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Summary

This report presents modelling using ADMS-Airport of air quality around Heathrow airport for
the 2002 Base Case and nine future scenarios. The work has been undertaken for the
Department for Transport’s Project for the Sustainable Development of Heathrow. The
pollutants modelled are NOx, NO, and PM;, with most attention directed to predicted NO,
concentrations and whether they are likely to exceed the EU air quality Limit Value of 40ug/m®
as an annual average, to be achieved by 1 January 2010*. Modelled concentrations for the 2002
Base Case are compared with monitored data to demonstrate the performance of the model.

The future scenarios considered are:

= 2010 Segregated Mode (2010SM)

= 2015 Segregated Mode (2015SM)

= 2015 Segregated Mode with Easterly Preference (2015EP)

= 2015 Segregated Mode with No Cranford Agreement (2015NoC)

= 2015 Mixed Mode (2015MM)

= 2015 Mixed Mode with traffic mitigation (2015MMRd)

= 2030 Mixed Mode (2030MM)

= 2020 Third Runway (2020R3)

= 2030 Third Runway (2030R3)
In segregated mode take-offs and landings take place on parallel runways (this is the current
mode of operation). In mixed mode both take-offs and landings occur on both runways. The
results for the third runway scenarios presented in this report are hybrid results of MDL (mixed
mode on the northern runway, departures on the central runway and landings on the southern
runway) and MLD (mixed mode on the northern runway, landings on the central runway and
departures on the southern runway) scenarios. The hybrid results have been constructed

assuming the airport operates with equal alternation between MDL and MLD modes of
operation.

Two variations on the 2015 Segregated Mode scenario have been modelled. In one variation an
easterly preference is assumed instead of a westerly preference (2015EP) and in the second
variation there is no Cranford Agreement in place (2015NoC). One variation on the 2015 Mixed
Mode scenario was modelled: a scenario with traffic mitigation measures (2015MMRd).

Scenario 2030MM is included for comparative purposes. Mixed mode operation would be
superseded by third runway operation from around 2020.

Emissions

Airport data from which the airport emissions inventories were compiled were supplied by AEA
and traffic data for the major roads, from which road traffic emissions were calculated, were
supplied by Hyder Consulting. The emissions inventory data have been compiled based on the

1 www.defra.gov.uk/environment/airquality/strateqy/pdf/air-qualitystrategy-vol1.pdf
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recommendations of the Project for the Sustainable Development of Heathrow Panel Report
(PSDH)?. The report presents the emissions of NOx, NO, and PM;, supplied as input to the air
quality modelling.

Between 2002 and 2030 there is a 51% decrease in total NOx emissions modelled and this is
mostly because of the predicted 80% reduction in NOx due to road traffic due to improved
vehicle technology. Over the same period NO, from road traffic is also predicted to decrease
significantly although by less, by approximately 60%.

Between 2002 and 2030 PMy, emissions from the inventory are predicted to decrease by 24%
and this is again due mostly to predicted reductions in emissions from road traffic. In all the
scenarios background PMy, is the main contributor to total PM;o concentrations. The airport
contribution to total PM;, concentrations is in all cases small.

Emissions due to airport sources change in magnitude and spatial distribution according to the
scenario modelled. In all the future scenarios airport emissions increase, in some cases
significantly, with respect to 2002, due to the increased number of take-offs and landings (air
traffic movements or ATM). After 2020 predicted improvements in aircraft technology lead to a
decrease in emissions per plane that partly offsets the increase in ATM. There are five main
changes in spatial distribution:

0] The operation of Terminal 5 and reconfiguration of stands (for all cases except the
Base Case) causes a redistribution of airport emissions from east to west.

(i) The introduction of mixed mode compared with segregated mode significantly
increases the take-offs from runway 09L and reduces the take-offs from 09R, thereby
causing a shift in emissions from the southern to the northern runway.

(i) The creation of a third runway increases emissions to the north of the current airport
boundary.

(iv)  Operation of an easterly rather than a westerly preference shifts take-off emissions
from the north-eastern end of runway 27R to the south-western end of runway 09R.
There are associated changes in taxiing and hold emissions.

(V) The effect of the No Cranford option is to increase the use of runway 09L (and hence
reduce the use of 09R) shifting take-off emissions from the south-west of the airport
to the north-west.

Predicted concentrations of NOx and NO,

The 2002 Base Case predicted concentrations are compared with automatic monitoring data and
are presented using a range of diagnostic tools including BOOT statistics®, box and whisker
plots, analysis according to runway use dependence and polar plots. Taken as a whole the
diagnostic tools show that the model has good performance.

2 www.dft.gov.uk/pgr/aviation/environmentalissues/secheatrowsustain/

% Hanna s. R., Strimaitis D. G. And Chang J. C. (1991) Hazard response Modeling Uncertainty (A quantitative
method) Sigma Research Corporation report.
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For the Base Case and the future scenarios the report presents long term average concentrations
at specified receptors and contour plots of annual average NOx in an area 9.7km x 9.1km for all
the sources together and for groups of sources: the aircraft and other airport sources; road traffic
sources; other background sources (Base Case only). Concentrations of NO, have been
calculated for all the sources together for each scenario. For the 2015SM, 2015MM and
2015MMRd, NO; concentrations have also been predicted at receptor locations representing
residential properties used for population exposure studies. These results have been presented in
the PSDH population exposure report.*

In 2002 the annual average Limit Value for NO; is predicted by the modelling to be exceeded on
the airport, along the motorways and some main roads, along the main railway line and in areas
of Harlington. In the future cases the areas of exceedence are reduced compared with 2002 and
are confined mainly to the airport and along the motorways. This reduction is largely due to the
reduction in NOx emissions from road traffic. Rail emissions are predicted to decrease in 2010
and further in 2015 due to re-engining of high speed trains so the air quality impact of the
railway emissions is predicted to decrease in future years.

In the 2030 mixed mode (2030MM) scenario there are no exceedences of the Limit Value at the
receptors considered.

In the scenarios considered the predicted concentrations show the following features:

= Mixed Mode (2015MM): In the absence of any other changes the effect of mixed
mode compared to segregated mode is to increase concentrations to the north-west of
the airport (Longford) and to decrease concentrations to the south-west (Stanwell).

= Third Runway, MDL and MLD (2020R3, 2030R3): The model results for 2020R3
and 2030R3 are hybrid results that have been constructed assuming the airport
operates with equal alternation between the MDL and MLD modes of operation. The
take-off emissions are the most significant ground level emissions and therefore in the
MDL mode of operation higher concentrations are predicted to the north-east of the
airport when 27C is used for take-offs than under MLD operation when 27C is used
for landings.

