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[bookmark: ExecutiveSummary]Executive Summary
Falkirk Council has a statutory obligation to review and assess air quality within its boundaries, with reference to air quality objectives for key pollutants as set out in the National Air Quality Strategy. Falkirk Council has been assessing air quality in its area since 1998, through monitoring of ambient air quality levels and evaluation of identified significant emission sources.
Following measured exceedence of the 15-minute National Air Quality Strategy (NAQS) objective for sulphur dioxide (SO2) at automatic monitoring stations in Grangemouth, located around the town’s petrochemical complex, an Air Quality Management Area was declared in 2005. In response to the AQMA declaration a Working Group of key stakeholders, including the Council, SEPA, Scottish Government and the petrochemical plant operators (Ineos and Petroineos) was formed to implement an Action plan of measures to improve air quality.
Petroineos, in discussion with SEPA, brought forward proposals to install a Tail Gas Treatment (TGT) de-sulphurisation plant to reduce emissions of SO2 from the site. In order to understand the effect of the proposed installation on ambient SO2 concentrations within the AQMA an air dispersion modelling study was commissioned.
An air dispersion model of the petrochemical complex was developed with reference to similar historic studies. The modelling study was developed based on emissions data provided by the petrochemical complex operators and was configured to reflect local meteorological and topographic conditions, with models developed to predict baseline (2010) SO2 concentrations and future concentrations post-TGT installation.  
Meteorological conditions have a critical effect on the dispersion of pollutants and the direction in which pollutant plumes will travel from the site. Differing meteorological datasets were available for use in the study, therefore analysis was undertaken as to the most appropriate dataset to use. The analysis indicated that a combined dataset utilising measured parameters from Edinburgh Gogarbank and local wind monitoring from the Grangemouth Moray air quality monitoring station provided the closest correlation to measured concentrations in this assessment.
The baseline model, therefore considered 2010 emissions data for the site and the combined Edinburgh-Moray meteorological dataset. Emissions were considered as both a time-varying emission, i.e. the actual hour by hour emission (where available) and as an annual average emission for each source. Annual average emissions were considered to allow direct comparison with future year post-TGT installation modelling predictions for which only annual emissions data were available.
The baseline modelling predictions were verified against local monitoring data from the three automatic analysers in Grangemouth. The predictions were found to typically over-estimate the highest predicted 
15-minute mean concentrations when time varying emissions were considered. When annual mean emissions data were considered predicted concentrations were within 20% of measured concentrations for all averaging periods and at each measurement site, however there is no systematic under or over-prediction evident in the results. The model performs better in comparison with predicted 1-hour mean concentrations, with predictions within 10% of measured concentrations. Based on the correlation with measured 1-hour mean concentrations the baseline model was considered to provide a realistic approximation of air quality levels in Grangemouth.
The future year model was developed based on predicted average emission levels both with and without the installation of the TGT. 
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Local authorities have a statutory obligation to assess air quality in their area on a regular basis to determine compliance with National Air Quality Strategy (NAQS) air quality objectives as set out in the air quality (Scotland) Regulations 2000 and subsequent amendments. The process, known as Local Air Quality Management (LAQM) commenced in 1998 and is now on its fifth round of assessment.
Falkirk Council has undertaken review and assessment of air quality in its administrative area since 1998. Initial assessments identified the potential for exceedence of NAQS objectives in Grangemouth based on emissions from both industrial operators in the area and transboundary sources. 
The Council has undertaken extensive monitoring and detailed dispersion modelling studies to confirm the potential for exceeding air quality objectives for sulphur dioxide (SO2) in Grangemouth and currently operates six SO2 monitors within the surrounding area.  Three SO2monitors are sited within the Grangemouth AQMA and three monitors are located outside the AQMA. It is considered that this provides a good balance between locations at risk of breaching the objective and locations that ensure the AQMA boundary is correct.
The relevant NAQS air quality objectives for SO2 are presented in Table 1.  Under the LAQM process, where exceedence of air quality objective is identified and relevant receptors are present, the local authority is required to declare an Air Quality Management Area (AQMA) and prepare an Action Plan that outlines measures for improving the air quality.  
[bookmark: _Ref372724262][bookmark: _Toc365295277][bookmark: _Toc365295319][bookmark: _Toc365295361][bookmark: _Toc365295512][bookmark: _Toc365295554][bookmark: _Toc365295597][bookmark: _Toc365295842][bookmark: _Toc365295881][bookmark: _Toc365295921][bookmark: _Toc365295962][bookmark: _Toc365296004][bookmark: _Toc365296046][bookmark: _Toc365296085][bookmark: _Toc365296125][bookmark: _Toc365296168][bookmark: _Toc365296212][bookmark: _Toc365296671][bookmark: _Toc365474862][bookmark: _Toc365532316][bookmark: _Toc365532362][bookmark: _Toc365532958][bookmark: _Toc372712943][bookmark: _Toc372724230][bookmark: _Toc372725326][bookmark: _Toc381258668][bookmark: _Toc381258723][bookmark: _Toc381274127][bookmark: _Toc381274548][bookmark: _Toc394325848][bookmark: _Toc394325906]Table 1: Air Quality Standards
	Objective
	Measured as
	Equivalent percentile
	Date to be achieved by

	266 µg/m3 not to be exceeded more than 
35 times a year
	15 minute mean
	99.9th
	31/12/2005

	350 µg/m3 not to be exceeded more than 24 times a year
	1 hour mean
	99.7th
	31/12/2004

	125 µg/m3 not to be exceeded more than 3 times a year
	24 hour mean
	99th
	31/12/2004



In November 2005, Falkirk Council declared an AQMA in Grangemouth due to measured and predicted exceedences of the 15-minute mean objective for sulphur dioxide (SO2).  
Following declaration of the AQMA the Council completed a Further Assessment of SO2 within the AQMA which considered emissions from Longannet Power Station in Fife, the Grangemouth Refinery operated by Ineos and neighbouring BP oil terminal. 
Emissions of SO2 are generated by Longannet Power Station as a product of the combustion of coal, which has an embedded sulphur content. Emissions of SO2 from the Grangemouth refinery are generated as a by-product of the desulphurisation process applied to sour (high H2S content) feedstock to the refinery in production of low sulphur fuel products, whilst emissions from the oil terminal are a consequence of flaring of sour gas. 
The Further Assessment concluded that exceedences of the 15-minute mean objective were primarily attributable to emissions from the Grangemouth Refinery. No individual source or group of sources were identified for which the exceedence of objectives could be attributed, rather the exceedences were identified to be due to the cumulative effect of a number of sources. The modelling did, however, indicate that the emissions from the Sulphur Recover Units (SRU) on the refinery were the largest contributor to ambient SO2concentrations at receptor locations.
Subsequent to completion of the Further Assessment, Ineos has undertaken their own modelling study which verified that the SRU’s were the greatest contributor to ambient SO2 concentrations and therefore initiated plans to install a Tail Gas Treatment (TGT) process to the SRUs to abate SO2 emissions.
The council is aware there is some monitoring duplication in Falkirk Town Centre with Hope Street and Park Street sites operating close to each other.  Falkirk Council is currently considering the relocation of a Falkirk Town Centre monitoring site in light of the commissioning of the TGT, if resources permit.  This may assist in justifying future amendment or revocation of the AQMA and could be sited within the AQMA but close to the boundary.

