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1 Introduction 
Meadow Foods (Chester) Ltd are proposing to construct a new CHP plant at their Chester, 
Marlston-cum-Lache site (the ‘site’) and following an initial H1 Screening assessment 
(presented separately) it was concluded that detailed dispersion modelling would be required 
for NO2 and NOx 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 Meadow Foods 
(Chester; 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 
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 Meadow Foods. The source coordinates, 
locations and size details are described in   

Figure 1: Source Location Plan 

Table 1: Source Locations and Details 

Name Easting Northing Height (m) Diameter 

Dairy Boiler 1 (A1) 338094 362328 20 0.55 

Dairy Boiler 2 (A2) 338097 362324 20 0.55 

Dairy Boiler 3 (A3) 338033 362323 20 0.55 

Dairy Boiler 4 (A4) 338036 362317 20 0.55 

CHP Stack 338050 362277 10 0.35 

 

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 Table 2 and Figure 
2. 
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Figure 2: Receptor Location Plan 

Table 2: Receptor Coordinates 

Name Easting (X) Northing (Y) 

North Boundary 338060 362390 

East Boundary 338201 362259 

West Boundary 337868 362278 

South Boundary 338036 362148 

Goose Neck 338214 362297 

Roughlyn Crescent 338197 362378 

Caravan Park 338363 362379 

Springfield 337632 362248 

Decoy Farm 338060 362783 

Dee Estuary 331389 369093 

River Dee 337927 365377 

Deeside & Buckley 329477 363884 

Midland Meres 336013 362262 

Ancient Woods 1 337138 362262 

Ancient Woods 2 336569 362750 

 
The receptors Goose Neck, Roughlyn Crescent, Caravan Park, Springfield and Decoy Farm 
were selected to represent the most proximal human health receptors for the assessment. 
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2.3 Meteorology 
Hourly sequential meteorological (Met.) data recorded at Hawarden Airport (with missing 
cloud data supplemented from Liverpool John Lennon Airport) between the years 2013 and 
2017 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 1. 
 

 
Figure 3: Composite wind rose for Hawarden Airport for 2013-2017 
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2.4 Background Concentrations 
The background air concentrations for annual mean NO2 is 7.97 µg/m3

 and for NOx (ecological 
assessment only) is 10.49 µg/m3. These values were obtained from the Defra UK: AIR 
background maps for 2015 (the most recent monitoring data available; Ref 3) for the site 
location quadrant. 
 

2.5 Modelling Scenarios 
Due to the nature of the site’s operations it has been necessary to make some assumptions 
to establish a representative analogue of its emissions profile. Only one boiler is active at a 
time operating on a lead-lag configuration - either A3 or A4. A1 and A2 are in use only for 1 
week per year cumulatively while the others are undergoing routine maintenance. Given that 
the boilers are near identical in their emissions profiles and approximately only 50m apart it 
considered that the modelling of just A4 for the entire year is sufficiently representative to 
characterise the baseline emissions profile of the site. 
 
Therefore, on this basis, the emissions from the proposed CHP stack in addition to A4 
(representing the baseline) is considered to appropriately represent the future emissions 
profile of the site post commissioning.  
 
As such to undertake the dispersion assessment the following scenarios were used: 
 

• Baseline – only A4 operating 

• Proposed – A4 plus CHP 
 

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. 
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Figure 4: Modelled Buildings Plan 

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. 
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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) require detailed modelling if the LT or 
ST PC exceed 100% of the respective LT or ST environmental standards. 

 
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 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. 
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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 

 

2.9 Model Resolution and Sensitivity 
A 2km by 2km grid has been used for the modelling, based on preliminary analysis this was 
determined to effectively represent the area of surrounding environment that is reasonably 
affected by the site emissions. Receptor points were also included at sensitive locations to 
provide additional consideration of 
these areas 
 
The site is not located in a significantly hilly setting and as such terrain data has not been 
incorporated into the model. 
 
Due to the rural and relatively flat setting of the site the predominant factor considered to 
affect the dispersion at the site is weather variability. As Hawarden Airport is located less than 
5km north west of the site the use of 5 years meteorological data from this observation site 
is deemed to accurately represent conditions at the site as well as taking into account inter-
annual variabilities.  
 
To further manage uncertainty the maximum concentrations predicted by the model from all 
5 years of meteorological data is used in the analysis, thus presenting a conservative overview 
of the predicted impacts from the site. 
 
As such the method used within this assessment is considered to be a worst case, 
conservative approach and may be regarded to sufficiently mitigate the assumptions made in 
its set-up and any inherent uncertainties within the model. 
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3 Results 
Each scenario (Baseline and Proposed) has 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 Table 3 and Table 4, 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 and their derivations (as provided by Meadow Foods) are included 
in Appendix A. Contour plots showing predicted NO2 dispersion patterns are included in 
Appendix B. 
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Table 3: Baseline Scenario NO2 and NOx ADMS Modelling Results 