= Easterly Preference (2015EP): Compared with the westerly preference scenario
(2015SM), NOy concentrations are predicted to increase at some receptors to the west
of the airport, due to the increase in emissions on the 09L and 09R runways, and to
decrease at receptors to the east of the airport. The greatest predicted increase in
annual average NO, concentrations compared with segregated mode operation is an
increase of 5% at LHR15 near the 09L runway and the greatest decrease is 5% at X11
near to 27R.

= No Cranford Agreement (2015NoC): For the “No Cranford Agreement” scenario the
estimated annual average concentrations of NO, were 95%-113% of the
corresponding “with Cranford Agreement” (2015SM) predicted concentrations. The
largest increases in NO; concentrations are predicted at receptors to the north-west of
the airport (BAA14, BAA15, BAAL6) and the greatest decreases in concentration are

* PSDH “Population Exposure to Air Pollution”, Atkins Limited, November 2007,
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at receptors to the south-west of the airport (BAA49, BAA50, BAA51) near to 09R
where there is decreased activity.

= Roads mitigation scenario (2015MMRd): Decreases in predicted NO, annual
average concentration of up to 2ug/m* were predicted with the largest decreases in
concentration along the M4 and smaller decreases near to the airport around
Harlington.

Predicted concentrations of PMyq

The EU Limit Value for PMy is 40ug/m® as an annual average. In 2002 the highest predicted
annual average concentration of PMy, is 28.63ug/m? at receptor LHR10 that is beside the M25.
In all future scenarios the predicted annual average PMj, concentration does not exceed
25ug/m®. Therefore, at the receptors considered in this modelling study there are no predicted
exceedences of the annual average Limit Value for PMyo. Annual average contour plots of PMy
are presented for the Base Case.

The EU is currently negotiating the introduction of a target value of 25ug/m? of PM,s as an
annual average, to be achieved by 2010, whilst the same value has recently been adopted as an
objective in the Air Quality Strategy" to be achieved by 2020. As PM,s is a component of PMq
there are no predicted exceedences of 25ug/m? by the annual mean PM. s in the future scenarios.
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1 Introduction

ADMS-Airport has been used to model the 2002 Base Case for air quality around Heathrow
Airport and nine future scenarios. Airport data were supplied by AEA and traffic data were
supplied by Hyder Consulting for the major roads. Other inventory data were taken from the
London Atmospheric Emissions Inventory (LAEI) for London and the National Atmospheric
Emissions Inventory (NAEI) for the area to the west of Heathrow.

ADMS-Airport was used in the PSDH Modelling Inter-comparison (MIC) exercise that used an
earlier airport emissions inventory and roads data from the LAEI. ADMS-Airport® is an
advanced dispersion model (based on ADMS-Urban) that models the important take-off ground
roll sources as moving, high momentum, buoyant jet sources and hence the near field dispersion
of pollutants emitted from the aircraft jet engines.

Section 2 of this report describes the meteorological data used and Section 3 the rural
background concentrations used in the modelling. The overall inventory, airport emissions
inventory and major road emissions inventory are described in Sections 4-6 respectively.
Section 7 details the output receptors and Section 8 the model set up. Section 9 analyses the 2002
Base Case model results and includes comparisons of modelled concentrations with ambient
monitored values in order to assess the model performance. Section 10 presents the results of the
2002 Base Case dispersion modelling and the results of the future scenarios. The results are
annual average concentrations at specified receptors and contour plots of annual average NOx
and NO; in a domain 9.7km x 9.1km. Contours of predicted PMy, concentrations are presented
for the Base Case only. Concentrations at the specified receptors and for the contour domain are
also presented for the following source groups: aircraft, other non-aircraft airport sources and
roads. Section 11 presents the conclusions.

® Project for the Sustainable Development of Heathrow. Airport Dispersion Model Evaluation — Scientific
Assessment, Inter-comparison and Validation. Calculations with ADMS-Airport. CERC report to DfT.
December 2005. Available from CERC, 3 Kings Parade, Cambridge, CB2 1 SJ.
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2 Meteorological data

Modelling was carried out using hourly sequential meteorological data obtained for the
Heathrow Airport station for the year 2002. The data set used was the same as that used in
the PSDH Model Inter-comparison (MIC). The meteorological station is situated within the
modelling area, and these data are therefore considered to be the most appropriate for this
study.

The hours of meteorological data used in the analysis exclude hours of calm, hours of
variable wind direction and unavailable data.

A summary of the data provided is given below in Table 2.1.

Table 2.1 Summary of meteorological data

Parameter Heathrow 2002

Data capture 99.2%

Height 10m

Roughness length at met site 0.2m

Location (507700, 176700)

Statistics Mean Minimum Maximum
Temperature (°C) 11.9 4.7 31.6
Wind speed (m/s) 4.4 0.4 195
Cloud cover (oktas) 6 0 8

The ADMS meteorological pre-processor, written by the UK Met Office, uses these data to
calculate the parameters required by the programme. Figure 2.1 shows the wind rose for the
station giving the frequency of occurrence of wind from different directions for a number of
wind speed ranges, for the year 2002.
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Figure 2.1: Heathrow Airport wind rose for 2002, the angle of an element represents wind
direction and the radial distance from the centre represents the frequency of occurrence.
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3 Rural background concentration

3.1 Rural background concentration for 2002

ADMS-Airport requires rural background concentration as input to the system. In the case of
NOy, NO, and O3z, monitored concentrations from 2002 from Rochester, Harwell, Lullington
Heath and Wicken Fen were used, the monitored concentration used for a particular hour
depending upon the wind direction for that hour. The wind direction used was taken from the
supplied meteorological data. Figure 3.1 shows the wind direction segments used for each
background site. It shows that, for example, if the wind during a particular hour is blowing
from between 60° and 135° then the background NOy, NO, and O3 concentrations are taken
to be the monitored values for that hour at Rochester.

In the case of PMyo, monitored TEOM PM,, data from Rochester and Harwell were used.
PMy, is not monitored at Lullington Heath or Wicken Fen. For each hour of the year either
the Rochester or Harwell observation was chosen depending upon the wind direction for that
hour. The Rochester data were used for hours when the wind direction was between 4° and
184°, otherwise the Harwell observation was chosen. The TEOM values were then converted
to gravimetric units by multiplying by a factor of 1.3°.