[bookmark: _Toc300819924]Golder Associates (UK) Limited (Golder) has been commissioned by Falkirk Council to undertake a study of the effect of the TGT process on emissions from the SRUs and thus on ambient SO2 concentrations within the AQMA. Emissions data to support the study has been provided by the refinery’s operators Ineos (and subsequently its successor company for part of the site Petroineos). The study is based on emissions data for 2010 for the baseline case. To ensure consistency, the study is based on a consistent 2010 case (including monitoring data and meteorological data), although sensitivity analysis of inter-annual variation in conditions is considered.
The study considers measured ambient SO2 concentrations from within the AQMA. Predictions of ambient SO2 concentrations by detailed dispersion modelling, based on the emissions data provided by Ineos, are then presented with an analysis of the sensitivity of the predictions to inter-annual variations in meteorological conditions. The data are subsequently analysed to consider the continued requirement for an AQMA and implications for the Grangemouth Action Plan.
The findings of the report have been updated in 2014 from the original draft to reflect comments from the Scottish Environment Protection Agency (SEPA) and discussed during the AQMA Working Group meeting. The reported modelling predictions reflect the incorporation of variable surface roughness length across the modelling domain which was identified as providing a closer correlation with modelling predictions.
[bookmark: _Toc350523660][bookmark: _Toc350523811][bookmark: _Toc350523881][bookmark: _Toc351024462][bookmark: _Toc351034997][bookmark: _Toc353891889][bookmark: _Toc354058334][bookmark: _Toc365274799][bookmark: _Toc365274840][bookmark: _Toc365274885][bookmark: _Toc365274926][bookmark: _Toc365274967][bookmark: _Toc365275008][bookmark: _Toc365279497][bookmark: _Toc365279539][bookmark: _Toc365295152][bookmark: _Toc365295194][bookmark: _Toc365295256][bookmark: _Toc365295298][bookmark: _Toc365295340][bookmark: _Toc365295491][bookmark: _Toc365295533][bookmark: _Toc365295576][bookmark: _Toc365295824][bookmark: _Toc365295863][bookmark: _Toc365295902][bookmark: _Toc365295942][bookmark: _Toc365295983][bookmark: _Toc365296025][bookmark: _Toc365296067][bookmark: _Toc365296106][bookmark: _Toc365296146][bookmark: _Toc365296190][bookmark: _Toc365472293][bookmark: _Toc365474840][bookmark: _Toc365532293][bookmark: _Toc365532338][bookmark: _Toc365532933][bookmark: _Toc372712919]
1.0 [bookmark: _Toc372724204][bookmark: _Toc372725298][bookmark: _Toc381258640][bookmark: _Toc381258695][bookmark: _Toc381274103][bookmark: _Toc381274520][bookmark: _Toc394325819][bookmark: _Toc394325876]measured so2 concentrations in grangemouth
[bookmark: _Toc345501415]The Council operate three ambient air quality monitoring stations in Grangemouth. Measured SO2 concentrations at each of the stations, from 2006 to 2012, expressed as the number of measured exceedences of NAQS objectives are presented in Table 2, and Graphs 1 to3.  Where the number of measured exceedences is greater than that permitted under NAQS objectives the results are highlighted in bold.
[bookmark: _Toc348091441][bookmark: _Toc348091483][bookmark: _Toc348091849][bookmark: _Toc348092063][bookmark: _Toc348092107][bookmark: _Toc348092151][bookmark: _Toc348092529][bookmark: _Toc348175332][bookmark: _Toc348175377][bookmark: _Toc348258267][bookmark: _Toc348260228][bookmark: _Toc348260435][bookmark: _Toc348260949][bookmark: _Toc348261281][bookmark: _Toc348341985][bookmark: _Toc348345652][bookmark: _Toc348345702][bookmark: _Toc348345753][bookmark: _Toc348345805][bookmark: _Toc348345858][bookmark: _Toc348345912][bookmark: _Toc348345967][bookmark: _Toc348346023][bookmark: _Toc348346080][bookmark: _Toc348346944][bookmark: _Toc348352811][bookmark: _Toc348352869][bookmark: _Toc348353398][bookmark: _Toc348353456][bookmark: _Toc348353515][bookmark: _Toc348353575][bookmark: _Toc348353636][bookmark: _Toc348353697][bookmark: _Toc348359799][bookmark: _Toc348362108][bookmark: _Toc348362334][bookmark: _Toc348950185][bookmark: _Toc348950562][bookmark: _Toc348952137][bookmark: _Toc348952206][bookmark: _Toc348965517][bookmark: _Toc348966022][bookmark: _Toc348966468][bookmark: _Toc348968228][bookmark: _Toc348968298][bookmark: _Toc349295162][bookmark: _Toc349295247][bookmark: _Toc349295351][bookmark: _Toc349295458][bookmark: _Toc349295522][bookmark: _Ref349296093][bookmark: _Toc349295935][bookmark: _Toc349295999][bookmark: _Toc349296062][bookmark: _Toc349564639][bookmark: _Toc349564719][bookmark: _Toc349564784][bookmark: _Toc349566142][bookmark: _Toc349566337][bookmark: _Toc349567259][bookmark: _Toc349567317][bookmark: _Toc349567375][bookmark: _Toc349574100][bookmark: _Toc349661560][bookmark: _Toc349662160][bookmark: _Toc349663719][bookmark: _Toc349664379][bookmark: _Toc349808610][bookmark: _Toc349809312][bookmark: _Toc349809397][bookmark: _Toc349809523][bookmark: _Toc349809863][bookmark: _Toc349809927][bookmark: _Toc349894297][bookmark: _Toc349894446][bookmark: _Toc349906971][bookmark: _Toc349910670][bookmark: _Toc350150202][bookmark: _Toc350150269][bookmark: _Toc350150337][bookmark: _Toc350150404][bookmark: _Toc350150472][bookmark: _Toc350150539][bookmark: _Toc350150607][bookmark: _Toc350150676][bookmark: _Toc350150745][bookmark: _Toc350152454][bookmark: _Toc350172136][bookmark: _Toc350172207][bookmark: _Toc350523701][bookmark: _Toc350523852][bookmark: _Toc350524513][bookmark: _Toc351024506][bookmark: _Toc351035041][bookmark: _Toc353891960][bookmark: _Toc354058378]Table 2:Summary of measured SO2 objective exceedences in Grangemouth, 2006 to 2012
	Monitoring Station
	Ave period
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Grangemouth AURN (Inchyra Park)
	15-minute
	13
	1
	4
	21
	45
	36
	50

	Grangemouth AURN (Inchyra Park)
	1-hour
	0
	0
	0
	0
	2
	2
	0

	Grangemouth AURN (Inchyra Park)
	24-hour
	0
	0
	0
	0
	0
	0
	0

	Grangemouth MC 
	15-minute
	3
	109
	49
	17
	12
	6
	51

	Grangemouth MC 
	1-hour
	0
	6
	0
	0
	0
	0
	0

	Grangemouth MC 
	24-hour
	0
	1
	1
	0
	0
	0
	2

	Grangemouth Moray
	15-minute
	0
	126
	114
	65
	62
	72
	92

	Grangemouth Moray
	1-hour
	0
	6
	1
	1
	2
	1
	0

	Grangemouth Moray
	24-hour
	0
	2
	2
	2
	0
	2
	4



The results indicate that the number of measured exceedences of the 15-minute mean objective peaked in 2007. The number of measured exceedences showed a downward trend at Grangemouth MC until 2012, however a substantial increase in exceedences, to 2008 levels, was measured in 2012. 
At Grangemouth Moray, the 15-minute mean objective (35 permitted exceedences per year) has been breached since the monitoring station began operation in 2007.The number of measured exceedences was exhibiting a downward trend until 2011, however since 2011, the number of measured exceedences has increased.
At Grangemouth AURN (Inchyra Park), the 15-minute mean objective was met until 2010, with few exceedences of the objective measured in the period 2006-2008. Since 2010 the number of measured exceedences has increased, in line with Grangemouth Moray and Grangemouth MC, with the data indicating that the 15 min mean SO2 objective was breached at all three monitoring sites in Grangemouth in 2012. 
The measured exceedences of the 1-hour mean and 24-hour mean objective at both Grangemouth AURN (Inchyra Park) and Grangemouth Moray remained relatively consistent between2006-2001. Measured exceedence of the 24 hour mean objective at Grangemouth MC and Grangemouth Moray were recorded in 2012, indicating a general increase in ambient SO2 concentrations. A breach of the daily (24-hour mean) objective was recorded at the Grangemouth Moray site in 2012, however it was concluded that further Detailed Assessment was not required. This was primarily due to the expected change in emissions which are expected following the commissioning of the TGT in 2013.
[image: ]
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	AQ Monitoring station
	Maximum Measured concentrations SO2 (g/m3)

	
	15 min mean
	1 hour mean
	24 hour mean

	Grangemouth AURN (Inchyra Park)
	628
	471
	119

	Grangemouth Moray
	766
	436
	165

	Grangemouth MC
	447
	317
	142
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The atmospheric emissions dispersion modelling study was undertaken using the proprietary model ADMS 4.2.  ADMS 4 is a new generation dispersion model supplied by Cambridge Environmental Research Consultants Limited (CERC) and it is recommended for use in Defra and Environment Agency PPC Guidance Notes.  The model has also been extensively validated using several data sets.  New generation dispersion models describe the atmospheric boundary layer in terms of the boundary layer depth and the Monin-Obukhov length and allow for the use of a skewed Gaussian distribution under convective meteorological conditions.  These facilities allow for more accurate prediction of pollutant concentrations under different meteorological conditions.
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In assessing air quality levels, background pollution sources should be considered in order to account for the cumulative effect of many pollution sources on overall concentrations in the atmosphere. However as this study is more concerned with the short term objectives background concentrations are not as critical. The LAQM website provides background concentrations for most pollutants on a 1 km by 1 km grid square basis. For SO2 this is based on 2001 data. 
In order to determine the most appropriate background concentration for the study the 2010 measured annual mean concentrations for the nearest Urban Background monitoring sites was compared with the projected background data. The results are presented in Table 4 for comparison. Short-term concentrations have been assumed to be twice the long-term concentrations, as recommended in IPPC H1[footnoteRef:1] guidance.  Based on this comparison a short term background concentration of 8g/m3 was applied in the study. [1:  IPPC H1 Horizontal Guidance Note – Environmental Appraisal and Assessment of BAT, Scottish Environment Protection Agency, 2003] 
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	Site
	Long Term (g/m3)
	Short Term (g/m3)

