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This Report has been prepared by SOCOTEC UK Limited with all reasonable skill and care, within the terms and conditions of the contract between 
SOCOTEC UK Limited and the Client (“Contract”) and within the limitations of the resources devoted to it by agreement with the Client. Any reliance 
upon the Report is subject to the Contract terms and conditions. 
 
This Report is confidential between the Client and SOCOTEC UK Limited. SOCOTEC UK Limited accepts no responsibility whatsoever to third parties 
to whom this document, or any part thereof, is made known. Any such party relies upon the Report at their own risk. The Contracts (Rights of Third 
Parties) Act 1999 does not apply to this Report nor the Contract and the provisions of the said Act are hereby excluded. 
 
This Report shall not be used for engineering or contractual purposes unless signed above by the author, checker and the approver for and on behalf 
of SOCOTEC UK Limited and unless the Report status is ‘Final’. 
 
Unless specifically assigned or transferred within the terms and conditions of the Contract, SOCOTEC UK Limited asserts and retains all Copyright 
and other Intellectual Property Rights in and over the Report and its contents. The Report may not be copied or reproduced, in whole or in part, without 
the written authorisation from SOCOTEC UK Limited. SOCOTEC UK Limited shall not be liable for any use of the Report for any purpose other than that 
for which it was originally prepared. 
 
Whilst every effort has been made to ensure the accuracy of the data supplied and any analysis interpretation derived from it, the possibility exists of 
variations in the ground and groundwater conditions around and between the exploratory positions. No liability can be accepted for any such 
variations in these conditions. Furthermore, any recommendations are specific to the development as detailed in this Report and no liability will be 
accepted should they be used for the design of alternative schemes without prior consultant with SOCOTEC UK Limited.
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 SUMMARY 
 
JCB Heavy Products Limited operate cleaning and paint spraying activities at their Heavy Products facility at 
Beamhurst near Uttoxeter. It is proposed to develop land adjacent to the existing site for a CAB paint facility. As part 
of the permit application process East Staffordshire Borough Council have requested that an air quality assessment 
be undertaken to determine the current impact of Heavy Products operations on local air quality and the likely 
additional impact of the proposed CAD paint facility.  
 
The main pollutants of concern from a regulatory perspective are volatile organic compounds, particulate matter and 
isocyanates.  The assessment also considered releases of sulphamic acid, orthophosphoric acid and potassium 
hydroxide from pre-treatment operations proposed for the new CAB paint facility. In addition, the potential odour 
impact arising from releases of volatile organic compounds was considered.  The assessment was undertaken using 
the UK ADMS 5.2 modelling system and followed the appropriate assessment guidance provided by the Environment 
Agency. 
 
Maximum combined pollutant process contributions from the existing Heavy Products operations and proposed 
future CAB facility occur to the north east of the site around 50 m from the Heavy Products building in open fields. At 
these locations all process contributions were assessed as insignificant based on Environment Agency assessment 
criteria. It is not considered that statutory air quality standards would be applicable around the area of maximum 
impact as there is no access to the general public. 
 
At nearby residential locations neighbouring the site, where both long term and short term human exposure might 
be expected, all pollutant process contributions are insignificant based on Environment Agency assessment 
criteria. Based on the Institute of Air Quality Management classification the maximum impact significance of 
releases of all pollutants is considered to be ‘negligible’. It is considered unlikely that existing and future process 
pollutant contributions would pose any significant threat to, or have any meaningful impact on, attainment of 
applicable environmental standards at these locations.   
 
None of the pollutants considered in this assessment are the subject of critical levels or critical loads for 
conservation sites in the vicinity of Beamhurst which have an ecological designation. At all sites considered the 
pollutant process contributions of the combined existing Heavy Products and proposed future CAB paint facilities 
are less than 0.1% of the applicable environment standard and as such will not have any meaningful influence on 
air quality at these sites. 
 
For the substances which are emitted from both facilities around 98% of the resulting process contribution is 
attributed to releases to atmosphere from the existing Heavy Products facility.  
  
Odour contributions from the existing Heavy Products operations and proposed future CAB paint facility are 
generally less than half the benchmark for moderately offensive odours at the neighbouring residential locations. It 
might be expected that odour would be detectable on occasions, but not over the duration or with the frequency 
considered as the basis for the benchmark.  
 
Necessary assumptions made to undertake the modelling are considered to have the effect of overestimating the 
process contribution to ambient concentrations. It is considered that the predicted process impact reported herein is 
a conservative assessment and the conclusions reached therefore incorporate a reasonable margin of comfort in 
spite of the inevitable uncertainty of such modelling studies. 
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1 INTRODUCTION 
 
JCB Heavy Products Limited (JCB) undertake cleaning and paint spraying operations at their Beamhurst site near 
Uttoxeter. There is a proposal for a new CAB paint development adjacent to the existing site. JCB placed a contract 
with SOCOTEC UK Limited (SOCOTEC) to undertake an assessment of the impact on local air quality of releases to 
atmosphere from both the existing Heavy Products operations and the proposed CAB paint development at the 
Beamhurst site. 

 
1.1 Scope of study 
 
JCB operate a cleaning and paint spraying operation at their Heavy Products facility at Beamhurst under permit EP-
061. There is a proposal to develop land adjacent to the existing site to provide a CAB paint facility, similar to that 
currently operated at their Rugeley site. As part of the permit application process East Staffordshire Borough Council 
have requested that an air quality assessment be undertaken to determine the current impact of Heavy Products 
operations on local air quality and the likely additional impact of the proposed CAB paint facility.  
 
The main sources of pollutant releases from these activities will be from cleaning and paint spraying operations. The 
current permit for Heavy Products operations provides limit values for total particulate matter, volatile organic 
compounds and isocyanates. It would be expected that the proposed CAB paint facility will release similar pollutants. 
 
The purpose of this assessment is to determine whether the existing releases from the Heavy Products operation 
and the additional releases from the proposed CAB paint operations are likely to be dispersed adequately in the 
context of applicable environmental standard attainment. 
 
1.2 General approach 
 
The approach taken comprised the following main stages: 
 
 Determine a suitable modelling tool for the assessment. 
 Collect appropriate representative operational data for the existing Heavy Products plant and information on 

likely releases from the proposed CAB paint facility, based on equipment specification and similar operations 
elsewhere, for input to the model. 

 Establish the location of the release points to atmosphere (stacks) relative to significant existing and proposed 
buildings on and around the Beamhurst site. 

 Establish the locations of any sensitive areas that might be impacted by releases from the operations at the 
Beamhurst site including residential properties and nature conservation areas. 

 Obtain information on local background concentrations of important pollutants. 
 Obtain 5 years’ recent meteorological data from a measurement station representative of the Beamhurst area. 
 Model the dispersion of releases from both existing and future proposed operations to determine the process 

contribution to ambient concentrations of selected pollutants over the local area with particular attention to 
locations of human exposure and sensitive nature conservation sites.  

 Assess the predicted process contributions and established background concentrations with reference to 
applicable environmental standards to determine compliance. 

 Undertake a sensitivity analysis on the results for other important variable parameters and assess compliance 
with applicable environmental standards. 
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Further details of the approach taken and model input information are provided in the following sections.    
 
1.3 Structure of the report 
 
This report provides an assessment of the impact of releases from JCB’s existing and proposed operations  on 
local air quality in the vicinity of Beamhurst. The approach to the assessment has been described above. The 
following sections provide a detailed commentary on the assessment and conclusions: 
 
Section 2 Air quality standards and assessment criteria 
Section 3 The model methodology employed and important input data 
Section 4  The results of the assessment including sensitivity analyses 
Section 5 Conclusions of the assessment 
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2 POLICY CONTEXT AND ASSESSMENT CRITERIA 
 
JCB operate cleaning and paint spraying activities at their Heavy Products facility at Beamhurst near Uttoxeter. It is 
proposed to develop land adjacent to the existing site for a CAB paint facility.  
 
2.1 Context of assessment 
 
As part of their environmental permit application it is necessary to demonstrate the likely impact of operations on 
local ambient concentrations of important pollutants. It is in this context that both existing and future planned 
operations are being examined to determine their contribution to ambient concentrations of important pollutants and 
therefore determine compliance with applicable air quality standards and environmental benchmarks. 
 
Local Authorities are required to assess compliance with applicable air quality objectives. Where the objectives are 
unlikely to be met the Local Authority is required to declare an Air Quality Management Area (AQMA) and prepare 
proposals for remedial action to achieve the required objective. The nearest AQMA is around 12 km to the north west 
of the Beamhurst site on the outskirts of Stoke. This AQMA is designated for nitrogen dioxide. It is not considered that 
existing or future plant releases would be likely to have any significant influence on air quality in this AQMA. In 
addition, a survey of planning and permitting applications provides no indication of any significant developments in 
the area which might have an influence on background concentrations of the pollutants of interest in this case.  
 
The Environment Agency play an important role in relation to local air quality management by ensuring that 
processes under their regulatory control do not contribute any significant threat to the attainment of air quality 
standards. As part of the environmental permitting process it is necessary to demonstrate the impact of site 
operations on local air quality in the context of the published guidance provided by the Environment Agency1. 
 
East Staffordshire Borough Council are determining the A2 Environmental Permit application for the proposed CAB 
paint facility development and have asked for further information on likely air quality impacts: 
 
‘An air quality dispersion modelling assessment to quantify foreseeable emissions to air (including odour) from the 
existing JCB Heavy Products Ltd and proposed JCB Cab Systems Ltd installations located at Waterloo Farm, Beamhurst, 
Uttoxeter, Staffordshire.  The assessment shall determine impacts both with and without the JCB Cab Systems Ltd 
installation on human and environmental receptors’ (CAS113097 – Further Information Request) 
 
The JCB Beamhurst site is around 1.5 km to the west of the village of Stramshall and 2 km north west of Uttoxeter. 
The immediate surrounding area is largely open farmland with individual dwellings as close as 300m from the site. 
 
2.2 Pollutants from site operations 
 
The principal source of pollutant releases to atmosphere from existing operations are from surface cleaning and 
paint praying. The current permit provides emission limit values for releases to air from 17 point sources for 
particulate matter, volatile organic compounds and isocyanates. The proposed CAB paint facility is likely to have 
similar releases. The operating permit for a similar JCB operation at their Rugeley site specifies emission limit values 
for particulate matter and volatile organic compounds. 
 
The proposed CAB paint facility will also include two pre-treatment tanks using acid and alkaline cleaners. East 
Staffordshire Borough Council have asked that releases from these activities also be considered. It is expected that 
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releases will be determined by the constituents of the cleaning solutions. Based on the specified solutions proposed 
for use releases of sulphamic acid, orthophosphoric acid and potassium hydroxide are expected. 
  
East Staffordshire Borough Council have also asked that odour releases be considered. In this case it is likely that 
odours will be associated with the release of organic compounds. An assessment based on the declared composition 
of materials used in site operations has been undertaken as a screening stage with the aim of determining whether 
total odour measurements are appropriate. 
  
For the purposes of this assessment the air quality impact of the following pollutants are considered:  
 
Particulate matter (considered as PM10 and PM2.5) 
Volatile organic compounds (assessed as benzene and ethylbenzene) 
Isocyanates (the sum of hexamethylene diisocyanate (HDI) methyl diisocyanate (MDI) and toluene diisocyanate 
(TDI)) 
Orthophosphoric acid (H3PO4) 
Sulphamic acid (H3NSO3) 
Potassium hydroxide (KOH) 
 
2.3 Environmental Standards  
 
The UK’s air quality strategy is based on meeting obligations within the European Union (EU) Ambient Air Quality 
Directive (2008/50/EC, 21 May 2008)2 and the Fourth Daughter Directive (2004/107/EC, relating to metals and 
hydrocarbons)3. These directives specify legally binding limit values and target values. Limit values are set for 
individual pollutants and are made up of a concentration value, an averaging time over which it is to be measured, 
the number of exceedances allowed per year, if any, and a date by which it must be achieved. Some pollutants 
have more than one limit value covering different endpoints or averaging times. Target values are set out in the 
same way as limit values and are to be attained where possible by taking all necessary measures not entailing 
disproportionate costs. 
 
The Air Quality (Standards) Regulations 20104 transpose into English law the requirements of Directives 
2008/50/EC and 2004/107/EC on ambient air quality. Equivalent regulations have been made by the devolved 
administrations in Scotland, Wales and Northern Ireland. Schedules 2 and 3 of the Regulations specify limit and 
target values respectively. Table 2.1 summarises the applicable limit values for the pollutants considered in this 
assessment as at 2019. 
 