An additional coarse contribution due to resuspension, construction dust etc was added to the
measured background based on the work CERC is undertaking for DEFRA on “Dispersion
Modelling of Air Pollutants in Urban Areas in the UK”. The coarse contribution to background
PM concentration used is 4pg/m?®. Thus for each hour:

Total 2002 PM, background (ug/m®) = (2002 observed TEOM value x 1.3) + 4.0

Figure 3.1 Wind direction segments used to calculate background concentrations

(&) NOx, NO2 and Ozone (b) PM10
% %
Wicken Wicken
Fen Fen

% %

Harwell % Rochester Harwell 4 to 184° % Rochester
Lullington Lullington
Heath Heath
% %

® DEFRA Technical Guidance TG(03), Section 8.08
www.defra.gov.uk/environment/airquality/local/guidance/pdf/lagm-tg03.pdf
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3.2 Rural background concentration for future years

Table 3.1 summarises the background concentration data statistics for all of the modelled
years.

3.2.1 NOyx, NO, and ozone

The annual average concentrations of NOx, NO, and ozone for future years were calculated
by averaging the predictions of future hourly concentrations. The future hourly
concentrations were calculated as follows:

Step 1. Future hourly NOx concentrations were obtained by multiplying the 2002 hourly
monitored values by the background factors supplied by DEFRA’ and shown in Table
3.2. Factors for 2030 were calculated by linear extrapolation of the 2015 — 2020
factors.

Step 2. Future hourly NO, concentrations were calculated using a correlation polynomial
derived from the 2002 hourly background NOx and NO; concentrations:

[NO, ]= 3x10°°[NOx]® - 4.7x10°[NO,]? + 0.97[NO,]
[NOx] and [NO,] are the concentrations in ug/m* of NOx and NO, respectively.

Step 3. Future hourly ozone (Os) concentrations were calculated from one of three
expressions according to the concentration in ppb (parts per billion) of available
oxidant in 2002 for that hour ([OX(2002)]). [OX002)] Was calculated for each hour
from the 2002 hourly NO, and NOx concentrations in ppb, [NO22002)] and [NOx2002)]
respectively.

[OX2002)]= [O3 2002)]+ [NO2¢2002)]- (0.1 X [NOx(2002)])
For the future years hourly ozone was calculated as follows:
If [OX(zooz)] < 30ppb
[OS(future)]: O3 = [OX(ZOOZ)] - [NOZ(future)] + (0.1 x [Nox(future)])

If [OX(ZOOZ)] > 40ppb
[Os(future)] = Ozn = [O3(2002)]

If 30ppb =< [OX(2002)] =< 40ppb
[Os(future)] = Osi + (([OX(2002)] - 30)/10) x (O3t — Osy)

3.2.2 PMy

The 2002 annual average PMjo background concentration was assumed to be composed of a
primary, secondary and coarse component. The coarse component was 4ug/m® (Section 3.1)
and this was assumed not to change in future years. The split between the primary and

" www.airguality.co.uk/archive/lagm/tools/yearfactorsdd2004.xls
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secondary components in 2002 was determined on the basis of work carried out for DEFRA®.
The 2002 primary and secondary components were each projected forwards using the factors

shown

in Table 3.2.

Table 3.1 Background concentrations for NO,, NO,, O3 and PMyo in gg/m®. (The PMyo
values include the estimated coarse contribution.) The number of exceedences is

2002 2010 2015 2020 2030

NOyas |Annual average 15 11 10 9 9
NO: Maximum hourly average 215 157 140 134 131
99.79" percentile (18 exceedences)* 127 93 83 79 77

NO, Annual average 12 9 9 8 8
Maximum hourly average 84 53 53 53 53

99.79" percentile (18 exceedences)* 62 51 49 48 48

O3 Annual average 53 56 57 56 56
Maximum hourly average 188 188 188 188 188

99.79" percentile (18 exceedences)* 135 135 135 133 133

PMq Annual average 21 19 18 18 17
Maximum hourly average 126 111 107 100 103
22.0225(;2%%?)]’5”8 of 24 hour averages (35 35 08 7 o5 26
2)&3.0(;8;212?’3"6: of 24 hour averages (7 50 39 37 35 36

*Some concentrations are expressed as a percentile value and a number of exceedences e.g. if the 99.79"
percentile hourly average concentration is 127ug/m?, the hourly concentration exceeds 127ug/m? 18 times
(during 18 hours) per year.

Table 3.2 Background concentration factors for NO, and PM,

Ratio of years NO, Primary PMyq Secondary PMyq
2010/2002 0.73 0.88 0.81
2015/2002 0.65 0.85 0.75
2020/2002 0.62 0.86 0.69
2030/2002 0.57 0.88 0.67

8 www.airquality.co.uk/archive/reports/cat16/0605181650 TR04 R1 ModellingforLondon 01Mar06h.pdf

“Modelling of Current and Future Concentrations of PM, NOx and Oz in London using ADMS-Urban”

CERG
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4 Emissions Inventory

The airport data, from which the airport emissions inventories were compiled, were supplied by
AEA and are described in more detail in Section 5. The roads data were supplied by Hyder
Consulting with emissions due to the road traffic being calculated using CERC’s EMIT® model
(Emissions Inventory Toolkit). The road traffic data and the calculated emissions are described

in more detail in Section 6. Other emissions data were obtained from the London Atmospheric
Emission Inventory for 2002 (LAED™ for the area within the M25 and the National
Atmospheric Emission Inventory (NAEI) for the area to the west of Heathrow outside the
M25. These are described in Section 4.1. The projections of LAEI and NAEI emissions data
for future years are described in Section 4.2.

In Section 4.3 the emissions modelled for each scenario: aircraft, road traffic and all other
emission sources are presented. Tables 4.5-4.15 list the source groups modelled with their
annual emission of NOx, NO, and PMj, in tonnes/year for the Base Case and the future
scenarios. (For legibility the NOx and NO, data in the body of each table are shown rounded
to the nearest integer or two significant figures for smaller values for legibility. The totals
shown at the bottom of each table are the “true total” of the un-rounded figures.) These data
are also presented in Figures 4.1-4.4, as bar charts showing percentage change from the Base
Case. Figure 4.5 presents bar charts showing the percentage change of aircraft emissions for
scenarios 2015EP and 2015NoC from scenario 2015SM, the scenario of which they are
variants.

