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Executive Summary 

The assessment presented herein has been undertaken to provide supporting evidence for an 

application to vary the bespoke installation environmental permit (permit reference EPR/AB3894ZF), 

for an organic chemical manufacturing plant operated by Purolite Limited. 

The existing permit was issued by Natural Resources Wales (NRW) in 2018. The operator seeks to 

implement operational changes, including the addition of two new emission points to air including a 

stack from a bromine abatement plant associated with a new bromination process, and the addition 

of a second natural gas-fired back-up steam generator.  

The Site is not situated within or near to an Air Quality Management Area (AQMA). The site is situated 

in a mixed land-use setting located within Llantrisant Business Park, Llantrisant, Rhondda Cynon Taff. 

The northern and western perimeter of the site is bounded by industrial units, with the eastern 

perimeter being adjacent to Llantrisant Common and Pastures Site of Special Scientific Interest (SSSI). 

The nearest residential premises is situated 0.4km to the southwest. 

Quantification of the risk associated with emissions to air using the Environment Agency H1 screening 

tool identified the requirement for detailed modelling for the potential short-term impacts of nitrogen 

dioxide (NO2) at human receptor locations in addition to the potential for long and short-term oxides 

of nitrogen (NOx) impact at conservation sites (ecological receptors). 

Detailed assessment was undertaken using ADMS 5 dispersion model to calculate concentrations of 

the pollutants, from which dry deposition to sensitive conservation sites has also been calculated. 

The predicted short-term impacts of NO2 at human receptor locations were considered to be not 

significant.  

The potential for long and short-term impacts of NOx at Cardiff Beech Woods Special Area of 

Conservation (SAC) and locally designated conservation sites were determined to be not significant. 

The potential for nutrient nitrogen and acid deposition to impact these sites was also considered 

unlikely. 

At the Llantrisant Common and Pastures SSSI the predicted concentrations (PCs) and predicted 

environmental concentrations (PECs) of NOx were within the long-term (annual) limit. Predicted short-

term (daily) NOx concentrations were within the lower (screening) limit and upper limit (used in 

conjunction with ozone for detailed NOx assessment).  

The highest levels of nutrient nitrogen and acid deposition were predicted at areas of the SSSI adjacent 

to and/or within close proximity of the operation. On this basis, it is considered that the operation is 

unlikely to unduly impact the SSSI.
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1. Introduction 

1.1 Background 

This document comprising an Air Quality Assessment (AQA), has been prepared by Earthcare Technical 

Ltd (ETL) on behalf of Purolite Limited. It supports an application to vary the bespoke installation 

environmental permit (permit reference EPR/AB3894ZF), which regulates the organic chemical 

manufacturing plant, namely the manufacture of agarose-based resin for pharmaceutical use, at Unit 

C, Llantrisant Business Park, Llantrisant, Rhondda Cynon Taff, CF72 8LF herein termed ‘the Site’ 

operated by Purolite Limited, herein termed ‘the Operator’. 

The permit was issued by Natural Resources Wales (NRW) on 31st May 2018 and is regulated under 

the Environmental Permitting (England and Wales) Regulations 2016 under Schedule 1, Part 2, Section 

4.1 Organic Chemicals, Part A(1).  

The operator seeks to implement operational changes, a summary of which can be found in the Non-

Technical Summary (NTS) which accompanies this application. 1  The AQA has been prepared by ETL 

on behalf of the Operator and in conjunction with Shann Pitts Consulting Ltd, and further reference 

should be made to the permit variation application supporting documents for full process 

descriptions. 2 ,3 

The AQA presented herein has been carried out to provide supporting evidence for the addition of 

two new emission points to air including;  

• a stack from a  abatement plant associated with a new bromination process; and  

• the addition of a second natural gas-fired back-up steam generator.  

A description of the processes at the plant and the sources of emissions to air is given in Section 2. 

Appendix A contains the Site drawings: the Site layout and Site elevations. 

1.2 Site description 

The Site is located 17km northwest of Cardiff. It is approximately 1.2km north northwest of Llantrisant 

and 1.9km west of Beddau. The centre of the Site is at approximate National Grid Reference (NGR) ST 

04131 84511, as shown in Figure 1.  

The Site is situated in a mixed land-use setting located within Llantrisant Business Park. The Site 

includes an industrial building (Unit C), within which the production process takes place, situated 

adjacent to Purolite’s offices (Unit D). The northern and western perimeter of the site is bounded by 

industrial units on the Business Park, with the eastern perimeter being adjacent to Llantrisant 

Common and Pastures Site of Special Scientific Interest (SSSI).  

Two further areas designated as ‘Rhos Tonyrefail’ SSSI are situated within 2km of the Site (the closest 

extent of which is approximately 0.88km to the northwest of the Site). Cardiff Beech Woods is 

 
1 Non-Technical Summary (SPC0055/Variation/NTS/V1/May 2022) 

2 Environmental Risk Assessment (SPC0055/Variation/ERA/V2/May 22) 

3 Best Available Techniques Assessment (SPC0055/Variation/BAT Assessment/V2/May 22) 
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nationally designated as a Special Area of Conservation (SACs) and is situated approximately 7km to 

the southeast. There are no designated Special Protection Areas (SPAs) within 10km.4   

Within 2km of the site there is a Wildlife Trust Reserve located approximately 1km to the northeast, 

in addition to several sites of Ancient Woodland (AW) that include: Ancient Semi Natural Woodland 

(ASNW); Restored Ancient Woodland Site (RAWS); Plantation on Ancient Woodland Site (PAWS); 

Ancient Woodland Site of Unknown Category (AWSUC); and NRW Priority Area (Woodland – PAWS).5,6 

The Site is not situated within or near to an Air Quality Management Area (AQMA).7 The nearest 

AQMAs, all declared due to exceedances of the objective for nitrogen dioxide (NO2) (annual mean), 

include: 

• Mwyndy AQMA (approximately 3.2km, south-southeast). 

• Llanharan AQMA (approximately 4.1km, southwest). 

• Church Village AQMA (approximately 4.7km, northeast). 

• Tonyrefail AQMA (approximately 4.8km, northwest), and 

• Broadway AQMA (approximately 6.0km, northeast). 

The nearest residential receptors include a farmhouse situated 0.4km to the southwest, a hospital 

(Royal Glamorgan Hospital) 0.5km to the southwest. The nearest commercial premises on the 

Llantrisant Business Park are situated 0.73km to the west of the centre of the Site. 

At an elevation of approximately 70m Above Ordnance Datum (AOD) the Site occupies a lower 

position within marked valley topography where land rises to 100m AOD 0.2km to the southeast, and 

to 164m AOD 0.9km south southeast, and 251m AOD 1.6km to the southwest.  

1.3 Scope of report 

This AQA assesses the impact on human and ecological receptors of emissions to air from 

manufacturing and combustion processes undertaken at the Site.  

The ADMS 5 dispersion model has been used to calculate concentrations of the pollutants, from which 

dry deposition to sensitive conservation sites has been calculated. 

While Emission limit values (ELVs) and the air quality standards (AQS) for ecological receptors are 

specified for NOx, standards for human health are for nitrogen dioxide (NO2) which is emitted as a by-

product of combustion and is formed (and consumed) in chemical reactions including NOx and other 

species. 

 
4 https://magic.defra.gov.uk/MagicMap.aspx (accessed March 2022) 

5 Ecological data provided by South East Wales Biodiversity Records Centre Limited (SEWBReC) 

6 Rhondda Cynon Taf Council Local development Plan Constraints Map, February 2009 
https://www.rctcbc.gov.uk/EN/Resident/PlanningandBuildingControl/LocalDevelopmentPlans/LDPEvidenceBaseLibraryand
AnnualMonitoringRe/RelateddocumentsEvidenceBase/EB7d.pdf 

7 AQMAs interactive map (defra.gov.uk) Data based on 2022 AQMA Dataset (This is based on information reported by local 
authorities for 2022. This data set is correct as of March 2022.) 
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Predicted concentrations have been compared with relevant AQS (limits, targets, objectives, and 

environmental assessment levels) to assess their significance, considering background concentration 

data where relevant.  

The pollutants considered in this AQA are: 

• Oxides of nitrogen (NOx); 

• Nitrogen dioxide (NO2); 

• Bromine (Br); and 

• Odour. 

Predicted depositions have been compared with critical loads for nutrient nitrogen deposition and 

acid deposition at sensitive conservation sites.  

This report describes: processes on Site (section 2); relevant legislation and guidance for industrial 

emissions; ambient air quality and modelling of emissions to air (Section 3); the assessment 

methodology used to model concentrations of pollutants and odour (Section 4); assessment criteria 

(Section 5); background concentrations and deposition fluxes (Section 6); and results of the dispersion 

modelling (Sections 7, 8 and 9) before Section 10 concludes.   
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A quantitative assessment of potential odour impact from the existing plant was undertaken for the 

original permit application.8  The assessment, which combined estimated peak pollutant emissions 

data provided by Purolite Ltd and published data on odour thresholds, concluded that odour 

concentrations were not predicted to exceed the adopted threshold (3 OUE/m3) for odour nuisance at 

the modelled receptor locations.  

Monitoring of point source emissions to air has subsequently been carried out to comply with 

Improvement Condition 1 of the permit with respect to monitoring of  

 at the main stack (A1) to test 

assumptions made within the original permit application.  

Monitoring has also been undertaken on the additional Point Source A6. Monitoring data for both A1 

and A6 has been used to inform an updated odour assessment presented herein to ensure that the 

conclusions of the previous AQA with regard to odour, submitted for the original permit application, 

remain valid. 

2.3   Odour sources 

For the existing process, the majority of the reactor vessels are connected to the main stack (A1) via 

condensers which use a heat exchanger to cool the air coming off the vessels and allow VOCs to re-

enter solution. The exceptions to this are: 

• The reactor vessels from which only hydrogen is released; and 

• The  abatement plant which has its own dedicated stack. 

In addition, four of the bulk chemical and waste storage tanks containing the most potentially odorous 

compounds have their tank breather valves (TBVs) connected to the main stack namely: 

•  storage tank; 

•  which is stored with nitrogen (for quality); 

• Waste Stream D waste; and 

• Waste Stream F  waste. 

TBVs not connected to the main stack are for tanks containing chemicals with a lower odour potential. 

The loss of vapour from all tanks is controlled through tank design; such as use of tall tanks with low 

surface area and appropriate pressure rating to reduce vapour loss. TBVs will not open under normal 

operating conditions. Losses are minimal with venting only occurring when the weather is warm 

enough for liquid to evaporate and build up headspace pressure high enough to overcome the 

breather valve. The losses of VOCs from TBVs not connected to the Main Stack are not considered to 

be significant and have therefore not been assessed further. 

There is no odour potential from the hydrogen and nitrogen vents as these are odourless gases. 

When liquid raw material tanks are being filled and waste tanks are being emptied for off-site disposal, 

there is a closed loop system for road tanker filling and emptying to ensure vapour return (except for 

 
8  Ricardo (2016) Air Quality and Odour Assessment. Ref: ED62380131- Issue Number 1. 
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must consider establishing an AQMA. Part IV requires the Secretary of State to prepare a National Air 

Quality Strategy. 

Ambient Air Quality Directive and 4th Daughter Directive 

The Ambient Air Quality Directive and 4th Daughter Directive contain Limit Values and Target Values 

with which the UK must comply.  The Ambient Air Quality Directive also addresses the following:  

common methods and criteria; information on ambient air quality to help combat air pollution and 

nuisance, to monitor long-term trends; and making information and pollution alerts available to the 

public. 

Industrial Emissions Directive  

The Industrial Emissions Directive (IED) is the main EU instrument by which pollutant emissions from 

industrial installations are regulated. It consolidated seven earlier directives including, in particular, 

the Integrated Pollution Prevention and Control Directive and the Waste Incineration Directive. It 

defines ELVs for some process-fuel combinations but there are no ELVs relevant to the Biogas 

upgrading stack. 

Medium Combustion Plant Directive  

The MCPD regulates emissions of SO2, NOx and dust to air and requires monitoring of CO emissions in 

order to reduce emissions and risks to human and ecological receptors. MCPD ELVs apply from 2025 

or 2030 for existing plants, depending on their size.  

The existing and proposed steam generators are of the same specification and both have a net rated 

thermal input of 510kWth and are therefore not Medium Combustion Plants (MCPs). 

Air Quality Standards Regulations  

The Air Quality (Standards) Regulations 2010 is the instrument by which the Ambient Air Quality 

Direction and the 4th Daughter Directive were transposed into English law. 

Environmental Permitting Regulations  

The Environmental Permitting (England and Wales) (Amendment) Regulations 2018 is the latest 

consolidated version of instrument by which the IED was transposed into national legislation. 
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3.3. Guidance 

Air emissions risk assessment for your environmental permit  

The webpage provides Department for Environment, Food & Rural Affairs (Defra) and Environment 

Agency (EA) guidance on how to carry an air emissions risk assessment. It replaced the Environment 

Agency, H1 Annex F – Air Emissions.24 It includes guidance on the ecological receptors to be assessed, 

tests on significance on results, relevant air quality Limit Values (from the Ambient Air Directory), 

objectives from the National Air Quality Strategy and it lists short-term (hourly) and long-term (annual 

mean) EALs for human health. 

Organic Chemicals Sector BAT 

This document is a reference document on indicative Best Available Techniques (BAT) for the organic 

chemicals sector. The standards within the Organic Chemicals Sector BAT document are derived 

primarily from the current IPPC BREF document (Integrated Pollution Prevention and Control 

Reference Document on the Best Available Techniques for the manufacture of Organic Fine Chemicals, 

European Commission, August 2006). This includes BAT for managing activities and environmental 

performance, the associated emission levels (and other environmental performance levels) and the 

associated monitoring for this sector. 

Technical Guidance Note H4 – Odour Management  

The guidance from EA is intended for permit holders and applicants, to advise them on how to comply 

with odour conditions set by the permit. It covers, assessing odour pollution, measures to reduce 

pollution, control measures and monitoring. It contains advice on odour thresholds or benchmarks for 

assessment. 

Specified generators: dispersion modelling assessment 

The webpage provides Defra and EA guidance on how to do detailed air quality modelling for specified 
generators. This includes the use environmental standards for air, the use of NOx to NO2 conversion 
ratios, and guidance on impact assessment. 

Technical guidance on detailed modelling approach for an appropriate assessment 
for emissions to air  

This document (AQTAG06) provides guidance on how to carry out a quantitative assessment (Stage 3 

appropriate assessment) including guidance on calculating deposition for emissions to air in order to 

fulfil the requirements of the Habitats Regulations. 

  

 
24 Environment Agency, H1 Annex F – Air Emissions – now withdrawn. Version 2.2, December 2011 
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Local Air Quality Management, Technical Guidance 

This technical guidance (LAQM.TG16) is published to support local authorities in carrying out their 

duties under the Environment Act 1995, which established the LAQM process. It provides guidance on 

monitoring and assessing air quality, action planning and reporting. While aimed at local authorities 

the advice is used more widely by those working in the field, and not just for LAQM. 
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4. Assessment Methodology 

4.1 Introduction 

The methodology comprised three parts which are described in more detail in Sections 4 to 6: 

1. Assessment of baseline conditions at the Site and the surrounding area:  

• AQMAs and designated conservation areas; background concentration and 

deposition (section 6). 

2. A preliminary H1 assessment was undertaken to screen out substances from further 

detailed assessment (section 4.2 and Appendix F); 

3. Modelling of impacts:  

• assessment of the likely changes in concentration and deposition due to emissions 

from the sources listed in and operation of the plant under normal operating 

conditions. The assessment was undertaken using the ADMS 5 dispersion model 

(section 4.3). 

• The modelling assessment included an assessment of the sensitivity of model 

results and hence, the impacts, to changes in model input (section 4.3 and 

Appendix H). 

• Modelling of odour impacts due to odour emissions from the sources listed in 

Table 3. 

4. Assessment of significance which is described in sections 5.2, 5.3 and 5.4. 

If the impacts are significant then further investigation would be required. 

4.2  H1 Screening assessment 

The potential environmental impact of the proposed emissions to air from emission points A4 and A5 

(steam generators), and A6 (bromination process abatement stack) has been evaluated using the EA’s 

H1 risk assessment software tool (Version 2.78, January 2017). 25 

The H1 tool has been used to assess predicted emissions against EALs and to determine the 

requirement for detailed dispersion modelling or whether the environmental impact could be 

screened out as not significant. The published long and short-term EALs for NO2, NOx (as NO2) daily 

mean for ecological sites, short-term CO and short-term bromine EALs are pre-populated into the H1 

risk assessment tool.26   

The input data for H1 are those given in Table 6 and are further detailed in Appendix G. As detailed 

in Appendix F, the outcome of the H1 assessment was that the releases to air were not screened out 

as insignificant in respect of: 

• NO2 for short-term impacts on human receptors; and 

• NOx for long and short-term impacts on ecological receptors. 

 
25 Environment Agency, H1 Software Tool User Guide, Version 2.78, January 2017 

26 GOV.UK Guidance Air emissions risk assessment for your environmental permit (Air emissions risk assessment for your 
environmental permit - GOV.UK (www.gov.uk) (accessed May 2022) 
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4.3 Modelling of air quality impacts 

Model 

The dispersion model used to predict ambient concentrations due to the stack emissions was ADMS 5 

(version 5.2.2.0). The model is termed a ‘new generation’ model and is commonly used in the UK for 

industrial permit applications to the EA and NRW. 

It requires as input: data on the source of emissions and the mass emission rates of each pollutant 

(Table 4, Table 5), meteorological data and associated parameters, buildings data, terrain data, and 

receptor locations. Full details of the meteorological, buildings and receptor data are described in 

Appendix G.  

The outputs calculated by the model are the air concentrations of pollutants from the sources 

modelled for the relevant averaging times and statistics. The contribution from the modelled sources 

on the Site, to air concentration and to deposition rates, are referred to the Process Contribution (PC), 

which is then compared with the relevant AQS.  When background concentrations or deposition rates 

are added to the PC, the totals are referred to as Predicted Environmental Concentration (PEC) and 

Predicted Environmental Deposition Rate (PEDR) respectively, which are also compared with the 

relevant AQS. 

From air concentrations of NO2 the deposition rate of nitrogen can be calculated and the acid 

deposition due to nitrogen; from the air concentration of SO2 the contribution of sulphur to acid 

deposition. 

Model options and scenarios 

One main emission scenario has been modelled, namely the continuous operation all year of all 

sources. In practice the main manufacturing process would operate for approximately 8,080 hours per 

year and the bromination process for 480 hours per year but they have been modelled assuming 

operation for 8,760 hours.  To calculate representative annual means the long-term PC has been 

factored to reflect the operating hours for each stack-pollutant combination. However, for short-term 

PCs all emissions were assumed to be at the maximum and to operate for 8,760 hours per year (*,784 

in a leap year). This is a pessimistic approach as it means the sources which do not operate 

continuously have been modelled coinciding with worst case meteorological data. 

The model was run for each of the five years of meteorological data (2016-2020) for the following 

combinations of model option scenarios: 

• Flat terrain: no buildings;  

• Flat terrain: with buildings; and 

• Terrain (hills): with buildings. 

Results at the receptors were calculated as the maximum value at each receptor from these model 

runs and are therefore worst-case values across all five years and the three model options scenarios.  
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Model options and sensitivity 

The impact of buildings, terrain, meteorological data year and choice of surface roughness value (z0d 

(m)) at the dispersion site (the Site) were assessed and the results are given in Appendix H.  

The sensitivity tests showed that modelling buildings and terrain led to higher model predictions for 

human receptor locations than flat terrain without buildings. The variation due to the addition of 

buildings had the most pronounced effect particularly at nearby ecological receptor locations. Flat 

terrain with the inclusion of buildings resulted in the maximum predicted long and short-term 

concentrations at ecological receptor locations. The result of tests varying z0d led to a value of either 

0.3m or 0.5m being used in the final model runs (the 15 model runs referred to in the previous 

section).  

Sources and emissions 

The source geometry, parameters, design emission limits and calculated emissions are given in Table 

5 for point sources: A1 (Main Stack); A4 (Steam Generator Stack A), A5 (back-up Steam Generator 

Stack B); and A6 (  Scrubber stack). The source locations are shown in Figure 2. 

Testing of the Main Stack (A1) has been carried out by Element Materials Technology Environmental 

Ltd, formerly Exova Environmental (UK) Ltd. Four monitoring events have been carried out fulfilment 

of Improvement Condition (IC) 1 required under the existing Permit. Appendix C includes the results 

of each monitoring event. 

The monitoring data has been used to derive odour concentrations for measured pollutants, namely 

 and to verify the stack emission parameters. Odour concentrations were 

calculated by dividing pollutants by their applicable published odour threshold values and summing 

the total to provide a total odour concentration (odour unit per cubic meter or OU/m3), from which 

an odour emission rate from the stack is calculated.  

Where monitoring has not been required for certain pollutants under IC1, including  

 estimated peak emissions data has been relied upon, as provided by Purolite 

Ltd and Briggs of Burton. Appendix C - Main Stack (A1) includes the data provided; a summary of the 

data used as input is in Table 4. 

Stack emissions testing has in addition been undertaken on the  abatement plant stack and 

the results are included as Appendix E. Two sample runs were undertaken during the  

batch process, for a duration of 90 minutes on each occasion, as evidenced in a copies of the Batch 

Protocol (01/04/22) and Handover Log (01/04/22) provided in Appendix E -  Abatement 

Plant Stack (A6). concentrations were recorded at the limit of detection for the method used 

on both occasions. As a robust assessment, this concentration has been used as input to H1 and for 

derivation of an odour concentration for release from the abatement plant. 

The existing generator does not have an emission limit value ELV for releases to air set in the existing 

permit. Stack emissions test data for a comparable Certuss generator, have been provided by Purolite 

Ltd. Slightly higher NOx emissions (60ppm) were observed at 50% operating load when compared with 

full (100%) load (57ppm). As a conservative approach, emissions concentrations have been based on 

both generators operating continuously at 50% load. Assuming the continuous operation of these 
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The second stage of screening considers the background concentration as well as the PC. The 

Predicted Environmental Concentration (PEC) is the sum of the PC and background concentration. A 

further assessment is not needed if: 

• the short-term PC is less than 20% of the short-term environmental standards minus twice 

the long-term background concentration, and 

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

If the PC cannot be screened out on that basis, following detailed modelling, two tests are applied: 

• the proposed emissions must comply with BAT associated emission levels (AELs) or the 

equivalent requirements where there is no BAT AEL 

• the resulting PECs will not exceed environmental standards 

If those tests are not satisfied it is necessary to consider whether: the PCs could cause the PEC to 

exceed an AQS; the PEC already exceeds an AQS; or the activity on site is not covered by a BAT 

reference document. Ultimately a cost-benefit analysis may be required. 

5.3  AQS for sensitive conservation sites 

Table 8 sets out the AQS for the pollutants relevant to this assessment for designated ecological site 

receptors. The AQS for which there are numerical values in Table 8 are critical levels (CLes) as they are 

values for concentrations of pollutants in air.  

The critical loads (CLos) for deposition of nutrient nitrogen and acid deposition vary spatially and with 

habitat. Values of the maximum and minimum critical loads (CLomax, CLomin) for the most sensitive 

species/habitat are given in Table 9 . 
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Significance of results  

For nationally designated sites the significance tests are the same as for human receptors (as given in 

section 5.2). For locally designated sites (AW, LWS), effects can be screened out as insignificant if the 

short-term and long-term PCs are less than 100% of the relevant AQS. 

5.4 Odour benchmarks 

Most odours arise from mixtures of pollutants and the odour threshold is judged subjectively. 

EA H4 Odour Management guidance20 sets out benchmark odour criteria based on the 98th percentile 

of hourly mean concentrations of odour modelled over a year at a site boundary, that is, the 

benchmarks are odour concentrations that may be exceeded during 2% of hours. 

The benchmarks, to which predicted odour impacts have been compared are:  

• 1.5 OUE/m3 for “most offensive” odours e.g. processes involving septic effluent or sludge, 

processes involving decaying animal or fish remains, biological landfill odours. 

• 3.0 OUE/m3 for “moderately offensive” odours e.g. intensive livestock rearing, well-

aerated green composting, sugar beet processing. Odours from poultry rearing and 

Wastewater Treatment Works operating normally i.e. non-septic conditions, are usually 

placed in the “moderately offensive” category.  

• 6.0 OUE/m3 for “less offensive” odours e.g. brewery, bakery, coffee roasting. 

Odours from the normal operation of the manufacturing plant are considered to fall within the 

“moderately offensive” category.   

Odour concentrations have been calculated by dividing individual pollutants by their applicable 

published odour threshold values and summing the total to provide the total concentration in odour 

unit per cubic meter (OU/m3). The predicted odour concentrations at receptor locations are then 

compared against an odour benchmark of 3 OUE/m3 as a 98th percentile. 
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6. Background concentrations and deposition fluxes 

6.1 Air quality monitoring  

The Site is situated within Rhondda Cynon Taf Council (RCTC). In response to breaches of the Air 

Quality Objectives for nitrogen dioxide, there are currently 16 AQMAs within Rhondda Cynon Taf.  The 

nearest AQMA, Mwyndy AQMA, situated 3.2km to the southeast of the site, was declared on 

01/11/2007, due to raised levels of NO2 (above 40ug/m3) and includes an area surrounding Lakeside 

Court, Penstowe. 33 

RCTC undertakes automatic monitoring of NO2 at three roadside sites and, until 2020, PM10 at an 

additional site (4No. total) across its district.  

The monitors are not located within the nearest AQMAs to the Site. RCTC also monitored NO2 at 50 

sites during 2020 using passive monitors, diffusion tubes, including a roadside location within the 

Mwyndy AQMA.34  

There are 11 passive monitoring locations within 6km of the Site; nine of which are representative of 

roadside exposure. Table 10 shows the 11 site locations and annual mean concentrations for the years 

2016 to 2020. 

The nearest urban background monitoring locations (diffusion tube location No.103 located in Ty 

Mawr Farm, Efail Isaf) is located approximately 4.7km from the Site. Between 2016 – 2020, the 

maximum recorded annual mean NO2 concentration was 8.9g/m3 (an average of 7.7 g/m3).  