The limit values below are expressed as concentrations recorded over a specified time period which are considered to 
be acceptable in terms of current knowledge of the impact on health and the environment. Limit values are legally 
binding time averaged limits which must not be exceeded and which the UK is obliged to meet.  
 
Table 2.1 Ambient Air Directive Limit Values 
 
Pollutant Basis Concentration 

PM10 
24 hour mean (90.41 percentile- 35 exceedances per year)  50 µg/m3  
annual mean 40 µg/m3 

PM2.5 annual mean 25 µg/m3 
Benzenea annual mean 5 µg/m3 
a. Based on Environment Agency guidance where the composition of volatile organic compounds release is unknown it is 
assessed against the air quality standard for benzene. 

http://www.legislation.gov.uk/uksi/2010/1001/contents/made
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b. Annual means refer to a calendar year.  
 
In addition, for the purposes of assessing the significance of pollutants in the ambient atmosphere the 
Environment Agency also publish Environmental Assessment Levels (EALs) for the protection of human health1. 
Where these are not available in guidance corresponding values may be derived from workplace exposure limits 
using appropriate safety factors. 
 
The EALs relevant to this study are summarised in Table 2.2. 
 
Table 2.2 Environmental Assessment Levels 
 
Pollutant Basis Concentration 
Benzene hourly mean 195 µg/m3 

Isocyanates (as NCO)a 
hourly mean 7 µg/m3 
annual mean 0.2 µg/m3 

Orthophosphoric acida 
hourly mean 200 µg/m3 
annual mean 10 µg/m3 

Sulphamic acida,b 
hourly mean 750 µg/m3 
annual mean 75 µg/m3 

Potassium hydroxidea 
hourly mean 200 µg/m3 
annual mean 10 µg/m3 

Napthac 
hourly mean 132600 µg/m3 
annual mean 4420 µg/m3 

Xylene 
hourly mean 66200 µg/m3 
annual mean 4410 µg/m3 

Ethylbenzene 
hourly mean 55200 µg/m3 
annual mean 4410 µg/m3 

Butyl acetatea 
hourly mean 121000 µg/m3 
annual mean 9660 µg/m3 

a. Derived from workplace exposure limits in EH40/20055. EALs are determined from 0.01 x the corresponding long term limit 
and 0.1 x the corresponding short term limit based on Environment Agency guidance6. 
b. EALs for sulphamic acid are based on a derived no effect level of 7.5 mg/m3. 
c. Based on the US Occupational Safety and Health Administration (OSHA) maximum permissible exposure limit (PEL) of 100 
ppm (10 hour average) and assuming a short term equivalent limit of three times the corresponding long term limit6. 
 
Table 2.2 also includes EALs for naptha, xylene, ethyl benzene and butyl acetate. These are the predominant 
constituents of the materials used in JCB’s cleaning and painting operations and are therefore likely to be the 
major constituents of the corresponding process releases to atmosphere of organic compounds. 
 
 
Critical levels are specified in relation to the protection of ecological conservation areas. In this case none of the 
pollutants for which critical levels are specified are released in sufficient quality to merit an assessment for ecological 
impact. 
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2.3.1 Application of environmental standards 
 
The Air Quality Standards Regulations 20104 specify legally binding concentrations of pollutants in the atmosphere 
which can broadly be taken to achieve a certain level of environmental quality. The Regulations define ambient air 
as; 
 
“…outdoor air in the troposphere, excluding workplaces where members of the public do not have regular access.” 
 
Compliance with limit values for the protection of human health does not need to be assessed (Schedule 1, Part 1) 
at the following locations: 
 
a) any location situated within areas where members of the public do not have access and there is no fixed 
habitation; 
b) on factory premises or at industrial locations to which all relevant provisions concerning health and safety at 
work apply; 
c) on the carriageway of roads and on the central reservation of roads except where there is normally pedestrian 
access to the central reservation. 
 
It is therefore considered that compliance with environmental benchmarks should concentrate on areas where 
members of the general public are present over the entire duration of the concentration averaging period specific 
to the relevant standard. For the longer averaging periods the standards are considered to apply around the frontage 
of premises such as residential properties, schools and hospitals. The shorter term limit value (1 hour or 1 day 
means) applies at these locations and other areas where exposure is likely to be of one hour or more on a regular 
basis.  
 
In this context the assessment of compliance with environmental benchmarks in respect of protection of human 
health is considered at the nearest residential locations in the vicinity of the existing and proposed JCB site (see 
Figure 3.1).  
 
2.4 Background air quality in Beamhurst 
 
In considering the overall impact of a release, such as this herein, on local air quality and compliance with 
environmental benchmarks, it is necessary not only to consider the contribution from the source but also the existing 
levels of pollutants of interest. Background air quality data for the area around Beamhurst are available from DEFRA’s 
air quality archive (http://uk-air.defra.gov.uk/data/pcm-data). The archive provides estimated background 
concentrations of important pollutants for 1km2 areas for the UK. The latest available background levels for the area 
within an approximate 2 km radius of the JCB site (centre 406220 335600) were used for this assessment. Within 
this area there were 22 points at which background concentrations were available. Table 2.3 summarises the 
background pollutant concentrations obtained from the air quality archive for the assessment area. The values 
reported are the mean and maximum of the 22 points for which data were available. 
 
Table 2.3 Background pollutant concentrations from the DEFRA archive 
 

 Pollutant Averaging basis 
Concentration (µg/m3) 

Maximum Mean 
PM10 (2017) annual mean 13.18 11.42 
PM2.5 (2017) annual mean 8.85 7.55 
Benzene (2017) annual mean 0.38 0.27 

http://uk-air.defra.gov.uk/data/pcm-data
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East Staffordshire Borough Council7 undertakes both automatic and non-automatic air quality monitoring, although 
none of the pollutants of interest in this case are the subject of monitoring. In the absence of locally measured 
background concentrations the maximum values, where available, from the DEFRA archive across the assessment 
area have been employed within this assessment. The use of the DEFRA maximum value for each pollutant is 
considered a conservative approach which will most likely overestimate the existing background concentrations 
around most of the Beamhurst area. 
 
There is no nationwide monitoring network for isocyanates or for the pollutants released from the pre-treatment 
tanks in the CAB facility. There are no known significant sources, other than the from the JCB site, of isocyanates, 
sulphamic acid, orthophosphoric acid or potassium hydroxide the area influenced by plant releases. In the context 
of the current assessment it is considered that the background levels of these pollutants are unlikely to have any 
influence on attainment of environmental standards and as such their background concentrations are considered 
to be negligible.  
 
It is noted that the Heavy Products activities have been operational for some time and existing background 
concentrations will include the contribution from Heavy Products operations.  The determination of predicted 
environmental concentrations of the pollutants of interest, where the contribution from the Heavy Products 
operations is added to the existing background, will therefore be an overestimate as contributions from the Heavy 
Products operations will effectively be double counted. This is considered to be a precautionary approach in the 
absence of locally measured background concentrations. 
 
Table 2.4 summarises the pollutant background concentrations adopted for this assessment. 
 
Table 2.4 Background concentrations adopted in the assessment 
 
Pollutant Averaging basis Background concentration 

µg/m3 % of standard 
Ambient Air Directive Limit Values 

PM10 
24 hourb 15.6 31 
annual mean 13.2 33 

PM2.5 annual mean 8.9 35 
Benzene annual mean 0.38 8 
Environmental assessment levels 
Benzene hourly meana 0.76 <1 

Isocyanatesc 
hourly mean 0 0 
annual mean 0 0 

Orthophosphoric acidc 
hourly mean 0 0 
annual mean 0 0 

Sulphamic acidc 
hourly mean 0 0 
annual mean 0 0 

Potassium hydroxidec 
hourly mean 0 0 
annual mean 0 0 

a.One hour mean is determined from annual mean value using a conversion factor of 2.01. 
b.24 hour mean is determined from annual mean value using a conversion factor of 1.181.  
c.No national measurement. Baseline measurements used in relation to other developments confirm that background levels are 
not significant in relation to the air quality standards and guidelines. 
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When considering the combination of estimated process contributions and background concentrations it should be 
noted that background concentrations are generally available as annual mean values and as such simple addition 
when considering short term air quality standards may not be appropriate. Guidance from the Environment Agency1 
suggests a simplified method for combining estimated process contributions and background concentrations. For 
comparison with long term standards the overall concentration is the sum of the process contribution (annual mean) 
and background concentration (annual mean). For comparison with short term standards the Environment Agency 
suggest the sum of the process contribution (hourly or daily mean) and twice the background concentration (annual 
mean). This methodology has been employed in this assessment. 
 
2.5 Assessment criteria 
 
The Environment Agency1 provides a methodology for assessing the impact and determining the acceptability of 
emissions to atmosphere on ambient air quality for human health and nature conservation areas and for 
deposition to ground.  Two stages of assessment are recommended. 
 
Screening assessment – based on standard dispersion factors the ambient impact of releases to atmosphere may 
be estimated. The estimates tend to be very conservative since no account is taken of plume rise, meteorological 
conditions or the locations of the sensitive receptors where impact is to be assessed. The estimates are compared 
with the assessment criteria discussed in sections 2.5.1 to 2.5.3. Where a release can be demonstrated to be 
‘insignificant’ it may be screened out. Where this is not possible a further detailed assessment is required. 
 
Detailed assessment – based on atmospheric dispersion modelling taking into account the factors which 
influence dispersion and ambient impact (e.g. meteorology, release conditions, locations of sensitive receptors, 
etc.). Process contributions and predicted environmental concentrations are compared with the same assessment 
criteria. Where conditions for excluding the release from further consideration cannot be made a detailed cost 
benefit assessment will be necessary. 
 
In this assessment all releases have been assessed using detailed modelling approach only.  
 
The criteria considered in this assessment are described below. 
 
2.5.1 Criteria relevant to human health  
 
The contribution of the process (PC) to the ambient concentration of a given pollutant is considered insignificant, 
and requiring no further assessment, if both of the following conditions are met: 
 

 the long term PC is less than 1% of the long term environmental standard 
 the short term PC is less than 10% of the short term environmental standard 

 
If these conditions are not met then the corresponding predicted environmental concentration (PEC, PC + 
background concentration) should be assessed. The process contribution is considered insignificant and requiring no 
further assessment, if both of the following conditions are met: 
 

 the short-term PC is less than 20% of the short term standard minus twice the long term background 
concentration  

 the long-term PEC is less than 70% of the long-term environmental standard 
 

https://www.gov.uk/guidance/air-emissions-risk-assessment-for-your-environmental-permit#environmental-standards-for-air-emissions
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If these conditions are not met then the compliance of the process with Best Available Technique (BAT) will need to 
be assessed.  No further action is necessary if it can be demonstrated that both of the following apply: 
 

 proposed emissions comply with BAT associated emission levels (AELs) or the equivalent requirements 
where there is no BAT AEL 

 the resulting PECs won’t exceed environmental standards 
  
Failure to meet these criteria requires that a cost-benefit analysis be undertaken for consideration by the Environment 
Agency. 
 
2.5.2 Criteria for deposition to ground 
 
Where any of the substances in Table 2.5 are released it is required that the impact they have when absorbed by 
soil and leaves (termed ‘deposition’) is assessed. 
 
If the PC to ground for any of these substances is below 1% of the limit it is insignificant and requires no further 
assessment. Where the PC to ground is 1% of the limit or greater a further assessment will be necessary. 
 
In this case none of the substances of interest are considered likely to be released from JCB’s existing and 
proposed operations at Beamhurst in a quantity sufficient to merit an assessment for deposition to ground. 
 