Airport data were supplied by AEA for all the scenarios except the “no Cranford Agreement”
scenario (2015NoC) for which emissions were estimated from other inventories. Emissions
for 2015NoC have been estimated by assuming that all non-airport emissions are the same as
2015SM, aircraft emissions are the same as those for 2015MM and by applying a scaling
factor of 0.885 to other airport sources of 2015MM, with the exception of fire training
ground and heating plant groups, which are assumed to be unchanged. Concentrations of
NOx and NO; at receptor locations were estimated for 2015NoC from 2015SM and 2015MM
predicted concentrations using the same methodology.

Hyder supplied road traffic data for the different roads scenarios. The 2015MM roads
mitigation scenario (2015MMRd) differs from scenario 2015MM only in the major road
emissions around Heathrow. The 2015MMRd major road emissions are given following
Table 4.10.

For the two third runway scenarios (2020R3 and 2030R3) two airport emissions inventories
were supplied, corresponding to two different modes of operation that are termed MDL and
MLD. MDL refers to the mode of operation with mixed mode (landings and departures) on
the northern runway, departures on the central runway and landings on the southern runway.
In MLD the northern runway continues to operate in mixed mode (landings and departures),
but landings are now on the central runway and departures on the southern runway.
Modelling has been carried out for both MDL and MLD for 2002R3 and 2030R3. The

® www.cerc.co.uk/software/emit.htm
19 ondon Atmospheric Emissions Inventory 2002 (LAEI 2002), Greater London Authority, February 2005,
julius.mattai@london.gov.uk
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concentration results presented in Section 10 are hybrid results from MDL and MLD modes
of operation, calculated by assuming equal alternation between the MDL and MLD modes of
operation.

From 2002 to 2030 (2030MM) the overall inventory emissions decrease, for NOx from
96673t/yr to 47578t/yr and for NO, from 9734t/yr to 6082t/yr; PM1, emissions decrease from
4454t/yr in 2002 to 3383t/yr (2030MM). Comparing like for like scenarios i.e. segregated
mode with segregated mode, mixed mode with mixed mode, and third runway with third
runway, emissions of NOx and NO; also decrease with time.

The major cause of the decrease in NOx emissions is the predicted 80% reduction in NOx
due to road traffic due to improved vehicle technology. Over the same period NO, from road
traffic is also predicted to decrease significantly, by approximately 60%. The decrease in
NO; is not as great as the decrease in NOx, which reflects the increase in primary NO; (the
percentage of emitted NOx that is NO,) from road traffic with time*".

Emissions due to airport sources change in magnitude and spatial distribution according to
the scenario modelled. In all the future scenarios airport emissions increase, in some cases
significantly, with respect to 2002 due to the increased number of take-offs and landings (air
traffic movements or ATM). After 2020 predicted improvements in aircraft technology lead
to a decrease in emissions per plane that partly offsets the increase in ATM. There are five
main changes in spatial distribution:

0] The operation of Terminal 5 and reconfiguration of stands (for all cases except the
Base Case) causes a redistribution of airport emissions from east to west.

(i) The introduction of mixed mode compared with segregated mode significantly
increases the take-offs from runway 09L and reduces the take-offs from 09R, thereby
causing a shift in emissions from the southern to the northern runway.

(i) The creation of a third runway increases emissions to the north of the current airport
boundary.

(iv)  Operation of an easterly rather than a westerly preference shifts take-off emissions
from the north-eastern end of runway 27R to the south-western end of runway 09R.
There are associated changes in taxiing and hold emissions.

(v) The effect of the No Cranford option is to increase the use of runway 09L (and hence
reduce the use of 09R) shifting take-off emissions from the south-west of the airport
to the north-west.

1 DEFRA’s Air Quality Expert Group. Annex 2: Interim Guidance on UK Fleet-Average Projections in Values
of -NO, for Use in Models
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4.1 LAEIl and NAEI emissions data

LAEI and NAEI contain emissions data for the following pollutants:
o0 Nitrogen Oxides (NOy);
Sulphur Dioxide (SO,);
Carbon Monoxide (CO);
Non-Methane Volatile Organic Compounds (NMVOC);
Carbon Dioxide (CO,);
Benzene;
1,3-Butadiene; and,
Particulate matter less than 10micrometres aerodynamic diameter (PMy).

O O0O0OO0OO0OO0O0

Table 4.4 lists the source categories for which emissions data were obtained from the LAEI and
used in this modelling.

From NAEI total emissions were obtained, from which the major road emissions calculated from
traffic data supplied by Hyder Consulting were subtracted to give the residual emissions.

4.2 LAEI and NAEI future years emissions data

The LAEI includes emissions data for all source groups for 2010. The following source
groups have been assumed to remain constant between 2010, and 2030:

- Agriculture;

- City Airport;

- Domestic Coal,

- Domestic Oil;

- Nature;

- Sewage;

- Shipping;

- Solvents.

Boilers, Part A and Part B

Emissions from industrial sources (Part A and Part B) and Boilers are assumed constant in
the LAEI between 2002 and 2010. For third runway scenarios, sources that fall inside the
expanded airport site have been removed. In 2015MM and 2030R3 (that were the last two
scenarios modelled) the old Colnbrook incinerator data have been replaced with data for the
new Waste to Energy and clinical waste incineration facilities. Emissions from the new
Colnbrook facility are significantly higher than those from the old facility but are emitted
from a higher stack and therefore the impact on ground level concentrations is small. Annual
average NOx concentrations at Longford are predicted to increase by less than 0.1ug/m® and
annual average PMj, concentrations around Longford are predicted to decrease slightly due
to the new facility.

Non-airport, non-road emissions
For the remaining non-airport, non-road sources, emissions have been projected from 2010 to
2030 using the LAEI predictions for 2010, together with national emissions projection data

@E@@ Air Quality Modelling of Heathrow
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from the DTI*** (now the Department for Business, Enterprise and Regulatory Reform).
Table 4.1 shows the growth in NOy emissions assumed for each of the source groups for each
modelled year.

Table 4.1 Non-airport, non-road emissions projections

% Growth 2010 to 2015 | % Growth 2010 to 2020 | % Growth 2010 to 2030
Commercial Gas 7.2 131 15.6
Domestic Gas* 3.3 5.5 8.0
Gas Leak 4.0 7.9 12.8
Industrial Coal - - 17.6

*For 2015 and 2020 the average of the “with Climate Change Programme measures” and “without measures”
has been used.

Rail

For rail emissions, an annual growth rate in activity (train movements) of 2.7% has been
assumed between 2002 and 2006. Activity has been assumed to grow by 19% between 2006
and 2010, corresponding to an annual growth rate of 4.4%, with no growth after 2010. The
re-engining of high speed trains (HSTSs) is predicted to reduce emission factors in 2010 and
2015 compared with 2002. Emission factors for 2020 and 2030 are assumed to be the same
as 2015. The predicted reduction in emissions is given in Table 4.2.