The nearest suburban background monitoring locations (diffusion tube location No.4 located in 

Lanelay Terrace, Maesycoed) is located approximately 5.9km from the Site. Between 2016 – 2020, the 

maximum recorded annual mean NO2 concentration was 19.0g/m3 (an average of 15.5g/m3).  

  

 
33 AQMAs Declared by Rhondda-Cynon-Taff Council (Local Authority Details - Defra, UK) 

34  Rhondda Cynon Taf County Borough Council, 2021 Air Quality Annual Progress Report (ASR), June 2021 
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6.4 Odour  

The manufacturing plant has been operational since 2018. The  process has been under 

trial since 2020. There have been no odour complaints received since operations began. 

 is an odorous compound the release of which and is controlled through the  

abatement plant, the function of which is described in Section 2 and further detailed in the updated 

supporting Emissions Management Plan.9  If odour is found to be an amenity issue, then an Odour 

Management Plan will be developed in consultation with NRW.  

Where there is no history of odour problems then modelling may not be required by NRW although it 

is noted that there can still be an underlying level of annoyance without complaints being made. 

Monitoring data for both A1 and A6 has been used to inform an updated quantitative odour 

assessment to ensure that the conclusions of the previous AQA remain valid. 

 

  





© Earthcare Technical Ltd. Doc Ref: ETL663/AQA/V1.0/Purolite/May 2022    Page 40 of 86 

8. Impact assessment of air quality on ecological receptors 

Predicted impacts of each pollutant at each ecological receptor are given in Appendix J. In this section 

the highest results are presented, that is, the impacts at the worst-case receptor across all 

meteorological years, the worst of with and without buildings and the worst of surface roughness 

length (z0d (m)). 

Considering the nationally designated sites, Table 14 shows the maximum concentrations, with and 

without background concentrations, compared to the AQS.  

Llantrisant Common and Pastures SSSI 

The maximum predicted LT NOx PC exceeds the threshold screening value (of 1% of the AQS) at 

receptor E4 (42% of the AQS), a location selected as representative of the SSSI located directly 

adjacent to the Site. The predicted PEC at E4 is 94% of the AQS; for screening purposes this would 

indicate the requirement for detailed modelling. In this instance detailed modelling predicts that the 

PEC is below 100% of the AQS (NOx CLe of 30 g/m3). Further detailed assessment has been 

undertaken over a 1km x 1km area that includes the SSSI, the results of which are presented as a 

contour plot in Figure 9. As shown, the long-term NOx PEC is not predicted to exceed the AQS at the 

SSSI designation. 

In terms of screening threshold criteria, the maximum PCs of the AQS for the short-term (daily) NOx 

are above the 10% screening threshold at receptor E5 (76%), when compared with the lower short-

term (screening) limit (75 g/m3). The short-term PC is also more than 20% of the short-term 

environmental standards minus twice the long-term background concentration (or ‘headroom’) of the 

lower short-term CLe at this location (130%).   

For detailed assessments where the ozone is below the AOT40 (daily) critical level (80 µg/m3) and SO2 

is below the lower critical level of 10 g/m3 an upper short-term NOx CLe of 200 g/m3 applies. The 

nearest ozone monitoring station is ‘Cardiff Centre’, 16.4km from the Site, and representative of urban 

exposure.37 The peak annual average maximum daily 8-hour mean O3 concentration between 2016 - 

2020 is 65 µg/m3 (the average concentration for this period is 61 µg/m3). 38  It would be expected that 

the AOT40 (24-hour) critical level (of 80 µg/m3) will be met where the measured peak annual average 

maximum daily 8-hour mean O3 concentration is less than (80 µg/m3). There is no contribution of SO2 

from the process and, as shown in Table 12, the average SO2 background value for the majority of the 

SSSI including the areas closest to the site is 1.82 g/m3 and therefore significantly less than 10ug/m3.  

When compared with screening criteria and with the upper short-term CLe (200 g/m3), the maximum 

PC of the AQS for the short-term (daily) NOx are above the 10% screening threshold at receptor E5 

(28%); the PC is also >20% of the available headroom (34%).  

 
37 UK AIR Air Information Resource Site Information for Cardiff Centre (UKA00217) https://uk-
air.defra.gov.uk/networks/site-info?uka id=UKA00217 (accessed May 2022) 

38 Air Quality Statistics in the UK National Statistics Ozone (O3) Tables (ENV02 - Air quality statistics - GOV.UK 
(www.gov.uk)) (accessed May 2022) 
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The results of detailed modelling which are presented as a contour plot in Figure 10 show that the 

long-term NOx PEC is not predicted to exceed the AQS at the SSSI designation. The maximum short-

term NOx PC is 28% of the upper NOx CLe (200 g/m3). The predicted long and short-term PCs are 

therefore below the relevant AQS. 

The special features of the SSSI include marshy grassland, acid flush, acid grassland, species rich 

neutral grassland.39 The modelled results have been assessed against the relevant CLe and CLos for 

acid grassland cited as the most sensitive habitat type to nitrogen or acidity.32 

The maximum predicted PC for NDep is given in Table 16 and is 16% of CLomin, and 8.4% of CLomax, 

at E4. As background levels are high and exceed the CLos, the PEDR is 222% of CLomin and 119% of 

CLomax. 

The maximum predicted acid deposition is predicted at receptor E4 where the PC is 15.4% of the 

minimum set of Clos and 3.1% of the maximum set of CLos. Background levels are high and therefore 

the PEDR is 271% of the minimum set of Clos and 55% of CLomax. 

Cardiff Beech Woods SAC 

The maximum predicted long-term NOx PC does not exceed the threshold screening value (of 1% of 

the AQS) at receptor E25, a location selected as representative of the Cardiff Beech Woods SAC. The 

maximum PC of the AQS for the short-term (daily) NOx are below the 10% screening threshold at 

receptor E25, when compared with both the lower short-term CLe (75 g/m3) and upper short-term 

NOx CLe (200 g/m3).  When assessed against screening criteria, the potential long and short-term 

NOx impact is considered not significant at these locations. 

The maximum predicted PC for NDep is given in Table 16 and is less than 1% of CLomax and CLomin. 

It is therefore considered that the impact of nutrient nitrogen deposition at the SAC is unlikely to be 

of significance.  

The maximum predicted acid deposition (Table 17) does not exceed 1% of CLomax and CLomin and 

therefore the impact of acid deposition at the SAC may be regarded as not significant in accordance 

with EA screening criteria, and no further detailed assessment has been undertaken. 

Local Sites 

Considering the locally designated sites within 2km of the Site, AWs and LWSs, Table 15 shows that 

the predicted PCs of the long-term AQS do not exceed the screening threshold (100%) for NOx (CLe of 

30g/m3); they do not exceed 1% of the AQS. The maximum PCs of the short-term AQS for NOx is 

below the 100% screening threshold; they do not exceed 1% of the AQS. Therefore, the potential long 

and short-term impact is considered not significant at these locations. 

The maximum predicted PC for NDep is given in Table 16  and is less than 100% of CLomax and CLomin 

at all receptors (it is less than 1%) and therefore the impact of nutrient nitrogen deposition at the 

 
39Initiative for Nature Conservation Cymru (INCC) 
Marsh Fritillary Habitat Condition Survey for Llantrisant Common & Pastures SSSI (2011 – 2020)  
https://natureconservation.wales/wp-content/uploads/2020/12/Llantrisant-Common-SSSI-Habitat-Comparison-2011-
2020.pdf)  
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locally designated sites may be regarded as unlikely to be of significance. The maximum predicted acid 

deposition does not exceed 100% (it does not exceed 1%) of the set of CLos and therefore the impact 

of acid deposition at the locally designated sites may be regarded as not significant (Table 17). 

With particular reference to the quantifying ecological impacts, it should be noted that a number of 

conservative assumptions have been made throughout the AQA: 

• Results at the receptors were calculated as the maximum value at each receptor from 30 

model runs and are therefore worst-case values across all five years, all model option 

scenarios that includes the impact of meteorological data year, buildings, terrain, and 

choice of surface roughness value (z0d (m)). 

• For the modelling of ecological impacts terrain data was not modelled as its inclusion led 

to lower results than model runs without terrain. 

• Impacts have been compared with the minimum CLes and CLos for the most sensitive 

habitat at each sensitive conservation site. 

• Concentration and deposition due to combustion process at the plant (from 2018) are 

included in the background values from APIS (2017 – 2019) and therefore there is an 

element of double-counting. 

• Modelling has not taken account of plume depletion, a function of land-use and pollutant 

concentration, between the sources and receptors. With plume depletion the predicted 

concentration and, therefore, the predicted values of nitrogen deposition and acid 

deposition will be lower.  

The adopted approach is therefore likely to have overestimated predicted concentrations and hence 

deposition at receptors. 

Ongoing stack emission testing will be carried out as required subject to the assessment of the AQA 

by NRW during the permit variation application determination process.  
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10.  Conclusion 

This AQA has been prepared to support an application to vary the current bespoke installation permit 

Ref: EPR/AB3894ZF. The permit variation which this AQA Assessment supports is to add emission 

points A6, the bromine abatement plant stack and A5, the back-up Steam Generator (Stack B). 

The Site is situated in mixed land-use setting located within Llantrisant Business Park. The northern 

and western perimeter of the site is bounded by industrial units on the Business Park, with the eastern 

perimeter being adjacent to Llantrisant Common and Pastures SSSI. The nearest commercial premises 

on the Llantrisant Business Park are situated 0.73km to the west. The nearest residential receptors 

include a farmhouse situated 0.4km to the southwest, and the Royal Glamorgan Hospital located 

0.5km to the southwest.  

The Site is not situated within or near to an Air Quality Management Area (AQMA). The nearest AQMA 

is Mwyndy AQMA, approximately 3.2km, to the south-southeast. 

The primary control on bromine emissions is the use of sodium formate liquid to neutralise any 

residual bromine in the reaction vessel and a scrubber, prior to emission of air through the bromine 

abatement plant stack. 

Baseline conditions of sensitive receptors, current background concentrations and deposition rates 

have been established. Inputs are based on estimated data provided by Purolite Ltd and Briggs of 

Burton in addition to stack emissions test data. 

An H1 screening assessment identified the requirement for further detailed assessment of short-term 

impacts of NO2 on human receptors and long and short-term impacts of NOx on ecological receptors. 

A quantitative assessment of odour has also been undertaken to verify the assumptions of the 

previous assessment together with the addition of the bromination process, that is the subject of the 

permit variation.  

Detailed modelling has been carried out using the ADMS 5 dispersion model and numerical modelled 

meteorological data for the Site location.  

Human receptors 

A preliminary H1 screening assessment determined that the long-term impacts at all receptors can be 

screened out as not significant and there is no need for further assessment. The predicted short-term 

impacts of bromine were also screened out as insignificant. H1 screening determined that the short-

term impacts of NO2 required further detailed assessment.  

Based on further detailed assessment of the predicted modelled concentrations of NO2 at human 

receptor locations, short-term impacts were assessed as not significant and there is no need for 

further assessment.  

Ecological receptors 

Llantrisant Common and Pastures SSSI 

Considering the nationally designated Llantrisant Common and Pastures SSSI site, the maximum PEC 

is 94% of the long-term NOx AQS at receptor E4. Further detailed assessment has been undertaken 
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over a 1km x 1km area that includes the SSSI. The long-term NOx PEC is not predicted to exceed the 

AQS at the SSSI designation. 

The predicted short-term (daily maximum) concentrations of NOx were determined to be within the 

lower (screening) limit of 75ug/m3 and within the upper limit of 200ug/m3 (that is used in conjunction 

with the ozone critical level, for detailed daily NOx assessment). The predicted short-term PCs are 

therefore below the relevant AQS. 

The modelled results have been assessed against the relevant CLe and CLos for acid grassland cited as 

the most sensitive habitat type to nitrogen or acidity. The maximum predicted PC for NDep is 16% of 

CLomin, and 8.4% of CLomax, at E4. As background levels are high and exceed the CLos, the PEDR is 

222% of CLomin and 119% of CLomax. 

The maximum predicted acid deposition is predicted at receptor E4 where the PC is 15.4% of the 

minimum set of Clos and 3.1% of the maximum set of CLos. Background levels are high and therefore 

the PEDR is 271% of the minimum set of Clos and 55% of CLomax.  

As detailed within Tables 35 to 37, the highest levels of nutrient nitrogen and acid deposition were 

predicted at areas of the SSSI adjacent to and/or within close proximity of the Site. Further, a number 

of conservative assumptions have been made throughout the AQA. The adopted approach is therefore 

likely to have overestimated predicted concentrations and hence deposition at ecological receptors. 

On this basis, it is considered that the operation is unlikely to unduly impact the SSSI. 

Cardiff Beech Woods SAC 

For nationally designated Cardiff Beech Woods SAC, the maximum predicted long-term NOx PC does 

not exceed 1% of the AQS. The maximum PCs of the AQS for the short-term (daily) NOx are below the 

10% screening threshold, when compared with both the lower and upper short-term NOx CLes.  The 

potential long and short-term NOx impact is considered not significant at these locations. 

The maximum predicted PC for NDep is less than 1% of CLomax and CLomin. The maximum predicted 

acid deposition does not exceed 1% of CLomax and CLomin. It is therefore considered that the impact 

of nutrient nitrogen and acid deposition at the SAC is unlikely to be of significance. 

Ancient Woodland / Local Wildlife Sites 

Considering the locally designated sites within 2km of the Site, the predicted NOx PCs of the long-term 

AQS do not exceed the screening threshold (100%) The maximum predicted PCs do not exceed 100% 

of the long or short-term AQS. Therefore, the potential for long and short-term impact is considered 

not significant at these locations. 

The maximum predicted PCs for nutrient nitrogen and acid deposition similarly do not exceed 100% 

of the CLomin and CLomax at all receptor locations.  Therefore, the impact of nutrient nitrogen and 

acid deposition at the locally designated sites may be regarded as unlikely to be of significance.  

Odour 

Due to the batch nature of the process, odour emissions will occur in peaks over time and not 

continuously. For assessment purposes, emissions of odour have been modelled as continuous so as 
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predict impacts during meteorological periods that may be less conductive to effective odour 

dispersal. 

The maximum predicted odour impact is below even the lowest threshold of 1.5ouE/m3 for the “most 

offensive” odours and therefore the Site operation is not likely to result in an odour impact at human 

receptors. 

Based on the modelled results and the absence of odour complaints since the operation began, that 

includes the  process trial period, the impact of the proposed operation is not considered 

likely to impact local amenity in terms of odour. 

Ongoing stack emission testing will be carried out as required subject to the assessment of the AQA 

by NRW during the permit variation application determination process.  

The permit variation reflecting the addition of two new emissions points to air, namely the  

abatement plant stack (A6) and the back-up Steam Generator (A5) may trigger a requirement for 

periodic emissions to air monitoring. Any required monitoring will be conducted in accordance with 

EA guidance ‘Monitoring stack emissions: techniques and standards for periodic monitoring’ and 

Technical Guidance Note M1 ‘Sampling requirements for stack emission monitoring.’ 
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Figures  

Figure 1 Site location 

Figure 2 Modelled point sources 

Figure 3  Modelled volume source 

Figure 4 Windroses 2016-2020 

Figure 5 Modelled buildings 

Figure 6 Terrain elevation 

Figure 7 Human receptors 

Figure 8 Ecological receptors within 2km 

Figure 9 Concentration contour plot, % NOx PEC of long-term (annual) AQS (30 g/m3) 

Figure 10 Concentration contour plot, % NOx of short-term (daily) AQS (EAL 75 g/m3) 

Figure 11 Concentration contour plot, % NOx of short-term (daily) AQS (EAL 200 g/m3) 
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Figure 1 Site location  
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Figure 2 Modelled point sources  
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Figure 4 Modelled buildings 
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Figure 5 Terrain elevation 
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Figure 6 Human receptors 
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Figure 7 Ecological receptors within 2km 
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Figure 8 Ecological receptors within 10km 
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Figure 9 Concentrations contour plot, % NOx PEC of long-term (annual) AQS (30 µg/m3) 
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Figure 10 Concentration contour plot, % NOx of short-term (daily) AQS (EAL 75 g/m3) 
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Figure 11 Concentration contour plot, % NOx of short-term (daily) AQS (EAL 200 mg/m3) 
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Permit with introductory note 

The Environmental Permitting (England & Wales) Regulations 2016 

 

 

Purolite Limited 

 

Unit C 

Llantrisant Business Park 

Llantrisant 

CF72 8LF 

 

 

Permit number 

EPR/AB3894ZF 







Permit Number EPR/AB3894ZF Page 2 31/05/18 
 

Conditions 

1 Management 

1.1 General management 

1.1.1 The operator shall manage and operate the activities: 

(a) in accordance with a written management system that identifies and minimises risks of 

pollution, including those arising from operations, maintenance, accidents, incidents, 

non-conformances, closure and those drawn to the attention of the operator as a result 

of complaints; and 

(b) using sufficient competent persons and resources. 

1.1.2 Records demonstrating compliance with condition 1.1.1 shall be maintained.  

1.1.3 Any person having duties that are or may be affected by the matters set out in this permit shall 

have convenient access to a copy of it kept at or near the place where those duties are carried 

out. 

 

1.2 Energy efficiency 

1.2.1 The operator shall: 

(a) take appropriate measures to ensure that energy is recovered with a high level of 

energy efficiency and energy is used efficiently in the activities. 

 (b) review and record at least every four years whether there are suitable opportunities to 

improve the energy efficiency of the activities; and   

 (c) take any further appropriate measures identified by a review.  

  

1.3 Efficient use of raw materials 

1.3.1 The operator shall: 

(a) take appropriate measures to ensure that raw materials and water are used efficiently in 

the activities;  

(b) maintain records of raw materials and water used in the activities; 

(c) review and record at least every four years whether there are suitable alternative 

materials that could reduce environmental impact or opportunities to improve the 

efficiency of raw material and water use; and 

(d) take any further appropriate measures identified by a review. 

 

1.4 Avoidance, recovery and disposal of wastes produced by 
the activities 

1.4.1 The operator shall take appropriate measures to ensure that: 

(a) the waste hierarchy referred to in Article 4 of the Waste Framework Directive is applied 

to the generation of waste by the activities; and 
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(b) any waste generated by the activities is treated in accordance with the waste hierarchy 

referred to in Article 4 of the Waste Framework Directive; and 

(c) where disposal is necessary, this is undertaken in a manner which minimises its impact 

on the environment. 

1.4.2 The operator shall review and record at least every four years whether changes to those 

measures should be made and take any further appropriate measures identified by a review. 

 

2 Operations 

2.1 Permitted activities 

2.1.1 The operator is only authorised to carry out the activities specified in schedule 1 table S1.1 (the 

“activities”).  

 

2.2 The site  

2.2.1 The activities shall not extend beyond the site, being the land shown edged in green on the site 

plan at schedule 7 to this permit. 

 

2.3 Operating techniques 

2.3.1 (a)  The activities shall, subject to the conditions of this permit, be operated using the 

 techniques and in the manner described in the documentation specified in schedule 1, 

table S1.2, unless otherwise agreed in writing by the Natural Resources Wales. 

(b) If notified by Natural Resources Wales that the activities are giving rise to pollution, the 

operator shall submit to Natural Resources Wales for approval within the period 

specified, a revision of any plan specified in schedule 1, table S1.2 or otherwise required 

under this permit which identifies and minimises the risks of pollution relevant to that 

plan , and shall implement the approved revised plan in place of the original from the 

date of approval, unless otherwise agreed in writing by Natural Resources Wales. 

2.3.2 Any raw materials or fuels listed in schedule 2 table S2.1 shall conform to the specifications set 

out in that table. 

2.3.3 The operator shall ensure that where waste produced by the activities is sent to a relevant waste 

operation, that operation is provided with the following information, prior to the receipt of the 

waste: 

 (a) the nature of the process producing the waste; 

 (b) the composition of the waste; 

 (c) the handling requirements of the waste; 

 (d) the hazardous property associated with the waste, if applicable; and 

 (e) the waste code of the waste. 

2.3.4 The operator shall ensure that where waste produced by the activities is sent to a landfill site, it 

meets the waste acceptance criteria for that landfill. 
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2.4 Improvement programme 

2.4.1  The operator shall complete the improvements specified in Schedule 1 Table S1.3 by the date 

specified in that table unless otherwise agreed in writing by Natural Resources Wales. 

2.4.2 Except in the case of an improvement which consists only of a submission to Natural Resources 

Wales, the operator shall notify Natural Resources Wales within 14 days of completion of each 

improvement. 

3 Emissions and monitoring 

3.1 Emissions to water, air or land 

3.1.1 There shall be no point source emissions to water, air or land except from the sources and 

emission points listed in schedule 3 tables S3.1, S3.2 and S3.3. 

3.1.2 The limits given in schedule 3 shall not be exceeded. 

3.1.3 For the following activities referenced in schedule 1, table S1.1 (A1 to A2) where a substance is 

specified in schedule 3 tables S3.2 or S3.3 but no limit is set for it, the concentration of such 

substance in emissions to water from the relevant emission point shall be no greater than the 

background concentration. 

3.1.4 Periodic monitoring shall be carried out at least once every 5 years for groundwater and 10 years 

for soil, unless such monitoring is based on a systematic appraisal of the risk of contamination. 

 

3.2 Emissions of substances not controlled by emission 
limits 

3.2.1 Emissions of substances not controlled by emission limits (excluding odour) shall not cause 

pollution. The operator shall not be taken to have breached this condition if appropriate measures, 

including, but not limited to, those specified in any approved emissions management plan, have 

been taken to prevent or where that is not practicable, to minimise, those emissions. 

3.2.2 The operator shall: 

(a) if notified by Natural Resources Wales that the activities are giving rise to pollution, 

submit to Natural Resources Wales for approval within the period specified, an 

emissions management plan which identifies and minimises the risks of pollution from 

emissions of substances not controlled by emission limits; 

(b) implement the approved emissions management plan, from the date of approval, unless 

otherwise agreed in writing by Natural Resources Wales. 

3.2.3 All liquids in containers, whose emission to water or land could cause pollution, shall be provided 

with secondary containment, unless the operator has used other appropriate measures to 

prevent or where that is not practicable, to minimise, leakage and spillage from the primary 

container. 

 

3.3 Odour 

3.3.1 Emissions from the activities shall be free from odour at levels likely to cause pollution outside 

the site, as perceived by an authorised officer of Natural Resources Wales, unless the operator 

has used appropriate measures, including, but not limited to, those specified in any approved 

odour management plan, to prevent or where that is not practicable to minimise the odour.  
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3.3.2 The operator shall: 

(a) if notified by Natural Resources Wales that the activities are giving rise to pollution 

outside the site due to odour, submit to Natural Resources Wales for approval within the 

period specified, an odour management plan which identifies and minimises the risks of 

pollution from odour; 

(b) implement the approved odour management plan, from the date of approval, unless 

otherwise agreed in writing by Natural Resources Wales. 

 

3.4 Noise and vibration 

3.4.1 Emissions from the activities shall be free from noise and vibration at levels likely to cause 

pollution outside the site, as perceived by an authorised officer of Natural Resources Wales, 

unless the operator has used appropriate measures, including, but not limited to, those specified 

in any approved noise and vibration management plan to prevent or where that is not practicable 

to minimise the noise and vibration. 

3.4.2 The operator shall: 

(a) if notified Natural Resources Wales that the activities are giving rise to pollution outside 

the site due to noise and vibration, submit to Natural Resources Wales for approval 

within the period specified, a noise and vibration management plan which identifies and 

minimises the risks of pollution from noise and vibration; 

(b) implement the approved noise and vibration management plan, from the date of 

approval, unless otherwise agreed in writing by Natural Resources Wales. 

  

3.5 Monitoring  

3.5.1 The operator shall, unless otherwise agreed in writing by Natural Resources Wales, undertake 

the monitoring specified in the following tables in schedule 3 to this permit: 

(a) point source emissions specified in tables S3.1, S3.2 and S3.3; 

3.5.2 The operator shall maintain records of all monitoring required by this permit including records of 

the taking and analysis of samples, instrument measurements (periodic and continual), 

calibrations, examinations, tests and surveys and any assessment or evaluation made on the 

basis of such data. 

3.5.3 Monitoring equipment, techniques, personnel and organisations employed for the emissions 

monitoring programme and the environmental or other monitoring specified in condition 3.5.1 

shall have either MCERTS certification or MCERTS accreditation (as appropriate), where 

available, unless otherwise agreed in writing by Natural Resources Wales. 

3.5.4 Permanent means of access shall be provided to enable sampling/monitoring to be carried out in 

relation to the emission points specified in Schedule 3 Tables S3.1, S3.2, S3.3 unless otherwise 

agreed in writing by Natural Resources Wales. 

4 Information 

4.1 Records 

4.1.1 All records required to be made by this permit shall: 

(a) be legible; 
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(b) be made as soon as reasonably practicable; 

(c) if amended, be amended in such a way that the original and any subsequent 

amendments remain legible, or are capable of retrieval; and 

(d) be retained, unless otherwise agreed in writing by Natural Resources Wales, for at least 

6 years from the date when the records were made, or in the case of the following 

records until permit surrender: 

(i) off-site environmental effects; and 

(ii) matters which affect the condition of the land and groundwater.  

4.1.2 The operator shall keep on site all records, plans and the management system required to be 

maintained by this permit, unless otherwise agreed in writing by Natural Resources Wales.  

 

4.2 Reporting 

4.2.1 The operator shall send all reports and notifications required by the permit to Natural Resources 

Wales using the contact details supplied in writing by Natural Resources Wales. 

4.2.2 A report or reports on the performance of the activities over the previous year shall be submitted 

to Natural Resources Wales by 31 January (or other date agreed in writing by Natural Resources 

Wales) each year.  The report(s) shall include as a minimum: 

(a) a review of the results of the monitoring and assessment carried out in accordance with 

the permit including an interpretive review of that data;  

(b) the annual production /treatment data set out in schedule 4 table S4.2;  

(c) the performance parameters set out in schedule 4 table S4.3 using the forms specified 

in table S4.4 of that schedule. 