Table 2.5 Limits for deposition to ground 
 

Substance 
Deposition limit (PC to ground) 

µg/m2/day 
Arsenic 0.02 
Cadmium 0.009 
Chromium 1.5 
Copper 0.25 
Fluoride 2.1 
Lead 1.1 
Mercury 0.004 
Molybdenum 0.016 
Nickel  0.11 
Selenium 0.012 
Zinc 0.48 

 
2.5.3 Criteria relevant to protected conservation areas 
 
Where there are protected conservation areas in the vicinity of the release it is necessary to consider the impact of 
following pollutants: 
 

 nitrogen oxides (long and short term bases) 
 sulphur dioxide (long term basis) 
 ammonia (long term basis) 
 hydrogen fluoride (long and short term bases) 
 nutrient nitrogen and acid deposition 

https://www.gov.uk/guidance/best-available-techniques-environmental-permits
https://www.gov.uk/guidance/air-emissions-risk-assessment-for-your-environmental-permit#screen-out-insignificant-pecs
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An assessment is required where the release is within 10 km (15 km if the site is a large electric power station or 
refinery) of any of the following designated sites: 

 special protection area (SPA) 
 special area of conservation (SAC) 
 Ramsar site (protected wetland of international importance) 

or within 2 km of a: 

 site of special scientific interest (SSSI) 
 local nature site (ancient wood, local wildlife site (LWS) and national or local nature reserve (NNR, LNR)) 

 
If the PC at a SPA, SAC, Ramsar or SSSI meets both of the following criteria, it is insignificant and no further 
assessment is required: 
 

 the short-term PC is less than 10% of the short-term environmental standard for protected conservation 
areas 

 the long-term PC is less than 1% of the long-term environmental standard for protected conservation areas 
 
If these criteria are not met then the corresponding PEC should be assessed.  The emission is considered 
insignificant if: 
 

 the long term PC is greater than 1% and the corresponding PEC is less than 70% of the long-term 
environmental standard,  

 
If either of the following criteria are met a further more detailed consideration of ecological impact is required: 
 

 the long term PC is greater than 1% and the long term PEC is greater than 70% of the long term 
environmental standard  

 the short-term PC is greater than 10% of the short-term environmental standard  
 
For local nature sites releases are considered to be insignificant where both of the following criteria are met: 
 

 the short-term PC is less than 100% of the short-term environmental standard 
 the long-term PC is less than 100% of the long-term environmental standard 
 

A failure to meet the above criteria requires a further more detailed consideration of ecological impact.  
 
Environmental standards for conservation areas such as critical levels for ambient air and critical loads for 
nitrogen and acid deposition are considered to be specific to the habitat types associated with each conservation 
site. APIS provides acidity and nitrogen deposition critical loads for designated features with in every SAC, SPA 
or A/SSSI in the UK. 
 
In this case none of the substances of interest in terms of ecological impact are considered likely to be released 
from JCB’s existing and proposed operations at Beamhurst in a quantity sufficient to merit an assessment.  
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2.5.4 Significance of impact 
 
Environmental Protection UK (EP UK) and the Institute of Air Quality Management (IAQM) have published guidance 
on the impact of pollutant releases in the context of existing air quality assessment levels8 (i.e. AAD limit values 
etc.). Their categorisation is shown in Table 2.6. 

 
Table 2.6 Impact descriptor for individual receptors 
 

Long term average concentration 
at receptor in assessment year 

% change in concentration relative to Air Quality Assessment Level (AQAL) 
1 2-5 6-10 >10 

75% or less of AQAL Negligible Negligible Slight Moderate 
76-94% of AQAL Negligible Slight Moderate Moderate 
95-102%  of AQAL Slight Moderate Moderate Substantial 
103-109% of AQAL Moderate Moderate Substantial Substantial 
110% or more of AQAL Moderate Substantial Substantial Substantial 

 
In this case impact is considered as the change in the concentration of an air pollutant, as experienced by a 
receptor. This may have an effect on the health of a human receptor, depending on the severity of the impact and a 
range of other contributing factors. The descriptor in itself is not considered a measure of effect. 
 
IAQM guidance indicates that for any point source some consideration must also be given to the impacts resulting 
from short term, peak concentrations of those pollutants that can affect health through inhalation. Background 
concentrations are considered less important in determining the severity of impact for short term concentrations. 
Short term concentrations in this context are those averaged over periods of an hour or less. These are exposures 
that would be regarded as acute and will occur when a plume from an elevated source affects airborne 
concentrations experienced by a receptor over an hour or less. 
 
Where such peak short term concentrations from an elevated source are in the range 10-20% of the relevant AQAL, 
then their magnitude can be described as small, those in the range 20-50% medium and those above 50% as large. 
These are the maximum concentrations experienced in any year and the severity of this impact can be described 
as slight, moderate and substantial respectively, without the need to reference background or baseline 
concentrations. Table 2.7  summarises these descriptors. 
 
Table 2.7 Impact descriptors for short term process contributions 
 

Short term process contribution (% AQAL) Magnitude Severity 
11-20 Small Slight 
21-50 Medium Moderate 
>51 Large Substantial 

 
Background concentrations are not unimportant, but they will, on an annual average basis, be a much smaller 
quantity than the peak concentration caused by a substantial plume and it is the contribution that is used as a 
measure of the impact, not the overall concentration at a receptor.  
 
In most cases, the assessment of impact severity for a proposed development will be governed by the long term 
exposure experienced by receptors and it will not be a necessity to define the significance of effects by reference 
to short-term impacts. The severity of the impact will be substantial when there is a risk that the relevant AQAL for 
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short-term concentrations is approached through the presence of the new source, taking into account the 
contribution of other prominent local sources. 
 
2.6 Odour assessment criteria  
 
The assessment of whether an odour discharge can be considered a cause for annoyance and hence pollution 
depends on a range of factors including the regularity of exposure and the offensiveness of the odour. Five factors 
are generally considered to determine the degree of odour pollution: 
 

 Frequency of detection  
 Intensity as perceived  
 Duration of exposure  
 Offensiveness 
 Receptor sensitivity  

 
Methods have been developed to measure the relative odour potential of a discharge. Odour detection threshold 
values for individual chemicals are based on the concentration at which half of a test group can just detect the 
odour. Recognition thresholds and annoyance/nuisance benchmarks are expressed as multiples of the odour 
threshold concentration. In most cases odours will be the result of the discharge of a mixture of compounds. In 
this case the concentration is expressed as an odour unit and is determined by olfactometry. BS EN 13725:2003 
provides a standard method based on olfactometry for the assessment of odour concentration. 1 European Odour 
Unit (1 ouE/m3) is defined as the point of odour detection and is referenced to 40 ppb of n-butanol. 
 
Since the impact of an odour is a function of both the strength of the odour and the duration and frequency of 
exposure, benchmark exposure criteria are usually based on a concentration limit for a defined time period. 
 
The Environment Agency’s Horizontal Guidance Note for Odour H49 defines three different levels of exposure at 
which odour impact or annoyance could be expected to occur. These are based on odours with high, moderate and 
low offensiveness. The benchmarks are based on the 98th percentile of hourly average concentrations of odour 
considered over a year and are summarised in Table 2.8. 
 
Table 2.8 Indicative odour exposure criteria  
 

Relative offensiveness of odour 
Indicative criterion of significant 

pollution as 
98th percentile of hourly mean  

More offensive 
odours  

 

Activities involving putrescible wastes 
Processes involving animal or fish remains 
Brickworks 
Creamery 
Fat & Grease Processing 
Waste water treatment 
Oil refining 
Livestock feed factory 

1.5 ouE/m3 

Odours which do 
not obviously fall 
within a high or low 
category 

 
Intensive Livestock rearing 
Fat Frying (food processing) 
Sugar Beet Processing 

3.0 ouE/m3 
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Table 2.8 continued  
 

Relative offensiveness of odour 
Indicative criterion of significant 

pollution as 
98th percentile of hourly mean  

Less offensive 
odours 

 

Chocolate Manufacture 
Brewery 
Confectionary 
Fragrance and Flavourings 
Coffee Roasting 
Bakery 

6.0 ouE/m3 

 
The above criteria can be used in conjunction with atmospheric modelling to determine the likely dispersion of odour 
discharges and their impact in terms of annoyance. 
 
It should be recognised that when maximum concentrations are considered on the basis of the above criteria, the 
predicted maximum is the 98th percentile of hourly mean concentrations which essentially means that the maximum 
quoted is the 176th highest value of 8760 values predicted for that location during the year of interest.  

How an odour is perceived and its subsequent effects are not straightforward. The perception of the intensity of 
odour in relation to the odour concentration is not a linear but a logarithmic relationship which means that if the 
concentration of an odour increases tenfold, the perceived increase in intensity will be by a much smaller amount. 

Interactions between mixtures of odorous compounds as in this case can also occur. These are known as 
synergistic effects. The odour intensity experienced by an observer is, in general, not equivalent to the sum of the 
intensities of the component odorous compounds. The perceived intensity may be greater or less than the 
components depending on the synergistic effects of the compounds present. 

Exposure to an odour can result in people becoming desensitised so that they can no longer detect the odour even 
though the odorous chemical is constantly present in the air. Conversely, individuals may become sensitised to 
olfactory stimulants through acute exposure events or as a result of repeated exposure to nuisance levels of 
odours. 

Guidance was produced in 2012 by the Chartered Institution of Water and Environmental Management (CIWEM) 
for application to waste water treatment sites10. CIWEM considered the following quantification of the likelihood of 
odour nuisance (based on a 98th percentile of hourly means): 
 
>10ouE /m3 complaints are highly likely and odour exposure at these levels represents an 

actionable nuisance 
>5 ouE/m3 complaints may occur and depending on the sensitivity of the locality and nature of the 

odour this level may constitute a nuisance 
<3 ouE/m3 complaints are unlikely to occur and exposure below this level is unlikely to constitute 

significant pollution or significant detriment to amenity unless the locality is highly 
sensitive or the odour highly unpleasant in nature 

 
The Institute of Air Quality Management (IAQM)11 propose that the descriptors in Table 2.9 be used to determine 
the magnitude of odour effects. 
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Table 2.9 Proposed descriptors for magnitude of odour effects 
 
Odour exposure level, ouE/m3  
(98th percentile of hourly means) 

Receptor sensitivity 
Low Medium High 

≥10 Moderate Substantial Substantial 
5->10 Moderate Moderate Substantial 
3->5 Slight Moderate Moderate 

1.5->3 Negligible Slight Moderate 

0.5-<1.5 Negligible Negligible Slight 
<0.5 Negligible Negligible Negligible 
 
Receptor sensitivity is described as: 
 

High 
sensitivity 

Surrounding land where: 
• users can reasonably expect enjoyment of a high level of amenity; and 
• people would reasonably be expected to be present here continuously, or at least 
regularly for extended periods, as part of the normal pattern of use of the land. 
Examples may include residential dwellings, hospitals, schools/education and 
tourist/cultural locations. 
 

Medium 
sensitivity 

Surrounding land where: 
• users would expect to enjoy a reasonable level of amenity, but wouldn’t reasonably 
expect to enjoy the same level of amenity as in their home; or 
• people wouldn’t reasonably be expected to be present here continuously or regularly for 
extended periods as part of the normal pattern of use of the land. 
Examples may include places of work, commercial/retail premises and playing/recreation 
fields. 
 

Low 
sensitivity 

Surrounding land where: 
• the enjoyment of amenity would not reasonably be expected; or 
• there is transient exposure, where the people would reasonably be expected to be 
present only for limited periods of time as part of the normal pattern of use of the land. 
Examples may include industrial use, farms, footpaths and roads. 

 
It is important to note that the environmental benchmarks discussed above are based on hourly means. During an 
hour meteorological conditions can vary widely from the mean and as such the hourly average odour concentration 
estimate is likely to be somewhat less than that experienced over much shorter periods within that hour. This is the 
subject of considerable research. It is suggested12 that short term peak concentrations may be determined from the 
equation: 
 

1

1

n

o
o

t
C C

t

 
  

 
 

 
where  C1 and Co are the short term and hourly odour concentrations respectively 

 to and t1 are durations of the short term and hourly averaging periods respectively 
 n is based on the degree of atmospheric turbulence (generally assigned a value of 0.28)  
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On the basis of a ten minute averaging period, a peak value over the hour would be expected to be some 11 times the 
hourly average. 
 
In this case it is considered that the odours produced from the JCBs cleaning and paint operations would generally 
be classified as a moderate odour and a benchmark for annoyance of 3.0 ouE/m3 (Table 2.8) is employed. An 
ambient odour impact below this benchmark, even at a receptor with a high sensitivity (Table 2.9), would be 
expected to have just a ‘slight’ odour effect.  
 
In this case no measurements of total odour concentration are available. It is expected that the primary source of 
odours from JCB’s operations at the Beamhurst site will result from organic compound releases. No information is 
available on the composition of these releases although JCB have provided information on the composition of 
materials used in the operations13. It is expected that the organic compound releases will largely comprise these 
materials. It is also possible to consider the above releases in terms of their odour equivalence. Odour concentration 
can be considered on the basis of the concentration of a compound and its odour threshold value: 
 
Odour concentration  (ouE/m3) = Concentration (mg/m3) / Odour threshold (mg/m3) 
 
The materials predominantly used in JCB’s Heavy Products operations, their principal constituents and their 
corresponding  odour thresholds are summarised in Table 2.10. 
 