Table 4.2 Reduction in rail emission factors due to re-engining of high speed trains

% Reduction 2002 to 2010

% Reduction 2002 to 2015

NOx

30.8

62.6

PMsg

50.0

50.0

NAEI non-road

The NAEI non-road emissions used to the west of the M25 were projected from 2002 to
2015, 2020 and 2030 using the projected change in emissions from the equivalent source
groups within London. The emissions for 2010 were projected on the basis of the growth in
gas usage only in LAEI which is a conservative assumption. These factors are given in
Table 4.3.

Table 4.3 NAEI non-road emissions growth

% Growth 2002 to % Growth 2002 to % Growth 2002 to % Growth 2002 to
2010 2015 2020 2030
NOx +5 -2 +1 -1
PMsg +5 -20 -17 -18

2 DTI "UK Energy and CO_2 Emissions projections, Updated projections to 2020 February 2006" 2006
http://www.dti.gov.uk/files/file26363.pdf
B DTI “UK Energy and CO, Emissions Projections, July 2006” http://www.dti.gov.uk/files/file31861.pdf

CERG
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Table 4.4 Data groups for which emissions were obtained from the LAEI

Name

Description

Pollutants included

Point sources

Part A processes

These are “prescribed processes’ that are most
likely to cause serious pollution and they
require authorisation from the Environment
Agency under the Environmental Protection
Act 1990

SO,, NO,, CO, CO,, NMVOC,
benzene, TSP, PM,, methane

Part B processes

These are ‘prescribed processes’ designated
for local authority control and must not
operate without an authorisation from the local
authority

S0O,, NO,, CO, CO,, NMVOC,
Benzene, TSP, PMyg

Boilers Emissions from boiler plants with a capacity SO,, NO,, CO, CO,, NMVOC,
greater than 2 megawatt hours TSP, PM;o, methane

Area sources

Agricultural Emissions from soils, livestock, agricultural SO,, NO,, CO, CO,, NMVOC,
power units and stationary sources, domestic benzene, 1,3-butadiene, PMy,
gardens, animal incineration and wood
impregnation

Nature Emissions from forests and landfill activities SO,, NO,, CO, CO,, NMVOC,

benzene, 1,3-butadiene, PMy,

Domestic coal

Emissions from combustion of domestic coal

S0O,, NO,, CO, CO,, NMVOC,
benzene, TSP, PM;, methane,
smoke

Industrial coal

Emissions from combustion of industrial coal

S0O,, NO,, CO, CO,, NMVOC,
benzene, TSP, PMj, methane,
smoke

Domestic gas

Emissions from domestic gas usage

NO,, CO, CO,, NMVOC,
Benzene, PM;o, methane

Industrial-
Commercial gas

Emissions from industrial and commercial gas
usage excluding that already accounted for
under point source emissions

NO,, CO, CO,, NMVOC,
benzene, PM;,, methane

Gas leakage Emissions from leakage on the gas distribution | NMVOC, benzene, methane
system
Domestic Oil Emissions from domestic oil combustion SO,, NO,, CO, CO,, NMVOC,

TSP, PM;o, methane, smoke

Sewage treatment

Emissions from biogas production from
sewage works

NO,, CO, CO,, NMVOC,
methane

Solvents - building

Emissions from domestic and industrial
solvent use (excluding that already accounted
for under point sources), such as brewing and
industrial painting, and emissions from
building construction

NMVOC, pmio

CERG
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Table 4.4 (cont) Data groups for which emissions were obtained from the LAEI

Name Description Pollutants included
Mobile sources
Minor roads Emissions due to all traffic movements on SO, NOy, CO, CO,, NMVOC,
minor roads Benzene, 1,3-butadiene, PMy,
Cold start An additional emission from cars and LGVs CO, NMVOC, NO,, PMy,
emissions due to the effect of cold starts
Evaporative Emissions due to evaporation occurring from NMVOC, benzene, 1,3-
emissions the fuel delivery system of cars and LGVs butadiene
when a vehicle is stationary but with a hot
engine.
Rail Emissions from rail sources SO, NOy, CO, CO,, NMVOC,
Benzene, 1,3-butadiene, TSP,
PMy, smoke
Ships Emissions from ships SO, NOy, CO, CO,, NMVOC,
TSP
London City Emissions from London City airport SO, NOy, CO, CO,, NMVOC,
airport benzene, 1,3-butadiene, PMjg,
methane
@E@@ Air Quality Modelling of Heathrow
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4.3 Emissions inventory totals

Table 4.5 2002 Base Case source groups modelled, comparison of annual NOx, NO; and
PMyo emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

Group NOx NO, NO,/NOy PMyo
(thyr) (thyr) (%) (thyr)