Baseline – 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 

North Boundary 0.25 - - 0.24 - - 0.18 0.44% 20.4% 3.67 1.84% 2.00% 

East Boundary 0.97 - - 0.95 - - 0.68 1.70% 21.6% 5.07 2.53% 2.75% 

West Boundary 0.30 - - 0.31 - - 0.21 0.53% 20.5% 4.06 2.03% 2.21% 

South Boundary 0.31 - - 0.31 - - 0.22 0.55% 20.5% 4.40 2.20% 2.39% 

Goose Neck 0.79 - - 0.76 - - 0.55 1.37% 21.3% 4.20 2.10% 2.28% 

Roughlyn Crescent 0.95 - - 0.91 - - 0.66 1.66% 21.6% 4.22 2.11% 2.29% 

Caravan Park 0.51 - - 0.48 - - 0.35 0.88% 20.8% 2.74 1.37% 1.49% 

Springfield 0.12 - - 0.12 - - 0.08 0.20% 20.1% 1.95 0.97% 1.06% 

Decoy Farm 0.26 - - 0.25 - - 0.18 0.45% 20.4% 1.89 0.95% 1.03% 

Dee Estuary 0.01 0.02% 35.0% 0.01 0.01% 14.0% 0.005 - - 0.08 - - 

River Dee 0.02 0.07% 35.0% 0.02 0.03% 14.0% 0.02 - - 0.31 - - 

Deeside & Buckley 0.002 0.01% 35.0% 0.002 0.00% 14.0% 0.002 - - 0.06 - - 

Midland Meres 0.01 0.04% 35.0% 0.01 0.02% 14.0% 0.01 - - 0.27 - - 

Ancient Woods 1 0.04 0.13% 35.1% 0.04 0.05% 14.0% 0.03 - - 0.74 - - 

Ancient Woods 2 0.03 0.11% 35.1% 0.03 0.05% 14.0% 0.02 - - 0.54 - - 
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Table 4: Proposed Scenario NO2 and NOx ADMS Modelling Results 

Proposed – 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 

North Boundary 7.41 - - 7.13 - - 5.19 13.0% 32.9% 36.5 18.2% 19.8% 

East Boundary 6.37 - - 5.65 - - 4.46 11.1% 31.1% 26.8 13.4% 14.6% 

West Boundary 1.90 - - 1.93 - - 1.33 3.32% 23.2% 19.6 9.80% 10.7% 

South Boundary 2.44 - - 5.35 - - 1.71 4.28% 24.2% 27.3 13.7% 14.9% 

Goose Neck 5.56 - - 5.37 - - 3.89 9.73% 29.7% 23.0 11.5% 12.5% 

Roughlyn Crescent 6.06 - - 5.85 - - 4.25 10.6% 30.5% 20.3 10.1% 11.0% 

Caravan Park 2.44 - - 2.23 - - 1.71 4.28% 24.2% 11.1 5.54% 6.02% 

Springfield 0.47 - - 1.23 - - 0.33 0.81% 20.7% 7.48 3.74% 4.07% 

Decoy Farm 1.25 - - 1.17 - - 0.87 2.19% 22.1% 11.0 5.51% 5.98% 

Dee Estuary 0.04 0.13% 35.1% 0.14 0.19% 14.2% 0.03 - - 0.63 - - 

River Dee 0.16 0.53% 35.5% 0.16 0.22% 14.2% 0.11 - - 2.47 - - 

Deeside & Buckley 0.01 0.04% 35.0% 0.02 0.02% 14.0% 0.01 - - 0.36 - - 

Midland Meres 0.05 0.16% 35.1% 0.05 0.06% 14.1% 0.03 - - 1.52 - - 

Ancient Woods 1 0.15 0.50% 35.5% 0.15 0.20% 14.2% 0.10 - - 2.63 - - 

Ancient Woods 2 0.15 0.51% 35.5% 0.16 0.21% 14.2% 0.11 - - 2.71 - - 
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4 Summary and Conclusion 
Following the air emission dispersion assessment, the analysis that has been undertaken for 
Meadow Foods (Chester) demonstrates that predicted emissions of NO2 and NOx at all 
modelled human health and ecological receptors in both scenarios 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 additional emissions associated the 
proposed CHP plant and at the Meadow Foods site in Marlston-cum-Lache are predicted to 
present an insignificant impact to the environment. 
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APPENDICES 



Appendix A - ADMS  Input Data

A1 A2 A3 A4 CHP

Diameter 0.55 0.55 0.55 0.55 0.35

Stack Height 20 20 20 20 10

NO2 (g/s)† 0.35 0.35 0.35 0.35 0.62

Velocity (m/s)* 12.5 12.5 12.5 12.5 11.30

Flow (m3/s)* 2.97 2.97 2.97 2.97 2.49

Temp (°C)† 229 165 247 246 120

Modelling Assumptions

Roughness legnth: Agricultural areas (max)

Meteorological Data from Hawarden Airport

Flat Terrain

* Historically there has been no requirement for stack emissions monitoring at the site as such flow and velocity 

values have been calculated based on design specifications for all boilers  assuming reference temperature and 

pressure, and 3% O2 (natural gas fuel). For a conservative approach moisture content is assumed to be zero.

† Temperatures and NO2 concentrations for A1-A4 are based on measurements taken during boiler servicing. CHP data 

is based on design specifications.



Appendix B – ADMS Contour Plots 

 

 
Baseline Scenario – Short-term NO2 Concentrations, 2013-2017 Maximums (μg/m3) 



 

 

 
Baseline Scenario – Long-term NO2 Concentrations, 2013-2017 Maximums (μg/m3) 



 

 

 
Proposed Scenario - Short-term NO2 Concentrations, 2013-2017 Maximums (μg/m3) 



 

 

 
Proposed Scenario - Longt-term NO2 Concentrations, 2013-2017 Maximums (μg/m3) 