4.2.3 Within 28 days of the end of the reporting period the operator shall, unless otherwise agreed in 

writing by Natural Resources Wales, submit reports of the monitoring and assessment carried out 

in accordance with the conditions of this permit, as follows: 

(a) in respect of the parameters and emission points specified in schedule 4 table S4.1; 

(b) for the reporting periods specified in schedule 4 table S4.1 and using the forms 

specified in schedule 4 table S4.4; and 

(c) giving the information from such results and assessments as may be required by the 

forms specified in those tables. 

4.2.4 The operator shall, unless notice under this condition has been served within the preceding four 

years, submit to Natural Resources Wales, within six months of receipt of a written notice, a 

report assessing whether there are other appropriate measures that could be taken to prevent, or 

where that is not practicable, to minimise pollution. 

 

4.3 Notifications 

4.3.1 The Operator shall 

(a)  in the event that the operation of the activities gives rise to an incident or accident which 

significantly affects or may significantly affect the environment, the operator must 

immediately— 

(i)  inform Natural Resources Wales,  
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(ii) take the measures necessary to limit the environmental consequences of such an 

incident or accident, and 

(iii) take the measures necessary to prevent further possible incidents or accidents; 

(b)     in the event of a breach of any permit condition, the operator must immediately— 

(i)  inform Natural Resources Wales, and 

(ii) take the measures necessary to ensure that compliance is restored within the shortest 

possible time; 

(c)  in the event of a breach of permit condition which poses an immediate danger to human 

health or threatens to cause an immediate significant adverse effect on the environment, 

the operator must immediately suspend the operation of the activities or the relevant part 

of it until compliance with the permit conditions has been restored. 

4.3.2 Any information provided under condition 4.3.1(a)(i), or 4.3.1 (b)(i) where the information relates 

to the breach of a limit specified in the permit, shall be confirmed by sending the information 

listed in schedule 5 to this permit within the time period specified in that schedule. 

4.3.3 Where Natural Resources Wales has requested in writing that it shall be notified when the 

operator is to undertake monitoring and/or spot sampling, the operator shall inform Natural 

Resources Wales when the relevant monitoring and/or spot sampling is to take place. The 

operator shall provide this information to Natural Resources Wales at least 14 days before the 

date the monitoring is to be undertaken. 

4.3.4 Natural Resources Wales shall be notified within 14 days of the occurrence of the following 

matters, except where such disclosure is prohibited by Stock Exchange rules:  

Where the operator is a registered company: 

(a) any change in the operator’s trading name, registered name or registered office 

address; and 

(b) any steps taken with a view to the operator going into administration, entering into a 

company voluntary arrangement or being wound up. 

Where the operator is a corporate body other than a registered company: 

(a) any change in the operator’s name or address; and 

(b) any steps taken with a view to the dissolution of the operator. 

In any other case:  

(a) the death of any of the named operators (where the operator consists of more than one 

named individual); 

(b)        any change in the operator’s name(s) or address(es); and 

(c) any steps taken with a view to the operator, or any one of them, going into bankruptcy, 

entering into a composition or arrangement with creditors, or, in the case of them being 

in a partnership, dissolving the partnership. 

4.3.5 Where the operator proposes to make a change in the nature or functioning, or an extension of 

the activities, which may have consequences for the environment and the change is not 

otherwise the subject of an application for approval under the Regulations or this permit: 

(a) Natural Resources Wales shall be notified at least 14 days before making the change; 

and 

(b) the notification shall contain a description of the proposed change in operation. 
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4.3.6 Natural Resources Wales shall be given at least 14 days’ notice before implementation of any 

part of the site closure plan. 

 

4.4 Interpretation 

4.4.1 In this permit the expressions listed in schedule 6 shall have the meaning given in that schedule. 

4.4.2 In this permit references to reports and notifications mean written reports and notifications, 

except where reference is made to notification being made “immediately”, in which case it may 

be provided by telephone.
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Schedule 5 - Notification  

These pages outline the information that the operator must provide.  

Units of measurement used in information supplied under Part A and B requirements shall be appropriate to the 

circumstances of the emission. Where appropriate, a comparison should be made of actual emissions and 

authorised emission limits. 

If any information is considered commercially confidential, it should be separated from non-confidential 

information, supplied on a separate sheet and accompanied by an application for commercial confidentiality 

under the provisions of the EP Regulations. 

Part A  
Permit Number  

Name of operator Purolite Limited 

Location of Facility Unit C, Llantrisant Business Park, Llantrisant 

Time and date of the detection   

 

(a) Notification requirements for any malfunction, breakdown or failure of equipment or techniques, 

accident, or emission of a substance not controlled by an emission limit which has caused, is 

causing or may cause significant pollution 

To be notified within 24 hours of detection 

Date and time of the event  

Reference or description of the 

location of the event  

 

Description of where any release 

into the environment took place 

 

Substances(s) potentially 

released 

 

Best estimate of the quantity or 

rate of  release of substances 

 

Measures taken, or intended to 

be taken, to stop any emission 

 

Description of the failure or 

accident. 

 

 

(b) Notification requirements for the breach of a limit 

To be notified within 24 hours of detection unless otherwise specified below 

Emission point reference/ source  

Parameter(s)  

Limit  

Measured value and uncertainty  

Date and time of monitoring  

Measures taken, or intended to 

be taken, to stop the emission 
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Time periods for notification following detection of a breach of a limit 

Parameter Notification period 

  

  

  

 

(c) Notification requirements for the detection of any significant adverse environmental effect 

To be notified within 24 hours of detection 

Description of where the effect on 

the environment was detected 

 

Substances(s) detected  

Concentrations of substances 

detected 

 

Date of monitoring/sampling  

 

Part B - to be submitted as soon as practicable 

Any more accurate information on the matters for 

notification under Part A. 
 

Measures taken, or intended to be taken, to 

prevent a recurrence of the incident 
 

Measures taken, or intended to be taken, to rectify, 

limit or prevent any pollution of the environment 

which has been or may be caused by the emission 

 

The dates of any unauthorised emissions from the 

facility in the preceding 24 months. 
 

 

Name*  

Post  

Signature  

Date  

* authorised to sign on behalf of the operator 
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Schedule 6 - Interpretation  

“abatement equipment” means that equipment dedicated to the removal of polluting substances from releases 

from the installation to air or water media. 

 “accident” means an accident that may result in pollution. 

 “application” means the application for this permit, together with any additional information supplied by the 

operator as part of the application and any response to a notice served under Schedule 5 to the EP Regulations. 

“authorised officer” means any person authorised by Natural Resources Wales under section 108(1) of The 

Environment Act 1995 to exercise, in accordance with the terms of any such authorisation, any power specified in 

section 108(4) of that Act. 

“bi-annual” means twice per year with at least five months between tests; 

 “CEM” Continuous emission monitor 

“CEN” means Commité Européen de Normalisation 

 “daily average” for releases of substances to air means the average of valid half-hourly averages over a calendar 

day during normal operation.  

 “EP Regulations” means The Environmental Permitting (England and Wales) Regulations SI 2016 No.1154 and 

words and expressions used in this permit which are also used in the Regulations have the same meanings as in 

those Regulations. 

“emissions of substances not controlled by emission limits” means emissions of substances to air, water or land 

from the activities, either from the emission points specified in schedule 3 or from other localised or diffuse 

sources, which are not controlled by an emission limit. 

“groundwater” means all water, which is below the surface of the ground in the saturation zone and in direct contact 

with the ground or subsoil. 

“Industrial Emissions Directive” means DIRECTIVE 2010/75/EU OF THE EUROPEAN PARLIAMENT AND OF 

THE COUNCIL of 24 November 2010 on industrial emissions 

“ISO” means International Standards Organisation. 

“MCERTS” means the Environment Agency’s Monitoring Certification Scheme. 

“quarter” means a calendar year quarter commencing on 1 January, 1 April, 1 July or 1 October. 

“quarterly” for reporting/sampling means after/during each 3-month period, January to March; April to June; July 

to September and October to December and, when sampling, with at least 2 months between each sampling 

date. 

Waste Framework Directive” or “WFD” means Waste Framework Directive 2008/98/EC of the European 

Parliament and of the Council on waste  

 “year” means calendar year ending 31 December. 
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Schedule 7 - Site plan 

 

 

END OF PERMIT  

 



 

Appendix C - Main Stack (A1)  

• Briggs of Burton Estimated Data 

• Monitoring Results 



MG1939-Emissions Summary Rev B

MG1939 Rev

Purolite Agarose Manufacturing Facility A

B

Emissions Summary Rev B

Doc Date

Notes

2. Volumetric flow rates are calculated based on 101.3 kPa and 20°C.

3. Any changes / updates in the latest issue will be highlighted in blue.

Assumptions

1. No regular repeats of beads washing for all steps. No requirements for regular nitrogen backflushing to loosen packed bed of agarose beads during filtering.

2. Negligible emissions for screening process with water.

3. Filling of bulk tanks and emptying of waste tanks will be vented back into tankers.

4. Nitrogen flow at 21 Nm3/hr (for a 2 hours window - per reaction batch) for dilution of hydrogen gas generated during process will be completed prior to epichlorohydrin addition (for PURE process).

Stack parameters Height information (from floor level of existing building)

x y Height of building (to roof apex) approx 9.7 m

Main stack 304170 184500 * Grid reference = ST 04170 84500 Height of building (to top of side wall) approx 6.4 m

i.e. 51.5512°N, 3.3835°W. Height of tank farm gantry (to floor) approx 6.0 m

Max height of any vessel in tank farm approx 10.0 m

Estimated 

Mean Gas 

Flow 

(hourly) 

(m3/hr)

Estimated 

Mean Gas 

Flow 

(hourly) 

(m3/s)

Estimated 

Peak 

Emissions 

(hourly) 

(kg/hr)

Estimated 

Peak 

Emissions 

(hourly) 

(g/s)

Previous Current Previous Current Previous Current Previous Current Current Current Current Current Previous Current Previous Current

 Acid 0.3 5.81 9.51E-06 1.84E-04 0.21 7.21E-04 6.66E-06 2.00E-04 2.89E-04 8.01E-08 0.07 1.86E-05 4 0.03 0.001 7.44E-06 15 50

   ( 0.9 118.39 2.85E-05 3.75E-03 1.35 1.47E-02 4.28E-05 4.08E-03 3.09E-03 8.59E-07 0.32 8.75E-05 60 0.07 0.017 1.84E-05 15 45

3.6 7.11 1.14E-04 2.26E-04 0.46 8.82E-04 1.46E-05 2.45E-04 2.29E-04 6.37E-08 0.03 6.94E-06 5.4 0.01 0.002 1.80E-06 15 50

5.8 131.93 1.84E-04 4.18E-03 0.25 1.64E-02 7.93E-06 4.56E-03 8.54E-03 2.37E-06 3.85 1.07E-03 4 2.01 0.001 5.58E-04 15
Now - 25, 

Prev - 35

 (as  -  

 
177.6 579.28 5.63E-03 1.84E-02 3.89 7.18E-02 1.23E-04 2.00E-02 3.75E-02 1.04E-05 2.27 6.30E-04 60 1.18 0.017 3.29E-04 15 70

- -  

 (
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 35

Hydrogen 67 97.50 2.12E-03 3.09E-03 3.18 1.21E-02 1.01E-04 3.36E-03 1.44E-01 4.00E-05 0.93 2.58E-04 42.4 11.07 0.012 3.07E-03 15 50

 (as  -  

 
14.9 49.81 4.72E-04 1.58E-03 8.02 6.18E-03 2.54E-04 1.72E-03 4.64E-03 1.29E-06 0.19 5.38E-05 60 0.15 0.017 4.04E-05 15 70

40.8 225.93 1.29E-03 7.16E-03 4.12 2.80E-02 1.31E-04 7.78E-03 7.31E-03 2.03E-06 1.40 3.89E-04 60 0.37 0.017 1.01E-04 15 70

Total 0.0007 0.0419 0.21 0.0001 9.0492 0.0025 295.8000 14.8715 0.0822 0.0041 15 0.08 -

Diameter based on current data 0.02

Diameter to use for modelling (incorporating a fan to assist flow) 0.10

Other Information

1. Nitrogen flow at 21 Nm3/hr to dilute hydrogen gas generated during process. This applies for 2 hours window for AGE emissions (per reaction batch). Original emission value was for 15 mins only.

Date

GY

GY / TDS

By Checked

Pollutant Velocity 

(m/s)

Diameter 

(m)

Temp              

(°C)

07-Nov-16

10-Nov-16TDS

JLB

1. Cells highlighted in light orange are latest figures following process review for PURE, SP and Q, as well as emission data for bulk and waste tanks breathing. These should be used for subsequent emissions calculations. 

TDS

JLB

Estimated Peak Gas 

Flow (hourly)              

(m3/s)

Project No

Project Title

Doc Title

10-Nov-16

App (Briggs)

Coordinates

Estimated Average 

Emissions (annually) 

(kg/yr)

Estimated Average 

Emissions (annually)     

(g/s)

Estimated Average 

Emissions (hourly) 

(kg/hr)

Estimated Average 

Emissions (hourly) 

(g/s)

Estimated Peak Gas 

Flow (hourly)                 

(m3/hr)

10 Nov 2016 Page 1 of 2
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Overall Aim of the Monitoring Campaign

Special Requirements

Target Parameters

Purolite Ltd, Llantrisant

(Page 1 of 7)

Main Stack
1st March 2019

Executive Summary

Exova Catalyst were commissioned by Purolite Ltd to carry out stack emissions testing on the Main Stack at Llantrisant.

The aim of the monitoring campaign was to perform testing of an investigative nature under trial operation.

There were no special requirements.
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where MU = Measurement Uncertainty associated with the Result

Parameter

 ¹

 ¹

 -     ¹

Water Vapour 

Stack Gas Temperature

Stack Gas Velocity

¹

NOTE: VOLUMETRIC FLOW RATE & VELOCITY DATA TAKEN FROM THE PRELIMINARY VELOCITY TRAVERSE.

¹ Reference Conditions (REF) are: 273K, 101.3kPa, without correction for water vapour content.

m³/hr

348

Volumetric Flow Rate (REF)

42

g/hr

1786.9

2.66

UnitsMU

MONITORING RESULTS

Main Stack

Result Limit

mg/m³

mg/m³

mg/m³

5299.9

9.45

2.67

g/hr

Executive Summary

Mass Emission

Limit

+/-

Purolite Ltd, Llantrisant

1st March 2019

+/-

Units Result

Concentration

MU

(Page 2 of 7)

°C

Volumetric Flow Rate (ACTUAL)

% v/v

-

-g/hr

1.0

0.3

-1490.8

3.2

0.9

546.7-

-

-

m³/hr

41

3.5

337

15.2m/s

0.2

9.4

0.75

1.69
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Parameter

R1

R2

R3

R1

R2

R3

R1

R2

R3

R1

R1

All results are expressed at the respective reference conditions.

 -     

120

120

120

g/hr

120

01/03/2019 11:48 - 13:48

11:48 - 13:48

120

13:50 - 15:50

01/03/2019

01/03/2019

120

1712.9 01/03/2019

4.0

120

13:50 - 15:50

01/03/2019

mg/m³

mg/m³

11.97

mg/m³ 2.69 g/hr

mg/m³

1.72 g/hr

g/hr

5301.1

 -     

 

 

9.13

3.59

mg/m³

mg/m³

1860.5

 -     

5080.3 g/hr

11:48 - 13:48

09:46 - 11:46

Units

Times

DurationUnits

mg/m³ 01/03/2019

13:50 - 15:50

01/03/2019

0.6

09:46 - 11:4601/03/2019

09:46 - 11:46

g/hr

1787.3

g/hr

3.1

1.2

2.4

Purolite Ltd, Llantrisant

(Page 3 of 7)

MONITORING DATE(S) & TIMES

Main Stack
1st March 2019

Executive Summary

SamplingConcentration Sampling

mins

 

 

2001/03/2019

Velocity Traverse 09:15 - 09:17

3.5% v/vWater Vapour

01/03/2019

Date(s)

Mass Emission

01/03/2019

120

 mg/m³ 5518.3 g/hr 120

 

15:55 - 16:15

mg/m³

g/hr

0.9

7.23

CAT-RT (Version BZ)
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All The absorption efficiency was less than the required 95%.

Pitot Tube and Thermocouple

Procedure
Analysis

Procedure

Analysis

Testing ISO
(Average)

Monitoring

Main Stack

17025 
Analysis

Technical MCERTSAnalytical
Technique

MONITORING & ANALYTICAL METHODS

1st March 2019

Parameter
Lab17025 

Testing

Standard ISO

Executive Summary
(Page 5 of 7)

LODAnalytical

CEN/TS 13649

O8 (U)

GC-FIDYes

CEN/TS 13649 CAT-TP-16 Yes CAT

CEN/TS 13649

NoGC-FIDCAT-TP-16 Yes G8 (N)

0.625 mg/m³

RPS No

Yes RPS Yes

YesEN 16911-1 (MID) CAT-TP-41

Gravimetric

CAT-TP-16 CAT RPSNo

Water Vapour CAT

Velocity & Vol. Flow Rate

Yes

Parameter

RPS Laboratories Ltd (RPS)

 & IMS

Run Deviation

(with short name reference as appears in the table above)

Exova Catalyst (CAT) ISO 17025 Accreditation Number: 4279

ISO 17025 Accreditation Number: 0605

Purolite Ltd, Llantrisant

GC-FID

G8 (N)

Lab Testing

CAT

0.125 mg/m³

0.094 mg/m³

CAT

No

Yes 0.1 % v/vCAT-TP-05CAT-TP-05

1 2 m/s

YesEN 14790

SUMMARY OF SAMPLING DEVIATIONS

CATYes

ANALYSIS LABORATORIES

Toluene 

 

 -     

CAT-RT (Version BZ)
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Duct Characteristics Location of Sampling Platform

Platform Details

Sampling Location / Platform Improvement Recommendations

EN 15259 Homogeneity Test Requirements

Sampling Plane Validation Criteria (from EN 15259)

< 3 : 1

m

No Local Negative Flow

Highest Gas Velocity

Area

Ratio of Above

Lowest Differential Pressure

°

-

Permanent

Yes

-

-

Easy Access Available

Yes

Safe Access Available

-

-

-

-15.19

-m/s

Maximum Angle of Swirl

Port Depth

Criteria in EN 15259

: 1 Yes

< 15°

Platform has chains / self closing gates at top of ladders

Platform has vertical base boards (approx. 0.25m high)

Platform has 2 levels of handrails (approx. 0.5m & 1.0m high)

No

Sample Port Size

9

Units General Platform Information

0.01

Width

EA Technical Guidance Note M1 / EN 15259 Platform Requirements

Parameter

(Page 6 of 7)

Orientation of Duct

Permanent / Temporary Platform

Inside / OutsideDepth

Yes

Traverse 1

Yes

Yes

SUITABILITY OF SAMPLING LOCATION

Outside

3" Flange

-

> 5 Pa

The sampling location meets all the requirements specified in EA Guidance Note M1 and EN 15259, and therefore there are no 
improvement recommendations.

There is no requirement to perform a EN 15259 Homogeneity Test on this Stack.

Sufficient working area to manipulate probe and operate the measuring instruments

Value

Yes

14.85

Required

-

No

Yes

Lowest Gas Velocity

m/s

Vertical

Mean Velocity

Yes

m/s

Compliant

15.78

-

Units

-

m²

Executive Summary

cm

193.0

Circular

Pa

5.00

Value

Value

There are no obstructions present which hamper insertion of sampling equipment

Type

0.09

m

Yes

Number of Ports - 1

1.06

CAT-RT (Version BZ)
Page 8 of 25

Purolite Ltd
Llantrisant
Main Stack

Job Number: CSW-3562, Version 1
Sample Date/s: 1st March 2019

EPR Permit: AB3894ZF





  

APPENDIX 1 - Stack Emissions Monitoring Personnel, List of Equipment & Methods and Technical Procedures Used

APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

APPENDIX CONTENTS

APPENDICES

CAT-RT (Version BZ)
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Oven Box (1)
Stack Thermocouple (1)

CAT-TP-05

-
Laboratory Balance
Tape Measure CAT 16.22

Equipment I.D.
Digital Manometer (1)Horiba PG-250

 -     

-

Equipment Type

-

-

Oven Box (2)

-

TE1 TE2 TE3 TE4

ABB AO2020-URAS26

Equipment I.D.

CAT 6.34

-

S-Pitot (2)
20m Heated Line (1)

Tubes Kit Thermocouple -

20m Heated Line (2)

-

-

-

Technical Endorsements

S-Pitot (1)

L-Pitot

Barometer

Digital Manometer (2)

Umbilical (1)
Box Thermocouples (2)
Box Thermocouples (1)

CEN/TS 13649

CEN/TS 13649

Mass Flow Controller (2)

Gasmet Sampling System-

-

JCT JCC P1 Cooler

-

Digital Temperature Meter

-

Stack Thermocouple (3)

Single Channel Heater Controller

-

-

CAT 25.13

-

15m Heated Line (1)

-

-

Technical ProcedureStandard

Heated Probe (1)
Bernath 3006 FID -- 1m Heated Line (2)Heated Probe (2)

Mass Flow Controller (1)
Heated Probe (3)

Extractive Sampling

LIST OF EQUIPMENT

MCERTS Accreditation

Easylogger EN-EL-12 Bit

-

-

-

-
-

Mass View (1)

-

CAT 25.14

Parameter

-

Eco Physics CLD 822Mh

TE1 TE2 TE3 TE4

Site Balance

M&C PSS

Instrumental Analysers

-
-

Mass View (2)
-

1m Heated Line (3)

Control Box DGM (1)

METHODS & TECHNICAL PROCEDURES USED

-
Equipment Type Equipment Type

Control Box DGM (2)

-

Dale Padfield MCERTS Level 2

Easylogger EN-EL-12 Bit -
Dual Channel Heater Controller -500g / 1Kg Check Weights -

Last Impinger Arm -
Callipers

-
Umbilical (2) Testo 350 XL

MM 03 216

-

-

Team Leader Martin Futter

Equipment I.D.

APPENDIX 1

CAT 6.35

-

-

-

MCERTS Level 2

Name

Gasmet DX4000

MCERTS Number

Miscellaneous Items

1m Heated Line (1)-

CAT 3.177

Position

Team Leader

STACK EMISSIONS MONITORING PERSONNEL

MM 13 1244

EN 14790

Velocity & Vol. Flow Rate

Water Vapour

EN 16911-1 (MID) CAT-TP-41

CAT-TP-16

CAT-TP-16

CAT-TP-16 CEN/TS 13649

 

- Horiba PG-250
-Servomex 4900 -

Stack Thermocouple (2)

5m Heated Line (1) -

Stopwatch

Bioaerosols Temperature Logger -
Electronic Refrigerator -

CAT-RT (Version BZ)
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General Stack Details

Stack Gas Composition & Molecular Weights

CO₂ (Estimated)

O₂ (Estimated)

Moisture (H₂O)

Where: p = M / 22.41

pi  = r x p

Calculation of Stack Gas Densities

Where: P STD = sum of component concentrations, kg/m³ (not including water vapour)

P STW = sum of all wet concentrations / 100 x  density, kg/m³ (including water vapour)

P Actual = P STD x (TSTP / (PSTP)) x ((Pstatic + Pb) / Ta) 

P ActualW (at each sampling point) = P STW x (Ts / Ps) x (Pa / Ta) 

Calculation of Stack Gas Volumetric Flowrate, Q

3.50

kg/m³

-

Volume 

kPa

kPa

0.84

M

- 0.0006

18.02

Determinand

0.02815

r% v/v

kg/m³

m³/hr

Total Pressure

Average Wet Density (Actual), P ActualW

3.50

79.14

°C

1.287

76.37

9.4

101.5

Gas Volumetric Flowrate REF ¹

20.80 32.00

-

kg/m³

Conc

0.98913

p pi

0.0

m³/hr

Gas Volumetric Flowrate (STP, Dry)

Dry Density (STP), P STD

1.231

3.50

1.2498

44.01

Result

Dry Density (Actual), P Actual

101.3

Result

0.06

0.2080

m³/hr

REF ¹

Average Pitot Tube Calibration Coefficient, Cp

ppm

1.270

Duct gas flow conditions

337

348

1.247

Wet Density (STP), P STW

325

1.4277 0.29696-

Units

0.00118

Gas Volumetric Flowrate (STP, Wet)

Moisture

kPa

0.0350

20.07

Conc

Mass

Component

-

0.06

Gas Volumetric Flowrate (Actual)

-

Average Barometric Pressure, Pb

m

Actual

kg/m³

0.7914 28.01

Average Stack Static Pressure, Pstatic

202.3

Wet

m³/hr

°C

Units

% v/v

Units

1.9635

%

0.8037

Temperature

mStack Width, W

Stack Details (from Traverse)

APPENDIX 2

-

Units

Pa

Fraction 

Density

Dry

Stack Area, A

337

kg/m³

Average Stack Gas Pressure

Molar Conc

Value

0.09

101.5

Average Stack Gas Temperature, Ta

0.020

PRELIMINARY STACK SURVEY: CALCULATIONS

N₂

kg/m³

9.4

0.01

Conc

Stack Diameter / Depth, D

Gas Volumetric Flowrate (from Traverse)

m²

CAT-RT (Version BZ)
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Parameter Parameter

Date of Survey Initial Pitot Leak Check
Time of Survey Final Pitot Leak Check
Atmospheric Pressure Orientation of Duct
Average Stack Static Pressure Pitot Tube, Cp

Result of Pitot Stagnation Test Number of Lines Available
Are Water Droplets Present? Number of Lines Used
Device Used

-

15.19
9.4

1-

-

15 23

-

Units

193.0

202.3 -

5.0

1.231

9.4

-

4
9.4

5.0218.00.02

5.01.231

2

0.08
1.231

0.01

0.07
203.0

5.0195.0
15.78

Pa

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID)

Pass

--

Pass

-

-

(1 of 1)

1

APPENDIX 2

kg/m³ -Point -° -°C
Depth

-

Traverse

STATIC (Units: Pa)

09:15 - 09:17

Sampling Line A

kPa

-

-

-

Value

∆P -
-

20 -
101 5

-

Temp Swirl

No

Velocity

3

9.4

14.85

14.92

20.0
m/sPam

Wet Density

9.4

Mean

-
0.84

-

Vertical

Pass

-

1
1.231

S-Type Pitot with KIMO MP 200 (500Pa)