	2001 background map
	2.6
	5.2

	Glasgow Centre
	4
	8

	Edinburgh St Leonards
	4
	8
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Emissions data were provided by Ineos for the 2010 base case and estimated emission data for 2013. The data included the grid reference and emission parameters for each SO2 source.  The SO2 sources and the respective emission parameters included in the dispersion modelling assessment are presented in Table 5.Where available, time varying emissions were also provided (Table 6).  The raw data from the sources identified as time varying were formatted to provide numerical emissions for each hour of the year.  Emissions were set to zero for periods of shut-down and to the source mean emission for periods when the stack analyser was not in operation.
Time varying emissions data were available for all sources, with the exception of the following, for which annual average emissions were assumed:
Source 11, 1CDUB1;
Source 14, Hydrofiner;
Source 17, 1CDUB1A;
Source 18 CDU2/DHT2; and
Source 23, HCU Mild Vacuum Column.
[bookmark: _Toc364345257][bookmark: _Toc364345296][bookmark: _Toc364345335]Flare sources can be modelled similar to point sources, except that there are buoyancy flux reductions associated with radiative heat losses and a need to account for flame length in estimating plume height.  Input requirements are similar to those for a point source, except that the release height must be calculated as an effective release height and stack parameters need to be estimated to match the radiative loss reduced buoyancy flux.  In order to model the flares the air dispersion modelling guidance for Ontario[footnoteRef:2] was used.  Due to the high temperature associated with flares, an effective release height of the plume and effective stack diameter based on the heat release rate, temperature of the flare, and an assumed exit velocity of 20m/s were calculated.  By using this guidance, it allows ADMS4 to model the flares in the same manner as AERMOD. Full details of the sources included in the study are presented in Table 5. [2: http://www.ene.gov.on.ca/envision/gp/5165e.pdf] 
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	Source Number
	Source Name
	Stack Height (m)
	Stack Diameter (m)
	Velocity (m/s)
	Volume flow rate (m3/s)
	Exit Temperature (oC)
	Worst case annual emission (g/s)
	Normal operation annual emission(g/s)
	Grid Reference (x)
	Grid Reference (y)

	1
	No. 1 Flare
	91.5
	1.075
	2.00
	
	600
	82
	1.02
	295010
	681720

	3
	No. 3 Flare
	91.5
	1.075
	2.00
	
	600
	1,470
	36.4
	294850
	681450

	4
	Boiler 8
	65
	2.7
	
	24.00
	130
	11.6
	0.7
	294560
	681210

	5
	Boiler 9 / 10
	91
	3.3
	
	21.70
	154
	87.3
	2.4
	294630
	681150

	7
	Boiler 12
	94
	2.1
	
	29.40
	163
	67.5
	1.5
	294670
	681140

	9
	Boiler 14
	91
	2.4
	
	26.00
	170
	65.4
	1.5
	294720
	681110

	10
	Boiler 15
	91
	2.4
	
	23.00
	182
	58.4
	3.0
	294720
	681110

	11
	1CDUB1
	42.3
	1.37
	
	14.00
	485
	18.4
	15.08
	294520
	681960

	12
	CRU-Main
	95.7
	2.7
	
	20.40
	339
	56.3
	2.1
	294870
	681660

	13
	CRU 1stInterheater
	67.5
	2.4
	
	16.40
	190
	20.3
	1.8
	294620
	681820

	14
	Hydrofiner
	80
	1.35
	
	3.68
	340
	10
	0.03
	294500
	681790

	15
	H / Unit
	84
	4.19
	
	29.59
	230
	76.2
	0.6
	294710
	681540

	16
	SRU 5
	70
	0.752
	3.60
	
	800
	28.4
	13.8
	294790
	681530

	17
	1CDUB1A
	56.4
	1.58
	
	6.40
	406
	1.04
	0.81
	294540
	681940

	18
	CDU2/DHT2
	61
	3.38
	
	20.60
	340
	16.84
	13.68
	294620
	681820

	19
	CDU3/DHT3
	79
	3.7
	
	28.40
	263
	61.7
	26.9
	294850
	681830

	20
	VDU/HCU
	85
	3.5
	
	28.80
	300
	43.8
	11
	294620
	681820

	21
	SRU 6
	70
	0.752
	3.60
	
	800
	24.92
	14.44
	294750
	681610

	22
	FCCU
	70
	1.32
	
	34.40
	220.
	72.8
	44.8
	294630
	681980

	23
	HCU Mild Vacum Column
	70
	1.5
	
	5.69
	390
	2.85
	0.07
	294770
	681370



[bookmark: _Toc381274131][bookmark: _Toc381274552][bookmark: _Toc394325852][bookmark: _Toc394325910]Table 6: Time Varying Emissions and Annual Emissions Comparison
	Source Number
	Source Name
	Stack Height (m)
	Stack Diameter (m)
	Worst Case Annual Emission (g/s)
	Normal Operation Annual Emission(g/s)
	Minimum Time Varying Emission Rate (g/s)
	Average Time Varying Emission Rate (g/s)
	Maximum Time Varying Emission Rate (g/s)

	1
	No. 1 Flare
	91.5
	1.1
	82.0
	1.0
	0.0
	1.0
	82.0

	3
	No. 3 Flare
	91.5
	1.1
	1470.0
	36.4
	0.0
	36.4
	1470.0

	4
	Boiler 8
	65.0
	2.7
	11.6
	0.7
	0.0
	0.7
	11.6

	5
	Boiler 9 / 10
	91.0
	3.3
	87.3
	2.4
	0.0
	2.7
	94.4

	7
	Boiler 12
	94.0
	2.1
	67.5
	1.5
	0.0
	1.5
	67.5

	9
	Boiler 14
	91.0
	2.4
	65.4
	1.5
	0.0
	1.5
	65.4

	10
	Boiler 15
	91.0
	2.4
	58.4
	3.0
	0.0
	3.0
	58.4

	11
	1CDUB1
	42.3
	1.4
	18.4
	15.1
	N/A
	N/A
	N/A

	12
	CRU-Main
	95.7
	2.7
	56.3
	2.1
	0.0
	2.0
	56.3

	13
	CRU 1stInterheater
	67.5
	2.4
	20.3
	1.8
	0.0
	1.8
	20.3

	14
	Hydrofiner
	80.0
	1.4
	10.0
	0.0
	N/A
	N/A
	N/A

	15
	H / Unit
	84.0
	4.2
	76.2
	0.6
	0.0
	0.6
	76.2

	16
	SRU 5
	70.0
	0.8
	28.4
	13.8
	0.0
	26.5
	61.7

	17
	1CDUB1A
	56.4
	1.6
	1.0
	0.8
	N/A
	N/A
	N/A

	18
	CDU2/DHT2
	61.0
	3.4
	16.8
	13.7
	N/A
	N/A
	N/A

	19
	CDU3/DHT3
	79.0
	3.7
	61.7
	26.9
	0.0
	26.5
	61.7

	20
	VDU/HCU
	85.0
	3.5
	43.8
	11.0
	0.0
	10.9
	43.8

	21
	SRU 6
	70.0
	0.8
	24.9
	14.4
	0.0
	14.4
	24.9

	22
	FCCU
	70.0
	1.3
	72.8
	44.8
	0.0
	44.6
	72.8

	23
	HCU Mild Vacum Column
	70.0
	1.5
	2.9
	0.1
	N/A
	N/A
	N/A
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Concentrations were calculated over a regular Cartesian grid pattern and at specific receptor points.  The modelled domain consisted of a 10 km by 10 km square grid covering the area (289500, 679500) to 
(299500, 689500).  The number of calculation points was set at 100 by 100, which provides predicted concentrations every 100m by 100m.  The receptors included in the study are presented in Table 7 and are shown on Figure 1.  The receptors that have been included comprise of points representative of the monitoring locations in order to allow model verification, as well as locations of relevant public exposure such as residential properties, schools, recreation areas and public buildings.
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	Receptor
	Grid Reference (x)
	Grid Reference (y)