Table 2.10 Properties of materials used in Heavy products operations 
 
Material Main constituents Content (%) Odour threshold14 (mg/m3) 

JCB light buff undercoat primer 
Naptha 10-25 45 
Xylene <3 0.078 

Thinners 
Xylene 50-75 0.078 
Ethylbenzene 10-22 11 

Activator 
Butyl acetate 25-50 0.047 
Xylene 10-14 0.078 

JCB yellow gloss 
Naptha 10-25 45 
Xylene 1-3 0.078 

 
It may be noted that butyl acetate, a primary component of activator, has the lowest odour threshold of the main 
constituents of the materials used. For the purposes of the odour assessment it is assumed that all organic 
compound releases comprise butyl acetate. This is a substantial overestimate in practice, however there is a need 
to allow some margin for uncertainties associated with this simplistic assessment technique which does not take 
into account possible synergistic effects of mixtures of organic compounds. This is considered a precautionary 
approach. 
 
2.6.1 Background odour concentration around Beamhurst 
 
In considering the overall impact of a site operation, such as this herein, it is useful to have some measure of the 
existing background concentration.  Odour is not routinely monitored at or around the Beamhurst site and no 
detailed quantitative odour impact study has been undertaken for the general area. There are no other industrial 
operations in the vicinity of the JCB site that might be expected to have a significant odour impact in the areas 
neighbouring the site. It is likely that any odours will largely comprise releases from JCB’s operations and as such 
the background odour concentration, excluding contributions from the JCB site, is considered to be negligible.   
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3 MODELLING METHODOLOGY 
 
The contributions to ambient concentrations of the selected pollutant releases from JCBs existing and proposed 
operations have been modelled using the Atmospheric Dispersion Modelling System (ADMS) version 5.2. The use of 
this modelling tool is accepted by the Environment Agency and UK Local Authorities for regulatory purposes. 
 
ADMS and the United States Environmental Protection Agency’s (US EPA) AERMOD modelling systems are the two 
most widely used air dispersion models for regulatory purposes worldwide. Both are based on broadly similar 
principles. In this case ADMS 5.2 has been employed for the assessment, although the results have been 
compared with those obtained from the same modelling using the AERMOD system in order to provide confidence 
in the assessment findings. 
 
ADMS 5.2 requires a range of information in order to perform the modelling.  The primary information required is 
discussed below. 
 
3.1 Assessment area 
 
The area over which the assessment was undertaken is a 2 km x 2 km area with the JCB site (406220 335600) 
located approximately at the centre. Figure 3.1 illustrates the assessment area, location of the site, the surrounding 
area and nearest residential locations. 
 
Figure 3.1 Location of the JCB Beamhurst site and assessment area 
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Figure 3.2 illustrates the site arrangement. 
 
Figure 3.2 JCB Beamhurst site and proposed future site arrangement 
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A general grid with receptors spaced at 20 m intervals (i.e. 10201 points for a 101 x 101 grid) was used to assess 
the process contribution to ground level concentrations over the assessment area in Figure 3.1. In order to ensure 
that the maximum process contribution was adequately located and quantified, the assessment was also 
undertaken over a corresponding grid of 1km x 1 km (see Figure 3.2) with a receptor spacing of 10m. Both grids 
were considered at an elevation of 1.5 m. This is intended to represent the typical height of human exposure. 
 
In addition to the receptor grid, 22 receptors (1 to 22 in Figure 3.1) were positioned at residential locations in the 
vicinity of the JCB site.  These receptors were placed at an elevation of 1.5 m and are described in Table 3.1. These 
are intended to correspond to the nearest location of short term and long term human exposure in the vicinity of 
the JCB site. 
 
There are a number of tracks in the area which are generally used for farm access and which are not considered to 
be locations of frequent human exposure where air quality standards for human health would be expected to apply, 
(as defined in section 2.3.1). These locations are not considered in this assessment. 
 
Table 3.1 Discrete residential receptor locations   
 
Receptor Positiona Easting (m) Northing (m) 

1 Bridge Cottage 330 m NE 406350 335903 
2 Chapel Farm 282 m NE 406391 335825 
3 The Chapel House 432 m NE 406600 335805 
4 A522 422 m NE 406606 335771 
5 Deggs Leasow 350 m S 406115 335266 
6 Waterloo Farm 491 m E 406708 335657 
7 Pigeonhay Lane 1 807 m E 407010 335766 
8 Pigeonhay Lane 2 779 m E 406973 335799 
9 Pigeonhay Lane 3 754 m E 406934 335842 

10 Waltham House 1095 m NE 406886 336469 
11 Oldwood 1070 m NE 406704 336554 
12 Strines Farm 620 m N 406329 336211 
13 Beamhurst View 626 m N 406080 336210 
14 School House Farm 669 m N 405982 336225 
15 Beamhursthall Farm 859 m N 405906 336399 
16 Beamhurst Hall 1 896 m NW 405824 336404 
17 Beamhurst Hall 2 809 m NW 405870 336329 
18 Townend Farm 1076 m NW 405740 336563 
19 Bank Top Cottage 1013 m SW 405447 334945 
20 Broadoak Farm 988 m SW 405351 335130 
21 The Firs 896 m NW 405516 336154 
22 Park's Farm 1124 m SE 407112 334916 

a. Position is relative to the centre of the JCB future site arrangement (406220 335600). 
 
It is also necessary to consider the impact of releases on any local statutory designated sites, although as 
discussed in section 2.5.3, none of the pollutants generally associated with ecological impact are released in any 
significant quality from JCB’s Beamhurst operations. For completeness the air quality impact these sites for the 
pollutants considered within this assessment is included. Following a review of all sites in the local area, two 
conservation sites, met the criteria for assessment (see 2.5.3). In addition, the nearest site of special scientific 
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interest was also considered. Each site was described by a receptor is located at the edge of the site closest to the 
JCB site as described in Table 3.2. 
 
Table 3.2 Location of receptors at nature conservation sites 
 

Receptor Positiona 
Easting 

(m) 
Northing 

(m) 
23 Midland Meres and Mosses RAMSAR 7.8 km S 403503 328273 
24 West Midland Mosses SAC 7.9 km SW 402249 328760 
25 Salterford Lane Meadows SSSI 6.5 km N 408348 341772 
 a. Location of the edge of the habitat closest to the JCB site centre (406220 335600). 
 
 3.2 Buildings 
 
The presence of buildings close to a discharge flue can have a significant impact on the dispersion of releases. The 
most significant impact can be the downwash of a plume around a building causing increased concentrations in the 
immediate area around the building. Buildings can also disturb the wind flow causing a turbulent wake downwind 
which can also affect dispersion. It is normally considered that buildings within 5 times the height of release or within 
5 times the height of the building should be considered in any modelling.  
 
In this case the main site buildings, both existing and proposed future, were considered as having the potential to 
influence dispersion from the plant stacks. ADMS 5.2 models buildings as either rectangular or circular structures. As 
shown in Figures 3.1 and 3.2 buildings were estimated as three rectangular blocks. Based on the drawings provided 
by JCB13 the defining parameters for these buildings, as summarised in Table 3.3, were estimated and used within 
the modelling. 
 
Table 3.3 Parameters describing major buildings 
 

Building 
Building centre grid reference Height 

(m) 
Angle 

(o from north) 
Length 

(m) 
Width 

(m) Easting Northing 
Heavy Products 1 406413 335518 12.9 26 150 280 
Heavy Products 2 406326 335536 15.2 26 110 110 
CAB (proposed) 406029 335712 13.7 26 162 204 
 
A sensitivity analysis was undertaken to determine the effect of the selection of the building that has most influence 
on dispersion.  
 

Main building 
(see Table 3.2 and Figure 3.2) 

Change (%) in predicted PC of benzene over the residential receptors (1 to 22) 
compared with base case of  the Heavy Products section 2 as the main building 

Short term average Long term average 
Maximum Mean Maximum Mean 

Heavy Products 1 0.7 2.2 -2.6 -1.9 
CAB (proposed) 0 0 0 -0.3 
No building -1.9 -10.8 -10.8 -23.9 
 
The differences associated with the selection of the main building have little impact on model predictions and no 
meaningful influence on the overall conclusions of the assessment. The selection of section 2 of the Heavy Products 
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installation as the main building is seen as a precautionary approach providing slightly higher process contributions 
compared with the other  building options.  
 
Based on information provided byJCB13, the stacks serving the existing Heavy Products operations and the planned 
future CAB facility were identified as being located as shown in Figure 3.2 and Table 3.4. 
  
Table 3.4 Exhaust stack locations 
 

Stack 
Internal 

diameter (m) 
Height 

 (m) 
Easting 

(m) 
Northing 

(m) 
Existing Heavy Products  facility 
A Attachment Line Prep Booth 0.38 17.2 406336 335546 
B Attachment Line Primer Booth 1.50 19.9 406300 335574 
C Attachment Line Paint Mix 0.28a 17.2 406321 335559 
D Attachment Line Flash Off Area 0.52 17.2 406329 335567 
E Attachment Line Top Coat Booth 1 1.30 17.2 406329 335560 
F Attachment Line Top Coat Booth 2 1.30 17.2 406302 335564 
G Attachment Line Infra Red Oven 0.28a 17.2 406370 335546 
H Revolver Line Prep Booth 0.38 14.9 406483 335490 
I Revolver Line Primer Booth 1.50 15.5 406453 335501 
J Revolver Line Paint Mix 0.28 14.9 406440 335506 
K Revolver Line Flash Off Area 0.43 14.9 406451 335510 
L Revolver Line Top Coat Booth 1.50 18.9 406424 335514 
M Revolver Line Cure Oven 0.44 14.9 406431 335497 
TU1 Touch Up Booth 1 0.84 17.7 406281 335532 
TU2 Touch Up Booth 2 0.84 17.7 406289 335528 
Proposed future CAB Paint facility 
1 Off line wet paint repair combination booth 0.90 18.4 405966 335748 
2 Power cure oven 0.53 16.7 405979 335751 
3 Electrocoat oven 0.53 16.7 405986 335759 
4 Pre-treatment tanks 5 & 6 0.94 18.4 406007 335748 
5 Pre-treatment tanks 1 & 2 0.94 18.4 406023 335740 

a. Outlet is rectangular (0.2m x 0.3 m). For the purposes of modelling an equivalent circular stack of the same cross sectional area 
is considered. 
 
3.3 Meteorology 
 
For this modelling assessment hourly sequential meteorological data from the nearest suitable meteorological 
station to the area was obtained. The data, provided by the UK Met Office, was from the Coton in the Elms station and 
covered the 5 year period 2014 to 2018. The Coton in the Elms station is around 27km south east of Beamhurst at an 
elevation of 85m, compared with the JCB site elevation of around 100m. There are four other stations in the area 
which were also considered as possible sources of meteorological data: 
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Station   Position  Elevation  Data coverage 
 
Leek Thorncliffe  23 km NW  298 m   Complete 
Keele    27 km NW  179 m   Missing cloud and wind data  
Nottingham Watnall 45 km E  117 m   Complete  
Sutton Bonnington  45 km SE  43 m   Missing cloud data 
 
Based on advice provided by the Met Office, the proximity of the station, elevation and data coverage, it was 
considered that data from the Coton in the Elms station provided measurements most representative of the 
conditions at Beamhurst. It should be noted that the Coton in the Elms station does not supply cloud and wind data. 
These data were provided from the Nottingham Watnall station which is at a similar elevation.  
 
The data included, among other parameters, hourly measurements of wind speed and direction. Figure 3.3 illustrates 
a composite wind rose for the Coton in the Elms station. It may be seen that the wind has significant south westerly 
component. Annex C provides a more detailed analysis of the meteorological data used. 
 
Figure 3.3 Composite windrose for the Coton in the Elms station (2014 to 2018) 
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3.4 Surface characteristics 
 
The characteristics of the surrounding surfaces and the land use within the assessment area have an important 
influence in determining turbulent fluxes and hence the stability of the boundary layer and atmospheric dispersion. 
In ADMS it is necessary to consider the following parameters which describe land use and surface properties: 
 
Surface roughness 
Surface albedo 
Minimum Monin Obukhov length 
Priestley Taylor parameter 
 
3.4.1 Surface roughness 
 

The roughness length represents the aerodynamic effects of surface friction and is physically defined as the height 
at which the extrapolated surface layer wind profile tends to zero. This value is an important parameter used by 
meteorological pre-processors to interpret the vertical profile of wind speed and estimate friction velocities which 
are, in turn, used to define heat and momentum fluxes and, consequently, the degree of turbulent mixing. 
 
