the relevant significance thresholds then any sensitive receptors falling 
outside of the contour (i.e. at a greater distance from the site) would also not do so. As 
dispersion generally increases with distance from the source the further the receptor is 
located from the contour the lower the actual concentration would be at its location. This is 
a very conservative and robust approach as it uses an overestimation of the realistic 
concentrations likely to be present at the receptor location and as such a high level of 
confidence can be had in the results. 
 
As there is no relevant environmental standard for CO for the protection of vegetation and 
ecosystems this methodology has not been applied for the assessment of CO at this receptor. 
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3 Results 
The site emissions have been modelled for each of the yearly meteorological datasets giving 
5 sets of ground level concentrations (GLCs). The maximum pollutant concentration modelled 
at each identified receptor from all 5 years of Met. data has been calculated to give worst 
case annual concentrations. This provides a conservative overview of the predicted dispersion 
characteristics for the Site based on emissions and typical weather conditions. 
 
The results of the ADMS modelling are presented in and Table 3 and Table 4Error! Reference 
source not found., which show maximum predicted GLC for each receptor. In addition, the 
percentage contributions corresponding to the significance thresholds as described in Section 
2.7 are displayed. PCs and PECs which may not be deemed insignificant are highlighted in 
bold. The maximum concentrations from the 5 years of Met. data is also utilised for 
comparison of annual means against ecological objectives. 
 
The ADMS software models the dispersion of a parcel of gas emitted from a source as it 
undergoes numerous physical and physio-chemical interactions. Meteorological factors such 
as wind direction and boundary layer height play a large role on the mixing and dispersion of 
pollutants from a source. Using 5 years of historical Met. data allows assumptions to be made 
of the expected weather conditions at the site, which facilitates an estimation of typical future 
conditions. The values presented are theoretical and conservative but appropriately serve to 
predict detailed environmental concentrations.  
 
Site emission parameters (as provided by Wrights) are included in Appendix A. Contour plots 
showing predicted NO2 and CO dispersion patterns are included in Appendix B. 
 
 
Table 3: Carbon monoxide ADMS Modelling Results 

Carbon monoxide Human Health – 8hr running average over 24hr 

Receptor 
CO Annual 
Mean PC 

µg/m3 
%PC of EAL %PEC of EAL 

West Midland Mosses 0.34 - - 
Midland Meres & Mosses 1 0.33 - - 
Midland Meres & Mosses 2 0.33 - - 

Basford Brook and Mere Gutter* - - - 
Crewe Road 4.27 0.04% 2.10% 

St Clair Street 4.02 0.04% 2.10% 
Goode Way 5.10 0.05% 2.10% 

Springfield School 2.10 0.02% 2.10% 
Weston Road Cottage 1.63 0.02% 2.10% 
Pebble Brook Primary 1.87 0.02% 2.10% 

Railway Street 2.33 0.02% 2.10% 
*See Section 2.9 



 

EnviroSolution Ltd  
Ref: CL1004 13 15 May 2020 

Table 4: NO2 and NOx ADMS Modelling Results 

NO2 & NOx Ecological 
Human Health 

Long Term Short Term 

Receptor 

NOx 
Annual 
Mean 

PC 
µg/m3 

%PC 
of EAL 

%PEC 
of EAL 

NOx 
Daily 
Mean 

PC 
µg/m3 

%PC of 
EAL 

%PEC 
of EAL 

NO2 
Annual 
Mean 

PC 
µg/m3 

%PC 
of EAL 

%PEC 
of EAL 

NO2 

Hourly 
Mean 
99.8 
%ile 
PC 

µg/m3 

%PC of 
EAL 

%PC of 
EAL-
ABG 

West Midland Mosses 0.01 0.03% 67.4% 0.15 0.20% 27.2% 0.01 - - 0.33 - - 
Midland Meres & Mosses 1 0.01 0.04% 67.4% 0.16 0.22% 27.2% 0.01 - - 0.24 - - 
Midland Meres & Mosses 2 0.01 0.04% 67.4% 0.16 0.22% 27.2% 0.01 - - 0.28 - - 

Basford Brook and Mere Gutter* 0.71 2.38% 69.8% 14.3 19.1% 47.0% - - - - - - 
Crewe Road 0.31 - - 2.34 - - 0.21 0.54% 36.4% 2.51 6.28% 1.47% 

St Clair Street 0.16 - - 2.25 - - 0.11 0.27% 36.2% 2.64 6.61% 1.54% 
Goode Way 0.15 - - 2.16 - - 0.10 0.26% 36.2% 2.69 6.73% 1.57% 

Springfield School 0.13 - - 1.00 - - 0.09 0.22% 36.1% 1.74 4.35% 1.02% 
Weston Road Cottage 0.06 - - 0.64 - - 0.04 0.11% 36.0% 1.03 2.57% 0.60% 
Pebble Brook Primary 0.05 - - 0.91 - - 0.04 0.09% 36.0% 1.19 2.97% 0.69% 

Railway Street 0.10 - - 1.30 - - 0.07 0.17% 36.1% 1.42 3.55% 0.83% 

 
*Predicted concentrations are represented by modelled contour concentrations - See Section 2.9.
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4 Summary and Conclusion 
Following the air emission dispersion assessment, the analysis that has been undertaken for 
Wrights Pies (Shelton) demonstrates that predicted emissions of NO2, NOx and CO at all 
modelled human health and ecological receptors under the current operational parameters 
do not exceed the respective significance thresholds and subsequently also do not present 
concentrations in excess of air quality standards. 

Therefore, based on the assessment undertaken here the emissions associated with the boiler 
stack emissions at the Wrights Pies Crewe site are considered to present an insignificant 
impact to the environment. 
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APPENDICES 



Appendix A - ADMS Input Data

A1 A2 A3

Diameter (m) 0.4 0.47 0.47

Stack Height (m) 5.4 8.6 8.6

NOx (g/s) 0.068 0.085 0.05

CO (g/s) 0.023 0.002 0.209

Velocity (m/s) 9.82 5.92 9.03

Flow (Nm3/s)† 132.8 157.3 150.2

Temp (°C) 181 174 162

Modelling Assumptions

Roughness length: Parkland/ Open Suburbia - 0.5m

Meteorological Data from Shawbury Airfield

Flat Terrain

† Flow has been conservatively calculated based on spot sampling 

measurements and design specifications, utilising an ambient 

temperature of 273k and 3% O2 (dry).



Appendix B – ADMS Contour Plots 

 

 

  

 

 

Annual Average NO2 (µg/m3)  Assuming 70% Oxidation for 
2015 



 

 

  

 

 

99.8th Percentile of Hourly Average NO2 (µg/m3)  Assuming 
35% Oxidation for 2015 



 

 

 

 
Maximum 8 Hour Average CO (µg/m3) for 2015 
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