	Grangemouth AURN (Inchyra Park)
	293835
	681020

	Grangemouth Moray
	293469
	681321

	Grangemouth MC
	292818
	682008

	Inch Farm(Fife)
	294030
	686590

	Blair Mains
	296960
	686220

	Culross
	298380
	685920

	Kinneil Primary
	299510
	680850

	Bo`ness Town Hall
	299816
	681469

	Woodhead Farm
	298180
	679720

	Avondale House
	295810
	680350

	Inchyra Grange Hotel
	293510
	679680

	West Beancross Farm
	292450
	679750

	Forth Valley College
	289940
	680570

	Bothkennar Primary
	290810
	683360

	Docks  West
	295160
	683700

	Docks East
	295160
	683710

	East Kerse Mains
	296980
	680360

	Wholeflats
	294210
	680070

	Oil refinery
	294360
	681820

	Grangemouth Stadium
	293628
	680508

	Polmont station
	293483
	678963
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ADMS4 requires a minimum input of six meteorological parameters for hourly sequential or statistical data.  The six required parameters are surface temperature (in ºC), wind speed (in m/s), wind direction (as degrees from north), relative humidity (as a %), cloud cover (in oktas) and precipitation (in mm).  A review of meteorological data was carried out to determine the most appropriate set of meteorological parameters available.
Meteorological data from several stations within the vicinity of the Grangemouth AQMA were available.  The closest meteorological station to the Grangemouth AQMA, which records the full suite of required meteorological parameters, is Edinburgh International Airport (Gogarbank).  Edinburgh airport is a lowland station located approximately 22 km southeast of the AQMA.  The site is close to the Firth of Forth and is located in predominantly suburban surroundings.  
Falkirk Council operates a full meteorological station at Grangemouth Municipal Chambers.  At both Grangemouth AURN (Inchyra Park) and Grangemouth Moray automatic air quality monitoring stations, wind speed and direction data are available.  
A sensitivity analysis was conducted to determine the meteorology dataset for 2010 that predicted the most accurate ground level concentrations.  Where the full suite of required parameters was not available from a particular meteorological station, data from Gogarbank were used.  This proved to be the case using Grangemouth AURN (Inchyra Park) and Grangemouth Moray meteorological data for which only wind speed and direction data were available,  the missing variables (temperature, relative humidity, cloud cover and precipitation) were imported from the Gogarbank dataset to supplement the Grangemouth AURN (Inchyra Park) and Grangemouth Moray meteorological files.
The datasets used and the results of the sensitivity analysis are discussed in detail in Section 5.
In order to have a better understanding of the influence the meteorological conditions could have on future predictions. The sensitivity analysis also considers five years of meteorological data from Gogarbank.
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The surface characteristics of an area have an influence on the dispersion of atmospheric pollutants through the generation of turbulence.  The surface roughness factor used in ADMS4 is a measure of this turbulence.  The land use near the Grangemouth AQMA is urban with some industrial sites nearby.  The frictional effects within the vicinity of the site will therefore be greater than in a rural area, for example.  A variable surface roughness file ranging from 1.5 (large, urban areas) to 0.0001 (sea) has been used in the assessment as this is representative of the complex surface roughness at the site.
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Due to the size of the source area and the complexity of the site, buildings were not explicitly modelled but were accounted for in the surface roughness.
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The terrain of an area can act to either increase or decrease ground level concentrations through altering the plume dispersion pattern.  The effects of terrain upon pollutant dispersal are generally insignificant if the gradients within the assessment area are less than 1 in 10.A sensitivity analysis of the effect of topographical data was carried out and is discussed in Section 5.
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ADMS4 is unable to model wind speeds of less than 0.75m/s; therefore, these met lines will be skipped during the model run, which will have an effect on the predicted concentrations.  Due to the number of meteorology lines within the meteorological data set with wind speeds of 0m/s, a model-specific aai file was used to model these calm meteorology lines.  When using an aai4 file the model automatically replaces any 0m/s wind speeds in the data file with a default wind speed of 0.3m/s.  A sensitivity analysis of the effect of calms module was carried out and is discussed in Section 5.
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[bookmark: _Toc372724215][bookmark: _Toc372725309][bookmark: _Toc381258651][bookmark: _Toc381258706][bookmark: _Toc381274114][bookmark: _Toc381274531][bookmark: _Toc394325830][bookmark: _Toc394325887]Modelling scenarios
The aim of the modelling study is to predict the impact to SO2 concentrations in the existing AQMA both during and after the tail gas treatment plant is fully operational. The baseline study is compared with measured concentrations during 2010 to verify the performance of the model.
[bookmark: _Toc364091406][bookmark: _Toc364091440][bookmark: _Toc364091474][bookmark: _Toc364091508][bookmark: _Toc364091600][bookmark: _Toc364171044][bookmark: _Toc364242659][bookmark: _Toc364246137][bookmark: _Toc364247138][bookmark: _Toc364247281][bookmark: _Toc364247344][bookmark: _Toc364247381][bookmark: _Toc364256937][bookmark: _Toc364256972][bookmark: _Toc364261215][bookmark: _Toc364262521][bookmark: _Toc364262877][bookmark: _Toc364326101][bookmark: _Toc364344929][bookmark: _Toc364344967][bookmark: _Toc364345005][bookmark: _Toc364345043][bookmark: _Toc364345081][bookmark: _Toc364345119][bookmark: _Toc364345265][bookmark: _Toc364345304][bookmark: _Toc364345343][bookmark: _Toc364345469][bookmark: _Toc364345508][bookmark: _Toc364346267][bookmark: _Toc364346306][bookmark: _Toc364346345][bookmark: _Toc364346384][bookmark: _Toc364346423][bookmark: _Toc364346462][bookmark: _Toc364346501][bookmark: _Toc364346540][bookmark: _Toc364346579][bookmark: _Toc364346618][bookmark: _Toc364346657][bookmark: _Toc364346696][bookmark: _Toc364346735][bookmark: _Toc364346774][bookmark: _Toc364346813][bookmark: _Toc364346852][bookmark: _Toc364346897][bookmark: _Toc364346936][bookmark: _Toc364346975][bookmark: _Toc364347014][bookmark: _Toc364347053][bookmark: _Toc364349517][bookmark: _Toc364349557][bookmark: _Toc364941634][bookmark: _Toc365033673][bookmark: _Toc365033713][bookmark: _Toc365034707][bookmark: _Toc365034748][bookmark: _Toc365274811][bookmark: _Toc365274852][bookmark: _Toc365274897][bookmark: _Toc365274938][bookmark: _Toc365274979][bookmark: _Toc365275020][bookmark: _Toc365279509][bookmark: _Toc365279551][bookmark: _Toc365295164][bookmark: _Toc365295206][bookmark: _Toc365295268][bookmark: _Toc365295310][bookmark: _Toc365295352][bookmark: _Toc365295503][bookmark: _Toc365295545][bookmark: _Toc365295588][bookmark: _Toc365295833][bookmark: _Toc365295872][bookmark: _Toc365295912][bookmark: _Toc365295953][bookmark: _Toc365295995][bookmark: _Toc365296037][bookmark: _Toc365296076][bookmark: _Toc365296116][bookmark: _Toc365296159][bookmark: _Toc365296203][bookmark: _Toc365472305][bookmark: _Toc365474852][bookmark: _Toc365532305][bookmark: _Toc365532350][bookmark: _Toc365532945][bookmark: _Toc372712931][bookmark: _Toc372724216][bookmark: _Toc372725310][bookmark: _Toc381258652][bookmark: _Toc381258707][bookmark: _Toc381274115][bookmark: _Toc381274532][bookmark: _Toc394325831][bookmark: _Toc394325888]Baseline Scenario
The baseline scenario considered time varying emissions based on the continuous monitoring data provided by Ineos. A further baseline model will be considered with annual mean operating emissions to allow for like-for-like comparison with the 2013 post-TGT scenario for which no time varying emissions data are available. 
Previous modelling of the refinery using annual emission data only has been shown to under predict the 
15-minute mean concentrations when compared with the measured concentrations at the monitoring sites due to short-term fluctuations in emission concentrations. Comparison of a like-for-like scenario, however, allows any improvement in concentration post-installation of the TGT to be qualified.
[bookmark: _Toc364091601][bookmark: _Toc364171045][bookmark: _Toc364242660][bookmark: _Toc364246138][bookmark: _Toc364247139][bookmark: _Toc364247282][bookmark: _Toc364247345][bookmark: _Toc364247382][bookmark: _Toc364256938][bookmark: _Toc364256973][bookmark: _Toc364261216][bookmark: _Toc364262522][bookmark: _Toc364262878][bookmark: _Toc364326102][bookmark: _Toc364344930][bookmark: _Toc364344968][bookmark: _Toc364345006][bookmark: _Toc364345044][bookmark: _Toc364345082][bookmark: _Toc364345120][bookmark: _Toc364345266][bookmark: _Toc364345305][bookmark: _Toc364345344][bookmark: _Toc364345470][bookmark: _Toc364345509][bookmark: _Toc364346268][bookmark: _Toc364346307][bookmark: _Toc364346346][bookmark: _Toc364346385][bookmark: _Toc364346424][bookmark: _Toc364346463][bookmark: _Toc364346502][bookmark: _Toc364346541][bookmark: _Toc364346580][bookmark: _Toc364346619][bookmark: _Toc364346658][bookmark: _Toc364346697][bookmark: _Toc364346736][bookmark: _Toc364346775][bookmark: _Toc364346814][bookmark: _Toc364346853][bookmark: _Toc364346898][bookmark: _Toc364346937][bookmark: _Toc364346976][bookmark: _Toc364347015][bookmark: _Toc364347054][bookmark: _Toc364349518][bookmark: _Toc364349558][bookmark: _Toc364941635][bookmark: _Toc365033674][bookmark: _Toc365033714][bookmark: _Toc365034708][bookmark: _Toc365034749][bookmark: _Toc365274812][bookmark: _Toc365274853][bookmark: _Toc365274898][bookmark: _Toc365274939][bookmark: _Toc365274980][bookmark: _Toc365275021][bookmark: _Toc365279510][bookmark: _Toc365279552][bookmark: _Toc365295165][bookmark: _Toc365295207][bookmark: _Toc365295269][bookmark: _Toc365295311][bookmark: _Toc365295353][bookmark: _Toc365295504][bookmark: _Toc365295546][bookmark: _Toc365295589][bookmark: _Toc365295834][bookmark: _Toc365295873][bookmark: _Toc365295913][bookmark: _Toc365295954][bookmark: _Toc365295996][bookmark: _Toc365296038][bookmark: _Toc365296077][bookmark: _Toc365296117][bookmark: _Toc365296160][bookmark: _Toc365296204][bookmark: _Toc365472306][bookmark: _Toc365474853][bookmark: _Toc365532306][bookmark: _Toc365532351][bookmark: _Toc365532946][bookmark: _Toc372712932][bookmark: _Toc372724217][bookmark: _Toc372725311][bookmark: _Toc381258653][bookmark: _Toc381258708][bookmark: _Toc381274116][bookmark: _Toc381274533][bookmark: _Toc394325832][bookmark: _Toc394325889]2013 Scenario
During 2013 it is expected that the oil fields supplying the refinery will be more “sour” in nature with greater sulphur content. This will result in an increase in SO2emissions from some sources in 2013. In order to identify the benefit in air quality due to the introduction of the TGT in 2013 the post-TGT installation scenario considers two emission profiles:
2013 without the TGT, SRU operating as per 2010; and
2013 with the TGT.
All emission data were provided by Ineos and are presented in Table 8.
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	Source name
	Baseline Scenario
	2013 without TGT
	2013 with TGT