01/03/2019

ValueUnits

1.231

CAT-RT (Version BZ)
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10.793

Standard uncertainty associated with the volume flow rate (95% Confidence), relative

Standard uncertainty associated with the absolute pressure in the duct

- Atmospheric Pressure

- Resolution

- Calibration

-

Uc(qV,w)

m/s

- Overall corrections to dynamic measurements

Standard uncertainty associated with the molar mass of the gas

- φO₂,w

0.00053

- u(qV,w)

Standard uncertainty associated with the mean velocity (95% Confidence)

0.083

Performance characteristics (Uncertainty Components) Uncertainty

%

Standard uncertainty associated with the volume flow rate (95% Confidence)

Pa

u(res) 0.00087

u(M) 0.00003

0.872

u(v) 0.865

Uc(v)

- Drift

- Lack of Fit

3.434

u(k) 0.005

Value Units

u(∆pi)

1.695

- Water Vapour

- Oxygen, wet

- Carbon Dioxide, wet

Standard Uncertainty associated with the mean local dynamic pressures

-

u(drift)

Standard Uncertainty on the coefficient of the Pitot Tube

6.450u(fit)

-

- φCO₂,w

- Oxygen, dry

0.00377

- 457

- 21.4

Uc,rel(qV,w) 12.04

- Static Pressure

Standard uncertainty associated with the density in the duct

u(vi)

K

u(pc) 175.726 Pa

u(patm) 175.692

u(pstat)

Standard uncertainty associated with the mean velocity (95% Confidence), relative Uc,rel(v) 11.15

u(ρ) 0.00663

%

Standard uncertainty associated with the mean velocity

- u²(a)/a²

- u²(qV,w)/q²V,w

Standard uncertainty associated with the stack temperature

-

Pa

m/s

u(φH₂O)

- Carbon Dioxide, dry

0.179

u(φO₂,w) 0.616

u(φCO₂,d) 0.002

-

APPENDIX 2

Standard uncertainty associated with the local velocities

u(Cf)

u(cal) 4 259

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID) - MEASUREMENT UNCERTAINTY
(1 of 1)

41.9 m³/hr

- u²(qV,w)

3.434

u(Tc) 1.441

-

u(φCO₂,w) 0.002

20.072

- 0.058

u(φO₂,d) 0.637

CAT-RT (Version BZ)
Page 14 of 25

Purolite Ltd
Llantrisant
Main Stack

Job Number: CSW-3562, Version 1
Sample Date/s: 1st March 2019

EPR Permit: AB3894ZF



  

Sample Runs

General Sampling Information

Sample Runs

Where: MFC stands for Mass Flow Controller, MV stands for Mass View Flowmeter

±% v/v

% v/v 3.50

Silica Trap Start Mass

Standard

0.21

WATER VAPOUR: SAMPLING DETAILS

01/03/2019

Units

Sampling Times

Silica Trap End Mass

g

4300.4

0.1957

MeanRun 1

WATER VAPOUR: RESULTS SUMMARY

0.21

Sampling Dates

9.44

15:55 - 16:15

Volume Sampled (STP, Wet)

g

1535.0

-

Units

Volume Sampled (STP, Dry)

APPENDIX 2

m³

g

Calculated Water Vapour

mins

-

20

Total Mass Of Water Vapour

Liquid Trap End Mass

Liquid Trap Start Mass

Sampling Device

0.1888

ValueParameter

CAT-TP-05

Parameter

- MFC / MV

Parameter

Purolite Ltd, Llantrisant

Uncertainty

3.50Concentration

Main Stack

g

g

EN 14790

Technical Procedure

% v/v

1536.9

5.5

3.50

m³

4304.0

Duration

l/minSample Flow Rate

Run 1

CAT-RT (Version BZ)
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Sample Runs

Method Deviations

1

x

l/min

9.4

%

Yes

Units Run 1Measurement Uncertainty

l/min

0.10

Mean Sampling Rate

APPENDIX 2

WATER VAPOUR: QUALITY ASSURANCE

l/min

Pre-Sampling Leak Rate

Leak Test Results Units Run 1

Silica Gel

Nature of Deviation

Units Run 1

0.19

Yes

No

0.10

Are Water Droplets Present

l/min

MU Acceptable

Leak Test Acceptable

Post-Sampling Leak Rate

Measurement Uncertainty (MU) %

Test Conditions

Yes

Units Run 1

Less than 50% Faded %

Water Droplets Run 1

(x = deviation applies to the associated run)

Run Number

6.0

-

%

Allowable Leak Rate

Units

20.0

-

Ambient Temperature Recorded?

Allowable MU

-

There are no deviations associated with the sampling employed.

Yes

CAT-RT (Version BZ)
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Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Combined uncertainty

Expanded uncertainty (95% confidence)

Expanded uncertainty (95% confidence), estimated with Method Deviations

Uncertainty if Water Droplets are present

Reported Uncertainty

Expanded uncertainty (95% confidence)

Expanded uncertainty (95% confidence), estimated with Method Deviations

Uncertainty if Water Droplets are present

Reported Uncertainty

g

%

%

% v/v

% v/v

% v/v N/A

0.21

Measured Quantities

m³

Units

APPENDIX 2

WATER VAPOUR: MEASUREMENT UNCERTAINTY CALCULATIONS

SymbolMeasured Quantities

Standard uncertainty

Symbol

0.1888

-

Measured Quantities

Run 1

uRw

18.55

Uncertainty as a Percentage

%

Run 1

g

%

uRb

0.12Rw

≤2%

% v/v 0.076

% v/v

Units

% v/v

g

Units

m³

5.50

Value

0.03

Measured Quantities

%

% v/v 0.21

0.50

Rb

5.50

≤2%

g

%

0.070

Units

%

Run 1

Uncertainty in Result

L

Sensitivity Coefficient

Run 1

1.06

2.00

Vm

No Requirement

uVm

0.018

5.50

0.0038

Run 1

2.18

No Requirement

Parameter

5.50

0.64

Requirement of Standard

Uncertainty in Measurement Units

% v/v

1.06

Run 1

0.64

% v/v 0.021

0.21

% v/v 0.11

Rb

N/A

Vm

%

0.1888

Run 1

6.0

Rw

Symbol

Units

1.00

6.0

L 0.02

% 6.0

CAT-RT (Version BZ)
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Sample Runs

General Sampling Information

FORMAT: Number Used / Number Required

FORMAT: Number Used / Number Required

Reference Conditions

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

5299.95518.3 5080.3

Run 2Units Run 1

3.59

Coconut Shell Charcoal

Run 3

2.67

Stainless Steel

1 / 1

Purolite Ltd, Llantrisant

Value

Name of Analytical Laboratory RPS

11.97

Parameter

7.23

1.72

9.13

Main Stack

mg/m³

mg/m³

9.45
 -   

 

mg/m³

APPENDIX 2

Analytical Laboratory's Procedure O8 (U)  G8 (N)

ISO 17025 Accredited Analysis? See Executive Summary

Date of Sample Analysis 13/03/2019

5301.1

Sample Tube Type

Yes

Number of Sampling Lines Used 1 / 1

Mean

Parameter

TOLUENE, IMS, AGE : RESULTS SUMMARY

Standard

Technical Procedure CAT-TP-16

CEN/TS 13649

Dynamic Dilution Employed

Number of Sampling Points Used

Probe Material

2.69

Sample Point I.D.'s A1

CAT-RT (Version BZ)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

09:46 - 11:46

2.0 5301.1

Reported                      
LOD               

mg/m³

115.0

: 1

mins

Volume Sampled (REF) m³ 0.0321

RUN 1

TOLUENE, IMS, AGE : SAMPLING DETAILS

Value

Sampling Dates

-

Sampling Times

Duration

159.0

10.0

Lab Result 
(Front)                     

µg      

2.0

Parameter Units

1.5 3.0

Sampling Device

Adsorption 
Efficiency                      

%

0.125 62.9

10.0 20.0

225.0

100.0

4.0 5301.1

-

3.59 0.6243.5910.0

MV

1

120

APPENDIX 2

N₂ to Stack Gas Dilution Ratio

- 01/03/2019

63000

Parameter LOD                
(Total)                 

µg

 -    

107000

384.0

105.0

1.5

Lab Result 
(Back)                  

µg

Lab Result 
(Total)                  

µg

LOD             
(Front)              

µg      

LOD             
(Back)          

µg      

11.97 11.97 0.094 58.6

170000

CAT-RT (Version BZ)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

Reported                      
LOD               

mg/m³

TOLUENE, IMS, AGE : SAMPLING DETAILS

5518.3

10.0 20.0 2.690

1.5292.0

2.690

184.0 108.0

2.0

0.094

5518.3

100.0

63100

01/03/2019

N₂ to Stack Gas Dilution Ratio : 1

LOD             
(Front)              

µg      

m³

9.13 9.13

LOD             
(Back)          

µg      

LOD                
(Total)                 

µg

Sampling Device -

RUN 2

APPENDIX 2

0.626

Value

0.125 64.2

63.0

Lab Result 
(Front)                     

µg      

1.5 3.0

-

 -    76.0 86.0

Adsorption 
Efficiency                      

%

113300

Parameter

1

Lab Result 
(Back)                  

µg

Volume Sampled (REF)

10.0

Lab Result 
(Total)                  

µg

MV

Duration mins 120

Sampling Times - 11:48 - 13:48

Sampling Dates

0.0320

Parameter Units

176400 2.0 4.0

10.0

CAT-RT (Version BZ)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

-

Lab Result 
(Total)                  

µg

LOD             
(Front)              

µg      

APPENDIX 2

TOLUENE, IMS, AGE : SAMPLING DETAILS

RUN 3

Parameter Units

Sampling Times 13:50 - 15:50

Sampling Dates - 01/03/2019

Sampling Device -

1.5 3.0

5080.3

7.23 0.094

100.0

MV

Duration mins 120

N₂ to Stack Gas Dilution Ratio : 1

10.0

5080.3 0.125

Parameter Lab Result 
(Front)                     

µg      

Lab Result 
(Back)                  

µg

45.0

145.0 86.0 231.0 1.5

55.0 10.0 10.0 20.0

64.0

1.72 1.72 0.626

LOD                
(Total)                 

µg

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

Reported                      
LOD               

mg/m³

103900 58500 162400 2.0 2.0 4.0

Value

7.23 62.8

 -    

Adsorption 
Efficiency                      

%

1

Volume Sampled (REF) m³ 0.0320

LOD             
(Back)          

µg      

CAT-RT (Version BZ)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

10.0

Concentration                
mg/m³

2.5 5.0 0.156

1.5 1.5

2.5

APPENDIX 2

01/03/2019

TOLUENE, IMS, AGE : SAMPLING DETAILS

BLANK 1

Parameter Units

3.0 0.094

 -    

Lab Result 
(Total)                  

µg

Sampling Dates -

Value

Sampling Device - MV

Average Volume Sampled (REF) m³ 0.0320

Parameter Lab Result 
(Front)                     

µg      

Lab Result 
(Back)                  

µg

10.0 20.0 0.625

CAT-RT (Version BZ)
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Sample Runs

Temperature

40°C

Ambient Temperature Recorded?

Temperature Acceptable -

-

Yes Yes Yes

Run 1 Run 2 Run 3

Yes

Run 3

Yes

Temperature at Sample Tubes Units

14

4040

62.9

APPENDIX 2

Leak Test Results Units

No63.0%

l/min

(PAGE 1 OF 2)

TOLUENE, IMS, AGE : QUALITY ASSURANCE

Pre-Sampling Leak Rate

Adsorption 
Efficiency 

Acceptable

l/min

Run 3

0.01

0.5

0.01

Run 1

0.50.5Mean Sampling Rate

Run 2

100.0 100.0 -    

Post-Sampling Leak Rate

0.01

%

%

-Leak Test Acceptable

15 14

%

l/min

Run 2

0.03

0.01

Yes Yes

58.6

°C

100.0 Yes

64.0 No

95

0.01

0.01

Run 1

64.2

0.03 0.03

Allowable Adsorption Efficiency

Allowable Temperature

Test Conditions Units

Yes

Allowable Leak Rate

Yes

Run 3

l/min

Run 1

95 95

Run 2

62.8

Adsorption Efficiency Units

CAT-RT (Version BZ)
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Blank Runs

Method Deviations

1 2 3

x x x

Yes

(x = deviation applies to the associated run)

Nature of Deviation

0.01

-

Blank 1

Sampling Leak Rate

Allowable for Toluene

0.1

Run Number

0.03

mg/m³

mg/m³

Allowable Leak Rate l/min

(PAGE 2 OF 2)

Allowed

l/min

Units

Expected Sampling Rate

0.6 N/AAllowable for AGE - (Allyl Glycidyl Ether) 

N/A0.2

TOLUENE, IMS, AGE : QUALITY ASSURANCE

Blank 1

Allowable for IMS

mg/m³

Leak Test Acceptable

Leak Test Results

N/A

APPENDIX 2

The absorption efficiency was less than the required 95%.

Validity of Blank vs ELV Units

l/min 0.5

CAT-RT (Version BZ)
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Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

O₂ Correction Factor

Stack Gas O₂ Content

MU for O₂ Correction

Combined uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

NOTE: Uncertainties reported in mg/m ³ are based upon the summation of all Speciated VOCs Measured.

mg/m³ N/A N/A N/A

1111

Run 1

1432

20.1 20.1

28.1

57.5

%

%

-%

Vm uVm

Run 2 Run 3Run 3

-

Uncertainty as a Percentage

28.1

Oxygen Correction Part of MU Budget

Measured Quantities Units Run 3

N/A N/A

Run 3

0.0

% 10.00

Uncertainty in Measurement Units

Lr 1.00

55.3

mg/m³

mg/m³

%

% N/A N/A

Measured Quantities

Run 1 Run 2

% N/A

Run 3

1495 1556

1068

-

TOLUENE, IMS, AGE : MEASUREMENT UNCERTAINTY CALCULATIONS

Value Standard uncertainty

Parameter

Overall MU For O₂ Measurement

28.1

10.00

28.1

1495

0.0

N/A

1023

%

N/A N/A

N/AN/A

mg/m³

1.0052.9 1.00

Requirement of Standard

1.80

1432

Run 2

1.80 1.80

10.00

0.0308

-

m³

1.80

Run 1

Run 2Run 1

1.80

Run 3

m³

uL

Run 2

Vm

Run 2Measured Quantities

171808

10.00

0.0

Units

0.0309

1.00

uLr

0.00060.0308

545

Measured Quantities

553.0

2.00

1.80

L

0.0006 0.0006

10.00

1.00

APPENDIX 2

-Lr %

Measured Quantities Symbol Symbol

2.00

Run 1

≤5%

164983

Run 1

mg/m³ 55.3 57.5 52.9

Run 2

≤2%

-

mg/m³

Run 3

Run 1

mg/m³

Run 1

Units

508.9

Symbol Units

% v/v N/A

1.00

106.3 110.6 101.8

531.7

- N/A N/A

Units

179274

N/A

Uncertainty in Result

508.9

mg/m³

Run 3

Run 2

28.1 28.1

531.7

522

20.1

No Requirement

-

L mg/m³

567

% 2.00

10.00

1556

Sensitivity Coefficient

mg/m³

N/A

Units

553.0

CAT-RT (Version BZ)
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Overall Aim of the Monitoring Campaign

Special Requirements

Target Parameters

Purolite Ltd, Llantrisant

(Page 1 of 7)

Main Stack
24th June 2019

Element were commissioned by Purolite Ltd to carry out stack emissions testing on the Main Stack at Llantrisant.

The aim of the monitoring campaign was to perform testing of an investigative nature under trial operation.

There were no special requirements.

 

MONITORING OBJECTIVES

Executive Summary
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where MU = Measurement Uncertainty associated with the Result

Parameter

 ¹

 ¹

 -     ¹

 ¹

Water Vapour 

Stack Gas Temperature

Stack Gas Velocity

¹

NOTE: VOLUMETRIC FLOW RATE & VELOCITY DATA TAKEN FROM THE PRELIMINARY VELOCITY TRAVERSE.

¹ Reference Conditions (REF) are: 273K, 101.3kPa, without correction for water vapour content.

42

m³/hr

346

Volumetric Flow Rate (REF)

m/s

g/hr

g/hr

610.0

42.3

0.48

°C

1.70

Volumetric Flow Rate (ACTUAL)

39

0.1% v/v

Purolite Ltd, Llantrisant

24th June 2019

+/-

Units Result

Concentration

MU

(Page 2 of 7)

MUResult

-394.3

0.1

62.7

0.8

146.0-

-

-

0.33 g/hr 0.5

Executive Summary

Mass Emission

Units Limit

MONITORING RESULTS

Main Stack

Limit

+/-

mg/m³

mg/m³

mg/m³

mg/m³

1911.7

196.5

2.36

-1.58

2.0

319

-

-

-

g/hr

15.5

0.2

23.0

m³/hr

15.1

EET-RT (Version CC)
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Parameter

R1

R2

R3

R4

R1

R2

R3

R4

R1 < <

R2 < <

R3 < <

R4

R1

R2

R3

R4

R1

R1

All results are expressed at the respective reference conditions.

09:10 - 10:10

09:10 - 10:10

11:15 - 13:15

60

11:15 - 13:15

13:18 - 15:18

24/06/2019

24/06/2019

60

10:13 - 11:13

120

120

60

120

24/06/2019

60

24/06/2019

189.8

mg/m³

24/06/2019

10:13 - 11:13

780.6

836.4

mg/m³

0.6

24/06/2019

24/06/2019

2446.4

11:15 - 13:1524/06/2019

120

0.5

0.6

60

3.5

120

120

13:18 - 15:18

24/06/2019

517.6 24/06/2019

11.0

g/hr

 

 

1.29 g/hr

 

 

mg/m³ 1.67 g/hr

mg/m³

 

1.04

g/hr

g/hr

mg/m³

56.6

5.19

mg/m³

mg/m³

 -     

mg/m³

g/hr

 

957.5

g/hr

 -     

 

 

UnitsUnits

Purolite Ltd, Llantrisant

(Page 3 of 7)

MONITORING DATE(S) & TIMES

Executive Summary

305.5

g/hr

g/hr

18.0

10:13 - 11:13

1.7

39.5

24/06/2019

24/06/2019

0.4

Main Stack
24th June 2019

SamplingConcentration Sampling

mins

13:18 - 15:18

24/06/2019

Times

Duration

2.03 

4024/06/2019

Velocity Traverse 15:20 - 15:21

2.0

mg/m³

10:13 - 11:13

09:10 - 10:1024/06/2019

09:10 - 10:10

mg/m³

mg/m³

0.3mg/m³

g/hr

 -     

 

1622.1 g/hr

 -     

g/hr

1.76

120

60

mg/m³

1.48

% v/vWater Vapour

24/06/2019

Date(s)

Mass Emission

1.29 g/hr 0.4 24/06/2019 13:18 - 15:18 120

24/06/2019

60

 mg/m³ 2621.0 g/hr 60

 

13:50 - 14:30

mg/m³

g/hr

123.7

0.5

mg/m³

594.8

11:15 - 13:15

g/hr

EET-RT (Version CC)
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 4 The absorption efficiency was less than the required 95%.

Pitot Tube and Thermocouple

(Page 5 of 7)

LOD
Lab17025 

Testing
Procedure

Analysis

Monitoring

Main Stack

17025 
Analysis

Technical MCERTSAnalytical
Technique

MONITORING & ANALYTICAL METHODS

24th June 2019

Parameter

No

Standard ISO

Executive Summary

Yes

CAT-TP-05Water Vapour GravimetricEET

CEN/TS 13649

NoYes

O8 (U) 

GC-FID

CEN/TS 13649 CAT-TP-16

CEN/TS 13649

RPS

Yes EET

NoGC-FIDCAT-TP-16 Yes G8 (N)

EET

2.149 mg/m³

0.43 mg/m³

Yes

CEN/TS 13649 NoGC-FID

Element Stockport (EET)

YesEN 14790

1.2 m/s

Yes

EN 16911-1 (MID) CAT-TP-41

Yes

Parameter

SUMMARY OF SAMPLING DEVIATIONS

Yes

Run Deviation

ANALYSIS LABORATORIES
(with short name reference as appears in the table above)

RPS Laboratories Ltd (RPS)

GC-FID Yes RPS Yes

Purolite Ltd, Llantrisant

EETVelocity & Vol. Flow Rate

ISO 17025 Accreditation Number: 0605

EET

CAT-TP-16 EET

EET

RPS

CAT-TP-16

RPS No

0.322 mg/m³

0.322 mg/m³

Procedure

Analysis

Testing ISO
(Average)

Analytical

G8 (N)

G8 (N) 

Lab Testing

0.1 % v/vCAT-TP-05

ISO 17025 Accreditation Number: 4279

No

 

 

 -     
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Duct Characteristics Location of Sampling Platform

Platform Details

Sampling Location / Platform Improvement Recommendations

EN 15259 Homogeneity Test Requirements

Sampling Plane Validation Criteria (from EN 15259)

m

< 3 : 1

No Local Negative Flow

Depth

Highest Gas Velocity

Area

°

-

Lowest Differential Pressure

Port Depth

Criteria in EN 15259

m/s

Maximum Angle of Swirl Yes

-

: 1 Yes

< 15°

Yes

Safe Access Available

-

0.01

Orientation of Duct

Easy Access Available

-

-

-

-15.11

-

Ratio of Above

m²

Width

Value

No

Parameter

(Page 6 of 7)

Sample Port Size

9

Units General Platform Information

Yes

Traverse 1

Yes

Yes

SUITABILITY OF SAMPLING LOCATION

Outside

m

Vertical

Yes

15.11

Required

-

Yes

Lowest Gas Velocity

m/sMean Velocity

Yes

EA Technical Guidance Note M1 / EN 15259 Platform Requirements

Compliant

15.11

Value

> 5 PaPa

The sampling location meets all the requirements specified in EA Guidance Note M1 and EN 15259, and therefore there are no 
improvement recommendations.

There is no requirement to perform a EN 15259 Homogeneity Test on this Stack.

Platform has chains / self closing gates at top of ladders

Platform has vertical base boards (approx. 0.25m high)

Platform has 2 levels of handrails (approx. 0.5m & 1.0m high)

No

-

There are no obstructions present which hamper insertion of sampling equipment

3" Flange

-

Units

Sufficient working area to manipulate probe and operate the measuring instruments

Type

0.09

195.0

Circular

Yes

Executive Summary

cm

Value

m/s

PermanentPermanent / Temporary Platform

Inside / Outside

-

0.00

Number of Ports - 1

1.00

EET-RT (Version CC)
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APPENDIX 1 - Stack Emissions Monitoring Personnel, List of Equipment & Methods and Technical Procedures Used

APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

APPENDICES

APPENDIX CONTENTS
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Digital Manometer (1)Horiba PG-250 -

Oven Box (1)
Stack Thermocouple (1)

METHODS & TECHNICAL PROCEDURES USED

CAT-TP-05

Last Impinger Arm -

MM 03 216

 -     

-

Equipment Type

 

-
Laboratory Balance
Tape Measure CAT 16.22

Oven Box (2)

-

TE1 TE2 TE3 TE4

ABB AO2020-URAS26

Equipment I.D.

CAT 6.13

-

-

S-Pitot (2)
20m Heated Line (1)

Tubes Kit Thermocouple -

20m Heated Line (2)

-

-

-

Technical Endorsements

S-Pitot (1)

L-Pitot

Barometer

Digital Manometer (2)

Umbilical (1)
Box Thermocouples (2)
Box Thermocouples (1)

CEN/TS 13649

CEN/TS 13649

CEN/TS 13649

Mass Flow Controller (2) 15m Heated Line (1)

-

-

Technical ProcedureStandard

Heated Probe (1)
Bernath 3006 FID -- 1m Heated Line (2)Heated Probe (2)

Callipers

-

JCT JCC P1 Cooler

-

Mass Flow Controller (1)

Digital Temperature Meter

Heated Probe (3) -

Stack Thermocouple (3)

Single Channel Heater Controller

-

-

CAT 25.79

-

MCERTS Accreditation

Easylogger EN-EL-12 Bit

-

Mass View (1)

-

-

-

-

Equipment I.D. Equipment Type

CAT 25.78

Parameter

-

Eco Physics CLD 822Mh

TE1 TE2 TE3 TE4

Easylogger EN-EL-12 Bit -
Dual Channel Heater Controller -500g / 1Kg Check Weights -

Umbilical (2) Testo 350 XL

MM 13 1244

-

CAT 21S-18

Team Leader Dale Padfield

Equipment I.D.