The surface roughness length is related to the height of surface elements. Typically, the surface roughness length 
is approximately 10% of the height of the main surface features. Surface roughness is higher in built up areas than 
in rural locations. 
 
 A range of typical roughness values for common land use types are provided within ADMS: 

 
Land use 

 
Surface roughness (m) 

  
Ice 0.00001 
Snow 0.00005 
Sea 0.0001 
Short grass 0.005 
Open grassland 0.02 
Root crops 0.1 
Agricultural areas 0.2-0.3 
Parkland, open suburbia 0.5 
Cities, woodland 1.0 
Large urban areas 1.5 

 
The JCB site is located in a largely rural location surrounded by mostly flat agricultural land. The nearest residential 
location is around 300 m to the north east of the site centre with a few individual dwellings within 1km of the site. The 
nearest medium density housing is around 1.5 km to the east at Stramshall. A surface roughness of 0.3m has been 
selected. A sensitivity analysis has been undertaken considering variations in surface roughness of between 0.1 and 
0.5m. This resulted in the following variations in predicted hourly and annual process contributions of benzene over 
the residential receptors (1 to 22, see Figure 3.1): 



  ©2019 SOCOTEC UK Limited Air quality assessment of existing and proposed process operations  
JCB Heavy Products Limited, Beamhurst, Uttoxeter 

 

   

 

 

   

 

7 June 2019 Report No LSO190534 
Issue 1 Page 27 of 56 

 

 

Surface roughness (m) 

Change (%) in predicted PC of benzene over the residential receptors 
(1 to 22) compared with base case of  a surface roughness of 0.3 m 

Short term average Long term average 
Maximum Mean Maximum Mean 

0.1 4.3 -1.2 6.3 4.4 
0.2 1.3 -0.4 2.8 2.1 
0.4 -0.5 0 -2.6 -2.2 
0.5 0.1 0.4 -4.8 -4.2 

 
Model predictions are not significantly sensitive to surface roughness and it is considered unlikely that the  variations 
in predicted process contribution over a roughness range considered descriptive of the area are unlikely to introduce 
uncertainties which are significant in the context of the conclusions reached in section 4.   
 
3.4.2 Surface albedo 
 
The surface albedo is the ratio of reflected to incident shortwave solar radiation at the surface of the earth and lies 
in the range 0 to 1. This parameter is dependent upon surface characteristics and varies throughout the year. 
Surface albedo is higher (higher proportion of reflected radiation) when the ground is snow covered. Based on the 
recommendations of Oke (1987), ADMS provides default values of 0.6 for snow-covered ground and 0.23 for non-
snow covered ground, respectively. In this case a value for surface albedo of 0.23 has been employed. 
 
3.4.3 Monin Obukhov length 
 
The Monin Obukhov length provides a measure of the stability of the atmosphere and allows for the effect of heat 
production in cities which may not be represented by the meteorological data. In urban areas heat generated from 
buildings and traffic warms the air above which has the effect of preventing the atmosphere from becoming very 
stable. Generally the larger the area the greater the effect. In stable conditions the Monin Obukhov length will not fall 
below a minimum value with the value becoming larger depending on the size of the city. The minimum value of the 
Monin Obukhov length generally lies between 1 and 200 m with 1 corresponding to a rural area. ADMS provides the 
following guidance on minimum Obukhov length: 
 

Population size Minimum Obukhov length (m) 
  
Large conurbations (>1 million) 100 
Cities and large towns 30 
Mixed urban/industrial 30 
Small towns 10 
Rural area 1 
  

In this case the area is considered to be typical of a rural area, but with some warming effects due to the use of 
energy intensive plant. A minimum Monin Obukhov length of 30m has been employed. A sensitivity analysis has 
been undertaken considering minimum Monin Obukhov lengths in the range 10 to 50m. This resulted in the following 
variations in predicted hourly and annual process contributions of benzene over the residential receptors (1 to 22, see 
Figure 3.1): 
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Minimum Monin Obukhov 
length (m) 

Change (%) in predicted PC of benzene over the residential receptors 
(1 to 22) compared with base case of  a minimum Monin Obukhov length of 30m 

Short term average Long term average 
Maximum Mean Maximum Mean 

10 33.7 19.6 -4.9 -8.6 
20 22.6 13.1 -4.9 -7.4 
40 -4.9 -1.9 -0.8 -0.2 
50 -8.5 -1.6 -1.6 -0.3 

 
The variations in predicted process contribution with length are moderately significant over the short term. Over the 
long term predicted process contributions are not particularly sensitive to Monin Obukhov length. It is considered that 
the length selected is reasonably descriptive of the area, although the variations over the range considered are not 
likely to influence the conclusions reached in section 4. 
 
AERMOD does require that the minimum Monin Obukhov length be specified. 
 
3.4.4 Priestley Taylor parameter 
 
The Priestley Taylor parameter represents the surface moisture available for evaporation. Areas where moisture 
availability is greater will experience a greater proportion of incoming solar radiation released back to atmosphere 
in the form of latent heat, leaving less available in the form of sensible heat and, thus, decreasing convective 
turbulence.  The Priestley Taylor parameter lies between 0 and 3. Based on suggestions by Holstag and van Ulden, 
ADMS provides default values of: 
 

Land type Priestley Taylor parameter 
  
Dry bare earth 0 
Dry grassland 0.45 
Moist grassland 1 

 

In this case the area is considered to be representative of moist grassland and a value of 1.0 for the Priestley 
Taylor parameter has been employed. A sensitivity analysis has been undertaken considering Priestley Taylor 
parameters in the range 0 to 1.5. This resulted in the following variations in predicted hourly and annual process 
contributions of benzene averaged over the residential receptors (1 to 22, see Figure 3.1). 
 
 

Priestley Taylor parameter 

Change (%) in predicted PC of benzene over the residential receptors (1 to 22) 
compared with base case of  a Priestley Taylor parameter of 1 
Short term average Long term average 

Maximum Mean Maximum Mean 
1.5 7.8 1.0 5.5 4.2 
0.5 -4.9 -17.1 -3.7 -3.1 
0 -5.1 -17.9 -6.4 -5.5 

 
The variations in predicted process contribution with parameter value are moderately significant, although it is 
considered that the use of the model default value (for moist grass land) is likely to be most representative of the 
area.  
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It may be noted that AERMOD uses the Bowen ratio to describe available surface moisture rather than the Priestley 
Taylor parameter. The following default values are provided from Paine (1987). 
 
Land use Bowen ratio 

(-variation with season) 
Water 0.1 
Deciduous forest 0.6-2.0 
Coniferous forest 0.6-2.0 
Swamp 0.2-2.0 
Cultivated land 1.0-2.0 
Grassland 1.0-2.0 
Urban 2.0-4.0 
Desert shrubland 5.0-10.0 
 
For the modelling herein a value of 1.0 was employed for the Bowen ratio. 
 
3.4.5 Terrain 
 
Terrain data was obtained for the assessment area from the Ordnance Survey Land-form Panorama DTM data base. 
There is a change in general elevation across the main assessment area with the ground rising from the to the south 
west and north east from the JCB site boundary with an average gradient of around 4% as shown in Figure 3.4. 
 
Figure 3.4 Ground elevation within assessment area 
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A sensitivity analysis was undertaken to determine the impact of consideration of terrain in the assessment in 
contrast to the assumption of a flat assessment area. The sensitivity of the predicted annual and hourly process 
contributions of benzene across the residential receptors (1 to 22, see Figure 3.1) to consideration of terrain was 
examined as below.  
 

Terrain 

Change (%) in predicted PC of benzene over the residential receptors (1 to 22) 
compared with base case of  an elevated assessment area 

Short term average Long term average 
Maximum Mean Maximum Mean 

Flat -0.8 -7.5 -0.6 -0.5 
 
General guidance suggests that consideration of terrain is not necessary at gradients of less than 5%. In this case it is 
not considered that the difference between a flat and elevated assessment area is likely to have any significant 
impact on the assessment outcomes, although for avoidance of doubt an elevated assessment area has been 
considered in the overall air quality assessment as it provides generally higher predicted process contributions. This 
is considered a precautionary approach.  
 
3.5 Pollutant releases and conditions 
 
3.5.1 Heavy Products facility 
 
The Heavy Products Facility has been subject to routine monitoring of releases to determine compliance with permit 
conditions. Seven teen of the nineteen release points serving this facility were in January 201815. For the purposes of 
this assessment the measured pollutant releases from this monitoring have been considered to be representative of 
normal plant operation. The measured release conditions and corresponding pollutant releases are summarised in 
Tables 3.5 and 3.6 respectively. 
 
Table 3.5 Heavy Products exhaust stack release conditions 
 

Release point 
Temperature 

Exhaust flow rate 
(actual) 

Exhaust gas 
velocity 

oC m3/s m/s 
A Attachment Line Prep Booth 20 0.39 3.5 
B Attachment Line Primer Booth 16 19.03 10.8 
C Attachment Line Paint Mix 19 0.50 8.4 
D Attachment Line Flash Off Area 20 2.60 12.3 
E Attachment Line Top Coat Booth 1 17 13.57 10.2 
F Attachment Line Top Coat Booth 2 16 14.76 11.1 
G Attachment Line Infra Red Oven 30 0.53 8.7 
H Revolver Line Prep Booth 16 0.55 4.8 
I Revolver Line Primer Booth 15 18.17 10.3 
J Revolver Line Paint Mix 18 0.38 6.3 
K Revolver Line Flash Off Area 92 2.05 14.1 
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Table 3.5 continued 
 

Release point 
Temperature 

Exhaust flow rate 
(actual) 

Exhaust gas 
velocity 

oC m3/s m/s 
L Revolver Line Top Coat Booth 16 12.91 7.3 
M Revolver Line Cure Oven 87 2.33 15.3 
TU1 Touch Up Booth 1 17 6.15 11.1 
TU2 Touch Up Booth 2 16 9.58 17.3 
TU3 Touch Up Booth 3a 17 6.15 11.1 
TU4 Touch Up Booth 4a 16 9.58 17.3 

a. Touch Up booth 3 and 4 were not monitored. For the purposes of this assessment the same release conditions as measured at 
booths 1 and 2 are assumed. 
 
Table 3.6 Heavy Products pollutant discharge rates 
 

Release point 
Particulate matter Isocyanates 

Volatile organic 
compoundsb 

mg/m3 g/s mg/m3 g/s mg/m3 g/s 
A Attachment Line Prep Booth 1.1 0.000383     
B Attachment Line Primer Booth 3.7 0.065833 0.002 0.000039 14.0 0.249167 
C Attachment Line Paint Mix   0.002 0.000001 3.1 0.001428 
D Attachment Line Flash Off Area     25.6 0.061389 
E Attachment Line Top Coat Booth 1 2.6 0.033611 0.003 0.000036 7.0 0.088333 
F Attachment Line Top Coat Booth 2 1.8 0.025444 0.003 0.000036 16.8 0.231944 
G Attachment Line Infra Red Oven   0.002 0.000001 36.7 0.017444 
H Revolver Line Prep Booth 1.3 0.000628     
I Revolver Line Primer Booth 1.4 0.022806   48.1 0.801111 
J Revolver Line Paint Mix   0.005 0.000002 17.8 0.006083 
K Revolver Line Flash Off Area     63.0 0.093611 
L Revolver Line Top Coat Booth 1.1 0.013111 0.004 0.000047 83.0 0.978889 
M Revolver Line Cure Oven   0.008 0.000014 32.6 0.055833 
TU1 Touch Up Booth 1     11.3 0.064167 
TU2 Touch Up Booth 2     12.3 0.108333 
TU3 Touch Up Booth 3a     11.3 0.064167 
TU4 Touch Up Booth 4a     12.3 0.108333 

a.Touch Up booths 3 and 4 were not monitored. For the purposes of this assessment the same pollutant releases as measured at 
booths 1 and 2 are assumed. 
b. Volatile organic compounds are expressed as carbon. 
c. Concentrations are expressed at plant reference conditions of STP (standard temperature (273K) and pressure (101.3 kPa)) in a 
wet gas with no correction for oxygen content. 
 
The above release conditions and pollutant discharges have been employed in the assessment of the Heavy 
Products facility. 
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3.5.2 CAB Paint facility 
 
No measurements specific to the proposed CAB facility are available, although a similar process is operated at JCB’s 
Rugeley site which is subject to routine monitoring16 for particulate matter and volatile organic compounds. It is 
considered reasonable to assume that the proposed CAB facility will operate at similar emission levels. JCB have 
provided the design specification for the five items of plant for which releases are being considered13. The exhaust 
gas release conditions based on this specification are summarised in Table 3.7. 
 