Agriculture 288 29 10% 118.8
* Aircraft approach 507 76 15% 3.9
Aircraft APUs 385 39 10% 8.7
* Aircraft climb out 1318 70 5.3% 4.7
* Aircraft initial climb 659 36 5.4% 2.2
Aircraft Hold 149 56 37.7% 3.1
Aircraft Landing Roll 39 9 24.4% 134
Aircraft Pushback + Taxi-out 273 101 37.1% 5.7
Aircraft Taxi-in 148 55 37.0% 3.2
Aircraft Take-off 653 38 5.8% 25
Airport Roads 38 4 10% 2.0
Airside vehicles 237 24 10% 18.5
Boilers 186 19 10% 14.9
Car Parks Etc 24 2 10% 14
City Airport 19 2 10% 0
Cold Start 430 43 10% 89.8
Commercial Gas 9112 911 10% 311.7
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 8808 881 10% 590.2
Domestic Oil 83 8 10% 6.9
Engine testing 16 2 10% 0.4
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 179 18 10% 22.8
Helipad 5.1E-02 5.1E-03 10% 4.8E-04
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 3763 376 10% 324.5
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4604 460 10% 693.4
Rail Line 3873 387 10% 144.8
Major roads around Heathrow 3571 357 10% 130.1
Major roads in rest of Greater London 55072 5507 10% 1800.9
NAEI Non-Road Sources 2017 202 10% 94.4
Sewage 28 3 10% 0
Shipping 196 20 10% 2.5
Solvents 0 0 - 38.3
Taxi ranks/queue 2.25 0.23 10% 0.2
Total 96673 9734 10.1% 4454
@E@@ Air Quality Modelling of Heathrow
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Table 4.6 2010SM source groups modelled, comparison of annual NOx, NO, and PMjg
emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 669 100 15% 3.8
Aircraft APUs 384 38 10% 5.8
* Aircraft climb out 1895 100 5.3% 4.8
* Aircraft initial climb 999 53 5.3% 2.4
Aircraft Hold 174 65 37.5% 2.6
Aircraft Landing Roll 50 12 24.7% 18.2
Aircraft Pushback + Taxi-out 359 135 37.5% 5.3
Aircraft Taxi-in 191 72 37.5% 2.8
Aircraft Take-off 947 50 5.3% 2.6
Airport Roads 18 3 16.5% 0.6
Airside vehicles 169 17 10% 11.9
Boilers 186 19 10% 14.9
Car Parks Etc 13 2 16.5% 1.3
City Airport 19 2 10% 0
Cold Start 219 42 19.1% 52.7
Commercial Gas 9634 963 10% 3295
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9171 917 10% 614.5
Domestic Oil 83 8 10% 6.9
Engine testing 22 2 10% 0.4
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 191 19 10% 25.0
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 1916 366 19.1% 190.2
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4604 460 10% 693.4
Rail Line 3543 354 10% 95.7
Major roads around Heathrow 1921 317 16.5% 72.5
Major roads in rest of Greater London 27926 5334 19.1% 1059.2
NAEI Non-Road Sources 2118 212 10% 98.9
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.23 0.37 16.5% 0.1
Total 67915 9714 14.3% 3475
@E@@ Air Quality Modelling of Heathrow
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Table 4.7 2015SM source groups modelled, comparison of annual NOx, NO, and PMjg
emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 690 103 15% 3.6
Aircraft APUs 306 31 10% 4.3
* Aircraft climb out 2174 115 5.3% 4.4
* Aircraft initial climb 1115 59 5.3% 2.1
Aircraft Hold 187 70 37.5% 25
Aircraft Landing Roll 56 14 24.2% 20.4
Aircraft Pushback + Taxi-out 377 142 37.5% 5.0
Aircraft Taxi-in 203 76 37.5% 2.7
Aircraft Take-off 1071 57 5.3% 24
Airport Roads 15 3 18.5% 0.5
Airside vehicles 126 13 10% 9.9
Boilers 186 19 10% 14.9
Car Parks Etc 10 2 18.5% 1.3
City Airport 19 2 10% 0
Cold Start 172 36 21.1% 45.4
Commercial Gas 10330 1033 10% 353.2
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9473 947 10% 634.8
Domestic Oil 83 8 10% 6.9
Engine testing 24 2 10% 0.3
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 191 19 10% 25.0
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 1505 318 21.1% 163.9
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4604 460 10% 693.4
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 1474 273 18.5% 59.6
Major roads in rest of Greater London 21964 4635 21.1% 914.8
NAEI Non-Road Sources 1977 198 10% 75.6
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.11 0.39 18.5% 0.1
Total 60743 8875 14.6% 3301
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Table 4.8 2015EP source groups modelled, comparison of annual NOx, NO, and PMjg
emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 690 103 15% 3.6
Aircraft APUs 306 31 10% 4.3
* Aircraft climb out 2174 115 5.3% 4.4
* Aircraft initial climb 1115 59 5.3% 2.1
Aircraft Hold 190 71 37.5% 25
Aircraft Landing Roll 56 14 24.2% 20.4
Aircraft Pushback + Taxi-out 381 143 37.5% 5.0
Aircraft Taxi-in 208 78 37.5% 2.8
Aircraft Take-off 1071 57 5.3% 24
Airport Roads 15 3 18.5% 0.5
Airside vehicles 126 13 10% 9.9
Boilers 186 19 10% 14.9
Car Parks Etc 10 2 18.5% 1.3
City Airport 19 2 10% 0
Cold Start 172 36 21.1% 45.4
Commercial Gas 10330 1033 10% 353.2
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9473 947 10% 634.8
Domestic Oil 83 8 10% 6.9
Engine testing 24 2 10% 0.3
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 191 19 10% 25.0
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 1505 318 21.1% 163.9
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4604 460 10% 693.4
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 1474 273 18.5% 59.6
Major roads in rest of Greater London 21964 4635 21.1% 914.8
NAEI Non-Road Sources 1977 198 10% 75.6
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.11 0.39 18.5% 0.1
Total 60755 8879 14.6% 3301
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Table 4.9 2015NoC source groups, comparison of estimated annual NOx, NO, and PMyg
emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 705 106 15% 3.8
Aircraft APUs 279 28 10% 4.2
* Aircraft climb out 2151 114 5.3% 4.6
* Aircraft initial climb 1109 59 5.3% 2.2
Aircraft Hold 169 63 37.5% 2.3
Aircraft Landing Roll 55 14 24.8% 20.6
Aircraft Pushback + Taxi-out 377 141 37.5% 5.2
Aircraft Taxi-in 199 75 37.5% 2.7
Aircraft Take-off 1065 56 5.3% 2.5
Airport Roads 13 2 18.5% 0.5
Airside vehicles 117 12 10% 9.2
Boilers 186 19 10% 14.9
Car Parks Etc 10 2 18.5% 15
City Airport 19 2 10% 0
Cold Start 172 36 21.1% 45.4
Commercial Gas 10330 1033 10% 353.2
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9473 947 10% 634.8
Domestic Oil 83 8 10% 6.9
Engine testing 24 2 10% 0.3
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 191 19 10% 25.0
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 1505 318 21.1% 163.9
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4604 460 10% 693.4
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 1474 273 18.5% 59.6
Major roads in rest of Greater London 21964 4635 21.1% 914.8
NAEI Non-Road Sources 1977 198 10% 75.6
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 1.84 0.34 18.5% 0.1
Total 60653 8861 14.6% 3301
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Table 4.10 2015MM source groups modelled, comparison of annual NOx,
emissions. Domain: Easting=496000-559000, Northing=152000-204000.