	
	Volumetric Flow
(m3/s)
	Annual emission (g/s)
	Temperature (K)
	Volumetric Flow
(m3/s)
	Annual emission (g/s)
	Temperature (K)
	Volumetric Flow
(m3/s)
	Annual emission (g/s)
	Temperature (K)

	No. 1 Flare
	N/A
	1.02
	873
	N/A
	1.02
	873
	N/A
	1.02
	873

	No. 3 Flare
	N/A
	36.4
	873
	N/A
	36.4
	873
	N/A
	36.4
	873

	Boiler 8
	24.00
	0.7
	
	As baseline

	Boiler 9 / 10
	21.70
	2.4
	
	

	Boiler 12
	29.40
	1.5
	
	

	Boiler 14
	26.00
	1.5
	
	

	Boiler 15
	23.00
	3.0
	
	

	1CDUB1
	14.00
	15.08
	758
	9.99
	1.34
	684
	9.99
	1.34
	684

	CRU-Main
	20.40
	2.1
	612
	18.69
	2.5
	578
	18.69
	2.5
	578

	CRU 1stInterheater
	16.40
	1.8
	463
	10.21
	1.37
	430
	10.21
	1.37
	430

	Hydrofiner
	3.68
	0.03
	613
	5.26
	0.7
	508
	5.26
	0.7
	508

	H / Unit
	29.59
	0.6
	503
	30.8
	4.12
	501
	30.8
	4.12
	501

	SRU 5 
	2.70
	13.8
	1073
	As baseline
	1.76
	0.81
	1048

	1CDUB1A
	6.40
	0.81
	679
	4.4
	0.59
	737
	4.4
	0.59
	737

	CDU2/DHT2
	20.60
	13.68
	613
	23.49
	7.72
	693
	23.49
	7.72
	693

	CDU3/DHT3
	28.40
	26.9
	536
	31.79
	23.24
	426
	31.79
	23.24
	426

	VDU/HCU
	28.80
	11
	573
	34.31
	16.83
	546
	34.31
	16.83
	546

	SRU 6
	2.7
	14.44
	1073
	As baseline
	1.76
	0.81
	1048

	FCCU
	34.40
	44.8
	493
	34.31
	45.00
	468
	34.31
	45.00
	468

	HCU Mild Vacum Column
	5.69
	0.07
	663
	8.84
	1.18
	625
	8.84
	1.18
	625
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[bookmark: _Toc364088870][bookmark: _Toc364088476][bookmark: _Toc364088845]Falkirk Council operates a full meteorological station at Grangemouth Municipal Chambers.  At both the Grangemouth AURN (Inchyra Park) and Grangemouth Moray automatic air quality monitoring stations, wind speed and direction data are available. Where the full suite of required parameters was not available from a particular meteorological station, data from Gogarbank were used. This proved to be the case using Grangemouth AURN (Inchyra Park) and Grangemouth Moray meteorological data for which only wind speed and direction data were available,  the missing variables (temperature, relative humidity, cloud cover and precipitation) were imported from the Gogarbank dataset to supplement the Grangemouth AURN (Inchyra Park) and Grangemouth Moray meteorological files.
A sensitivity analysis was conducted with each meteorological data set utilising either the calms or the terrain module. The sensitivity analysis compared predicted SO2concentrations for different input datasets to determine the potential for significant deviations and to ascertain which dataset provides the most conservative (worst case) predictions. The results of the analysis are presented in Table 10and Table 11.
The results of the sensitivity analysis indicate that the model predicts more conservative ground level concentrations when the terrain model is utilised. The model also predicts a higher number of exceedences of the 15-minute mean objective using the terrain module, with the Edi-Grangemouth Moray meteorological dataset providing the closest comparison to the 2010 monitoring results. This result is only valid for 2010 and alternate meteorological datasets may be more representative for other years, the data capture rate is also an important factor in considering the appropriateness of a meteorological dataset and may affect future meteorological data choices. It is shown that the Edi-Grangemouth Moray meteorological dataset has a suitably high data capture rate and is the most accurate in representing the monitored conditions (Table 9).  The modelling study was, therefore, undertaken with the Edi-Grangemouth Moray meteorological dataset with the terrain module.
[bookmark: _Toc381258674][bookmark: _Toc381258729]
[bookmark: _Ref381258924][bookmark: _Toc381274134][bookmark: _Toc381274555][bookmark: _Toc394325855][bookmark: _Toc394325913]Table 9: Data Capture Rates and Percentage Recorded Calms for each Meteorological Dataset Considered
	
	Edinburgh Met
	Edi/Grangemouth AURN (Grangemouth AURN (Inchyra Park) Park) Met
	Edi/Grangemouth Moray 
Met
	Grangemouth 
Met

	Data Capture Rate
	100%
	100%
	100%
	90%

	Percentage Calms (<0.75 m/s) Recorded
	9%
	29%
	37%
	32%
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	Receptor Name
	Edinburgh Met
	Edi/Grangemouth AURN (Grangemouth AURN (Inchyra Park) Park) Met
	Edi/Grangemouth Moray
Met
	Grangemouth 
Met

	
	15min mean (µg/m3)
	No of exceedences
	15min mean (µg/m3)
	No of exceedences
	15min mean (µg/m3)
	No of exceedences
	15min mean (µg/m3)
	No of exceedences

	Grangemouth AURN (Inchyra Park)
	254.6
	0
	286.3
	4
	261.6
	0
	317.6
	5

	Grangemouth Moray
	285.1
	4
	338.1
	4
	234.6
	0
	269.2
	5

	Grangemouth MC
	142.1
	0
	251.5
	0
	307.5
	8
	151.2
	0
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	Receptor Name
	Edinburgh Met
	Edi/Grangemouth AURN (Grangemouth AURN (Inchyra Park) Park) Met
	Edi/Grangemouth Moray
Met
	Grangemouth 
Met

	
	15min mean (µg/m3)
	No of exceedences
	15min mean (µg/m3)
	No of exceedences
	15min mean (µg/m3)
	No of exceedences
	15min mean (µg/m3)
	No of exceedences

	Grangemouth AURN (Inchyra Park) 
	423.7
	19
	327.2
	20
	535.6
	37
	564.9
	33

	Grangemouth Moray
	441.7
	10
	325.5
	13
	450.2
	59
	389.6
	13

	Grangemouth MC 
	217.8
	0
	259.7
	0
	394.5
	22
	243.2
	0
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In order to determine the possible impact on measured concentrations due to differing meteorological conditions, modelling of five years of meteorological data was undertaken. Comparisons for five years of meteorological data measured at Edinburgh Gogarbank were undertaken under 2010 operating conditions with terrain. The results for the comparison are presented in Table 12 and Table 13 and a windrose for each year of meteorological data is presented in Graph 4.
Analysis of the results indicate that  meteorological data from 2010 result in the highest predicted 15 minute mean SO2 concentrations at all monitoring sites, therefore can be considered a worst-case year of meteorological data.
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	Site
	2008
	2009
	2010
	2011
	2012

	
	Max 15-min mean 
	99.9%ile 15-min mean 
	No. of Predict Exceed of 15-min mean
	Max 15-min mean 
	99.9%ile 15-min mean 
	No. of Predict Exceed of 15-min mean
	Max 15-min mean 
	99.9%ile 15-min mean 
	No. of Predict Exceed of 15-min mean
	Max 15-min mean 
	99.9%ile 15-min mean 
	No. of Predicted Exceed of 15-min mean
	Max 15-min mean 
	99.9%ile 15-min mean 
	No. of Predict Exceed of 15-min mean

	Grangemouth AURN (Inchyra Park) 
	477.0
	192.8
	14
	449.4
	193.6
	23
	644.4
	237.1
	34
	609.7
	263.3
	34
	555.5
	196.5
	15

	Grangemouth Moray
	409.4
	178.6
	14
	424.8
	226.4
	9
	506.9
	170.3
	9
	387.2
	196.2
	19
	410.2
	195.4
	25