 Table 3.7 CAB Paint facility exhaust stack release conditions 
 

Release point 
Temperature Exhaust flow rate (actual) Exhaust gas velocity 

oC m3/s m/s 

1 
Off line wet paint repair 
combination booth 

15 9.72 15.3 

2 Power cure oven 160 1.65 7.62 
3 Electrocoat oven 160 1.65 7.62 
4 Pre-treatment tanks 5 & 6 15 10.4 15 
5 Pre-treatment tanks 1 & 2 15 10.4 15 

 
Pollutant discharge rates are determined in Table 3.8 based on measured concentrations for the corresponding plant 
at JCB’s  Rugeley site16 and the above design exhaust gas conditions. Measurements at Rugeley are confined to the 
permitted pollutants particulate matter and volatile organic compounds. A similar approach would be expected at the 
Beamhurst site. 
 
Table 3.8 CAB Paint facility  pollutant discharge rates 
 

Release point 
Particulate matter Volatile organic compoundsa 

mg/m3 g/s mg/m3 g/s 

1 
Off line wet paint repair combination 
booth 

0.25 0.0023 2.91 0.0268 

2 Power cure oven 1.21 0.0013 6.3 0.0066 

3 Electrocoat oven 0.5 0.0005 12.58 0.0131 
a. Volatile organic compounds are expressed as carbon. 
b. Concentrations are expressed at plant reference conditions of STP (standard temperature (273K) and pressure (101.3 kPa)) in a 
wet gas with no correction for oxygen content. 
 
There are no measurements available for any pre-treatment tank releases at the Rugeley site. For the purposes of this 
assessment it is assumed that the concentration of pollutants arising from the pre-treatment tanks and being 
exhausted by the workplace extraction system is equivalent the corresponding short term workplace exposure limit. 
Based on laboratory tests commissioned by JCB17, this appears to be a significant overestimate of releases in 
practice. Measurements in the laboratory using the Gardacid solutions P4360 and 4405 failed to detect any release of 
acid species. Table 3.9 summarises the determination of releases from the pre-treatment tanks. 



  ©2019 SOCOTEC UK Limited Air quality assessment of existing and proposed process operations  
JCB Heavy Products Limited, Beamhurst, Uttoxeter 

 

   

 

 

   

 

7 June 2019 Report No LSO190534 
Issue 1 Page 33 of 56 

 

Table 3.9 Discharges from the CAB Paint pre-treatment tanks 
 
Tank Pre-treatment tanks 5 & 6 Pre-treatment tanks 1 & 2 

Pollutant Sulphamic acid 
Orthophosphoric 

acid 
Potassium hydroxide 

Short term workplace exposure 
limit 

mg/m3 7.5 2.0 2.0 

Assumed exhaust gas 
concentration  

mg/m3 7.5 2.0 2.0 

Discharge rate g/s 0.078 0.021 0.021 
 
The above release conditions and pollutant discharges have been employed in the assessment of the proposed CAB 
Paint facility. 
 
3.6 Modelling scenarios 
 
ADMS 5.2 has been employed to estimate process contributions to ambient concentrations of released pollutants 
based on the general conditions specified above. For the assessment the model has been run using meteorological 
data for each of five years (2014 to 2018) over the two area grids (1x1 km and 2x 2km). The assessment has looked 
at the individual releases from each facility and the combined release. 
 
The assessment is based on full time continuous operation of the Heavy Products and CAB Paint facilities. This is 
considered to be an overestimate in practice , particularly for long term impacts, as it known that the site operates for 
78 hours per week, over two shifts of 39 hours, and is closed for at least 6 weeks per year for holidays.  
 
Where PM10 and PM2.5 are assessed it is assumed that the release of each is equivalent to the total release of 
particulate matter. This is an assumption which will overestimate both releases, particularly PM2.5, due to the 
presence of material greater than PM10 in the overall particulate release.  
 
The US EPA’s AERMOD modelling system is a widely used model for determining the dispersion of releases to air and 
their subsequent ambient impact and is accepted by UK Authorities for regulatory purposes. To determine the 
influence of the model selection, the assessment was repeated using the AERMOD model. 
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4 MODELLING RESULTS 
 
ADMS 5.2 has been run for the operating scenarios described in Section 3.6. The results of the modelling are 
discussed below. In this section results are presented in tabular form, while in Annex A contour plots are provided 
which illustrate the estimated process contribution to ambient pollutant concentrations over the entire assessment 
area. 
 
The initial part of this assessment is used to determine the air quality impact at the location of maximum 
concentration in order to identify those pollutants which are clearly insignificant in terms of air quality impact and 
those which may require further assessment. The second part of the assessment then considers in detail the impact 
of process contributions of selected pollutants at sensitive locations to determine their significance in the context of 
applicable air quality standards. 
 
4.1 Impact of process releases  
 
Figures A.1 and A.2 illustrate the dispersion of volatile organic compounds on short term and long term bases 
respectively for the combined releases from the Heavy Products and CAB Paint facilities. Figures A.3 to A.4 illustrate 
the corresponding dispersion patterns for PM10 on a short term and long term basis respectively. The long term and 
short term dispersion patterns are reasonably typical of all pollutants considered. It may be seen that the location of 
the maximum process contribution in both cases is to the north east around 50 m from the Heavy Products building 
in open fields  Process contributions decrease rapidly with distance from the location of maximum. Table 4.1 details 
the estimated maximum process contributions and corresponding predicted environmental concentrations in the 
context of the applicable environmental standards.  
 
Table 4.1  Maximum process contributions and predicted environmental concentrations 
  Combined releases from the Heavy Products and CAB facilities 
 

Pollutant 
Averaging 

basis 
Year 

Process contribution Background 
Predicted environmental 

concentration 

µg/m3 % standard µg/m3 µg/m3 % standard 

Volatile organic 
compounds (as benzene) 

annual 2015 31 625 0.38 32 633 
1 hour 2018 992 509 0.76 993 509 

PM10 
24 hour 2018 4 8 15.6 20 39 
annual 2018 2.9 7 13.2 16 40 

PM2.5 annual 2018 2.9 12 8.9 12 47 

Isocyanates 
annual 2018 0.003 1 0 0.003 1 
1 hour 2018 0.065 1 0 0.065 1 

Sulphamic acid 
annual 2015 0.9 1 0 0.9 1 
1 hour 2018 44 6 0 44 6 

Orthophosphoric acid 
annual 2015 0.3 3 0 0.3 3 
1 hour 2018 12 6 0 12 6 

Potassium hydroxide 
annual 2017 0.2 2 0 0.2 2 
1 hour 2018 11 6 0 11 6 
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For the following substances the maximum short term process contribution is less than 20% of the short term 
environmental standard less the background and /or the maximum long term predicted environmental concentration 
is less than 70% of the long term environmental standard and as such are considered to be insignificant in relation to 
air quality impact: 
 
PM10 

PM2.5 
Isocyanates 
Sulphamic acid 
Orthophosphoric acid 
Potassium hydroxide 
 
Process contributions of volatile organic compounds indicate exceedances of the applicable environmental 
standards by five to six times.  It should be noted that releases of volatile organic compounds are assessed against 
the environmental standards for benzene following Environment Agency guidance1 for an unknown mixture of 
organic compounds. This tends to provide a worst case assessment of air quality standard compliance as the 
standards for benzene are relatively stringent. In this case the predominant materials and their constituents used in 
the JCB’s process are known. The main constituents have been identified as naptha, xylene, ethylbenzene and butyl 
acetate (see Table 2.10). Table 2.2 provides the environmental assessment levels for these substances. It may been 
seen that in all cases the environmental assessment levels are substantially higher than the corresponding standards 
for benzene. It is considered that, in view of the expected general composition of the organic compound release, 
assessment against the air quality standards for benzene provides an unrepresentative and pessimistic view of their 
significance with respect to air quality impact.  It is considered that a more representative assessment would be 
obtained by comparison with the more stringent of the environmental standards for the predominant constituent 
substances. Table 4.2 summarises the maximum process contribution of volatile organic compounds based on 
assessment as ethyl benzene which has the lowest environmental assessment levels of the predominant organic 
substances in the release. 
 
Table 4.2  Maximum process contributions of volatile organic compounds assessed as ethylbenzene 
  Combined releases from the Heavy Products and CAB facilities 
 

Pollutant 
Averaging 

basis 
EAL Process contribution 

µg/m3 µg/m3 % EAL 

Volatile organic compounds 
(as ethyl benzene) 

annual 4410 31 0.7 

1 hour 55200 992 1.8 
 
As shown in Table 4.2, when assessed as ethyl benzene, which is considered to provide a more representative 
comparison, process contributions are determined to be insignificant based on Environment Agency assessment 
criteria (i.e. the long term and short term process contributions are less than 1% and 10% of the long term and short 
term environmental standards respectively). In the following sections and in Figures A.1 and A.2 volatile organic 
compounds are assessed as ethyl benzene. 
 
It should be considered that these concentrations are the maxima determined over the assessment area for the five 
years’ meteorological conditions. Maximum concentrations occur on open farmland where air quality standards with 
respect to human health are not considered to be applicable since  frequent human exposure, over the periods of the 
standards, is unlikely in these areas (see section 2.3.1). 
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The air quality impacts of pollutant releases are considered in more detail in the following sections at sensitive 
locations where air quality standards would be expected to apply. These locations include the nearest residential 
properties.  
 
4.2 Impact of process releases at locations of human exposure 
 
In order to determine the impact of plant releases at locations of frequent human exposure discrete receptors were 
located at the residential locations in the vicinity of the JCB site (see Figure 3.1 and Table 3.1). These are 
considered to be the only locations in the vicinity of the JCB site to which the public normally have access and 
where human exposure for the air quality standard averaging periods is likely. Table 4.3 summarises the maximum 
process contributions and predicted environmental concentrations at these residential locations. 
 
Table 4.3 Maximum process contributions and predicted environmental concentrations at residential locations 
  Combined releases from the Heavy Products and CAB facilities 
 

Pollutant 
Averaging 

basis 
Process contribution Background 

Predicted environmental 
concentration 

µg/m3 % standard µg/m3 µg/m3 % standard 

Volatile organic compounds 
(as ethyl benzene) 

annual 17 0.4 0 17 0.4 
1 hour 171 0.3 0 171 0.3 

PM10 
24 hour 2 3.3 15.6 17 34 
annual 0.7 1.8 13.2 14 35 

PM2.5 annual 0.7 2.8 8.9 9.6 38 

Isocyanates 
annual 0.001 0.4 0 0.001 0.4 
1 hour 0.009 0.1 0 0.009 0.1 

Sulphamic acid 
annual 0.4 0.5 0 0.4 0.5 
1 hour 3.9 0.5 0 3.9 0.5 

Orthophosphoric acid 
annual 0.1 1.0 0 0.1 1.0 
1 hour 1.0 0.5 0 1.0 0.5 

Potassium hydroxide 
annual 0.1 1.0 0 0.1 1.0 
1 hour 1.1 0.5 0 1.1 0.5 

 
In all cases at all sensitive locations considered the short term process contributions are less than 20% of the 
environmental standard less the corresponding background and the long term predicted environmental concentration 
is less than 70% of the long term environmental standard. It is therefore considered that process contributions of all 
pollutants may be considered insignificant in terms of air quality impact at the nearest locations of frequent human 
exposure. In all cases the predicted environmental concentrations are well within environmental standards. Bearing 
in mind the precautionary assumptions made in the assessment it is considered unlikely that pollutant process 
contributions from the combined existing and proposed future facilities at JCB’s Beamhurst site would pose any 
significant threat to attainment of environmental standards at the nearest  locations of frequent human exposure.
 
Table D.1 summarises the maximum process contribution of volatile organic compounds, particulate matter and 
isocyanates at all residential locations considered. It may be noted that the most affected locations are towards to 
north east of the site at Waterloo Farm, The Chapel House and Chapel Farm. 
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Based on the IAQM classification (section 2.5.4) the maximum impact significance of releases of all pollutants is 
considered to be ‘negligible’ in all cases. Table 4.4 summarises the assessment of significance. 
 