NOz and PM10

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOx PMyqo
Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 705 106 15% 3.8
Aircraft APUs 279 28 10% 4.2
* Aircraft climb out 2151 114 5.3% 4.6
* Aircraft initial climb 1109 59 5.3% 2.2
Aircraft Hold 169 63 37.5% 2.3
Aircraft Landing Roll 55 14 24.8% 20.6
Aircraft Pushback + Taxi-out 377 141 37.5% 5.2
Aircraft Taxi-in 199 75 37.5% 2.7
Aircraft Take-off 1065 56 5.3% 25
Airport Roads 15 3 18.5% 0.5
Airside vehicles 132 13 10% 10.4
Boilers 186 19 10% 14.9
Car Parks Etc 11 2 18% 1.7
City Airport 19 2 10% 0
Cold Start 172 36 21.1% 45.4
Commercial Gas 10330 1033 10% 353.2
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9473 947 10% 634.8
Domestic Oil 83 8 10% 6.9
Engine testing 24 2 10% 0.3
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 191 19 10% 25.0
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 1505 318 21.1% 163.9
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A&B 5123 512 10% 712.7
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 1474 273 18.5% 59.8
Major roads in rest of Greater London 21970 4635 21.1% 914.9
NAEI Non-Road Sources 1977 198 10% 75.6
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.08 0.38 18.5% 0.1
Total 61195 8915 14.6% 3323

The 2015MMRd scenario has identical emission except for the major roads around Heathrow
where the emissions are 1424t/yr NOx, 263t/yr NO,, 59.5t/yr PMy,.
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Table 4.11 2030MM source groups modelled, comparison of annual NOx, NO, and PMyg
emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 617 93 15% 3.6
Aircraft APUs 242 24 10% 3.8
* Aircraft climb out 2147 114 5.3% 4.4
* Aircraft initial climb 1085 57 5.3% 2.1
Aircraft Hold 123 46 37.5% 1.6
Aircraft Landing Roll 51 13 25.2% 22.8
Aircraft Pushback + Taxi-out 372 139 37.5% 4.7
Aircraft Taxi-in 193 73 37.5% 2.4
Aircraft Take-off 1034 55 5.3% 2.3
Airport Roads 5 1 19.1% 0.4
Airside vehicles 93 9 10% 9.7
Boilers 186 19 10% 14.9
Car Parks Etc 11 2 19.1% 1.7
City Airport 19 2 10% 0
Cold Start 76 17 21.8% 46.2
Commercial Gas 11140 1114 10% 380.9
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9907 991 10% 663.9
Domestic Oil 83 8 10% 6.9
Engine testing 23 2 10% 0.3
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 191 19 10% 25.0
Helipad 0 0 - 0
Industrial Coal 2.1E-04 2.1E-05 10% 1.4E-04
Minor Roads 667 145 21.8% 167.0
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4604 460 10% 693.4
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 661 126 19.1% 61.2
Major roads in rest of Greater London 9727 2120 21.8% 931.9
NAEI Non-Road Sources 1997 200 10% 77.3
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.37 0.45 19.1% 0.1
Total 47666 6091 12.8% 3383
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Table 4.12 2020R3 MDL source groups modelled, comparison of annual NOx, NO, and
PM3, emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 839 126 15% 4.6
Aircraft APUs 292 29 10% 4.6
* Aircraft climb out 2829 150 5.3% 5.6
* Aircraft initial climb 1450 77 5.3% 2.6
Aircraft Hold 187 70 37.5% 2.2
Aircraft Landing Roll 68 17 25.5% 27.3
Aircraft Pushback + Taxi-out 446 167 37.5% 5.4
Aircraft Taxi-in 207 77 37.5% 2.6
Aircraft Take-off 1378 73 5.3% 3.0
Airport Roads 7 1 19.2% 0.4
Airside vehicles 127 13 10% 11.9
Boilers 171 17 10% 14.1
Car Parks Etc 12 2 19.2% 1.7
City Airport 19 2 10% 0
Cold Start 91 20 21.9% 44.0
Commercial Gas 10900 1090 10% 372.7
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9675 968 10% 648.3
Domestic Oil 83 8 10% 6.9
Engine testing 31 3 10% 0.4
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 197 20 10% 25.7
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 799 175 21.9% 159.1
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4580 458 10% 686.2
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 789 151 19.2% 58.6
Major roads in rest of Greater London 11659 2553 21.9% 887.7
NAEI Non-Road Sources 2037 204 10% 78.4
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.57 0.49 19.2% 0.1
Total 51284 6713 13.1% 3309
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Table 4.13 2020R3 MLD source groups modelled, comparison of annual NOx, NO, and
PM3, emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 839 126 15% 4.6
Aircraft APUs 297 30 10% 4.7
* Aircraft climb out 2831 150 5.3% 5.6
* Aircraft initial climb 1451 77 5.3% 2.6
Aircraft Hold 193 72 37.5% 2.3
Aircraft Landing Roll 68 18 25.6% 27.3
Aircraft Pushback + Taxi-out 520 195 37.5% 6.2
Aircraft Taxi-in 217 81 37.5% 2.7
Aircraft Take-off 1380 73 5.3% 3.0
Airport Roads 7 1 19.2% 0.4
Airside vehicles 127 13 10% 11.9
Boilers 171 17 10% 14.1
Car Parks Etc 12 2 19.2% 1.7
City Airport 19 2 10% 0
Cold Start 91 20 21.9% 44.0
Commercial Gas 10900 1090 10% 372.7
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9675 968 10% 648.3
Domestic Oil 83 8 10% 6.9
Engine testing 31 3 10% 0.4
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 197 20 10% 25.7
Helipad 0 0 - 0
Industrial Coal 1.8E-04 1.8E-05 10% 1.2E-04
Minor Roads 799 175 21.9% 159.1
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 4580 458 10% 696.2
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 789 151 19.2% 58.6
Major roads in rest of Greater London 11659 2553 21.9% 887.7
NAEI Non-Road Sources 2037 204 10% 78.4
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.57 0.49 19.2% 0.1
Total 51384 6748 13.1% 3310
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Table 4.14 2030R3 MDL source groups modelled, comparison of annual NOx, NO, and
PM3, emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 719 108 15% 4.5
Aircraft APUs 271 27 10% 4.6
* Aircraft climb out 2523 134 5.3% 5.7
* Aircraft initial climb 1261 67 5.3% 2.7
Aircraft Hold 145 54 37.5% 2.0
Aircraft Landing Roll 57 14 24.7% 25.0
Aircraft Pushback + Taxi-out 364 137 37.5% 5.1
Aircraft Taxi-in 170 64 37.5% 2.5
Aircraft Take-off 1205 64 5.3% 3.0
Airport Roads 5 1 19.1% 0.4
Airside vehicles 108 11 10% 11.3
Boilers 171 17 10% 14.1
Car Parks Etc 12 2 19.1% 1.7
City Airport 19 2 10% 0
Cold Start 76 17 21.8% 46.2
Commercial Gas 11140 1114 10% 380.9
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9907 991 10% 663.9
Domestic Oil 83 8 10% 6.9
Engine testing 27 3 10% 0.4
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 197 20 10% 25.7
Helipad 0 0 - 0
Industrial Coal 2.1E-04 2.1E-05 10% 1.4E-04
Minor Roads 667 145 21.8% 167.0
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 5099 510 10% 705.5
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 665 127 19.1% 61.8
Major roads in rest of Greater London 9728 2120 21.8% 932.3
NAEI Non-Road Sources 1997 200 10% 77.3
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.67 0.51 19.1% 0.1
Total 49026 6197 12.6% 3405
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Table 4.15 2030R3 MLD source groups modelled, comparison of annual NOx, NO, and
PM3, emissions. Domain: Easting=496000-559000, Northing=152000-204000.