APPENDIX 1

-

Site Balance

M&C PSS

Instrumental Analysers

-
-

Mass View (2)

1m Heated Line (1)-

CAT 3.177

STACK EMISSIONS MONITORING PERSONNEL

-

Gasmet Sampling System-

Extractive Sampling

Equipment Type
-

-

Position

Team Leader

CAT 6.14

-

-

-

MCERTS Level 2

1m Heated Line (3)

Control Box DGM (1)

Water Vapour

CAT-TP-41

CAT-TP-16

CAT-TP-16

CAT-TP-16 

Velocity & Vol. Flow Rate

EN 14790

EN 16911-1 (MID)

-

5m Heated Line (1) -

Name

Gasmet DX4000

MCERTS Number

Miscellaneous Items

Control Box DGM (2)

-

Martin Futter MCERTS Level 2

LIST OF EQUIPMENT

-

CEN/TS 13649

CAT-TP-16

 

Stopwatch
Servomex 4900 -

Stack Thermocouple (2)

Horiba PG-250

Bioaerosols Temperature Logger -
Electronic Refrigerator -

EET-RT (Version CC)
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General Stack Details

Stack Gas Composition & Molecular Weights

CO₂ (Estimated)

O₂ (Estimated)

Moisture (H₂O)

Where: p = M / 22.41

pi  = r x p

Calculation of Stack Gas Densities

Where: P STD = sum of component concentrations, kg/m³ (not including water vapour)

P STW = sum of all wet concentrations / 100 x  density, kg/m³ (including water vapour)

P Actual = P STD x (TSTP / (PSTP)) x ((Pstatic + Pb) / Ta) 

P ActualW (at each sampling point) = P STW x (Ts / Ps) x (Pa / Ta) 

Calculation of Stack Gas Volumetric Flowrate, Q

kg/m³

2.01

-

Gas Volumetric Flowrate (STP, Dry) m³/hr

Total Pressure

Units

kg/m³

Conc

0.98913

1.287

77.55

23.0

101.3

Gas Volumetric Flowrate REF ¹

0.0

Dry Density (STP), P STD

0.0006

18.02

Units

1.4277 0.29696-

Units

0.00118

Gas Volumetric Flowrate (STP, Wet)

Moisture

kPa

0.0201

20.38

Result

Dry Density (Actual), P Actual

20.80 32.00

1.278

%

0.8037

Temperature

N₂ -

0.2080

m³/hr

REF ¹

1.178

- -

1.249879.14

°C

0.06

Gas Volumetric Flowrate (Actual)

2.01

1.9635

kg/m³

m³/hr 319

kg/m³

M

Volume 

kPa

kPa

0.83

-

r% v/v

44.01

Average Pitot Tube Calibration Coefficient, Cp

ppm

Duct gas flow conditions

319

346

1.187

Wet Density (STP), P STW

101.3

Result

0.06

Average Stack Static Pressure, Pstatic

195.0

Stack Width, W

Average Wet Density (Actual), P ActualW

2.01

Molar Conc

Pa

Fraction 

Density

Dry

Average Stack Gas Pressure

Conc

0.09

101.2

Average Stack Gas Temperature, Ta

0.080

p

313

% v/v

Stack Details (from Traverse)

APPENDIX 2

-

Units

kg/m³

23.0

Average Barometric Pressure, Pb

m

Actual

kg/m³

0.7914 28.01

Conc

Mass

Component

Stack Area, A

Stack Diameter / Depth, D

m

pi

Value

PRELIMINARY STACK SURVEY: CALCULATIONS

Wet

m³/hr

°C

0.01

Determinand

0.01614

m²

Gas Volumetric Flowrate (from Traverse)

EET-RT (Version CC)
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Parameter Parameter

Date of Survey Initial Pitot Leak Check
Time of Survey Final Pitot Leak Check
Atmospheric Pressure Orientation of Duct
Average Stack Static Pressure Pitot Tube, Cp

Result of Pitot Stagnation Test Number of Lines Available
Are Water Droplets Present? Number of Lines Used
Device Used

15.11

-

-

0.0

1

195.0
23.0 1.178

1.178

Point

Mean
1

-
Pass

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID)

0.05 195.0

kg/m³
Velocity

23.0
15.11

Value

∆P

80 -

STATIC (Units: Pa)

15:20 - 15:21

0.83
Vertical

Pass

Depth

Yes

Pass

-

(1 of 1)

1

APPENDIX 2

Sampling Line A

°°C
80.0

m/sPa

101.2

m

-

Temp

Units

Wet Density

Pa

24/06/2019

ValueUnits

-

kPa

-

-

Traverse Swirl

S-Type Pitot with KIMO MP 200 (500Pa)

-

EET-RT (Version CC)
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u(M) 0.00003

0.867

u(v) 0.867

Uc(v)

- Drift

- Lack of Fit

- u(qV,w)

Standard uncertainty associated with the mean velocity (95% Confidence)

3.323

u(ρ) 0.00635

Standard Uncertainty on the coefficient of the Pitot Tube

10.039

Standard uncertainty associated with the absolute pressure in the duct

- Atmospheric Pressure

- Resolution

- Calibration

-

Uc(qV,w)

m/s

- Overall corrections to dynamic measurements

Standard uncertainty associated with the molar mass of the gas

- φO₂,w

0.00053

UnitsValuePerformance characteristics (Uncertainty Components) Uncertainty

Uc,rel(v) 11.25

u(∆pi)

u(drift) 0.083

u(k) 0.005

Pa

u(res) 0.00087

-

Standard Uncertainty associated with the mean local dynamic pressures

- φCO₂,w

5.996

- Oxygen, dry

- Carbon Dioxide, dry

u(fit)

0.00383

458

- 21.4

Uc,rel(qV,w) %

u(vi)

K

u(pc) 175.723 Pa

u(patm) 175.692

u(pstat)

Standard uncertainty associated with the mean velocity (95% Confidence), relative

12.12

1.699

Standard uncertainty associated with the volume flow rate (95% Confidence)

Standard uncertainty associated with the volume flow rate (95% Confidence), relative

%

- Static Pressure

-

Standard uncertainty associated with the mean velocity

Standard uncertainty associated with the stack temperature

-

Pa

m/s

u(φO₂,w) 0.624

u(φCO₂,d) 0.002

u(φH₂O) 0.102

-

Standard uncertainty associated with the density in the duct

- Water Vapour

- Oxygen, wet

- Carbon Dioxide, wet

-

APPENDIX 2

Standard uncertainty associated with the local velocities

u(Cf)

u(cal) 3.959

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID) - MEASUREMENT UNCERTAINTY
(1 of 1)

42.0 m³/hr

- u²(qV,w)

3.323

1.510u(Tc)

u(φCO₂,w) 0.002

- u²(a)/a²

- u²(qV,w)/q²V,w

20.382

- 0.059

u(φO₂,d) 0.637

-

EET-RT (Version CC)
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Sample Runs

General Sampling Information

Sample Runs

Where: MFC stands for Mass Flow Controller, MV stands for Mass View Flowmeter

Silica Trap Start Mass

Standard

0.11

Sampling Times

Silica Trap End Mass

g

MeanRun 1

0.11

Sampling Dates

9.58

13:50 - 14:30

Volume Sampled (STP, Wet)

g

1449.9

-

WATER VAPOUR: SAMPLING DETAILS

APPENDIX 2

Concentration

-

40

Total Mass Of Water Vapour

Liquid Trap End Mass

Liquid Trap Start Mass

Sampling Device

0.3831

g

g

EN 14790

Technical Procedure

24/06/2019

Units

mins

WATER VAPOUR: RESULTS SUMMARY

±% v/v

% v/v 2.01

Parameter

Purolite Ltd, Llantrisant

Uncertainty

2.01

Main Stack

m³

g

Calculated Water Vapour

Units

Volume Sampled (STP, Dry)

ValueParameter

CAT-TP-05

Parameter

- MFC / MV

% v/v

1455.4

6.3

3881.1

0.3910

Duration

2.01

m³

3881.9

l/minSample Flow Rate

Run 1

EET-RT (Version CC)
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Sample Runs

Method Deviations

1

x

Measurement Uncertainty

l/min

l/min 0.10

WATER VAPOUR: QUALITY ASSURANCE

Mean Sampling Rate

APPENDIX 2

9.6

Run 1

Water Droplets

l/min

Pre-Sampling Leak Rate

Leak Test Results Units

Silica Gel

Nature of Deviation

Units Run 1

0.19

Yes

No

0.10

Are Water Droplets Present

l/min

MU Acceptable

Leak Test Acceptable

Post-Sampling Leak Rate

Measurement Uncertainty (MU) %

Run 1

Run Number

%

Test Conditions

(x = deviation applies to the associated run)

Yes

Units Run 1

Yes

Units Run 1

5.4

-

%

Allowable Leak Rate

Units

20.0

-

Allowable MU

Yes-

There are no deviations associated with the sampling employed.

Less than 50% Faded %

Ambient Temperature Recorded?

EET-RT (Version CC)
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Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Combined uncertainty

Expanded uncertainty (95% confidence)

Expanded uncertainty (95% confidence), estimated with Method Deviations

Uncertainty if Water Droplets are present

Reported Uncertainty

Expanded uncertainty (95% confidence)

Expanded uncertainty (95% confidence), estimated with Method Deviations

Uncertainty if Water Droplets are present

Reported Uncertainty

Units

APPENDIX 2

WATER VAPOUR: MEASUREMENT UNCERTAINTY CALCULATIONS

SymbolMeasured Quantities

Standard uncertainty

Symbol

0.03

Measured Quantities

%

2.00

Vm

No Requirement

uVm m³0.3831

g

-

% v/v 0.035

% v/v

Units

% v/v

g

Units

m³

6.30

Measured Quantities

Run 1

% v/v 0.11

0.50

Rb

6.30

≤2%

g

%

0.040

Sensitivity Coefficient

Run 1

1.04

Run 1

g

%

uRw

0.0077

Run 1

1.75

No Requirement

Units

%

Run 1

Uncertainty in Result

L

uRb

0.11Rw

≤2%

Value

1.04

Run 1

0.32

0.010

6.30

5.240.3831

0.01

6.30

0.32

Run 1

Measured Quantities

%

Requirement of Standard

Uncertainty in Measurement Units

% v/v

L

Symbol

% v/v

% v/v N/A

0.11

Uncertainty as a Percentage

%

Rw

5.4

0.11

%

%

% v/v

Parameter

5.4

Units

1.00

% v/v 0.012

5.4

% v/v 0.06

Rb

N/A

Vm

%

EET-RT (Version CC)
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Sample Runs

< < <

General Sampling Information

FORMAT: Number Used / Number Required

FORMAT: Number Used / Number Required

Reference Conditions

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

1 / 1

Sample Tube Type

5.19

Parameter

TOLUENE, IMS, AGE : RESULTS SUMMARY

Coconut Shell Charcoal

Purolite Ltd, Llantrisant

Value

Name of Analytical Laboratory RPS

1911.72621.0 1622.1

APPENDIX 2

Analytical Laboratory's Procedure O8 (U)  G8 (N)

ISO 17025 Accredited Analysis? See Executive Summary

Date of Sample Analysis 05/07/2019

957.5

1.76 1.48

11.0
2446.4

123.7

1.29

56.6

Run 2Units Run 1

CAT-TP-16Technical Procedure

CEN/TS 13649Standard

2.36

1.04 1.58

594.8

1.29

Run 3 Mean

Main Stack

Parameter

mg/m³

mg/m³

mg/m³

196.5

2.03

 -   
 

mg/m³

1.67

Run 4

Sample Point I.D.'s A1

Probe Material Stainless Steel

Dynamic Dilution Employed

Number of Sampling Points Used

Yes

Number of Sampling Lines Used 1 / 1

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

<

< < < <

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

0.78 100.0

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

09:10 - 10:10

20.0

MV

Volume Sampled (REF) m³ 0.0039

RUN 1

1.5 957.5

Reported                      
LOD               

mg/m³

1.041.04

3.0 957.51.5

100.0

: 1

mins

Concentration                
mg/m³

Units

1.5 3.0

Sampling Device

Adsorption 
Efficiency                      

%

4.0

4

42.541.0

APPENDIX 2

60

5.195.1910.0

-

5.19

1.04

10.0

Lab Result 
(Front)                     

µg      

20.0 -    

2.0

N₂ to Stack Gas Dilution Ratio

- 24/06/2019

1.5

Parameter LOD                
(Total)                 

µg

TOLUENE, IMS, AGE : SAMPLING DETAILS

Value

Sampling Dates

-

Sampling Times

Duration

100.0

Parameter

4.0

10.010.0

1.5

Lab Result 
(Back)                  

µg

Lab Result 
(Total)                  

µg

3691.0

2.0 2.02.0

LOD             
(Front)              

µg      

LOD             
(Back)          

µg      

11.0 11.0 0.78 100.0

3692.5

1.5

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

< < < <

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

1.5

0.25

2621.0

10.0 20.0 1.67

21.0

1.5675.5

2.0

4.0

APPENDIX 2

1.67

674.0 1.5

2.0 2.0 4.0

TOLUENE, IMS, AGE : SAMPLING DETAILS

2621.0

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

Reported                      
LOD               

mg/m³

1.5

Lab Result 
(Back)                  

µg

10.0

Adsorption 
Efficiency                      

%

Lab Result 
(Total)                  

µg

MV

Duration mins 60

Volume Sampled (REF)

1.76 1.76 0.33 100.0

1.67

Value

0.25 100.0

100.0

Lab Result 
(Front)                     

µg      

1.5 3.0

 -    10.0 20.0

-

RUN 2

100.0

10:13 - 11:13

Sampling Dates

0.0119

31300.0 3.0

-

Parameter Units

31304.0 1.5

10.0

Sampling Times

Parameter

19.0

LOD             
(Front)              

µg      

m³

56.6 56.6

LOD             
(Back)          

µg      

LOD                
(Total)                 

µg

Sampling Device -

24/06/2019

N₂ to Stack Gas Dilution Ratio : 1

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

< < < <

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

100.0

1622.1

123.7 0.13

100.0

-

24/06/2019

Sampling Device -

Sampling Times

100.0

Parameter

Parameter Units

Adsorption 
Efficiency                      

%

0.87 1.29 0.87

1622.1 0.13

2.0 34.0 2.0 2.0

MV

Duration mins 120

N₂ to Stack Gas Dilution Ratio : 1

32.0

Lab Result 
(Front)                     

µg      

Lab Result 
(Back)                  

µg

10.0 10.0 20.0 10.0 10.0 20.0

1.5

Volume Sampled (REF) m³ 0.0230

LOD                
(Total)                 

µg

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

Reported                      
LOD               

mg/m³

37310.0 4.0 37314.0 1.5

4.0 1.48 1.48 0.17

2830.0 15.0 2845.0 1.5 1.5 3.0

Value

123.7 99.5

 -    

1.5 3.0

LOD             
(Back)          

µg      

11:15 - 13:15

Sampling Dates -

Lab Result 
(Total)                  

µg

LOD             
(Front)              

µg      

APPENDIX 2

TOLUENE, IMS, AGE : SAMPLING DETAILS

RUN 3
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Sampling Device - MV

N₂ to Stack Gas Dilution Ratio

1.5

mins

1.29

100.0

10870.0 2872.0

Duration

2.0 2.0 2.03

1.5 1.5 3.0 594.8

45.0 2.0 47.0

13:18 - 15:18

Sampling Dates - 24/06/2019

13.0 10.0 23.0 10.0 10.0 20.0 1.00

APPENDIX 2

TOLUENE, IMS, AGE : SAMPLING DETAILS

RUN 4

Parameter Units Value

Lab Result 
(Back)                  

µg

Lab Result 
(Total)                  

µg

LOD             
(Front)              

µg      

LOD             
(Back)          

µg      

: 1

56510.0 6.0 56516.0

0.87

3.0 2446.4 2446.4 0.13 100.0

Volume Sampled (REF) m³ 0.0231

Sampling Times -

0.17

LOD                
(Total)                 

µg

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

100.0

Lab Result 
(Front)                     

µg      

120

4.0 2.03

13742.0

Parameter Adsorption 
Efficiency                      

%

1.5

Reported                      
LOD               

mg/m³

1.5

594.8 0.13 79.1

 -    

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

< < <

< < <

< < <

< < <

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

APPENDIX 2

24/06/19

TOLUENE, IMS, AGE : SAMPLING DETAILS

BLANK 1

Parameter Units

3.0 0.194

 -    

Lab Result 
(Total)                  

µg

10.0

Concentration                
mg/m³

1.5 3.0 0.194

1.5 1.5

4.0 0.2582.0

1.5

10.0 20.0 1.292

2.0

Sampling Dates -

Value

Sampling Device - MV

Average Volume Sampled (REF) m³ 0.0155

Parameter Lab Result 
(Front)                     

µg      

Lab Result 
(Back)                  

µg

EET-RT (Version CC)
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Sample Runs

Temperature

40°C

Temperature Acceptable -

Yes

Run 1

-Ambient Temperature Recorded?

Run 3

Yes

40

Temperature at Sample Tubes Units

Yes Yes

14

Allowable Temperature

Test Conditions Units

Yes Yes

4040

Run 2 Run 3 Run 4

Yes

No

(PAGE 1 OF 2)

100.0

Yes

14

Run 2

100.0%

0.00 0.00

TOLUENE, IMS, AGE : QUALITY ASSURANCE

Pre-Sampling Leak Rate

Run 4

0.2

99.5

0.01

Run 3Units

0.00

0.00

79.1

Run 1

0.2

Adsorption Efficiency Units

Post-Sampling Leak Rate

Run 1

l/min

Run 2

Run 4

l/min

0.2

APPENDIX 2

Leak Test Results

Run 1

95 95 95

Run 2

0.1

l/min

100.0 100.0

100.0%

100.0

0.00

0.00

0.00 0.01

0.00

100.0 100.0 -    

l/min

%

%

-Leak Test Acceptable

100.0

YesAdsorption Efficiency Acceptable

Allowable Adsorption Efficiency

Yes

%

-

95

Yes

Allowable Leak Rate

Yes

15 15

Run 4

Mean Sampling Rate

°C

100.0 100.0

100.0 100.0

Yes

Run 3

0.01

0.00

Yes Yes

100.0
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Blank Runs

Method Deviations

1 2 3 4

x

mg/m³

Yes

0.00Sampling Leak Rate

Allowable for Toluene

0.2

Blank 1

-

Run Number

0.03

Allowable for Epichlorohydrin

(PAGE 2 OF 2)

Allowed

l/min

Units Blank 1

Allowable for IMS

0.3

Expected Sampling Rate

mg/m³

mg/m³

Allowable Leak Rate

l/min

1.3 N/AAllowable for AGE - (Allyl Glycidyl Ether) 

N/A

N/A

mg/m³

Leak Test Acceptable

0.2

l/min

N/A

APPENDIX 2

TOLUENE, IMS, AGE : QUALITY ASSURANCE

(x = deviation applies to the associated run)

Nature of Deviation

Leak Test Results

The absorption efficiency was less than the required 95%.

0.5

Validity of Blank vs ELV Units
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Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

O₂ Correction Factor

Stack Gas O₂ Content

MU for O₂ Correction

Combined uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

NOTE: Uncertainties reported in mg/m ³ are based upon the summation of all Speciated VOCs Measured.

Parameter

Overall MU For O₂ Measurement

669.4

Uncertainty as a Percentage

0.00

N/A

608.5

Oxygen Correction Part of MU Budget

Measured Quantities Units Run 3

535.9

0.000

22.020.0

Run 4

-

20.0

N/A N/A

Run 3

22.0

%

% N/A N/A

20.0

Run 1 Run 2

% N/A

Run 4

349.4

20.0 20.0

20.0

Measured Quantities

Run 4

mg/m³

mg/m³

mg/m³ N/A N/A N/A N/A

Run 1

194.8 535.9

194.8

%

669.4

0.0038

% 10.00

Uncertainty in Measurement Units

Lr 304.5 1.00

0.000

349.4

N/A

mg/m³

%

N/A N/A

N/AN/A

Requirement of Standard

10.00

20.0

194.8

0.0117

N/A

349.4

-%

-%

Vm uVm

Sensitivity Coefficient

1.000.000

uL

1.00 1.00

Run 4

%

2.00

0.00

Run 1

≤5%

Measured Quantities

APPENDIX 2

TOLUENE, IMS, AGE : MEASUREMENT UNCERTAINTY CALCULATIONS

Value Standard uncertainty

≤2%

Run 4

-

mg/m³

Run 4 Units

0.0038

2.00

Run 1

0.00

uLr

0.0005 0.00050.0225

0.00 0.00

Run 4Units

10.00

0.0117

-

m³0.0226

L

0.0001 0.0002

10.00 -

-

L mg/m³

273.4

134485

1.00

Run 1

1.00

Run 2Run 1

Run 2 Run 3Run 3Measured Quantities Symbol Symbol

Run 3

Run 2

0.00

Run 2

N/A

535.9

mg/m³

Run 1 Run 3

m³

Run 2

97.47

Vm

Run 2

N/A

- N/A N/A

Units

77547

Run 1

mg/m³ 0.0000 0.0000 0.0000

0.000

60.9

mg/m³ 99.4

268.1 1.00

304.45

No Requirement

0.0000

10.00 10.00 -Lr

10.00

0.00

257915

N/A

Units

268.10 174.81

Run 4

Symbol Units

N/A

% v/v N/A

1.00

19.5 53.6 35.0

10.00

2.00

0.00

Run 3

Uncertainty in Result

174.8

0.0225

Run 2

Run 3

20.0 20.0

97.5

Measured Quantities

0.0226 229072

N/A

mg/m³

-

178.3

20.0

% 2.00

310.5
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Overall Aim of the Monitoring Campaign

Special Requirements

Target Parameters

  

MONITORING OBJECTIVES

Executive Summary

Element were commissioned by Purolite Ltd to carry out stack emissions testing on the Main Stack at Llantrisant.

The aim of the monitoring campaign was to perform testing of an investigative nature under trial operation.

There were no special requirements.

Purolite Ltd, Llantrisant

(Page 1 of 7)
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where MU = Measurement Uncertainty associated with the Result

Parameter

 ¹

 ¹

 - )  ¹

 ¹

Water Vapour 

Stack Gas Temperature

Stack Gas Velocity

¹

NOTE: VOLUMETRIC FLOW RATE & VELOCITY DATA TAKEN FROM THE PRELIMINARY VELOCITY TRAVERSE.

¹ Reference Conditions (REF) are: 273K, 101.3kPa, without correction for water vapour content.

19.5

m³/hr

15.4

332

1.9

g/hr 1.0 0.2

-11.5

-

-

-

g/hr

0.3

0.1
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Executive Summary

Mass Emission

Units

1.5

0.4

4.5-

-

-

g/hr

g/hr

19.1

MONITORING RESULTS

Main Stack

Limit

+/-

MUResult Limit

Purolite Ltd, Llantrisant

12th September 2019

+/-

Units Result

Concentration

MU

Volumetric Flow Rate (ACTUAL)

40

0.1

°C

0.9

0.2

mg/m³

mg/m³

mg/m³

mg/m³

57.4

4.5

1.1

-3.0 0.6

43353

Volumetric Flow Rate (REF)

m/s

m³/hr

% v/v

1.73
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Parameter

R1

R2

R3

R1

R2

R3

R1 < <

R2

R3

R1

R2

R3

R1

R1

All results are expressed at the respective reference conditions.

12:55 - 14:55

g/hr

6.63

2.3

mg/m³

mg/m³

10:00 - 10:30

Date(s)

Mass Emission

12/09/2019

120

 mg/m³ 119.6 g/hr 120

 

% v/vWater Vapour

12/09/2019

30

g/hr

1.1

g/hr

1.5

10:51 - 12:51

0.3

2.2

12/09/2019

0.5

10:51 - 12:51

08:47 - 10:4712/09/2019

08:47 - 10:470.1

12/09/2019

Concentration Sampling

mins

Sampling

Main Stack
12th September 2019

mg/m³

mg/m³

mg/m³

14:59 - 15:00

1.9 12/09/2019

Velocity Traverse

Units

Times

Units

Executive Summary

MONITORING DATE(S) & TIMES

Purolite Ltd, Llantrisant

(Page 3 of 7)

Duration

g/hr

 

3.3

g/hr

 -   

 

0.24

g/hr

g/hr

mg/m³

4.38

0.79

mg/m³

mg/m³

  mg/m³ 1.27 g/hr

mg/m³

2.46

 

1.38 g/hr

 

 

mg/m³

12/09/2019

12/09/2019

12:55 - 14:5512/09/2019

120

120

6.91

12/09/2019

10:51 - 12:51 

 

  

49.3 g/hr

g/hr

1.83

120

10:51 - 12:51

120

120

08:47 - 10:47

12:55 - 14:55

120

12:55 - 14:55

12/09/2019

12/09/2019

120

12/09/2019

16.4 12/09/2019

08:47 - 10:47

0.4

0.6

120

0.8

120

120

39.7
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Standard Operating Conditions

N/A

Batch

Executive Summary

PROCESS DETAILS

Capacity (of 100%) and Tonnes / Hour

Continuous or Batch Process

N/A

(Page 4 of 7)

Parameter

Process Status

Solvent / Resin mix

Fuel

None

Main Stack
12th September 2019

Feedstock (if applicable)

None visible

Normal

Purolite Ltd, Llantrisant

Abatement System

Abatement System Running Status

Plume Appearance

Operational

Value

EET-RT (Version CC)
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No

 

 

  

ISO 17025 Accreditation Number: 4279

RPS No

0.119 mg/m³

0.238 mg/m³O8 (U)  G8 (N)

Lab Testing

O8 (U)  G8 (N)

O8 (U)  G8 (N)

EET

EET

 

0.1 % v/vCAT-TP-05

ANALYSIS LABORATORIES

Purolite Ltd, Llantrisant

GC-FID Yes RPS Yes

CAT-TP-16 EET

(with short name reference as appears in the table above)

RPS Laboratories Ltd (RPS)

EET

ISO 17025 Accreditation Number: 0605

DeviationRun

EN 16911-1 (MID) CAT-TP-41

Parameter

Element Stockport (EET)

YesEN 14790

1.2 m/s

YesCAT-TP-05

SUMMARY OF SAMPLING DEVIATIONS

YesVelocity & Vol. Flow Rate

Gravimetric

Yes

EET YesWater Vapour

GC-FID

RPS

CAT-TP-16

No

CEN/TS 13649 No

0.793 mg/m³Yes

EET 0.159 mg/m³

Yes EET

NoGC-FIDCAT-TP-16 Yes

RPS

CEN/TS 13649

NoYes

O8 (U)  G8 (N)

GC-FID

CEN/TS 13649 CAT-TP-16

CEN/TS 13649

Standard ISO

Executive Summary

Analysis

Testing ISO
(Average)

Analytical

Monitoring

Main Stack

17025 
Analysis

Technical MCERTS
Procedure

Analytical
Technique

MONITORING & ANALYTICAL METHODS

12th September 2019

Parameter

(Page 5 of 7)

LOD
Lab17025 

Testing
Procedure

Analysis

All There are no deviations associated with the sampling employed.

Pitot Tube and Thermocouple

All

EET-RT (Version CC)
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Duct Characteristics Location of Sampling Platform

Platform Details

Sampling Location / Platform Improvement Recommendations

EN 15259 Homogeneity Test Requirements

Sampling Plane Validation Criteria (from EN 15259)

-

0.00

Number of Ports - 1

1.00

-

Value

Units

Executive Summary

cm

Sufficient working area to manipulate probe and operate the measuring instruments

-

There are no obstructions present which hamper insertion of sampling equipment

Yes

Type

0.09

207.0

Circular

Compliant

15.40

Value

> 5 Pa

m/s

PermanentPermanent / Temporary Platform

Inside / Outside

Yes

EA Technical Guidance Note M1 / EN 15259 Platform Requirements

Pa

The sampling location meets all the requirements specified in EA Guidance Note M1 and EN 15259, and therefore there are no 
improvement recommendations.