Table 4.4 Assessment of impact significance based on IAQM classification 
 

Pollutant 
Maximum process 

contribution 
Predicted environmental 

concentration IAQM classification 
(see Table 2.6) 

% environmental standard 
Volatile organic compounds 
(as ethyl benzene) 

0.4 0.4 Negligible 

PM10 1.8 35 Negligible 
PM2.5 2.8 38 Negligible 
Isocyanates 0.4 0.4 Negligible 
Sulphamic acid 0.5 0.5 Negligible 
Orthophosphoric acid 1.0 1.0 Negligible 
Potassium hydroxide 1.0 1.0 Negligible 
 
Table D.1 also provides details of process contributions at the nearest conservation sites with an ecological 
designation. None of the pollutants considered in this assessment are the subject of critical levels or loads for 
these sites. It is noted, however, that at all sites the process contribution of the combined existing Heavy Products 
and proposed future CAB paint facilities are less than 0.1% of the applicable environment standard in all cases. It is 
not considered that releases from the JCB site will have any meaningful influence on air quality at these sites.  
 

4.3 Individual process facility impacts  
 
Although the combined process contributions from the existing and proposed future facilities at JCB’s Beamhurst 
site have been demonstrated to be insignificant in terms of air quality, it is a requirement of East Staffordshire 
Borough Council’s further information notice that the individual process contribution from each facility be considered.  
 
The maximum process contribution at the location of maximum impact and at the residential locations for the 
existing Heavy Products and proposed future CAB Paint facilities are summarised in Table 4.5.  
 
For the substances which are emitted from both facilities (volatile organic compounds and particulate matter) around 
98% of the resulting process contribution is attributed to releases to atmosphere from the existing Heavy Products 
facility. As shown in Tables 3.6 and 3.8, discharge rates of these substances are much higher from the Heavy 
Products facility than from the proposed CAB facility. 
 
The CAB facility is the only source of releases from the pre-treatment tanks considered and as such process 
contributions of sulphamic acid, orthophosphoric acid and potassium hydroxide are solely attributed to this proposed 
facility. 
 
Isocyanate releases from the CAB facility are not considered and as such the total process contribution is attributable 
to existing Heavy Products operations. 
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Table 4.5 Maximum process contributions from existing and future facilities 
 

Pollutant 
Averaging 

basis 

Maximum process contribution 
Location of maximum impact Residential locations 

CAB Heavy Products CAB Heavy Products 
% standard % total % standard % total 

Volatile organic compounds 
(as ethyl benzene) 

annual 0.01 0.71 98.6 0.002 0.39 99.5 
1 hour 0.02 1.80 98.7 0.001 0.31 99.6 

PM10 
24 hour 0.30 7.93 96.3 0.09 3.33 97.4 
annual 0.16 7.19 97.9 0.04 1.83 97.6 

PM2.5 annual 0.26 11.50 97.8 0.06 2.93 98.0 

Isocyanates 
annual 0 1.39 100 0.00 0.44 100 
1 hour 0 0.9 100 0.00 0.13 100 

Sulphamic acid 
annual 1.26 0 0 0.50 0 0 
1 hour 5.85 0 0 0.52 0 0 

Orthophosphoric acid 
annual 2.52 0 0 1.01 0 0 
1 hour 5.85 0 0 0.52 0 0 

Potassium hydroxide 
annual 2.13 0 0 1.04 0 0 
1 hour 5.61 0 0 0.53 0 0 

 
4.4 Odour impact   
 
As discussed in section 2.6, the assessment of odour impact is based on the assumptions that any odour results 
from releases of volatile organic compounds and that the total volatile organic compound release comprises solely 
butyl acetate which has the lowest odour threshold of the main constituents of the materials used in JCB’s 
process operations (see Table 2.10). For the purposes of the odour assessment it is assumed that all organic 
compound releases comprise butyl acetate. 
 
Table 4.6 summarises the assessment of maximum odour impact at the residential locations considered. Table D2 
provides the corresponding results for the individual receptors. 
 
Table 4.6 Determination of maximum process odour contribution 
 
Property  Value 
Maximum process contribution of volatile organic compounds µg/m3 77.05 
Butyl acetate odour threshold µg/m3 47 
Maximum process odour contribution ouE/m3 1.6 
Odour benchmark ouE/m3 3.0 
Maximum odour concentration % benchmark 55 
 
Maximum process odour contributions at the residential locations considered are estimated to be equivalent to 
around 55% of the Environment Agency benchmark for moderately offensive odours (i.e. 3 ouE/m3). As shown in 
Table D2 the maximum concentration occurs at Waterloo Farm to the north east of the site. Concentrations at 
other residential locations are lower and in most cases below 1 ouE/m3. On the basis of the IAQM descriptors (see 
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section 2.6) the magnitude of the odour effect at Waterloo Farm is considered to be ‘moderate’. At all other 
residential locations considered the magnitude falls to ‘slight’ and ‘negligible’ (see Table D2). 
 
The CIWEM odour nuisance classification (see section 2.6) suggests that at all residential locations considered 
complaints are unlikely to occur and that exposure at the levels in Table D2 is unlikely to constitute significant 
pollution or significant detriment to amenity unless the locality is highly sensitive or the odour highly unpleasant in 
nature. 
 
While 98th percentile concentrations are generally less than half the benchmark at the residential locations 
assessed, it might be expected that odour would be detectable on occasions, but not over the duration or with the 
frequency considered as the basis for the benchmark. 
 
As discussed in section 2.6, it is considered that the methodology employed represents a precautionary approach 
and in practice it might be expected that odour concentrations would be somewhat lower. 
 
The process odour contribution in this case is directly proportional to the release of volatile organic compounds. On 
this basis releases from the existing Heavy Products facility accounts for around 99% of the process odour 
contribution. The proposed CAB Paint facility development is not considered to have any significant influence on 
process odour contributions in the vicinity of the Beamhurst site.  
 
4.5 Sensitivity analyses  
 
In the assessment of the impact of process contributions the worst case results have been reported. For the 
assessment process contributions were modelled for each of 5 years’ meteorological data using the ADMS 
modelling system.  A sensitivity analysis was undertaken to determine the influence of meteorological conditions 
and model selection on the findings of the assessment and hence provide some measure of their robustness.  
 
4.5.1  Meteorological conditions 
 
Table 4.7 summarises the influence of meteorological conditions on maximum process contributions for the 
receptors describing the neighbouring residential locations for important averaging bases.  
 
Table 4.7 Influence of meteorological conditions on maximum process contribution 
 

Pollutant 
Averaging 

basis 

Maximum process contribution  
(ratio of maximum to minimum year – 2014 to 2018) 

Residential 
Volatile organic 
compounds 

annual 1.4 
1 hour 1.1 

PM10 
24 hour 1.5 
annual 1.5 

PM2.5 annual 1.5 

Isocyanates 
annual 1.5 
1 hour 1.2 
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Variations in meteorological conditions show up to a 50% difference between maximum and minimum process 
contributions at the residential receptors. This assessment is based on the maximum process contribution for all 
the years considered at each location and as such will be an overestimate for most years.  
 
4.5.2 Model selection 
 
The main assessment has been undertaken using the ADMS modelling system. The US EPA’s AERMOD model is also 
widely used for regulatory purposes worldwide. To determine how the model used may have influenced the findings 
of the assessment, the AERMOD model was employed to predict process contributions to ambient concentrations of 
volatile organic compounds over the important averaging bases at 2018 meteorological conditions. Table 4.8 
summarises the comparison between the ADMS and AERMOD model predictions averaged over receptors 
describing the neighbouring residential locations and at the location of maximum impact. 
 
Table 4.8 Maximum process contributions (variation with model) 

 

Pollutant 
Averaging 

basis 

Maximum process contribution  
(ratio of ADMS to AERMOD – 2018) 

Residential Location of maximum impact 

Volatile organic compounds 
annual 0.7 0.8 
1 hour 0.7 0.8 

  

 
In general the AERMOD model provides somewhat higher predicted ambient process contributions than ADMS 
over the locations considered. Bearing in mind the margin available in the assessment of air quality standard 
compliance, it is not considered that the differences exhibited due to model selection will have any substantial 
impact on the conclusions of this assessment.  
 
4.6 Modelling uncertainty 
 
The use of models to predict the dispersion of releases has associated uncertainties. The main uncertainties in this 
assessment result from: 
 
 The operational duration in practice will be less than the continuous year round operation modelled in this 

assessment.  As such the process contributions for all pollutants are likely to be an overestimate of those in 
practice, particularly when considered on a long term (annual) basis.  
 

 The release rates for most pollutants assessed are based on measured values from existing plant (Heavy 
Products) and measured values at similar plant for the proposed future CAB facility. It is considered that these 
measured releases are representative, although in most cases substantially lower than the permitted emission 
limit values. For pollutants from the pre-treatment tanks which are not measured, operation consistent an 
assumed worst case is considered. Operation at levels above those assumed will result  in a greater air quality 
impact that that determined, although there is a significant margin for compliance with environmental standards. 

 
 The meteorological conditions upon which the assessment was based vary from year to year and influence 

ambient impact.  A sensitivity analysis has shown the differences expected due to changes in meteorological 
conditions for a five year period. This assessment is based on the year providing the maximum impact for each 
location and pollutant and as such is likely to be an overestimate for most meteorological years.   
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 The model used can influence predictions of ambient impact. In this case a sensitivity analysis of the two most 
widely used models for regulatory purposes indicated that the conclusions of the assessment were not 
dependent on the selection of model.  The ADMS model used in this assessment generally provides a slightly 
lower predicted air quality impact compared with the corresponding assessment using AERMOD. 

 
 Where PM10 and PM2.5 are assessed it is assumed that the release of each is equivalent to the total release of 

particulate matter. This is an assumption which will overestimate both releases, particularly PM2.5, due to the 
presence of material greater than PM10 in the overall particulate release. 

 
 The assessment of odour concentration assumes that the organic compound release is present as the 

substance with the lowest odour threshold. This will result in an overestimate of process odour concentration in 
practice which will act to mitigate the uncertainty associated with the assessment methodology which fails to 
take into account potential synergistic odour effects in the mixed organic compound release. 

  
 The necessary assumptions made regarding surface characteristics (section 3.4) can have either a negative or 

positive impact on modelling outcomes. A sensitivity analysis indicates that variations due to the assumed 
surface characteristics are unlikely to be significant in terms of the conclusions of the assessment as the 
potential for any impact is mitigated by the selection of descriptive parameters considered representative of the 
assessment area. 

 
There are inherent uncertainties associated with the use of air dispersion models to predict the ambient impact of 
releases. With this in mind the assessment herein has been undertaken using conservative assumptions which tend 
towards an over estimation of the ambient impact. It is considered that the assessment has taken a precautionary 
approach and the conclusions reached therefore incorporate a reasonable margin of comfort in spite of the 
inevitable uncertainty of such modelling studies.    
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5 CONCLUSIONS 
 
JCB Heavy Products Limited operate cleaning and paint spraying activities at their Heavy Products facility at 
Beamhurst near Uttoxeter. It is proposed to develop land adjacent to the existing site for a CAB paint facility. As part 
of the permit application process East Staffordshire Borough Council have requested that an air quality assessment 
be undertaken to determine the current impact of Heavy Products operations on local air quality and the likely 
additional impact of the proposed CAD paint facility.  
 
The main pollutants of concern from a regulatory perspective are volatile organic compounds, particulate matter and 
isocyanates.  The assessment also considered releases of sulphamic acid, orthophosphoric acid and potassium 
hydroxide from pre-treatment operations proposed for the new CAB paint facility. In addition, the potential odour 
impact arising from releases of volatile organic compounds was considered.  The assessment was undertaken using 
the UK ADMS 5.2 modelling system and followed the appropriate assessment guidance provided by the Environment 
Agency. 
 
Maximum combined pollutant process contributions from the existing Heavy Products operations and proposed 
future CAB facility occur to the north east of the site around 50 m from the Heavy Products building in open fields. At 
these locations all process contributions were assessed as insignificant based on Environment Agency assessment 
criteria. It is not considered that statutory air quality standards would be applicable around the area of maximum 
impact as there is no access to the general public. 
 
At nearby residential locations neighbouring the site, where both long term and short term human exposure might 
be expected, all pollutant process contributions are insignificant based on Environment Agency assessment 
criteria. Based on the Institute of Air Quality Management classification the maximum impact significance of 
releases of all pollutants is considered to be ‘negligible’. It is considered unlikely that existing and future process 
pollutant contributions would pose any significant threat to, or have any meaningful impact on, attainment of 
applicable environmental standards at these locations.   
 
None of the pollutants considered in this assessment are the subject of critical levels or critical loads for 
conservation sites in the vicinity of Beamhurst which have an ecological designation. At all sites considered the 
pollutant process contributions of the combined existing Heavy Products and proposed future CAB paint facilities 
are less than 0.1% of the applicable environment standard and as such will not have any meaningful influence on 
air quality at these sites. 
 