	Grangemouth MC 
	374.2
	135.4
	19
	239.9
	126.1
	0
	196.4
	123.8
	0
	331.0
	135.3
	19
	400.5
	173.1
	20
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	Receptor name
	Lowest predicted 15 min mean SO2(g/m3)
	Highest Predicted 15 min mean SO2(g/m3)
	% Change

	Grangemouth AURN (Inchyra Park) 
	477
	644
	35

	Grangemouth Moray
	387
	507
	31

	Grangemouth MC 
	196
	400
	104
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	Monitoring Station
	Wind direction (o)

	Grangemouth AURN (Inchyra Park) 
	40 to 60

	Grangemouth Moray
	70 to 100

	Grangemouth MC
	90 to 120



Further analysis was carried out on each of the five years of met data and the results are presented in 
Table 15.
The results of the meteorological comparison indicate that out of the five years of meteorological data considered, 2010 provides the most conservative predictions.
Further analysis of the meteorological data shows that 2010 had the highest number of hours of calm conditions compared to other years. The 2010 data also had a higher number of hours of data where the wind direction was between 40 and 60o compared to the other years. During periods of calm conditions, where the wind direction is within this sector, measured concentrations are typically at their highest.
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	Year
	Max wind Speed
	Most Frequent Wind Speed
	*Most Frequent Wind Direction (o)
	*Mean Wind Direction (o)
	Mean Temperature
	No of met lines used
	No of calm met lines
	No of met lines Wind Direction equals 70 to 100(o)
	No of met lines Wind Direction equals 90 to 120 (o)
	No of met lines Wind Direction equals 40 to 60 (o)

	2008
	16.0
	1.5
	250
	181
	7.7
	7451
	22
	963
	522
	767

	2009
	15.5
	1.5
	240
	185
	2.5
	7513
	62
	887
	509
	522

	2010
	15.4
	2.1
	250
	173
	7.8
	7208
	739
	744
	403
	1189

	2011
	18.0
	1.5
	240
	200
	9.6
	7310
	111
	820
	558
	475

	2012
	21.1
	2.6
	240
	187
	8.6
	7055
	62
	965
	455
	1035
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	[image: ]
	Grangemouth Tail Gas Study






	July 2014
Report No.11514880001.500/B.0
	19
	[image: GA Logo Small_RGB from Phil]



[bookmark: _Toc365033677][bookmark: _Toc365033717][bookmark: _Toc365034711][bookmark: _Toc365034752][bookmark: _Toc365274815][bookmark: _Toc365274856][bookmark: _Toc365274901][bookmark: _Toc365274942][bookmark: _Toc365274983][bookmark: _Toc365275024][bookmark: _Toc365279513][bookmark: _Toc365279555][bookmark: _Toc365295168][bookmark: _Toc365295210][bookmark: _Toc365295272][bookmark: _Toc365295314][bookmark: _Toc365295356][bookmark: _Toc365295507][bookmark: _Toc365295549][bookmark: _Toc365295592][bookmark: _Toc365295837][bookmark: _Toc365295876][bookmark: _Toc365295916][bookmark: _Toc365295957][bookmark: _Toc365295999][bookmark: _Toc365296041][bookmark: _Toc365296080][bookmark: _Toc365296120][bookmark: _Toc365296163][bookmark: _Toc365296207][bookmark: _Toc365472309][bookmark: _Toc365474856][bookmark: _Toc365532309][bookmark: _Toc365532354][bookmark: _Toc365532949][bookmark: _Toc372712935][bookmark: _Toc372724220][bookmark: _Toc372725314][bookmark: _Toc381258656][bookmark: _Toc381258711][bookmark: _Toc381274119][bookmark: _Toc381274536][bookmark: _Toc394325835][bookmark: _Toc394325892]Modelling results and discussion
[bookmark: _Toc364091025][bookmark: _Toc364091055][bookmark: _Toc364091086][bookmark: _Toc364091118][bookmark: _Toc364091412][bookmark: _Toc364091446][bookmark: _Toc364091480][bookmark: _Toc364091514][bookmark: _Toc364091607][bookmark: _Toc364171051][bookmark: _Toc364242666][bookmark: _Toc364246143][bookmark: _Toc364247144][bookmark: _Toc364247287][bookmark: _Toc364247350][bookmark: _Toc364247387][bookmark: _Toc364256942][bookmark: _Toc364256977][bookmark: _Toc364261220][bookmark: _Toc364262526][bookmark: _Toc364262882][bookmark: _Toc364326106][bookmark: _Toc364344940][bookmark: _Toc364344978][bookmark: _Toc364345016][bookmark: _Toc364345054][bookmark: _Toc364345092][bookmark: _Toc364345130][bookmark: _Toc364345270][bookmark: _Toc364345309][bookmark: _Toc364345348][bookmark: _Toc364345474][bookmark: _Toc364345513][bookmark: _Toc364346272][bookmark: _Toc364346311][bookmark: _Toc364346350][bookmark: _Toc364346389][bookmark: _Toc364346428][bookmark: _Toc364346467][bookmark: _Toc364346506][bookmark: _Toc364346545][bookmark: _Toc364346584][bookmark: _Toc364346623][bookmark: _Toc364346662][bookmark: _Toc364346701][bookmark: _Toc364346740][bookmark: _Toc364346779][bookmark: _Toc364346818][bookmark: _Toc364346857][bookmark: _Toc364346902][bookmark: _Toc364346941][bookmark: _Toc364346980][bookmark: _Toc364347019][bookmark: _Toc364347058][bookmark: _Toc364349522][bookmark: _Toc364349562][bookmark: _Toc364941639][bookmark: _Toc365033678][bookmark: _Toc365033718][bookmark: _Toc365034712][bookmark: _Toc365034753][bookmark: _Toc365274816][bookmark: _Toc365274857][bookmark: _Toc365274902][bookmark: _Toc365274943][bookmark: _Toc365274984][bookmark: _Toc365275025][bookmark: _Toc365279514][bookmark: _Toc365279556][bookmark: _Toc365295169][bookmark: _Toc365295211][bookmark: _Toc365295273][bookmark: _Toc365295315][bookmark: _Toc365295357][bookmark: _Toc365295508][bookmark: _Toc365295550][bookmark: _Toc365295593][bookmark: _Toc365295838][bookmark: _Toc365295877][bookmark: _Toc365295917][bookmark: _Toc365295958][bookmark: _Toc365296000][bookmark: _Toc365296042][bookmark: _Toc365296081][bookmark: _Toc365296121][bookmark: _Toc365296164][bookmark: _Toc365296208][bookmark: _Toc365472310][bookmark: _Toc365474857][bookmark: _Toc365532310][bookmark: _Toc365532355][bookmark: _Toc365532950][bookmark: _Toc372712936][bookmark: _Toc372724221][bookmark: _Toc372725315][bookmark: _Toc381258657][bookmark: _Toc381258712][bookmark: _Toc381274120][bookmark: _Toc381274537][bookmark: _Toc394325836][bookmark: _Toc394325893]Baseline Model
Time varying emissions and annual mean emissions for 2010 were modelled and the results are presented in Table 16 and Table 17. Concentrations above their respective objective have been annotated in bold.
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	Receptor Name
	Predicted Concentrations
	Predicted No. of Exceedences

	
	24 hour mean (100%ile, g/m3)
	24 hour mean (99.18%ile, g/m3)
	1hour mean (100%ile, g/m3)
	1hour mean (99.73%ile, g/m3)
	15min mean (100%ile, g/m3)
	15min mean (99.9%ile, g/m3)
	24 hour mean
	1hour mean
	15min mean

	Grangemouth AURN (Inchyra Park)
	166.3
	135.5
	474.8
	218.6
	520.2
	380.7
	4
	7
	66