There is no requirement to perform a EN 15259 Homogeneity Test on this Stack.

Platform has chains / self closing gates at top of ladders

Platform has vertical base boards (approx. 0.25m high)

No

Yes

Traverse 1

Yes

Yes

SUITABILITY OF SAMPLING LOCATION

Outside

Yes

Lowest Gas Velocity

m/s

Vertical

Yes

15.40

Required

-

Mean Velocity

No

Parameter

(Page 6 of 7)

Sample Port Size

mWidth

Value

Platform has 2 levels of handrails (approx. 0.5m & 1.0m high)

3" Flange

9

Units General Platform Information

m²

-

0.01

Orientation of Duct

Easy Access Available

Lowest Differential Pressure

Port Depth

Criteria in EN 15259

: 1 Yes

< 15°

Yes

Safe Access Available

-

-

-

-15.40

m/s

Maximum Angle of Swirl Yes

-

°

-

Highest Gas Velocity

Area

-

Ratio of Above

Depth

No Local Negative Flow

< 3 : 1

m

EET-RT (Version CC)
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APPENDIX 1 - Stack Emissions Monitoring Personnel, List of Equipment & Methods and Technical Procedures Used

APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

APPENDIX CONTENTS

APPENDICES
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Bioaerosols Temperature Logger -
Electronic Refrigerator -

Stopwatch
Servomex 4900 -

Stack Thermocouple (2)

-

CEN/TS 13649

CAT-TP-16

 

5m Heated Line (1) -

Horiba PG-250
-

Water Vapour EN 14790

EN 16911-1 (MID)Velocity & Vol. Flow Rate

CAT-TP-16

CAT-TP-16

CAT-TP-16 

 - )  

CAT-TP-41

1m Heated Line (3)

Control Box DGM (1)
Equipment Type

CAT 25.78
-

Position

Team Leader

CAT 6.14

-

-

-

Name

-

-

Equipment I.D. Equipment Type

Control Box DGM (2)

-

Martin Futter MCERTS Level 2

Easylogger EN-EL-12 Bit -
Dual Channel Heater Controller -500g / 1Kg Check Weights -

Umbilical (2) Testo 350 XL

-

CAT 21S-18

Equipment I.D.

APPENDIX 1

Gasmet DX4000

MCERTS Number

Miscellaneous Items

-

Parameter

-

Eco Physics CLD 822Mh

TE1 TE2 TE3 TE4

Site Balance

M&C PSS

Instrumental Analysers

-
-

Mass View (2)

1m Heated Line (1)-

-

Callipers

-

Gasmet Sampling System-

Easylogger EN-EL-12 Bit

Mass View (1)

-

-

JCT JCC P1 Cooler

-

Mass Flow Controller (1)

Digital Temperature Meter

Heated Probe (3) -

Stack Thermocouple (3)

Single Channel Heater Controller

-

-

CAT 25.79

- 1m Heated Line (2)Heated Probe (2)

15m Heated Line (1)

-

-

Technical ProcedureStandard

Bernath 3006 FID -

Technical Endorsements

S-Pitot (1)

L-Pitot

Barometer

Digital Manometer (2)

Umbilical (1)
Box Thermocouples (2)
Box Thermocouples (1)

CEN/TS 13649

CEN/TS 13649

CEN/TS 13649

Mass Flow Controller (2)

Heated Probe (1)

CAT 3.177

STACK EMISSIONS MONITORING PERSONNEL

Extractive Sampling

LIST OF EQUIPMENT

MCERTS Accreditation

-
-

-

ABB AO2020-URAS26

Equipment I.D.

CAT 6.13

-

-

S-Pitot (2)
20m Heated Line (1)

Tubes Kit Thermocouple -

20m Heated Line (2)

-

-

-

MM 03 216

-

Equipment Type

 

Oven Box (2)

-

CAT-TP-05

Last Impinger Arm - -
Laboratory Balance
Tape Measure

METHODS & TECHNICAL PROCEDURES USED

CAT 16.22

Stack Thermocouple (1)

Digital Manometer (1)Horiba PG-250 -

Oven Box (1)

EET-RT (Version CC)
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General Stack Details

Stack Gas Composition & Molecular Weights

CO₂ (Estimated)

O₂ (Estimated)

Moisture (H₂O)

Where: p = M / 22.41

pi  = r x p

Calculation of Stack Gas Densities

Where: P STD = sum of component concentrations, kg/m³ (not including water vapour)

P STW = sum of all wet concentrations / 100 x  density, kg/m³ (including water vapour)

P Actual = P STD x (TSTP / (PSTP)) x ((Pstatic + Pb) / Ta) 

P ActualW (at each sampling point) = P STW x (Ts / Ps) x (Pa / Ta) 

Calculation of Stack Gas Volumetric Flowrate, Q

m²

Value

PRELIMINARY STACK SURVEY: CALCULATIONS

°C

0.01

Gas Volumetric Flowrate (from Traverse)

Determinand

0.01534

Stack Details (from Traverse)

APPENDIX 2

-

Units

kg/m³

19.5

Average Barometric Pressure, Pb

m

Actual

kg/m³

0.7914 28.01

Conc

Mass

Component

Stack Area, A

Stack Diameter / Depth, D

m

m³/hr 332

kg/m³

M

Volume 

kPa

kPa

0.83

-

79.14

°C

Wet

m³/hr

101.3

Result

0.06

Average Stack Static Pressure, Pstatic

207.0

Stack Width, W

Average Wet Density (Actual), P ActualW

1.91

Molar Conc

Pa

Fraction 

Density

Dry

Average Stack Gas Pressure

Conc

0.09

102.3

Average Stack Gas Temperature, Ta

-0.088

p pi

1.9635

r% v/v

kg/m³

%

0.8037

Temperature

N₂ -

0.2080

m³/hr

REF ¹

1.204

- -

1.2498

44.01

% v/v

Units

kg/m³

Conc

0.98913

1.287

77.63

19.5

102.2

Gas Volumetric Flowrate REF ¹

0.0

0.06 0.00118

Gas Volumetric Flowrate (STP, Wet)

Moisture

kPa

0.0191

20.40

Result

Dry Density (Actual), P Actual

20.80 32.00

Average Pitot Tube Calibration Coefficient, Cp

ppm

1.278

Duct gas flow conditions

332

353

1.212

Wet Density (STP), P STW

326

Units

1.4277 0.29696-

Units

Gas Volumetric Flowrate (Actual)

1.91

0.0006

18.02

Dry Density (STP), P STD

m³/hr

Total Pressure

Gas Volumetric Flowrate (STP, Dry)

-

kg/m³

1.91

EET-RT (Version CC)
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Parameter Parameter

Date of Survey Initial Pitot Leak Check
Time of Survey Final Pitot Leak Check
Atmospheric Pressure Orientation of Duct
Average Stack Static Pressure Pitot Tube, Cp

Result of Pitot Stagnation Test Number of Lines Available
Are Water Droplets Present? Number of Lines Used
Device Used

12/09/2019

ValueUnits

-

(1 of 1)

1

APPENDIX 2

-

Traverse Swirl

S-Type Pitot with KIMO MP 200 (500Pa)

Pa
-

0.83
Vertical

Pass

Depth

Yes

Pass-
Pass

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID)

°°C
-88.0

m/sPa

Value

∆P

-88 -

14:59 - 15:00

Sampling Line A

kPa

-

-

19.5
15.40

STATIC (Units: Pa)

102.3

m

-

Temp

Units

Velocity

0.05 207.0

kg/m³
Wet Density

1.204

Point

Mean
1

207.0
19.5

-

0.0

1

15.40
1.204

-

EET-RT (Version CC)
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u(φCO₂,w) 0.002

- u²(a)/a²

- u²(qV,w)/q²V,w

- 0.059

u(φO₂,d) 0.637

-

20.403

1.492u(Tc)

42.8 m³/hr

- u²(qV,w)

3.507

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID) - MEASUREMENT UNCERTAINTY
(1 of 1)

-

Standard uncertainty associated with the density in the duct

- Water Vapour

- Oxygen, wet

- Carbon Dioxide, wet

-

APPENDIX 2

Standard uncertainty associated with the local velocities

u(Cf)

u(cal) 4.462

Standard uncertainty associated with the stack temperature

%

- Static Pressure

- 476

u(φH₂O) 0.097

u(φO₂,w) 0.625

0.00383

-

Pa

m/s

u(vi)

K

u(pc) 175.727 Pa

u(patm) 175.692

u(pstat)

Standard uncertainty associated with the mean velocity (95% Confidence), relative

12.12

- 21.8

Uc,rel(qV,w) %

Standard uncertainty associated with the mean velocity

Standard Uncertainty associated with the mean local dynamic pressures

- φCO₂,w

6.757

- Oxygen, dry

- Carbon Dioxide, dry

-

u(φCO₂,d) 0.002

u(fit)

Uc,rel(v) 11.25

Value Units

1.732

UncertaintyPerformance characteristics (Uncertainty Components)

u(∆pi)

u(drift) 0.083

u(k) 0.005

3.507

u(ρ) 0.00648

Standard Uncertainty on the coefficient of the Pitot Tube

11.302

Standard uncertainty associated with the volume flow rate (95% Confidence), relative

Standard uncertainty associated with the absolute pressure in the duct

- Atmospheric Pressure

- Resolution

- Calibration

-

Uc(qV,w)

Pa

u(res) 0.00087

u(M) 0.00003

0.884

u(v) 0.884

Uc(v)

- Drift

- Lack of Fit

- u(qV,w)

Standard uncertainty associated with the mean velocity (95% Confidence) m/s

- Overall corrections to dynamic measurements

Standard uncertainty associated with the molar mass of the gas

- φO₂,w

0.00053

Standard uncertainty associated with the volume flow rate (95% Confidence)

EET-RT (Version CC)
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Sample Runs

General Sampling Information

Sample Runs

Where: MFC stands for Mass Flow Controller, MV stands for Mass View Flowmeter

Run 1

m³

4034.5

Duration

1.91

1.91

% v/v

1345.9

4.4

4032.4

0.2873

m³

g

Calculated Water Vapour

l/minSample Flow Rate

mins

Concentration

Parameter

Purolite Ltd, Llantrisant

Uncertainty

1.91

Main Stack

APPENDIX 2

Units

Volume Sampled (STP, Dry)

ValueParameter

CAT-TP-05

Parameter

- MFC / MV

WATER VAPOUR: RESULTS SUMMARY

MeanRun 1

0.12

Sampling Dates

9.39

10:00 - 10:30

Volume Sampled (STP, Wet)

g

1343.6

-

WATER VAPOUR: SAMPLING DETAILS

12/09/2019

Units

±% v/v

% v/v

Standard

0.12

-

30

Total Mass Of Water Vapour

Liquid Trap End Mass

Liquid Trap Start Mass

Sampling Device

0.2819

g

g

EN 14790

Technical Procedure

Sampling Times

Silica Trap End Mass

g

Silica Trap Start Mass

EET-RT (Version CC)
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Sample Runs

Method Deviations

1

x

Less than 50% Faded %

Yes-

Yes

Units Run 1

There are no deviations associated with the sampling employed.

Allowable MU

Ambient Temperature Recorded?

-

%

Allowable Leak Rate

Units

20.0

(x = deviation applies to the associated run)

0.10

Are Water Droplets Present

l/min

MU Acceptable

Leak Test Acceptable

Post-Sampling Leak Rate

Measurement Uncertainty (MU) %

l/min

Pre-Sampling Leak Rate

-

Test Conditions Units Run 1

0.19

Yes

No

Silica Gel

Nature of Deviation

6.5

Leak Test Results Units Run 1

Water Droplets

Mean Sampling Rate

APPENDIX 2

Run Number

WATER VAPOUR: QUALITY ASSURANCE

l/min

9.4

%

Yes

Units Run 1Measurement Uncertainty

l/min

0.10

Run 1

EET-RT (Version CC)
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Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Sampled Volume (STP)

Repeatability of Weighing

Reading of Balance

Leak

Combined uncertainty

Expanded uncertainty (95% confidence)

Expanded uncertainty (95% confidence), estimated with Method Deviations

Uncertainty if Water Droplets are present

Reported Uncertainty

Expanded uncertainty (95% confidence)

Expanded uncertainty (95% confidence), estimated with Method Deviations

Uncertainty if Water Droplets are present

Reported Uncertainty 6.5

6.5

0.12

%

%

% v/v

Measured Quantities

%

6.5

Units

1.00

% v/v N/A

0.12

Uncertainty as a Percentage

%

Rw

% v/v 0.06

Rb

N/A

Vm

%

1.06

Run 1

0.43

0.010

4.40

6.770.2819

0.01

4.40

0.43

Run 1

Measured Quantities

Run 1

% v/v 0.12

Requirement of Standard

Uncertainty in Measurement Units

% v/v

L

Symbol

% v/v

% v/v 0.012

Uncertainty in Result

L

Sensitivity Coefficient

Run 1

1.06

Run 1

g

Units

% v/v

g

Units

m³

4.40

Value

-

0.0056

Run 1

2.50

No Requirement

Units

%

Run 1

g

%

0.038

Parameter

uRb

0.11Rw

≤2%

% v/v 0.048

% v/v

0.50

Rb

4.40

≤2%

%

uRw

0.02

Measured Quantities

%

2.00

Vm

No Requirement

uVm

Standard uncertainty

Symbol SymbolMeasured Quantities Units

APPENDIX 2

WATER VAPOUR: MEASUREMENT UNCERTAINTY CALCULATIONS

m³0.2819

g

EET-RT (Version CC)
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Sample Runs

<

General Sampling Information

FORMAT: Number Used / Number Required

FORMAT: Number Used / Number Required

Reference Conditions

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Dynamic Dilution Employed

Number of Sampling Points Used

1.15

Sample Point I.D.'s A1

Probe Material Stainless Steel

mg/m³

1.27mg/m³

mg/m³

4.5
 

 

Mean

Main Stack

Parameter

mg/m³

0.24 2.99

Run 3

Yes

Number of Sampling Lines Used 1 / 1

CAT-TP-16Technical Procedure

Standard CEN/TS 13649

1.83 6.91

2.5

0.79

Parameter

 : RESULTS SUMMARY

6.6

1.38

4.4

APPENDIX 2

Analytical Laboratory's Procedure O8 (U)  G8 (N)

ISO 17025 Accredited Analysis? See Executive Summary

Date of Sample Analysis 03/10/2019

3.3

1 / 1

Units Run 1

119.6 49.3

Run 2

Coconut Shell Charcoal

Purolite Ltd, Llantrisant

Value

Name of Analytical Laboratory RPS

57.4

Sample Tube Type

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

< < < <

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Value

Sampling Dates

-

Sampling Times

10.0

3.0

Lab Result 
(Back)                  

µg

Lab Result 
(Total)                  

µg

66.0

4.0 2.02.0

Duration

LOD             
(Front)              

µg      

LOD             
(Back)          

µg      

2.457 2.457 0.238 100.0

72.0

3.0

10.0

Lab Result 
(Front)                     

µg      

20.0 

2.0

N₂ to Stack Gas Dilution Ratio

- 12/09/2019

6.0

Parameter LOD                
(Total)                 

µg

 : SAMPLING DETAILS

APPENDIX 2

120

6.0

1.5

62.059.0

4.0 0.159 100.0

-

0.793 0.7930.79310.0

Reported                      
LOD               

mg/m³

0.2380.238

3.0 2.8541.5

100.0

Parameter Units

3.0 6.0

Sampling Device

Adsorption 
Efficiency                      

%

0.119 91.7

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

08:47 - 10:47

Concentration                
mg/m³

: 1

mins

10.0 20.0

MV

Volume Sampled (REF) m³ 0.0252

RUN 1

1.5 3.329

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

<

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

LOD             
(Back)          

µg      

12:55 - 14:55

Sampling Dates -

Lab Result 
(Total)                  

µg

LOD             
(Front)              

µg      

APPENDIX 2

 : SAMPLING DETAILS

RUN 3

1.5 3.0

Value

6.631 100.0

) 

0.0253

4.0 6.907 6.907 0.158

165.0 3.0 168.0 3.0 3.0 6.0

Adsorption 
Efficiency                      

%

1.5

Volume Sampled (REF) m³

10.0 20.0

95.0

Parameter

173.0

Lab Result 
(Front)                     

µg      

Lab Result 
(Back)                  

µg

25.0

MV

Duration mins 120

N₂ to Stack Gas Dilution Ratio : 1

49.259 0.118

2.0 175.0 2.0 2.0

1.381 1.381 0.789

LOD                
(Total)                 

µg

Concentration                
mg/m³

Reported                
Concentration 

(Blank Reviewed)               
mg/m³

Reported                      
LOD               

mg/m³

1186.0 62.0 1248.0 1.5

Sampling Times -

12/09/2019

Sampling Device -

100.0

49.259

6.631 0.237

100.010.0 35.0 10.0

Parameter Units

EET-RT (Version CC)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

< < <

< < <

< < <

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Average Volume Sampled (REF) m³ 0.0252

Parameter Lab Result 
(Front)                     

µg      

Lab Result 
(Back)                  

µg

Toluene

Epichlorohydrin

45.0

10.0 20.0 0.793

2.0

APPENDIX 2

12/09/2019

 : SAMPLING DETAILS

BLANK 1

Parameter Units

6.0 0.238

AGE - (Allyl Glycidyl Ether) 

Lab Result 
(Total)                  

µg

10.0

Concentration                
mg/m³

39.0 84.0 3.329

IMS 3.0 3.0

4.0 0.1592.0

Sampling Dates -

Value

Sampling Device - MV

EET-RT (Version CC)
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Sample Runs

Mean Sampling Rate

°C

100.0

95.0

Adsorption Efficiency Acceptable

Allowable Adsorption Efficiency

l/min

%

Toluene %

-Leak Test Acceptable

Epichlorohydrin

0.01 0.01

0.00

Yes

Allowable Leak Rate

13

APPENDIX 2

Leak Test Results

Run 1

95 95

Run 2

Run 3Units

0.00

0.00

No

100.0 100.0AGE - (Allyl Glycidyl Ether) 

%

-

0.2

l/min

100.0 100.0

93.6%

100.0

95

Post-Sampling Leak Rate

Run 1

99.5

0.00 0.00

 : QUALITY ASSURANCE

Pre-Sampling Leak Rate

IMS 100.0

l/min

Run 2

l/min

0.2

Yes

Run 3

0.01

0.00

Yes Yes

100.0

Yes

Run 2

%

Run 1

0.2

Adsorption Efficiency Units

Run 3

Yes

14

Run 2 Run 3

Yes

No

(PAGE 1 OF 2)

91.7

14

Allowable Temperature

Test Conditions Units

Yes

4040

-Ambient Temperature Recorded?

Run 1

Temperature at Sample Tubes Units

Yes YesTemperature Acceptable -

Temperature

40°C

EET-RT (Version CC)
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Blank Runs

Method Deviations

1 2 3

x

x

x

0.5

Validity of Blank vs ELV Units

Toluene absorption efficiency was less than the required 95%.

IMS absorption efficiency was less than the required 95%.

There are no deviations associated with the sampling employed.

(x = deviation applies to the associated run)

Blank 1

Nature of Deviation

Leak Test Results

N/A

APPENDIX 2

 : QUALITY ASSURANCE

3.3

Allowable for IMS

Leak Test Acceptable

l/min

0.8 N/AAllowable for AGE - (Allyl Glycidyl Ether) 

N/A

N/A

l/min

(PAGE 2 OF 2)

Allowed

l/min

Units

Expected Sampling Rate

Allowable Leak Rate 0.03

Allowable for Epichlorohydrin 0.2

mg/m³

mg/m³

mg/m³

Blank 1

mg/m³

Yes-

Run Number

0.00Sampling Leak Rate

Allowable for Toluene

0.2

EET-RT (Version CC)
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Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

O₂ Correction Factor

Stack Gas O₂ Content

MU for O₂ Correction

Combined uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

NOTE: Uncertainties reported in mg/m ³ are based upon the summation of all Speciated VOCs Measured.

20.0 20.0

0.682

Measured Quantities

5154.22

N/A

mg/m³

-

6.545

20.0

mg/m³

0.0247

Uncertainty in Result

6.418

0.0249

Run 2

1.00

0.136 2.541 1.284

25.392

mg/m³

Run 1 Run 3

m³

Run 2

0.6817

Vm

Run 2

- N/A N/A

Units

2582.43

Run 1

mg/m³ 0.0000 0.0000 0.0000

Run 3

≤2%

-

mg/m³

% 2.00

No Requirement

10.00 -Lr

10.00

0.00

275.44

N/A

Units

12.7037 6.4179

Symbol Units

% v/v N/A

mg/m³ 0.695

12.704

2.00

0.00

L

0.0005 0.0005

10.00 -

L mg/m³

12.955

1.00

1.00

Run 2Run 1 Run 3

Run 2

0.00

Standard uncertainty

Units

0.0247

Run 1

uLr

0.00050.0249

0.00 0.00

Run 1 Run 2 Run 3Run 3Measured Quantities Symbol SymbolRun 2

%

2.00

Run 1

≤5%

Measured Quantities

APPENDIX 2

 : MEASUREMENT UNCERTAINTY CALCULATIONS

Value

Sensitivity Coefficient

1.000.000

uL

1.00

Units

10.00

0.0246

-

m³

-%

Vm uVm

%

N/A N/A

N/AN/A

%

-

20.0

10.00

20.0

1.363

0.0246

N/A

12.828

Requirement of Standard

mg/m³

mg/m³

12.828

20.0

N/A

Run 3

% 10.00

Uncertainty in Measurement Units

Lr 1.00

0.000

Measured Quantities

%

Run 3

1.363 25.392

1.363

12.828

20.0 20.0

20.0

Parameter

Overall MU For O₂ Measurement

Uncertainty as a Percentage

0.00

Oxygen Correction Part of MU Budget

Measured Quantities Units Run 3

25.392

N/A

%

% N/A N/A

mg/m³ N/A N/A N/A

0.000

Run 1 Run 2

%

Run 1

N/A

EET-RT (Version CC)
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Overall Aim of the Monitoring Campaign

Special Requirements

Target Parameters

(Page 1 of 7)

Purolite Ltd, Llantrisant

Main Stack

Element were commissioned by Purolite Ltd to carry out stack emissions testing on the Main Stack at Llantrisant.

The aim of the monitoring campaign was to perform testing of an investigative nature under trial operation.

There were no special requirements.

1st April 2022

 

MONITORING OBJECTIVES

Executive Summary

EET-RT (Version CN)
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where MU = Measurement Uncertainty associated with the Result

Parameter

 ¹

 ¹

  ¹ < <

 ¹

Stack Gas Temperature

Stack Gas Velocity

¹

NOTE: VOLUMETRIC FLOW RATE & VELOCITY DATA TAKEN FROM THE PRELIMINARY VELOCITY TRAVERSE.

¹ Reference Conditions (REF) are: 273K, 101.3kPa, without correction for water vapour content.

m³/hr

14.3

39320

8.5

40Volumetric Flow Rate (ACTUAL)

1.61

Purolite Ltd, Llantrisant

1st April 2022

+/-

Units Result

Concentration

MUUnitsMU

130.3

1124.2

14.7 g/hr 5.5

Executive Summary

Limit

(Page 2 of 7)

Mass Emission

MONITORING RESULTS

Main Stack

Limit

+/-

Result

-

-mg/m³

mg/m³

-

-

-

g/hr

651.9

224.7

0.07

- -

359.2

0.12

48.7

0.36

-73.6

g/hr

g/hr

208.3mg/m³

mg/m³ 84.0

0.03

23.5

328

°C

m/s

Volumetric Flow Rate (REF) m³/hr

EET-RT (Version CN)
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Parameter

R1

R2

R1

R2

R1 < <

R2 < <

R1

R2

R1

All results are expressed at the respective reference conditions.

12:52 - 14:22

202.0

0.12

90

1050.9

01/04/2022

23.5g/hr

01/04/2022

01/04/2022

0.12

01/04/2022

12:52 - 14:22

90

11:18 - 12:48 90671.8

632.1 90

382.6

90

11:18 - 12:48

12:52 - 14:22

01/04/2022

90

90

mg/m³

mg/m³ g/hr

0.36

73.4

g/hr

1197.5

g/hr

 

g/hr

 

g/hr

g/hr

 

 

 

0.36

 

mg/m³

mg/m³

  

  

mg/m³

mg/m³

mg/m³ 73.7

Concentration Sampling

mins

Units

Executive Summary

Purolite Ltd, Llantrisant

DurationUnits

MONITORING DATE(S) & TIMES

Sampling

(Page 3 of 7)

Main Stack

1st April 2022

Times

g/hr

mg/m³ 12:52 - 14:22

90

214.7

23.5

10:00 - 10:0101/04/2022Velocity Traverse

Date(s)

Mass Emission

11:18 - 12:48

01/04/2022

01/04/2022

335.8

11:18 - 12:4801/04/2022

EET-RT (Version CN)
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Standard Operating Conditions

None

Fuel

Executive Summary

PROCESS DETAILS

Capacity (of 100%) and Tonnes / Hour

Continuous or Batch Process

N/A

(Page 4 of 7)

Parameter

Process Status

Purolite Ltd, Llantrisant

Abatement System

Abatement System Running Status

Operational

1st April 2022

Plume Appearance

None

Resin Mix

N/A

Main Stack

Normal

Batch

Value

Feedstock (if applicable)

EET-RT (Version CN)
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Standard Testing AnalysisSampling

Executive Summary
(Page 5 of 7)

Technical Overall

Procedure

Analysis

Procedure (Average)

Analytical LOD

Purolite Ltd, Llantrisant

Parameter Analytical

Main Stack

Technique

Monitoring

Analysis

Status

MONITORING & ANALYTICAL METHODS

1st April 2022

Lab

CEN/TS 13649

CAT-TP-16 MCERTS

EET

CEN/TS 13649

0.361 mg/m³

0.072 mg/m³MCERTS RPSO8, G8, M109

None 

0.217 mg/m³

CEN/TS 13649

O8, G8, M109

O8, G8, M109

MCERTS

Lab StatusStatus

MCERTS

GC-MS / GC-FID

GC-MS / GC-FID

None RPS

RPS

CAT-TP-16

None 

CAT-TP-16

0.144 mg/m³

RPS 17025

EET

MCERTS

EET

MCERTS

GC-MS / GC-FID

O8, G8, M109

All

Run

Velocity & Vol. Flow Rate MCERTS

ISO 17025 Accreditation Number: 0605

ANALYSIS LABORATORIES

EN 16911-1 (MID) CAT-TP-41 MCERTS

Parameter

RPS Laboratories Ltd (RPS)

SUMMARY OF SAMPLING DEVIATIONS

Pitot Tube and ThermocoupleEET

All

(with short name reference as appears in the table above)

1.2 m/s

Deviation

There are no deviations associated with the sampling employed.