For the substances which are emitted from both facilities around 98% of the resulting process contribution is 
attributed to releases to atmosphere from the existing Heavy Products facility.  
  
Odour contributions from the existing Heavy Products operations and proposed future CAB paint facility are 
generally less than half the benchmark for moderately offensive odours at the neighbouring residential locations. It 
might be expected that odour would be detectable on occasions, but not over the duration or with the frequency 
considered as the basis for the benchmark.  
 
Necessary assumptions made to undertake the modelling are considered to have the effect of overestimating the 
process contribution to ambient concentrations. It is considered that the predicted process impact reported herein is 
a conservative assessment and the conclusions reached therefore incorporate a reasonable margin of comfort in 
spite of the inevitable uncertainty of such modelling studies. 
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Annex A Dispersion modelling contour plots 
 
 
The results of the modelling of the impact of pollutant releases from the existing and proposed operations at JCB’s 
Beamhurst site on local ambient ground level concentrations are presented in tabular form in Section 4. In Annex A 
typical examples of the long term and short term dispersion pattern for volatile organic compounds and PM10, the 
most significant pollutants, are presented. Contour plots illustrating the process contribution to ground level 
concentrations of these pollutants are provided. The results relate to modelling of continuous operations of both the 
existing Heavy Products and proposed future CAB paint operations and meteorological conditions which provide the 
maximum process contributions. All results are presented as the maximum contribution of the process (excluding 
existing background concentrations), expressed as a percentage of the applicable environmental standard. 
 
The plots are considered over an area of 2 km x 2km, which includes the immediate area around the JCB site and the 
nearest residential neighbours (see Figure 3.1). 
 
Values below 1% and 10% of the long term and short term environmental standards respectively, are generally 
considered to be insignificant in terms of air quality impact. For presentation purposes the contour plots in all cases 
extend below these values. 
 
 
The following figures are presented: 
 
Figure 1  Predicted maximum process contributions of volatile organic compounds 
  (EAL for ethyl benzene maximum of 1 hour means – 2015)  
 
Figure 2  Predicted maximum process contributions of volatile organic compounds 
  (EAL for ethyl benzene annual mean – 2018) 
 
Figure 3  Predicted maximum process contributions of PM10 
  (AAD limit 90.41 percentile of daily means – 2018)  
 
Figure 4  Predicted maximum process contributions of PM10 
  (AAD limit annual mean – 2018)  
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Figure A.1 Predicted maximum process contributions of volatile organic compounds 
  (EAL for ethyl benzene maximum of 1 hour means – 2015)  
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Figure A.2 Predicted maximum process contributions of volatile organic compounds 
  (EAL for ethyl benzene annual mean – 2018) 
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Figure A.3 Predicted maximum process contributions of PM10 
  (AAD limit 90.41 percentile of daily means – 2018)  
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Figure A.4 Predicted maximum process contributions of PM10 
  (AAD limit annual mean – 2018)  
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ANNEX B  Model input data 
 
 
The input data used in the current assessment have been provided under separate cover. Electronic files containing 
the input data used in the modelling of the maximum process contributions of all pollutants considered have been 
provided as detailed below: 
 

Volatile organic compounds 
hourly mean JCB S M 2015 
annual mean JCB S M 2018 

PM10 
24 hour mean JCB S M 2018 
annual mean JCB S M 2018 

PM2.5 annual mean JCB S M 2018 

Isocyanates 
annual mean JCB S M 2018 
hourly mean JCB S M 2018 

Sulphamic acid and 
orthophosphoric acid 

hourly mean JCB S M 2015 
annual mean JCB S M 2018 

Potassium hydroxide 
hourly mean JCB S M 2017 
annual mean JCB S M 2018 
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ANNEX C  Meteorological data 
 
 
For this modelling assessment hourly sequential meteorological data provided by the UK Met Office from the Coton 
in the Elms station, with cloud and wind data from Nottingham Watnall,  was employed and covered the 5 year period 
2014 to 2018. Further details of the data employed are provided in this section. 
 
C.1 Windroses 
 
In section 3.3 a cumulative wind rose for the period 2014 to 2018 is presented. The windroses for each individual year 
of data used are illustrated below. 
 
Figure C.1 Coton in the Elms 2014 
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Figure C.2 Coton in the Elms 2015 

 
Figure C.3 Coton in the Elms 2016 

 



  ©2019 SOCOTEC UK Limited Air quality assessment of existing and proposed process operations  
JCB Heavy Products Limited, Beamhurst, Uttoxeter 

 

   

 

 

   

 

7 June 2019 Report No LSO190534 
Issue 1 Page 52 of 56 

 

Figure C.4 Coton in the Elms 2017 

 
Figure C.5 Coton in the Elms 2018 
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C.2 Data analysis and characteristics 

Analyses of the wind direction, wind speed and precipitation are summarised in Tables C.1 and C.2 for the period 
2014 to 2018. 
 
Table C.1 Wind speed and direction (2014 to 2018) for Coton in the Elms 
 

Wind direction 
blowing from 

Wind speed (m/s) 
0.3-2.1 2.1-3.6 3.6-5.7 5.7- 8.8 8.8-11.1 > 11.1 Total 

Frequency (% of time) 
N 1.5 3.1 2.9 0.9 <0.1 <0.1 8.3 
NE 1.6 3.8 4.1 1.4 0.1 <0.1 11.0 
E 1.2 2.6 2.6 1.0 0.1 <0.1 7.5 
SE 0.8 1.6 1.8 0.6 <0.1 <0.1 4.7 
SE 1.7 4.4 4.9 1.9 0.1 <0.1 12.9 
SW 2.6 9.4 9.5 4.7 0.3 <0.1 26.5 
W 2.9 8.7 7.4 3.2 0.1 <0.1 22.3 
NW 1.5 3.5 1.4 0.2 <0.1 <0.1 6.6 
Calm 0.1 
a. Missing data is ignored from the determination of percentage frequency. 
 
 
Table C.2 Rainfall and wind direction (2014 to 2018) for Coton in the Elms 
 

Wind direction 
Blowing from 

Rain fall (mm/h) 
Dry 0.1-0.3 0.3-0.6 0.6-0.9 0.9-1.2 1.2-1.5 >1.5 

Frequency (% of time) 
N 7.4 0.3 0.2 <0.1 0.1 <0.1 0.1 
NE 10.0 0.3 0.2 0.1 0.1 <0.1 0.1 
E 6.6 0.3 0.2 0.1 0.1 <0.1 0.1 
SE 3.8 0.3 0.3 0.1 0.1 <0.1 0.1 
SE 10.7 0.7 0.6 0.2 0.2 0.1 0.3 
SW 24.0 1.0 0.6 0.1 0.2 0.1 0.2 
W 20.7 0.6 0.4 0.1 0.2 <0.1 0.1 
NW 6.1 0.2 0.1 <0.1 <0.1 <0.1 0.1 
Calm 1.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total 90.4 3.8 2.7 0.6 1.0 0.3 1.2 
a. Missing data is ignored from the determination of percentage frequency. 
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The main data characteristics are summarised in Table C.3. 
 
Table C.3 Dataset characteristics (2014 to 2018) for Coton in the Elms 
 
No. days data 1826   
No. hours data 43824   
No. calm hours (<0.3 m/s) 35 0.08 % 
No. dry hours (<0.1 mm/h) 39625 91.44 % 
Mean wind speed (m/s) 3.6   
No. missing records 488 1.13 % 
Available records 43336 98.89 % 
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ANNEX D  Results at discrete receptors 
 
In section 4 the results of the modelling are discussed as the maximum process contributions over the discrete 
receptors considered. In Tables D1 and D2 the corresponding results for each discrete receptor are provided. 
 
Table D1 summarises the combined pollutant process contribution of the existing Heavy Products and proposed 
CAB Paint facilities over the discrete receptors considered. This corresponds to Table 4.3. 
 
Table D1 Maximum process contributions at residential and ecological receptors 
   Combined releases from the Heavy Products and CAB facilities 
 

Receptor Maximum  process contribution (% of environmental standard) 
VOCs PM10 PM2.5 Isocyanates 

annual 1 hour 24 hours annual annual annual 1 hour 
1 Bridge Cottage 0.1 0.2 1.9 0.7 1.2 0.1 0.1 
2 Chapel Farm 0.2 0.3 3.0 1.2 2.0 0.3 0.1 
3 The Chapel House 0.3 0.3 3.0 1.6 2.5 0.4 0.1 
4 A522 0.3 0.3 3.3 1.8 2.8 0.4 0.1 
5 Deggs Leasow 0.1 0.2 2.5 0.8 1.2 0.2 0.1 
6 Waterloo Farm 0.4 0.3 3.3 1.8 2.8 0.4 0.1 
7 Pigeonhay Lane 1 0.2 0.1 1.6 0.8 1.3 0.2 0.1 
8 Pigeonhay Lane 2 0.2 0.1 1.7 0.9 1.4 0.2 0.1 
9 Pigeonhay Lane 3 0.2 0.1 1.7 0.9 1.4 0.2 0.1 

10 Waltham House <0.1 0.1 0.6 0.3 0.4 0.1 <0.1 
11 Oldwood <0.1 0.1 0.5 0.2 0.3 <0.1 <0.1 
12 Strines Farm <0.1 0.1 0.7 0.3 0.4 0.1 0.1 
13 Beamhurst View <0.1 0.1 0.5 0.2 0.3 <0.1 0.1 
14 School House Farm <0.1 0.1 0.5 0.1 0.2 <0.1 0.1 
15 Beamhursthall Farm <0.1 0.1 0.3 0.1 0.2 <0.1 <0.1 
16 Beamhurst Hall 1 <0.1 0.1 0.3 0.1 0.1 <0.1 <0.1 
17 Beamhurst Hall 2 <0.1 0.1 0.3 0.1 0.2 <0.1 <0.1 
18 Townend Farm <0.1 0.1 0.2 0.1 0.1 <0.1 <0.1 
19 Bank Top Cottage <0.1 0.1 0.5 0.2 0.3 <0.1 <0.1 
20 Broadoak Farm <0.1 0.1 0.5 0.1 0.2 <0.1 <0.1 
21 The Firs <0.1 0.1 0.3 0.1 0.1 <0.1 <0.1 
22 Park's Farm <0.1 0.1 0.5 0.1 0.2 <0.1 <0.1 

23 Midland Meres and Mosses 
RAMSAR 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

24 West Midland Mosses SAC <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

25 
Salterford Lane Meadows 
SSSI <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

 
Table D2 presents the determination of process odour contribution at each of the discrete receptors considered. 
This table corresponds to Table 4.6. 
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Table D2 Maximum process odour contributions at residential and ecological receptors 
   Combined releases from the Heavy Products and CAB facilities 
 

Receptor 

Maximum process contribution 
Volatile organic 

compounds 
Odour IAQM 

classification 
(Table 2.9) µg/m3 ouE/m3 % benchmark 

1 Bridge Cottage 44.0 0.94 31 Slight 
2 Chapel Farm 54.7 1.16 39 Slight 
3 The Chapel House 61.8 1.32 44 Slight 
4 A522 65.2 1.39 46 Slight 
5 Deggs Leasow 57.1 1.21 40 Slight 
6 Waterloo Farm 77.0 1.64 55 Moderate 
7 Pigeonhay Lane 1 47.4 1.01 34 Slight 
8 Pigeonhay Lane 2 49.4 1.05 35 Slight 
9 Pigeonhay Lane 3 49.5 1.05 35 Slight 

10 Waltham House 19.0 0.40 13 Negligible 
11 Oldwood 14.1 0.30 10 Negligible 
12 Strines Farm 22.0 0.47 16 Negligible 
13 Beamhurst View 17.7 0.38 13 Negligible 
14 School House Farm 15.1 0.32 11 Negligible 
15 Beamhursthall Farm 11.5 0.24 8 Negligible 
16 Beamhurst Hall 1 10.2 0.22 7 Negligible 
17 Beamhurst Hall 2 11.7 0.25 8 Negligible 
18 Townend Farm 7.9 0.17 6 Negligible 
19 Bank Top Cottage 13.5 0.29 10 Negligible 
20 Broadoak Farm 12.6 0.27 9 Negligible 
21 The Firs 10.4 0.22 7 Negligible 
22 Park's Farm 18.0 0.38 13 Negligible 

23 
Midland Meres and 
Mosses RAMSAR 

0.8 0.02 1 Negligible 

24 
West Midland Mosses 
SAC 

0.8 0.02 1 Negligible 

25 
Salterford Lane 
Meadows SSSI 

1.1 0.02 1 Negligible 

END OF REPORT 
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