	Grangemouth Moray 
	114.4
	98.5
	297.1
	177.4
	326.3
	280.9
	0
	0
	51

	Grangemouth MC
	98.2
	83.0
	249.6
	169.9
	291.0
	250.6
	0
	0
	15

	Inch Farm(Fife)
	32.2
	25.4
	131.4
	62.1
	162.5
	121.4
	0
	0
	0

	Blair Mains
	28.6
	23.9
	107.4
	57.4
	121.7
	93.3
	0
	0
	0

	Culross
	31.8
	27.0
	115.3
	56.7
	139.4
	84.3
	0
	0
	0

	Kinneil Primary
	84.2
	53.2
	119.0
	109.2
	153.1
	140.7
	0
	0
	0

	Bo`ness Town Hall
	54.9
	53.1
	153.3
	107.9
	223.5
	169.8
	0
	0
	0

	Woodhead Farm
	134.0
	57.7
	180.4
	108.7
	225.8
	172.0
	1
	0
	0

	Avondale House
	332.1
	75.4
	389.7
	179.3
	507.6
	301.8
	1
	2
	44

	Inchyra Grange Hotel
	85.7
	76.2
	304.8
	126.2
	382.5
	246.0
	0
	0
	22

	West Beancross Farm
	97.8
	85.5
	185.4
	121.7
	226.6
	192.1
	0
	0
	0

	Forth Valley College
	53.4
	49.2
	175.4
	86.8
	238.6
	119.6
	0
	0
	0

	Bothkennar Primary
	57.5
	55.6
	182.5
	108.6
	224.7
	163.0
	0
	0
	0

	Docks  West
	62.5
	51.4
	285.4
	132.0
	349.8
	223.4
	0
	0
	22

	Docks East
	62.4
	51.4
	284.5
	131.8
	348.0
	223.8
	0
	0
	22

	East Kerse Mains
	178.9
	81.3
	262.5
	139.1
	308.1
	230.3
	1
	0
	7

	Wholeflats
	119.1
	93.2
	347.3
	171.5
	399.1
	367.0
	0
	0
	58

	Grangemouth Stadium
	128.1
	112.4
	433.5
	176.4
	459.3
	300.3
	1
	4
	51

	Sports Complex
	115.5
	95.3
	327.0
	148.3
	396.8
	245.1
	0
	0
	29

	Beancross Primary
	124.5
	96.7
	241.6
	149.4
	296.5
	232.1
	0
	0
	15

	Bowhouse Primary
	132.0
	101.4
	298.8
	175.6
	351.6
	263.9
	1
	0
	29

	Sacred Heart Primary
	137.8
	99.0
	234.5
	167.1
	261.2
	243.7
	2
	0
	0

	Zetland Pavillion
	97.8
	92.6
	325.2
	161.5
	379.9
	211.8
	0
	0
	7

	Roxburgh St
	143.1
	118.0
	374.1
	221.7
	395.8
	356.6
	2
	4
	88

	Bo`ness road
	154.5
	143.9
	457.5
	237.6
	482.7
	310.9
	10
	2
	73

	Grange Manor Hotel
	56.0
	52.7
	141.4
	104.8
	172.1
	149.6
	0
	0
	0

	Dalgrain Park
	57.0
	49.7
	156.8
	104.2
	195.0
	155.9
	0
	0
	0

	Asda
	96.6
	85.9
	297.9
	176.0
	321.0
	285.9
	0
	0
	58

	Albert Avenue
	197.1
	144.6
	425.1
	273.4
	457.5
	384.5
	7
	13
	146

	Oxgang Hotel
	141.5
	128.3
	341.2
	206.5
	371.5
	276.1
	3
	0
	36

	Polmonthill Cottage
	127.4
	74.0
	281.3
	133.2
	395.9
	228.3
	1
	0
	15

	Residential Prop
	91.7
	71.5
	274.6
	128.2
	313.4
	243.1
	0
	0
	29

	Reddoch Road
	127.7
	68.7
	343.6
	145.4
	433.8
	245.8
	1
	0
	22

	Orchard Grove
	76.1
	58.4
	237.9
	105.0
	277.8
	196.0
	0
	0
	7

	Grangemouth High
	124.7
	93.3
	300.8
	170.4
	359.8
	237.0
	0
	0
	22

	Victoria Primary
	44.8
	41.7
	171.9
	84.4
	235.8
	113.9
	0
	0
	0

	Falkirk Stadium
	78.0
	68.9
	178.2
	101.7
	221.6
	147.5
	0
	0
	0

	Oakwood School
	81.7
	63.6
	156.7
	92.9
	205.7
	146.8
	0
	0
	0

	G`mouth Rd Bo`ness
	176.0
	59.9
	218.8
	132.7
	267.0
	195.9
	1
	0
	7

	Polmont AQMU
	66.2
	55.3
	240.2
	104.5
	289.9
	183.3
	0
	0
	7



The results of the baseline modelling indicate that the model compares well with monitored data, with predicted exceedence of the 15-minute mean objective at both Grangemouth AURN (Inchyra Park) and Grangemouth Moray monitoring sites, although concentrations at Grangemouth MC were predicted to be compliant with the objective. The predicted number of exceedences of the 15-minute objective at Grangemouth AURN (Inchyra Park) are however greater than measured in reality whilst at Grangemouth MC the predicted number of exceedences are lower than observed.
Predicted concentrations are within 20% of measured concentrations for all averaging periods and at each measurement site, however there is no systematic under or over-prediction evident in the results.
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	Receptor Name
	Predicted Concentrations
	Predicted No of Exceedences

	
	24 hour mean (100%ile, g/m3)
	24 hour mean (99.18%ile, g/m3)
	1hour mean (100%ile, g/m3)
	1hour mean (99.73%ile, g/m3)
	15min mean (100%ile, g/m3)
	15min mean (99.9%ile, g/m3)
	24 hour mean
	1hour mean
	15min mean

	Grangemouth AURN (Inchyra Park)
	156.0
	121.2
	414.0
	181.1
	459.7
	352.8
	2
	4
	51

	Grangemouth Moray 
	148.8
	108.9
	315.1
	155.6
	358.0
	267.4
	2
	0
	36

	Grangemouth MC 
	88.3
	70.0
	260.7
	151.4
	305.9
	203.0
	0
	0
	15

	Inch Farm(Fife)
	25.6
	20.6
	102.9
	52.4
	138.7
	91.1
	0
	0
	0

	Blair Mains
	26.0
	22.4
	82.1
	56.0
	92.5
	82.5
	0
	0
	0

	Culross
	31.4
	27.3
	89.5
	51.6
	109.4
	80.8
	0
	0
	0

	Kinneil Primary
	85.0
	53.3
	124.3
	87.5
	160.3
	115.5
	0
	0
	0

	Bo`ness Town Hall
	72.4
	45.7
	124.5
	84.8
	171.3
	157.5
	0
	0
	0

	Woodhead Farm
	103.8
	47.6
	132.6
	96.0
	167.8
	139.9
	0
	0
	0

	Avondale House
	255.3
	64.6
	315.5
	148.7
	415.8
	266.8
	1
	0
	36

	Inchyra Grange Hotel
	67.4
	63.5
	247.2
	110.3
	310.0
	211.0
	0
	0
	7

	West Beancross Farm
	80.8
	73.3
	186.4
	103.9
	226.1
	155.8
	0
	0
	0

	Forth Valley College
	59.3
	40.0
	128.1
	72.7
	171.4
	106.7
	0
	0
	0

	Bothkennar Primary
	48.0
	41.6
	145.6
	91.4
	185.4
	135.8
	0
	0
	0

	Docks  West
	68.5
	51.8
	235.4
	108.9
	282.2
	203.7
	0
	0
	15

	Docks East
	68.3
	51.7
	235.2
	108.4
	280.9
	203.6
	0
	0
	15

	East Kerse Mains
	136.8
	63.1
	189.7
	113.1
	224.3
	177.4
	1
	0
	0

	Wholeflats
	101.0
	76.0
	274.6
	157.3
	316.5
	280.6
	0
	0
	44

	Grangemouth Stadium
	106.2
	95.5
	336.6
	170.5
	386.8
	229.1
	0
	0
	29

	Sports Complex
	120.3
	86.6
	243.3
	133.7
	301.1
	228.8
	0
	0
	7

	Beancross Primary
	107.4
	89.9
	198.0
	131.0
	241.1
	199.3
	0
	0
	0

	Bowhouse Primary
	109.0
	97.0
	245.7
	144.2
	286.9
	219.3
	0
	0
	15

	Sacred Heart Primary
	127.0
	103.0
	241.5
	145.7
	279.0
	200.6
	1
	0
	7

	Zetland Pavillion
	100.6
	88.2
	232.4
	152.7
	274.4
	212.2
	0
	0
	7

	Roxburgh St
	125.5
	106.3
	363.8
	201.4
	404.0
	262.3
	1
	2
	29

	Bo`ness road
	184.0
	144.8
	342.0
	201.8
	366.1
	291.5
	8
	0
	44

	Grange Manor Hotel
	54.5
	43.3
	138.9
	100.6
	180.6
	154.0
	0
	0
	0

	Dalgrain Park
	55.6
	41.7
	163.0
	89.1
	203.4
	142.8
	0
	0
	0

	Asda
	82.6
	71.6
	265.7
	164.8
	314.5
	219.1
	0
	0
	15

	Albert Avenue
	159.1
	124.6
	372.7
	224.8
	402.6
	317.6
	2
	4
	80

	Oxgang Hotel
	146.8
	115.0
	275.0
	176.8
	299.2
	228.6
	1
	0
	22

	Polmonthill Cottage
	134.9
	62.2
	218.3
	120.0
	252.9
	216.6
	1
	0
	0

	Residential Prop
	80.0
	58.9
	245.8
	114.4
	297.8
	204.8
	0
	0
	7

	Reddoch Road
	110.0
	56.8
	286.7
	132.0
	362.5
	221.7
	0
	0
	15

	Orchard Grove
	67.3
	49.6
	200.0
	94.2
	246.0
	160.5
	0
	0
	0

	Grangemouth High
	101.2
	92.3
	244.7
	133.1
	295.5
	205.4
	0
	0
	7

	Victoria Primary
	53.5
	38.2
	124.9
	72.1
	171.0
	108.7
	0
	0
	0

	Falkirk Stadium
	73.1
	59.0
	144.7
	80.2
	188.3
	133.8
	0
	0
	0

	Oakwood School
	74.3
	60.9
	133.9
	82.2
	176.5
	146.8
	0
	0
	0

	G`mouth Rd Bo`ness
	136.3
	51.2
	178.0
	106.6
	216.0
	178.9
	1
	0
	0

	Polmont AQMU
	53.3
	48.7
	176.4
	102.3
	218.5
	182.1
	0
	0
	0



The predicted concentrations using annual mean emissions are typically higher than those predicted using the time varying data but this is dependent on proximity to source and geographical location.
Predicted maximum concentrations for the 15-minute, 1-hour and 24-hours mean are typically under-predicting. 
The predicted concentrations indicate that when annual mean emissions data are used the model appears to be adequately predicting the number of exceedences of all objectives, specifically at Grangemouth MC.
Analysis of predictions of ambient concentrations using the 2010 annual mean emissions data should therefore be considered in the context of this improved model.
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Estimated annual mean emissions for 2013 without the TGT in operation were modelled and the results presented in Table 18. Results are predicted for the monitoring station locations only for ease of comparison. Predictions for other receptor locations are provided in Appendix A.
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	Receptor Name
	Predicted Concentrations
	Predicted No of Exceedences