GC-MS / GC-FID

None  

CAT-TP-16

17025

EET

CEN/TS 13649 
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Page 7 of 22

Purolite Ltd

Llantrisant

Main Stack

Job Number: EMT02936, Version 1

Sample Date/s: 1st April 2022

EPR Permit: AB3894ZF



  

Duct Characteristics Location of Sampling Platform

Platform Details

Sampling Location / Platform Improvement Recommendations

EN 15259 Homogeneity Test Requirements

Sampling Plane Validation Criteria (from EN 15259)

°

-

-

< 15°

14.33

: 1

Yes

Maximum Angle of Swirl

No Local Negative Flow

1.00

-

Value

9

-Width

-14.33

14.33 -

Criteria in EN 15259

Orientation of Duct

m

There are no obstructions present which hamper insertion of sampling equipment

0.00

Safe Access Available

Compliant

-

No

Traverse 1

m/s

185.0 Yes

Lowest Gas Velocity

m/sMean Velocity

Yes

Yes

-

-

Permanent / Temporary Platform

SUITABILITY OF SAMPLING LOCATION

Sample Port Size 3" Flange, 4.5cm opening

Yes

Yes

General Platform Information

Yes

(Page 6 of 7)

-

m²

m

Outside

Units Value

Area

Highest Gas Velocity

Parameter

Value

No

1

Yes

Yes

Required

-

Ratio of Above

Circular PermanentType

EA Technical Guidance Note M1 / EN 15259 Platform Requirements

Pa

All platforms should be designed in accordance with the requirements in the Environment Agency's Technical Guidance Note M1 

and EN 15259.

There is no requirement to perform a EN 15259 Homogeneity Test on this Stack.

Platform has chains / self closing gates at top of ladders

Platform has vertical base boards (approx. 0.25m high)

Platform has 2 levels of handrails (approx. 0.5m & 1.0m high)

Sufficient working area to manipulate probe and operate the measuring instruments

0.09

< 3 : 1

-

Vertical

m/s

> 5 Pa

Units

Easy Access Available

Lowest Differential Pressure

Port Depth cm

Yes

Inside / Outside

0.01

Depth

Executive Summary

Number of Ports -

EET-RT (Version CN)
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  Executive Summary

SAMPLE POINTS

No Photo's Available

(Page 7 of 7)

PLANT PHOTOS

= non-isokinetic sample point

= combustion gases sample point

where  = isokinetic point sampled at

= isokinetic point not sampled at

Line A

Line B
A1

EET-RT (Version CN)
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APPENDIX 1 - Stack Emissions Monitoring Personnel, List of Equipment & Methods and Technical Procedures Used

APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

APPENDIX CONTENTS

APPENDICES

EET-RT (Version CN)
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Equipment I.D.

-

-

Digital Manometer (1)

-

Horiba PG-250

-

 

L-Pitot

Mass Flow Controller (1)

-

-

Digital Temperature Meter

- Mass View (1)

S-Pitot (2)

Last Impinger Arm

-

JCT JCC P1 Cooler

Umbilical (1)

Box Thermocouples (2)

Box Thermocouples (1)

Heated Probe (3) -

Stack Thermocouple (3)

CEN/TS 13649

-

Callipers

Position

Team Leader

Laboratory Balance

Barometer

Digital Manometer (2)

Extractive Sampling

LIST OF EQUIPMENT

TE1 TE2 TE3 TE4

Equipment I.D.

--

METHODS & TECHNICAL PROCEDURES USED

Horiba PG-250

CAT 6.34

-

S-Pitot (1)

-

-

Mass View (2)

-

-

Parameter

CEN/TS 13649

CEN/TS 13649

CAT-TP-16CEN/TS 13649

Velocity & Vol. Flow Rate CAT-TP-41

Tape Measure

Heated Probe (1) 1m Heated Line (1)

Oven Box (1)

Equipment Type

CAT 4.0092

1m Heated Line (3)

CAT-TP-16

CAT-TP-16

-

Umbilical (2) Testo 350 XL

MM 19 1534

 

-

-

EN 16911-1 (MID)

Technical ProcedureStandard

M&C PSS

Easylogger EN-EL-12 Bit

STACK EMISSIONS MONITORING PERSONNEL

-

-

-

Sick 3006

-

Team Leader Lewis Doughty

-

Site Balance

MM 03 216

-

TE1 TE2 TE3 TE4

-

-

Mass Flow Controller (2)

Technical Endorsements

-

5m Heated Line (1) -

-

15m Heated Line (1)

- 20m Heated Line (2)

Oven Box (2)

- 1m Heated Line (2)Heated Probe (2)

Gasmet DX4000

Stack Thermocouple (1)

20m Heated Line (1)

Tubes Kit Thermocouple

Single Channel Heater Controller

Equipment Type

-

CAT 3.56

500g / 1Kg Check Weights

-

MCERTS Level 2

ABB AO2020-URAS26

APPENDIX 1

-

-

-

-

MCERTS Number

Miscellaneous Items

Name

Instrumental Analysers

- Stopwatch

Stack Thermocouple (2)

Eco Physics CLD 822Mh

Equipment Type

MCERTS Accreditation

-

Servomex 4900

 -   

Gasmet Sampling System-

Control Box DGM (1)

-

MCERTS Level 2

Equipment I.D.

-

Control Box DGM (2)

Martin Futter

CAT 3.56

-

 

CAT-TP-16

-

Easylogger EN-EL-12 Bit -

Dual Channel Heater Controller

CAT 25.6

-

-

Bioaerosols Temperature Logger -

Electronic Refrigerator -

EET-RT (Version CN)
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General Stack Details

Stack Gas Composition & Molecular Weights

CO₂ (Estimated)

O₂ (Estimated)

Moisture (H₂O) (Estimated)

NOTE: Moisture has been estimated as no moisture test was performed on the date(s) of testing

Where: p = M / 22.41

pi  = r x p

Calculation of Stack Gas Densities

Where: P STD = sum of component concentrations, kg/m³ (not including water vapour)

P STW = sum of all wet concentrations / 100 x  density, kg/m³ (including water vapour)

P Actual = P STD x (TSTP / (PSTP)) x ((Pstatic + Pb) / Ta) 

P ActualW (at each sampling point) = P STW x (Ts / Ps) x (Pa / Ta) 

Calculation of Stack Gas Volumetric Flowrate, Q

Total Pressure

Result

Dry Density (Actual), P Actual

20.80

Average Stack Gas Temperature, Ta

0.8037

pi

Units

kg/m³

% v/v

m³/hr

M

Volume 

kPa

Gas Volumetric Flowrate (STP, Dry)

8.5

101.7

Moisture  (Estimated)

kPa

%

Conc

101.8

101.3

32.00

Average Pitot Tube Calibration Coefficient, Cp

Units

-

Units

0.00118

Gas Volumetric Flowrate (STP, Wet)

-

APPENDIX 2

kg/m³

Average Stack Static Pressure, Pstatic

Average Wet Density (Actual), P ActualW

Dry Density (STP), P STD

°C

Wet

m³/hr

Stack Diameter / Depth, D

Stack Width, W

Gas Volumetric Flowrate REF ¹

0.296960.2080

°C

Average Stack Gas Pressure

REF ¹

1.237

1.270

76.37

44.01

Gas Volumetric Flowrate (Actual)

-

Conc

m²

328

1.254

79.14

Actual

20.07

0.98913

1.287

-

-

m³/hr

0.0006

3.50

0.0350

kg/m³

3.50

1.9635

r

0.06

Value

0.01

Mass

Component

-

kg/m³

320

Pa

Fraction 

Density

Dry

0.09

-0.082

Units

m³/hr

0.0

Duct gas flow conditions

Stack Area, A

-

308

kg/m³

Molar Conc

Wet Density (STP), P STW

ppm

1.2498

3.50

0.06

Gas Volumetric Flowrate (from Traverse)

Determinand

0.02813

Stack Details (from Traverse)

Result

m

PRELIMINARY STACK SURVEY: CALCULATIONS

kPa

p

8.5

m

Average Barometric Pressure, Pb

28.01

1.4277

320

185.0

0.7914

Temperature

N₂

0.83

18.02

% v/v

kg/m³

Conc

EET-RT (Version CN)
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Parameter Parameter

Date of Survey Initial Pitot Leak Check

Time of Survey Final Pitot Leak Check

Atmospheric Pressure Orientation of Duct

Average Stack Static Pressure Pitot Tube, Cp

Result of Pitot Stagnation Test Number of Lines Available

Are Water Droplets Present? Number of Lines Used

Device Used

STATIC (Units: Pa)

185.0

101.8

m °

APPENDIX 2

m/sPoint

Mean

0.0

-

1

S-Type Pitot with KIMO MP 200 (500Pa)

Pa

-82 -

°C kg/m³

8.5

-82.0

Value

--

Wet Density

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID)
(1 of 1)

Units

0.83

-

Pass

No -

Swirl

Pa

-

-

Sampling Line A

Velocity

Units

kPa

Pass

-

14.33

14.33

01/04/2022

Value

-

Pass10:00 - 10:01

∆PTraverse

0.05 185.0

Vertical

1.237

1.2378.5

1

1

TempDepth

EET-RT (Version CN)
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0.822

12.13

Standard uncertainty associated with the molar mass of the gas

- φO₂,w

0.00053

u(∆pi)

- Static Pressure

u(pc) 175.721 Pa

Standard uncertainty associated with the volume flow rate (95% Confidence)

K

Standard uncertainty associated with the mean velocity (95% Confidence), relative

Pau(vi)

u(k)

Uc,rel(v) 11.25

u(v)

Standard uncertainty associated with the local velocities

-

3.169

1.612

u(M)

Performance characteristics (Uncertainty Components)

175.692

u(pstat)

%

u(drift) 0.083

0.005

- Drift

- Lack of Fit

Standard uncertainty associated with the density in the duct

u(Cf)

u(cal) 3.564

Value

u(res) 0.00087

412

- φCO₂,w

5.397

- Oxygen, dry

- Carbon Dioxide, dry

Standard uncertainty associated with the volume flow rate (95% Confidence), relative Uc,rel(qV,w)

- u²(qV,w)/q²V,w

Standard uncertainty associated with the absolute pressure in the duct

- Atmospheric Pressure

- Overall corrections to dynamic measurements

-

u(fit)

%

- u(qV,w)

Standard uncertainty associated with the mean velocity (95% Confidence)

39.8

u(ρ) 0.00666

Uc(v) m/s

0.00383

- 20.3

m³/hr

-

Uc(qV,w)

-

u(patm)

Pa

m/sStandard uncertainty associated with the mean velocity

9.045

-

u(φO₂,w)

Standard Uncertainty on the coefficient of the Pitot Tube

Uncertainty

- Resolution

- Calibration

u(φCO₂,d) 0.002

Standard Uncertainty associated with the mean local dynamic pressures

Units

0.637

- Oxygen, wet 0.616

0.00003

Standard uncertainty associated with the stack temperature

0.179

u(Tc) 1.436

- u²(qV,w)

- Carbon Dioxide, wet

-

0.822

u(φH₂O)

3.169

APPENDIX 2

- 0.058

- Water Vapour

u(φO₂,d)

20.072

u(φCO₂,w)

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID) - MEASUREMENT UNCERTAINTY
(1 of 1)

- u²(a)/a²

0.002

-

EET-RT (Version CN)
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Sample Runs

< < <

General Sampling Information

FORMAT: Number Used / Number Required

FORMAT: Number Used / Number Required

Reference Conditions

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

226-09

1 / 1

TitaniumProbe Material

Mean

Main Stack

Sample Tube Type

1197.49

Run 1

632.07

TOLUENE, IMS, AGE, EPICHLOROHYDRIN : RESULTS SUMMARY

APPENDIX 2

671.76mg/m³

Run 2

0.36

Technical Procedure

Parameter

mg/m³

 

 

Parameter

Analytical Laboratory's Procedure

Dynamic Dilution Employed

mg/m³

mg/m³

651.91

Sample Point I.D.'s A1

Yes

CEN/TS 13649

O8, G8, M109

ISO 17025 Accredited Analysis? See Executive Summary

Date of Sample Analysis 14/04/2022

0.36

Value

73.42

1124.19

73.69

1050.90

0.36

73.55

Purolite Ltd, Llantrisant

1 / 1

Number of Sampling Points Used

Standard

CAT-TP-16

Number of Sampling Lines Used

Units

RPSName of Analytical Laboratory

EET-RT (Version CN)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

< < < <

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Adsorption 

Efficiency                      

%

0.073

5.0 0.3610.0

Volume Sampled (REF) m³ 0.0275

RUN 1

1.0 671.76

3.0 6.0

MV

90

100.0

Value

1

28943

 

2.0

671.76

11:18 - 12:48

Concentration                

mg/m³

mins

01/04/2022

2022.0

TOLUENE, IMS, AGE, EPICHLOROHYDRIN : SAMPLING DETAILS

4.0

1.0

98.8

100.0

Units

1.0

LOD                

(Total)                 

µg

5.0

N₂ to Stack Gas Dilution Ratio

-

73.4273.42

Reported                      

LOD               

mg/m³

Reported                

Concentration 

(Blank Reviewed)               

mg/m³

Sampling Dates

APPENDIX 2

: 1

Duration

-

Sampling Times

Lab Result 

(Back)                  

µg

1050.90

LOD             

(Front)              

µg      

18500

0.363

2020.0

LOD             

(Back)          

µg      

Lab Result 

(Total)                  

µg

Lab Result 

(Front)                     

µg      

0.36

28600

0.145 100.0

Sampling Device

2.0

5.0

2.0

343.0

5.0

Parameter

Parameter

3.0 1050.90 0.218

18501

10.0

-

2.0

EET-RT (Version CN)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

<

< < < <

<

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

Concentration                

mg/m³

Reported                

Concentration 

(Blank Reviewed)               

mg/m³

Reported                      

LOD               

mg/m³

2.0

Adsorption 

Efficiency                      

%

632.07

33346

-

12:52 - 14:22

Sampling Dates

RUN 2

APPENDIX 2

TOLUENE, IMS, AGE, EPICHLOROHYDRIN : SAMPLING DETAILS

Parameter

-

5.05.0 10.0

Sampling Times

Lab Result 

(Total)                  

µg

100.0

3.0

 

Value

100.0

2.0 2.0 4.0

6.0

1.0

Volume Sampled (REF)

1197.49

1.0 2.01.0

0.215 98.7

LOD             

(Back)          

µg      

3.0

LOD                

(Total)                 

µg

LOD             

(Front)              

µg      

632.07

32900 446.0

Sampling Device MV

Duration mins 90

01/04/2022

N₂ to Stack Gas Dilution Ratio : 1

17601

Parameter

73.69 73.692050.0

Lab Result 

(Back)                  

µg

0.0278

17600

0.144

10.0 0.36

2052.0

m³

1197.49

Units

-

0.36

1

5.0 0.359

0.072

5.0

100.0

Lab Result 

(Front)                     

µg      

EET-RT (Version CN)
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Where: MV stands for Mass View (Mass Flow Controller Technology)

< < <

< < <

< < <

< < <

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

10.0 0.361

4.0

 

1.0

6.0 0.217

2.0

0.072

Value

0.1442.0

01/04/2022

TOLUENE, IMS, AGE, EPICHLOROHYDRIN : SAMPLING DETAILS

BLANK 1

Lab Result 

(Front)                     

µg      

Parameter

5.0 5.0

Concentration                

mg/m³

1.0 2.0

Parameter

Units

3.0

APPENDIX 2

Lab Result 

(Total)                  

µg

MV

Lab Result 

(Back)                  

µg

-

Sampling Dates -

Sampling Device

3.0

Average Volume Sampled (REF) m³ 0.0277

EET-RT (Version CN)
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Sample Runs

°C

100.0

Test Conditions Units

(PAGE 1 OF 2)

12

Run 1

Ambient Temperature Recorded?

Allowable Temperature 40

0.02

0.00

0.02

Pre-Sampling Leak Rate

Units

40

Run 2

l/min 0.3

Adsorption Efficiency

100.0

YesAdsorption Efficiency Acceptable

Allowable Adsorption Efficiency

Temperature

-

Yes Yes

Leak Test Results

-

 

l/min

Yes

% 100.0

Run 1

100.0

Run 1

95.0 95.0%

Run 2Temperature at Sample Tubes

APPENDIX 2

%

%

Run 2

No

100.0

Units

Allowable Leak Rate

l/min

-

0.3

0.00

Post-Sampling Leak Rate

Temperature Acceptable

Run 2

100.0

98.8

TOLUENE, IMS, AGE, EPICHLOROHYDRIN : QUALITY ASSURANCE

10

No

Run 1

°C

Leak Test Acceptable -

0.00

Yes Yes

Mean Sampling Rate

l/min

98.7%

0.00

Units

EET-RT (Version CN)
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Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

O₂ Correction Factor

Stack Gas O₂ Content

MU for O₂ Correction

Combined uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

NOTE: Uncertainties reported in mg/m ³ are based upon the summation of all Speciated VOCs Measured.

Units

Run 2

0.00

uL

N/A

0.00

10.00

Uncertainty in Measurement Units

Value

Run 1

Sensitivity Coefficient

mg/m³

mg/m³

1.00

%

Vm uVm

Uncertainty as a Percentage

%

-

2.00 2.00

%

%

20.0

N/A N/A

mg/m³

-

Run 1

N/AN/A

20.0

%

20.0

%

%

-

190.36

380.50

 : MEASUREMENT UNCERTAINTY CALCULATIONS

L

0.0006

359.07 380.50

Parameter

Requirement of Standard

1.00

0.00

Run 2

0.0278

N/A

mg/m³ 0.0000 0.0000

183.20

N/A

Measured Quantities

% v/v N/A

35.929 38.072

20.0 20.0

68361

179.64

mg/m³

1.00

N/A

Overall MU For O₂ Measurement

Symbol Units

Run 1

No Requirement

-Lr

10.00

%10.00 uLr

≤2%

179.64

0.0275

-

Run 2

Vm

Measured Quantities

Run 1

359.07

359.07

0.00

1.00

Run 2

Units

N/A

%

mg/m³ 194.13

mg/m³

N/A

380.50

Run 1

L mg/m³

65227

Run 1

Run 1

≤5%

0.0275 0.0006

0.00

Run 1

APPENDIX 2

10.00

Lr

-

m³

20.0

0.0278

Uncertainty in Result

Run 2

Measured Quantities

mg/m³

Oxygen Correction Part of MU Budget

Measured Quantities

m³

%

Standard uncertainty

Run 2

Units

Units

Units

190.36

mg/m³

N/A

Run 2

0.00

Run 2Measured Quantities Symbol Symbol

EET-RT (Version CN)
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V1 The original document issued to the client

Version Number Record of changes made within this version of the document
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Appendix D - Natural Gas Steam Generators (A4, A5)  

• Technical specification data 

• Certuss monitoring data for comparable model 

 

















 

Appendix E -  Abatement Plant Stack (A6) 

• Drawings 

• Monitoring results  

• Bromination process – copy of Batch Protocol (01/04/22) 

• Shift Handover Log (01/04/22) 
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Overall Aim of the Monitoring Campaign

Special Requirements

Target Parameters

MONITORING OBJECTIVES

Executive Summary

Element were commissioned by Purolite Ltd to carry out stack emissions testing on the Bromine Stack at Llantrisant.

The aim of the monitoring campaign was to perform testing of an investigative nature under trial operation.

There were no special requirements.

1st April 2022

Purolite Ltd, Llantrisant

Bromine Stack

(Page 1 of 7)
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where MU = Measurement Uncertainty associated with the Result

Parameter

¹ < <

Carbon Dioxide Wet Dry

Water Vapour 

Stack Gas Temperature

Stack Gas Velocity

¹

NOTE: VOLUMETRIC FLOW RATE & VELOCITY DATA TAKEN FROM THE PRELIMINARY VELOCITY TRAVERSE.

¹ Reference Conditions (REF) are: 273K, 101.3kPa, without correction for water vapour content.

0.07

0.00130.03 - -

Executive Summary

0.006g/hr

Limit

(Page 2 of 7)

Mass Emission

MONITORING RESULTS

 Stack

mg/m³

Limit

+/-

Result

Purolite Ltd, Llantrisant

1st April 2022

+/-

Units Result

Concentration

MUUnitsMU

0.003

256

°C

1.2

% v/v

m/s

% v/v 0.13

Volumetric Flow Rate (REF)

% v/v

m³/hr

48

0.07

0.1

Volumetric Flow Rate (ACTUAL)

0.5

45240

19.5

m³/hr

2.6

EET-RT (Version CN)
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Parameter

R1 < <

R2 < <

R1

R2

R1

All results are expressed at the respective reference conditions.

13:43 - 15:13

0.022

Date(s)

Mass Emission

15:15 - 15:1701/04/2022Velocity Traverse

Executive Summary

Purolite Ltd, Llantrisant

DurationUnits

MONITORING DATE(S) & TIMES

Sampling

(Page 3 of 7)

Bromine Stack

1st April 2022

Times

g/hr

9012:08 - 13:38g/hrmg/m³

01/04/2022

01/04/2022

0.0070.028mg/m³

0.10

Concentration Sampling

mins

Units

% v/v

90

0.005

01/04/2022 12:08 - 13:38 90

13:43 - 15:1301/04/2022 90

% v/vCarbon Dioxide

Carbon Dioxide

0.05

EET-RT (Version CN)
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Standard Operating Conditions

 

N/A

 Stack

 Vessel

Batch

Value

Feedstock (if applicable)

Executive Summary

PROCESS DETAILS

Capacity (of 100%) and Tonnes / Hour

Continuous or Batch Process

N/A

(Page 4 of 7)

Parameter

Process Status

Purolite Ltd, Llantrisant

Abatement System

Abatement System Running Status

Operational

1st April 2022

Plume Appearance

None

None

Fuel

EET-RT (Version CN)
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Water Vapour

ISO 17025 Accreditation Number: 4279

There are no deviations associated with the sampling employed.

EET

All

(with short name reference as appears in the table above)

1.2 m/s

0.10 % v/vCAT-TP-05

Deviation

EET

MCERTS

CEN/TS 17405

MCERTS

ISO 17025 Accreditation Number: 0605

ANALYSIS LABORATORIES

EN 16911-1 (MID) CAT-TP-41 MCERTS

Parameter

Element (Stockport Lab - EET) 

RPS Laboratories Ltd (RPS)

SUMMARY OF SAMPLING DEVIATIONS

CAT-TP-39 EET

Velocity & Vol. Flow Rate

Carbon Dioxide 0.1 %

CAT-TP-05 MCERTSMCERTSEN 14790 Gravimetric

MCERTS

Run

MCERTS NDIR by Horiba PG-350E

EET

IC 17025 17025

(Average)

Analytical

C27US EPA M26 EET

LOD

Purolite Ltd, Llantrisant

Parameter Analytical

0.025 mg/m³RPS

 Stack

MCERTSCAT-TP-13

Technique

Monitoring

Analysis

Status

MONITORING & ANALYTICAL METHODS

1st April 2022

LabProcedure

Analysis

Procedure

Standard Testing AnalysisSampling

Executive Summary
(Page 5 of 7)

Lab StatusStatus

Technical Overall

All

Pitot Tube and Thermocouple

EET-RT (Version CN)
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Duct Characteristics Location of Sampling Platform

Platform Details

Sampling Location / Platform Improvement Recommendations

EN 15259 Homogeneity Test Requirements

Sampling Plane Validation Criteria (from EN 15259)

Executive Summary

Number of Ports -

cm

Yes

Inside / Outside

0.03

Depth

< 3 : 1

-

Vertical

m/s

> 5 Pa

Units

Easy Access Available

Lowest Differential Pressure

Port Depth

-

Ratio of Above

Circular PermanentType

EA Technical Guidance Note M1 / EN 15259 Platform Requirements

Pa

All platforms should be designed in accordance with the requirements in the Environment Agency's Technical Guidance Note M1 

and EN 15259.

There is no requirement to perform a EN 15259 Homogeneity Test on this Stack.

Platform has chains / self closing gates at top of ladders

Platform has vertical base boards (approx. 0.25m high)

Platform has 2 levels of handrails (approx. 0.5m & 1.0m high)

Sufficient working area to manipulate probe and operate the measuring instruments

0.185

Value

No

1

Yes

Yes

Required

Parameter

-

m²

m

Outside

Units Value

Area

Highest Gas Velocity

Permanent / Temporary Platform

SUITABILITY OF SAMPLING LOCATION

Sample Port Size 4" Flange

Yes

Mean Velocity

Yes

Yes

Yes

There are no obstructions present which hamper insertion of sampling equipment

5.00

Safe Access Available

Compliant

-

No

Traverse 1

m/s

6.0 Yes

Lowest Gas Velocity

m/s

General Platform Information

Yes

-

-

(Page 6 of 7)

Value

6.5

-Width

: 1

Yes

Maximum Angle of Swirl

No Local Negative Flow

-2.65

1.00

2.65

2.65

< 15°

-

-

-

Criteria in EN 15259

Orientation of Duct

m

°

-

EET-RT (Version CN)
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(Page 7 of 7)

PLANT PHOTOS

Photo 1

Photo 3

SAMPLE POINTS

Photo 2

Executive Summary

= non-isokinetic sample point

= combustion gases sample point

where  = isokinetic point sampled at

= isokinetic point not sampled at

Line A

Line B
A1

EET-RT (Version CN)
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APPENDIX 1 - Stack Emissions Monitoring Personnel, List of Equipment & Methods and Technical Procedures Used

APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

APPENDICES

APPENDIX CONTENTS
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Page 10 of 23

Purolite Ltd

Llantrisant

Bromine Stack

Job Number: EMT02936, Version 1

Sample Date/s: 1st April 2022

EPR Permit: AB3894ZF



  

Bioaerosols Temperature Logger -

Electronic Refrigerator -

Carbon Dioxide

-

Easylogger EN-EL-12 Bit -

Dual Channel Heater Controller

CAT 25.82

-

-

MCERTS Level 2

Equipment I.D.