	
	24 hour mean (100%ile, g/m3)
	24 hour mean (99.18%ile, g/m3)
	1hour mean (100%ile, g/m3)
	1hour mean (99.73%ile, g/m3)
	15min mean (100%ile, g/m3)
	15min mean (99.9%ile, g/m3)
	24 hour mean
	1hour mean
	15min mean

	Grangemouth AURN (Inchyra Park)
	143.8
	115.3
	338.5
	169.2
	373.6
	317.8
	2
	0
	36

	Grangemouth Moray 
	130.8
	106.0
	288.6
	149.2
	330.0
	238.0
	1
	0
	15

	Grangemouth MC
	79.7
	64.8
	242.2
	139.0
	284.1
	185.5
	0
	0
	7



The results indicate that the predicted concentration in 2013 without the TGT in operation would result in a small reduction in the predicted 15-minute mean concentrations and the number of exceedences at each of the three monitoring locations when compared with the 2010 baseline.
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Predicted annual mean emissions from the refinery with the TGT in operation were modelled and the results are presented in Table 19. Predictions are presented for the monitoring stations only. Predictions for other receptor locations are provided in Appendix A.
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	Receptor Name
	Predicted Concentrations
	Predicted No of Exceedences

	
	24 hour mean (100%ile, g/m3)
	24 hour mean (99.18%ile, g/m3)
	1hour mean (100%ile, g/m3)
	1hour mean (99.73%ile, g/m3)
	15min mean (100%ile, g/m3)
	15min mean (99.9%ile, g/m3)
	24 hour mean
	1hour mean
	15min mean

	Grangemouth AURN (Inchyra Park) 
	107.1
	86.3
	261.0
	126.7
	291.8
	245.8
	0
	0
	29

	Grangemouth Moray 
	93.4
	82.2
	237.5
	113.9
	282.2
	211.5
	0
	0
	7

	Grangemouth MC
	65.9
	51.8
	191.8
	113.2
	224.0
	163.5
	0
	0
	0


The results indicate that with the TGT in operation, exceedences of the objective level are still predicted at the Grangemouth AURN (Inchyra Park), however the number of predicted exceedences has reduced markedly from 36 to 29. The highest predicted 15-minute mean concentration at the site is predicted to have reduced by approximately 22% as a result of the introduction of the TGT. Maximum predicted 1-hour mean and 24-hour mean concentrations at Grangemouth AURN (Inchyra Park) are predicted to reduce by 23% and 26% respectively following introduction of the TGT. No exceedences of the 1-hour mean or 24-hour mean objective levels are predicted post-TGT.

At Grangemouth Moray, seven exceedences of the 15-minute mean objective are predicted post-TGT introduction. The maximum 15-minute mean objective level is predicted to reduce by 15%. No exceedences of the 1-hour mean objective level are predicted with a reduction of approximately 18% also predicted in maximum 1-hour mean concentrations. No exceedence of the 24-hour mean objective is predicted, with a reduction of 29% in the maximum predicted 24-hour mean concentration predicted.
At Grangemouth MC no exceedences of any objective are predicted post-TGT. Reductions in the 15-minute, 1-hour and 24-hour mean concentrations of approximately 21%, 21% and 17% respectively are predicted.
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The modelling study was undertaken using various input data used to define local meteorology and topography/topology effects on wind flow and atmospheric conditions, which will in turn influence the dispersion of emissions from the petrochemical complex. Sensitivity analysis was undertaken of the input data utilised, however there are a number of inherent limitations in the study which should be considered. 
The model requires meteorological data measured on an hourly sequential basis, which is available from a number of local sites. The most reliable (in terms of data capture and QA/QC) is the Met Office measured data from Gogarbank, a site approximately 20 km east of Grangemouth. This data may not accurately reflect local conditions. The local monitoring sites are located adjacent to air quality monitoring stations or in the case of GMC on top of the roof of a building. Wind flows measured at these sites may be affected by local topology and not all required meteorological parameters are measured. The meteorological data used in the study therefore requires some compromises in selecting the best datasets.
Furthermore, whichever meteorological dataset is utilised it should be noted that the data considered are hourly average data, which are used to predict hourly mean pollutant concentrations from which predictions of 15-minute mean concentrations are derived. The model may underestimate the effect of fluctuations in meteorological conditions on pollutant dispersal and hence resulting concentrations.
A similar approach is required for consideration of emissions data. For the baseline scenario hourly variable emissions data are considered based on historic measurements for the site. The measurements indicate a substantial peak to mean ratio on emissions at differing times of the year. As hourly average emissions are considered the study also potentially underestimates emissions which could occur over a lesser 15-minute averaging period.
For consideration of future scenarios, no hourly variable emissions data are available, therefore it is necessary to consider future annual average emissions and benchmark against baseline average emissions. Such an approach allows determination of the predicted change in concentrations, however may underestimate the magnitude of predicted levels.
Due to the limitations of the proprietary dispersion model used in the stud a number of other compromises have been made regarding input data.
The study does not include reference to the buildings in the study area.  There are a number of buildings and complex orography at the site that may influence the concentrations recorded at certain locations due to their impact on wind patterns and dispersion of pollutants. It is assumed that buildings are unlikely to be an issue influencing the dispersion of pollutants at the site and have been sufficiently accounted for by the inclusion of a variable surface roughness file, so have not been considered in this study.  The site is also located in a coastal location and beyond the surface roughness file coastal factors have not been included in the analysis.
It is also not possible to model both ‘calms’ and ‘terrain’ together and so the models have been analysed to assess which factor assists in most faithfully reproducing the recorded concentrations at the expense of the other factor being removed from the model.
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[bookmark: _Toc394325900]Baseline Scenario
Modelling was undertaken of both time varying and annual mean emissions under normal operating conditions during 2010. 
The results from the baseline model using the time varying emission profile indicated that the model under predicted but performed well when predicted the magnitude of exceedences of the 15-minute mean objective at all three monitoring locations.
The results from the baseline model using the annual mean emission profile generally under predicted pollutant concentrations when compared against measured data.  The modelling results also adequately predicted the magnitude of the exceedences of all three SO2 objectives at all three air quality monitoring locations.
[bookmark: _Toc365532361][bookmark: _Toc365532957][bookmark: _Toc372712942][bookmark: _Toc372724227][bookmark: _Toc372725321][bookmark: _Toc381258663][bookmark: _Toc381258718][bookmark: _Toc381274126][bookmark: _Toc381274543][bookmark: _Toc394325843][bookmark: _Toc394325901]Future Scenario
Modelling was undertaken of predicted emissions during 2013 with the TGT and without the TGT to determine the benefit to air quality.
Modelling predictions of 2013 without the TGT indicates that the 15-minute mean objective would continue to be breached based on projected emissions data.
Modelling predictions of 2013 with the TGT installation indicates that the number of exceedences of the 
15-minute mean objective would reduce markedly. Predicted concentrations at Grangemouth AURN (Inchyra Park) and Grangemouth Moray would continue to be in excess of the objective level, however the number of predicted exceedences would be below that allowed under the objective. No exceedences are predicted at Grangemouth MC. Overall, maximum concentrations are predicted to reduce markedly as a result of the TGT introduction. 
Potential for exceedence of the NAQS 15-minute mean objective level will remain after the introduction of the TGT, however overall maximum concentrations will be reduced and the extent of the potential area of exceedence of objectives is likely to be reduced.
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At Golder Associates we strive to be the most respected global company providing
consulting, design, and construction services in earth, environment, and related
areas of energy. Employee owned since our formation in 1960, our focus, unique
culture and operating environment offer opportunities and the freedom to excel,
which attracts the leading specialists in our fields. Golder professionals take the
time to build an understanding of client needs and of the specific environments

in which they operate. We continue to expand our technical capabilities and have
experienced steady growth with employees who operate from offices located
throughout Africa, Asia, Australasia, Europe, North America, and South America.

Africa + 27 11 254 4800
Asia + 86 21 6258 5522
Australasia +61 3 8862 3500
Europe +356 21 42 30 20

North America +1 800 275 3281
South America + 55 21 3095 9500

solutions@golder.com
www.golder.com