-

Control Box DGM (2)

Martin Futter

CAT 3.56

-

-

Servomex 5200 MP

Gasmet Sampling System-

Control Box DGM (1)

-

Equipment Type

MCERTS Accreditation

Stopwatch

Stack Thermocouple (2)

Eco Physics CLD 822Mh

-

CAT 39.21

MCERTS Number

Miscellaneous Items

Name

Instrumental Analysers

-

Tubes Kit Thermocouple

Single Channel Heater Controller

Equipment Type

-

CAT 3.56

500g / 1Kg Check Weights

CAT 6.35

MCERTS Level 2

ABB AO2020-URAS26

APPENDIX 1

-

-

5m Heated Line (1) -

-

15m Heated Line (1)

- 20m Heated Line (2)

Oven Box (2)

- 1m Heated Line (2)Heated Probe (2)

Gasmet DX4000

Stack Thermocouple (1)

Easylogger EN-EL-12 Bit

STACK EMISSIONS MONITORING PERSONNEL

-

-

-

Sick 3006

-

Team Leader Lewis Doughty

-

Site Balance

-

Umbilical (2) Testo 350 XL

MM 19 1534

MM 03 216

-

CAT 4.00029

-

EN 16911-1 (MID)

CEN/TS 17405

US EPA M26

Technical ProcedureStandard

TE1 TE2 TE3 TE4

M&C PSS

-

CAT 29.24

Tape Measure

Heated Probe (1) 1m Heated Line (1)

Oven Box (1)

Equipment Type

CAT 4.0092

1m Heated Line (3)

CAT-TP-39

Water Vapour

CAT-TP-41Velocity & Vol. Flow Rate

Mass Flow Controller (2)

CAT-TP-13

CAT-TP-05EN 14790

-

Mass View (2)

-

-

Parameter

-

METHODS & TECHNICAL PROCEDURES USED

Horiba PG-250 SRM

CAT 6.34

Technical Endorsements

-

S-Pitot (1)

-

-

20m Heated Line (1)

Callipers

Position

Team Leader

Laboratory Balance

Barometer

Digital Manometer (2)

L-Pitot

Mass Flow Controller (1)

-

-

Digital Temperature Meter

- Mass View (1)

S-Pitot (2)

Last Impinger Arm

-

JCT JCC P1 Cooler

Extractive Sampling

LIST OF EQUIPMENT

Umbilical (1)

Box Thermocouples (2)

Box Thermocouples (1)

TE1 TE2 TE3 TE4

Heated Probe (3) -

Stack Thermocouple (3)

-

Equipment I.D.

-

Equipment I.D.

-

-

Digital Manometer (1)

-

Horiba PG-350E

-

EET-RT (Version CN)
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General Stack Details

Stack Gas Composition & Molecular Weights

CO₂ (Estimated)

O₂ (Estimated)

Moisture (H₂O)

Where: p = M / 22.41

pi  = r x p

Calculation of Stack Gas Densities

Where: P STD = sum of component concentrations, kg/m³ (not including water vapour)

P STW = sum of all wet concentrations / 100 x  density, kg/m³ (including water vapour)

P Actual = P STD x (TSTP / (PSTP)) x ((Pstatic + Pb) / Ta) 

P ActualW (at each sampling point) = P STW x (Ts / Ps) x (Pa / Ta) 

Calculation of Stack Gas Volumetric Flowrate, Q

0.84

18.02

% v/v

kg/m³

Conc

6.0

0.7914

Temperature

N₂ 28.01

1.4277

240

19.5

m

Average Barometric Pressure, Pb

p

m

PRELIMINARY STACK SURVEY: CALCULATIONS

kPa

Gas Volumetric Flowrate (from Traverse)

Determinand

0.00926

Stack Details (from Traverse)

Result

0.005

Units

m³/hr

0.0

Duct gas flow conditions

Stack Area, A

-

238

kg/m³

Molar Conc

Value

0.03

Mass

Component

-

kg/m³

240

Pa

Fraction 

Density

Dry

0.19

20.56

0.98913

1.287

-

-

m³/hr

0.0006

Stack Diameter / Depth, D

Stack Width, W

Gas Volumetric Flowrate REF ¹

0.296960.2080

°C

Average Stack Gas Pressure

REF ¹

1.202

1.282

78.23

44.01

Gas Volumetric Flowrate (Actual)

-

Conc

m²

256

1.207

79.14

Actual

1.15

0.0115

kg/m³

1.15

1.9635

r

0.06

Wet Density (STP), P STW

ppm

1.2498

1.15

0.06

-

APPENDIX 2

kg/m³

Average Stack Static Pressure, Pstatic

Average Wet Density (Actual), P ActualW

Dry Density (STP), P STD

°C

Wet

m³/hr

101.8

101.3

32.00

Average Pitot Tube Calibration Coefficient, Cp

Conc

19.5

101.8

Moisture

kPa

%

Units

-

Units

0.00118

Gas Volumetric Flowrate (STP, Wet)

M

Volume 

kPa

Gas Volumetric Flowrate (STP, Dry) m³/hr

% v/v

kg/m³

Result

Dry Density (Actual), P Actual

20.80

Average Stack Gas Temperature, Ta

0.8037

pi

Units

Total Pressure

EET-RT (Version CN)
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Parameter Parameter

Date of Survey Initial Pitot Leak Check

Time of Survey Final Pitot Leak Check

Atmospheric Pressure Orientation of Duct

Average Stack Static Pressure Pitot Tube, Cp

Result of Pitot Stagnation Test Number of Lines Available

Are Water Droplets Present? Number of Lines Used

Device Used

Depth Temp

1

1

19.5 1.202

1.202

15:15 - 15:17

∆PTraverse

0.09 6.0

Vertical

-

Pass

2.65

2.65

01/04/2022

Value

Swirl

Pa

-

-

Sampling Line A

Velocity

(1 of 1)

Units

0.84

-

Pass

No -

Units

kPa

Pass

-

-

Wet Density

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID)

Pa

5 -

°C kg/m³

19.5

5.0

-

1

S-Type Pitot with KIMO MP 200 (500Pa)

Value

5.0

-

Mean

APPENDIX 2

m/sPoint m °

6.0

101.8

STATIC (Units: Pa)

EET-RT (Version CN)
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- u²(a)/a²

0.002

-

20.560

u(φCO₂,w)

PRELIMINARY STACK SURVEY: VELOCITY TRAVERSE TO EN 16911-1 (MID) - MEASUREMENT UNCERTAINTY
(1 of 1)

- 0.059

- Water Vapour

APPENDIX 2

1.059

u(φO₂,d)

1.492

- u²(qV,w)

- Carbon Dioxide, wet

-

0.245

u(φH₂O)

0.00003

Standard uncertainty associated with the stack temperature

0.059

u(Tc)

0.637

- Oxygen, wet

- Resolution

- Calibration

u(φCO₂,d) 0.002

Standard Uncertainty associated with the mean local dynamic pressures

Units

Standard Uncertainty on the coefficient of the Pitot Tube

Uncertainty

0.630u(φO₂,w)

Pa

m/sStandard uncertainty associated with the mean velocity

0.122

-

Standard uncertainty associated with the absolute pressure in the duct

- Atmospheric Pressure

- Overall corrections to dynamic measurements

-

u(fit)

%

- u(qV,w)

Standard uncertainty associated with the mean velocity (95% Confidence)

47.9

u(ρ) 0.00648

Uc(v) m/s

0.00910

- 24.4

m³/hr

-

Uc(qV,w)

-

Standard uncertainty associated with the volume flow rate (95% Confidence), relative Uc,rel(qV,w)

- u²(qV,w)/q²V,w

Value

u(res) 0.00087

598

- φCO₂,w

0.035

- Oxygen, dry

- Carbon Dioxide, dry

u(patm) 175.692

u(pstat)

%

u(drift) 0.083

0.005

- Drift

- Lack of Fit

Standard uncertainty associated with the density in the duct

u(Cf)

u(cal) 0.004

Uc,rel(v) 18.14

u(v)

Standard uncertainty associated with the local velocities

-

1.059

0.480

u(M)

Performance characteristics (Uncertainty Components)

Pau(vi)

u(k)

Standard uncertainty associated with the volume flow rate (95% Confidence)

K

Standard uncertainty associated with the mean velocity (95% Confidence), relative

0.245

18.69

Standard uncertainty associated with the molar mass of the gas

- φO₂,w

0.00053

u(∆pi)

- Static Pressure

u(pc) 175.695 Pa

EET-RT (Version CN)
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Sample Runs

< < <

< < <

Blank Runs

< <

General Sampling Information

FORMAT: Number Used / Number Required

FORMAT: Number Used / Number Required

Reference Conditions

Reference Conditions are: 273K, 101.3kPa, without correction for water vapour content.

±g/hr

C27

MeanRun 2

±mg/m³

0.0060

0.06

Parameter

Uncertainty

% v/v 1.07

0.06

Run 1

1.15

Parameter

Probe Material

0.06

Number of Sampling Points Used

Date of Sample Analysis

Filter Housing Material

0.0284

1 / 1

Mean

0.0015

Sample Point I.D.'s

1.23

Uncertainty

mg/m³

Parameter

0.0011

Concentration

Titanium

Water Vapour

ISO 17025 Accredited Analysis?

Absorption Solution

RPSName of Analytical Laboratory

0.1 mol/l Sodium Hydroxide

Analytical Laboratory's Procedure

Quartz Glass

17025

19/04/2022

Units

0.0052

±% v/v

0.0023

Maximum

CAT-TP-13

Impinger Material Polyethylene

0.02

0.0026

1 / 1

90mm Quartz Fibre

APPENDIX 2

0.02

Run 1

Blank 1

Uncertainty

Technical Procedure

g/hr

Value

US EPA M26

Purolite Ltd, Llantrisant

Units

Standard

Units

Run 2

Bromine Stack

Parameter

Mass Emission

0.0251Concentration 0.0218

0.0030

Positioning of Filter Out Stack

Number of Sampling Lines Used

A1

Filter Size and Material

mg/m³

BROMINE: RESULTS SUMMARY

0.0013

0.0068

EET-RT (Version CN)
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Sample Runs

< <

<

< <

<

< <

< <

Where: MFC stands for Mass Flow Controller, MV stands for Mass View Flowmeter

Blank Runs

<

<

<

ml

0.5954 0.5819

Volume in Impingers

-

Liquid Trap End Mass g

6.3Mass in Front Impingers

Total Mass Collected

0.5886

µg/ml

µg

-

% v/v

g

0.05

Blank 1

1916.6

g

5.0

01/04/2022

0.5756

Total Mass Of Water Vapour

Calculated Concentration mg/m³

MFC / MV

Parameter Units Run 1 Run 2

µg 6.7

ml

Average Volume Sampled (REF) m³

12:08 - 13:38

Laboratory Result for Impingers

ml

Units

-

5.9

238.7

90

Mass in Back Impinger

Calculated Water Vapour

Sample Flow Rate l/min

0.5819

90

01/04/2022

16.5

0.02

Volume Sampled (STP, Wet)

Volume Sampled (REF) m³

13:43 - 15:13

11.9

Total Mass Collected

1918.1

Sampling Dates

6.39

Blank Dates -

µg/ml

Silica Trap End Mass

Duration

Volume in Front Impingers

Volume in Back Impinger

1924.2

1926.6

mg/m³ 0.02

1356.8 1360.3

1.07

0.05

µg

g

mins

0.05

Laboratory Result for Back Impinger

Parameter

1.23

Silica Trap Start Mass

µg 13.0

m³

APPENDIX 2

BROMINE: SAMPLING DETAILS

0.5880

6.53

MFC / MV

Laboratory Result for Front Impingers

Calculated Concentration

0.05

134.8

µg/ml

m³

Sampling Times

125.1 330.0

01/04/2022

Sampling Device

0.03

0.5954

Volume Sampled (STP, Dry)

16.5

g 1353.3 1356.8

Liquid Trap Start Mass

EET-RT (Version CN)
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Sample Runs

Blank Runs

Method Deviations

1 2

wx wx

l/min

Absorption Efficiency % 100.0

Yes

0.15

5.2

Yes

Units Run 1

0.13

Run 2

Pre-Sampling Leak Rate

Are Water Droplets Present

l/min

l/min

No No

Water Droplets

-

APPENDIX 2

BROMINE: QUALITY ASSURANCE

Leak Test Results Units

Allowable MU % 20.0

Silica Gel (Concurrent Water Vapour)

- N/A

Run 1

%

Yes

Run 2

- Yes

N/A

Absorption Efficiency

Units

Leak Test Acceptable

%

Pre-Sampling Leak Rate

Run 1

% Yes

Blank Acceptable N/A

20.0

Yes

Units Run 1

mg/m³

Measurement Uncertainty (MU)

6.46.5

Run 1

10.0

l/min

-

Blank 1

Ambient Temperature Recorded?

Run 2

5.6

MU Acceptable

0.20

Expected Sampling Rate l/min

0.00

Yes

Validity of Blank vs ELV

Nature of Deviation Run Number

l/min

Run 2

Absorption Efficiency Acceptable

Allowable Leak Rate

%

Units

0.13

Leak Test Acceptable

Run 1

Test Conditions

N/A

0.00

0.00

Allowable Absorption Efficiency

Less than 50% Faded

Run 2

Units

Post-Sampling Leak Rate

(x = deviation applies to the associated run, wx = deviation also applies to the concurrent water vapour run)

There are no deviations associated with the sampling employed.

Allowable Blank

Leak Test Results Units Blank 1

-

MU (Concurrent Water Vapour) Units

Mean Sampling Rate

No No-

Post-Sampling Leak Rate l/min 0.14

Allowable Leak Rate l/min

0.00

EET-RT (Version CN)
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Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

Sampled Volume (STP)

Leak

Laboratory Result

O₂ Correction Factor

Stack Gas O₂ Content

MU for O₂ Correction

Combined uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

Expanded uncertainty (95% confidence), without Oxygen Correction

Expanded uncertainty (95% confidence), with Oxygen Correction

Expanded uncertainty (95% confidence), estimated with Method Deviations

Reported Uncertainty

0.00

≤2%

2.00

Measured Quantities

0.5880

0.00

0.00

L

% 5.00

Symbol

Units

%

10.6

mg/m³

0.5756

mg/m³ 0.000

Lr

%

10.6

0.5880

Units Run 2

% 0.00

Run 2

N/A

No Requirement

-

uVm

Run 2

-

Uncertainty as a Percentage

≤2%

uL

Run 1 Run 2

-

Standard uncertainty

Measured Quantities

%

Run 1

N/A

Run 2

BROMINE: MEASUREMENT UNCERTAINTY CALCULATIONS

Run 2

Run 1Run 1

0.00

Measured Quantities

L

Vm

5.00

10.6

N/A

2.00

Run 1

m³

N/A

Uncertainty in Result

Measured Quantities Units

1.00

0.0014

N/A N/A

mg/m³

0.04

Uncertainty in Measurement Units

mg/m³

N/A

N/A

Units

0.000

0.001 0.001

mg/m³

10.6

0.00

N/A

%

mg/m³

0.00 0.00

Run 2

Symbol

Run 1

Vm

Units

5.00 5.00

Oxygen Correction Part of MU Budget

1.00

N/A

0.00

Run 1

0.0000

N/A N/A

Overall MU For O₂ Measurement

Parameter

%

0.00

% v/v

10.6

mg/m³ 0.000

-

0.0115

Lr

%

Sensitivity Coefficient

Requirement of Standard

Measured Quantities

-

0.01180.5756

10.6

mg/m³ 0.0000

m³

mg/m³ 0.0011

%

Units Run 2

uLr

mg/m³ 0.00

-

APPENDIX 2

1.00

0.05

1.00

Run 1

%

0.001

Symbol

0.00

Value

EET-RT (Version CN)
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Sample Runs

General Sampling Information

FORMAT: Number Used / Number Required

FORMAT: Number Used / Number Required

Run 1

Stainless Steel

0.1µm Glass Fibre

Heated Head Filter Used

Span Gas Uncertainty (%) 2.00

27/11/2025

Span Gas Start Pressure (bar) 65

Units

Nitrogen (5 Grade)

Heated Line Temperature

Sample Point I.D.'s A1

16.09

Span Gas Reference Number

Yes

Span Gas Expiry Date

Parameter

CYL 6.00621

Technical Procedure

Value

Mean

1 / 1

 Stack

APPENDIX 2

Uncertainty

180°C

0.07

0.12±% v/v

Purolite Ltd, Llantrisant

Number of Sampling Lines Used

Span Gas Type Carbon Dioxide

0.12

Parameter

0.12

CAT-TP-39

0.05

Gas Cylinder Concentration (% v/v)

0.10

Zero Gas Type

1 / 1

Probe Material

Filtration Type / Size

Standard CEN/TS 17405

Number of Sampling Points Used

Run 2

CARBON DIOXIDE: RESULTS SUMMARY

Concentration % v/v

EET-RT (Version CN)
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Graphical Trend of Data

APPENDIX 2

CARBON DIOXIDE: DATA TREND
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Sampling Details

Quality Assurance

Average Temperature

Zero Drift

Zero Drift

Drift Correction Applied

Zero Drift

Zero Drift

Drift Correction Applied

Zero Drift

Zero Drift

Drift Correction Applied

Span Drift

Zero Adj. Span Drift

Drift Correction Applied

Span Drift

Zero Adj. Span Drift

Drift Correction Applied

Span Drift

Zero Adj. Span Drift

Drift Correction Applied

Method Deviations

1 2

x x

Yes Yes

Run 2

Parameter Units

16.05 16.05

0.03

-

20

5.00 5.00

C
A

L 
1

12:08 - 13:38 13:43 - 15:13

CARBON DIOXIDE: SAMPLING DETAILS & QUALITY ASSURANCE

Sampling Dates

Zero Down Sampling Line (Pre)

Instrument Range % v/v

2-5%

% 0.19 0.19

% v/v

C
A

L 
2

Run 1

Sampling Times

Allowable Zero Drift

16.1

Conditioning Unit Temperature

Zero Drift

APPENDIX 2

% v/v 0.00

Units Run 1

°C

-

Zero Down Sampling Line (Post)

-0.03

% v/v

- Yes

Units

01/04/2022 01/04/2022

C
A

L 
3

Zero Down Sampling Line (Post)

% v/v

2.4

Temperature Acceptable

%

2-5%

%

2-5%

%

2-5%

% v/v

No No

0.00

5.00

% v/v

% v/v

No No

%

Units

% v/v

Test Conditions Units

5.00

-

0.03

Yes Yes

% v/v -0.03

Run 2

4.0

Zero Down Sampling Line (Pre)

% v/v

% v/v

16.05

Zero Down Sampling Line (Pre) % v/v

0.00

Allowable Span Drift

Span Down Sampling Line (Pre)

% v/v

2.4

%

0.00

Span Down Sampling Line (Pre)

Run 1

% v/v

Span Gas Value % v/v

2-5%

Run 1

Span Drift Acceptable -

16.1

20

Yes

Zero Down Sampling Line (Post)

Run 2

Span Down Sampling Line (Post)

Zero Drift Acceptable

There are no deviations associated with the sampling employed.

Run Ambient Temperature Range

± %

C
A

L 
2

C
A

L 
3

% v/v

± %

Span Down Sampling Line (Pre) % v/v

Span Drift

Span Down Sampling Line (Post)

2-5%

(x = deviation applies to the associated run)

12

Nature of Deviation Run Number

Run 2

°C 12

Run 2Run 1

% v/v

16.05

% v/v

0.19 0.19

C
A

L 
1

Span Down Sampling Line (Post)

Allowable Temperature < °C 4.0
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k =

%vol

Volume or pressure flow dependence 0.10

%vol

Dependence on voltage 0.05

Drift %vol

Combined interference (from MCERTS Certificate)

247.70 120.76

Deviation from linearity 0.10

2.00 2.00 % of value

Lack of fit 0.01

N/A

0.10

0.12

%vol

Expanded uncertainty 1.96 0.12

RUN 2

APPENDIX 2

-0.19

0.05

Losses in the line (leak) 0.00 0.00

%vol

90

Repeatability at zero

Combined uncertainty

% full scale/10K

Span drift 

Performance characteristics Units

% of full scale

0.02

0.01

%vol

Units

Standard deviation of repeatability at zero

0.10

29

Cal gas conc. 16.1

Range Used 20.0 20.0

%vol

Limit value

25.0 %

%vol

Response time

Performance characteristics

Measured concentration

RUN 2

RUN 1

N/A

CARBON DIOXIDE: MEASUREMENT UNCERTAINTY CALCULATIONS

29

25.0 Allowable MU

16.1

0.02

Units

Repeatability at span level

seconds

use rep at span

0.30

Standard deviation of repeatability at span level %vol

use rep at span

0.19 % full scale

Dependence on voltage 0.40 0.40

RUN 1

RUN 2

0.00

0.10 %vol

-0.03

0.05 %vol

RUN 1 RUN 2

-0.03

Zero drift 

0.30

Combined interference

% of value

0.01

%vol

-0.20

Performance characteristic

% full scale

0.00 0.00

% full scale/10V

Losses in the line (leak) 0.25 0.25 % of value

Ambient temperature dependence -0.20

Units

% full scale

0.01

% of value/kPa

0.10

0.10 0.10

%vol

0.00 0.00

%vol

Ambient temperature dependence

0.00Volume or pressure flow dependence

Atmospheric pressure dependence

-0.19

0.00 0.00 % range

% full scale

%vol

0.00

0.00

Uncertainty of calibration gas

0.00

-

RUN 2

%vol

RUN 1

Number of readings in measurement 90

Atmospheric pressure dependence

0.19

%vol

Uncertainty of calibration gas 0.00

Units

Measurement uncertainty Result 0.05

RUN 1

Expanded uncertainty (no O₂) - at 95% Confidence

%vol

% of Value

0.06 0.06
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V1 The original document issued to the client

Version Number Record of changes made within this version of the document
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G.5 Post-processing 

Use of background data 

Considering long-term AQS, it is a straightforward matter to add the annual mean contribution from 

the source, (annual mean PC) to the annual mean background concentration to predict the total 

concentration (annual mean PEC). 

For comparison with short-term AQS the addition of background is not so straightforward. The ADMS 

model allows for the calculation of percentiles from hourly background and process concentrations 

but hourly background concentrations are not commonly available, and not for all pollutants. The 

approach used was that described in the Defra permit guidance:18 

‘When you calculate background concentration, you can assume that the short-term 

background concentration of a substance is twice its long-term concentration.’ 

This has been used for all for short-term AQS for averaging times. 

Conversion of NOx to NO2 

The ADMS model includes a NOx chemistry model, but the conversion of primary NOx emissions to 

NO2 is usually undertaken as a post-processing step for industrial permitting applications. For primary 

NO2 to NOx ratios of 10% or less, which is likely to be the case for the stack emissions, the EA and 

NRW42 recommend use of the following conversion ratios: 

• 35% for short term assessment 

• 70% for long term assessment. 

These ratios have been used in this assessment. 

Deposition to ecological receptors 

The ADMS model includes the ability to calculate the deposition flux rate (deposition) of pollutants, 

but the EA recommends deposition be calculated as a post-processing step in order to give 

conservative estimates of both ground level concentration and deposition, by assuming no loss of 

pollutant from air concentration to ground deposition. 

Deposition may be ‘dry’ or ‘wet’.  Dry deposition of gases occurs due to diffusive motions and removal 

at surfaces, primarily the ground. It is characterised by a deposition velocity that depends on the 

pollutant and the nature of the surface.  

Table 27 gives the deposition velocities for grassland and forest for the pollutants included in this 

assessment which are the values recommended by AQTAG 06.22 The values for grassland, which are 

lower than those for forest, have been used to represent deposition at all receptors. 

 
42 https://www.gov.uk/guidance/specified-generators-dispersion-modelling-assessment#nosubxsub-to-nosub2sub-
conversion-ratios-to-use 





 

Appendix H Results of sensitivity tests 

The impact of buildings, terrain, meteorological data year and choice of surface roughness value (z0d 

(m)) at the dispersion site (the Site) have been assessed. The 30 cases modelled, A-AD, are shown in 

Table 30. 

Two values of surface roughness have been modelled. z0d is often estimated as 10% of the height of 

structures. The values modelled are: 

• 0.5m, similar to parkland, open suburbia; and 

• 0.3m, similar to agricultural area with high crops and structures.  

Results of the sensitivity tests were the maximum concentration predicted at any human receptor and 

any ecological receptor. For each AQS, the predicted maximum was divided by (normalised) the AQS 

value, or if the AQS is expressed as a number of exceedances of threshold value, by the threshold 

value. These normalised values have been expressed as a percentage and are shown in Table 31. The 

comparison is expressed this way to show the relative importance of the change in terms of 

exceedance of the AQS. If all the results are a very small percentage of the AQS, the variation in results 

is unlikely to affect the conclusions of the study. 

Comparing the results, modelling buildings with terrain (tests U to Y inclusive) led to higher model 

short-term predictions for human receptor locations. The variation due to the addition of buildings 

had the most pronounced effect at both human and ecological receptor locations.  

Flat terrain with the inclusion of buildings resulted in the maximum predicted long and short-term 

concentrations at ecological receptor locations.  

Comparing the change in surface roughness (z0d) makes little difference in the results and there is no 

worst-case value across all the statistics. Results at the receptors were calculated as the maximum 

value at each receptor from these 30 model runs and are therefore worst-case values across all five 

years, the three model options scenarios and the two values of surface roughness.  




