*For approach, climb out and initial climb all the emissions are included
(Easting=485000-559000, Northing=152000-204000).

NOx NO, NO,/NOy PMyq

Group (tiyr) (thyn) (%) (thn)
Agriculture 288 29 10% 118.8
* Aircraft approach 719 108 15% 4.5
Aircraft APUs 271 27 10% 4.6
* Aircraft climb out 2523 134 5.3% 5.7
* Aircraft initial climb 1261 67 5.3% 2.7
Aircraft Hold 153 57 37.5% 2.1
Aircraft Landing Roll 58 14 24.8% 25.0
Aircraft Pushback + Taxi-out 441 165 37.5% 6.1
Aircraft Taxi-in 177 66 37.5% 2.5
Aircraft Take-off 1206 64 5.3% 3.0
Airport Roads 5 1 19.1% 0.4
Airside vehicles 108 11 10% 11.3
Boilers 171 17 10% 14.1
Car Parks Etc 12 2 19.1% 1.7
City Airport 19 2 10% 0
Cold Start 76 17 21.8% 46.2
Commercial Gas 11140 1114 10% 380.9
Domestic Coal 2.2E-05 2.2E-06 10% 4.7E-05
Domestic Gas 9907 991 10% 663.9
Domestic Oil 83 8 10% 6.9
Engine testing 27 3 10% 0.4
Evaporative 0 0 - 0
Fire training ground 1.4E-01 1.4E-02 10% 4.8E-03
Gas Leak 0 0 - 0
Heating Plant 197 20 10% 25.7
Helipad 0 0 - 0
Industrial Coal 2.1E-04 2.1E-05 10% 1.4E-04
Minor Roads 667 145 21.8% 167.0
Nature 0 0 - 0
Paint shop 0 0 - 1.3E-02
Part A& B 5099 510 10% 705.5
Rail Line 1917 192 10% 95.7
Major roads around Heathrow 665 127 19.1% 61.8
Major roads in rest of Greater London 9728 2120 21.8% 932.3
NAEI Non-Road Sources 1997 200 10% 77.3
Sewage 28 3 10% 0
Shipping 178 18 10% 1.6
Solvents 0 0 - 38.3
Taxi ranks/queue 2.67 0.51 19.1% 0.1
Total 49119 6231 12.7% 3406
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Figure 4.1 NOy emissions of modelled source groups for 2002 Base case, 2010SM and 2015SM, as a percentage of 2002 Base case emissions.
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Figure 4.2 NO emissions of modelled source groups for 2002 Base case, 2015MM and 2030MM, as a percentage of 2002 Base case emissions.
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Figure 4.3 NOy emissions of modelled source groups for 2002 Base case, 2020 MDL and 2020 MLD, as a percentage of 2002 Base case emissions
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Figure 4.4 NOy emissions of modelled source groups for 2002 Base case, 2030 MDL and 2030 MLD, as a percentage of 2002 Base case emissions
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Figure 4.5 NOy emissions of aircraft source groups for 2015SM, 2015EP and 2015NoC, as a percentage of 2015SM emissions. Emissions from
other source groups are the same for all three scenarios.
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5 Airport Emissions Inventory

The airport emissions inventories were compiled from data supplied by AEA.

5.1 Time varying nature of the aircraft sources

Time varying emissions data were provided for most sources on an 8760-hour-of-the-year
basis or a 24-hour diurnal basis (assuming all days of the week are the same).

For 2002 Base case, no data on the time varying operation of the heating plant were supplied
and so they were assumed to operate at a constant rate. This is a commonly used approach
for industrial sources and should not significantly affect the calculation of annual average
concentrations. For the future scenarios monthly profiles were supplied and used for the
heating plant.

Take-off, initial climb, landing roll without reverse thrust and hold sources were modelled in
ADMS-Airport as jet sources using hourly profiles with 8760 elements (corresponding to the
8760 hours in a year) that were source-specific for the take-off roll i.e. varied with aircraft
group, speed at wheels off and take-off time. For initial climb, landing roll without reverse
thrust and hold the hourly profiles were averaged over the aircraft groups.

Taxiing sources were modelled as moving jet sources with the exception of light aircraft and
Concorde in the Base case, which were modelled as volume sources. In all other scenarios
the lowest-emitting sources were modelled as volume sources. All taxiing sources were
modelled with diurnal profiles.

Approach was modelled as volume sources using time varying profiles with 8760 elements
that were runway (and mode) specific. The diurnal profiles for the airside vehicles, APU,
Taxi-in, Taxi-out and Push back were derived from 8760-hour data.

5.2 Primary NO,

The percentage of primary NO, used for each of the aircraft sources was as given by the
University of Sheffield report'* and recommended by the PSDH Panel report. The 85%
thrust value was used for take-off roll as this reflected the aircraft operation at Heathrow. The
percentages of primary NO; are given in Table 5.1. Emissions of NOx from Concorde were
assumed to be 50% NO, for all modes.

Table 5.1 Data groups for which emissions were obtained from the LAEI

Thrust Mode Primary NO,
(%) (%)
100% Take-off roll (not used) 4.5%
85% Take-off roll, Initial climb, Climb out 5.3%
30% Approach, Reverse thrust 15.0%
7% Idle i.e. Hold, Taxiing, part of Landing 37.5%

14 Garcia-Naranjo A and Wilson CW. 2005. Primary NO2 from Aircraft Engines operating over the LTO cycle.
RC110187//05/01.
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6 Road Emissions Inventory

Major road data were supplied by Hyder Consulting for eight different modelling scenarios, the
2002 Base case and seven future scenarios. Future scenarios 2015EP and 2015NoC were
assumed to have the same road traffic data as scenario 2015SM as they differed from 2015SM
only in the airport operation. In the third runway cases (2020R3, 2030R3) the same traffic data
was used for the two modes of airport operation, MDL and MLD. The data supplied were the
output from the RRTM2" model and were of two types:

= UK-wide roads AADT, speed, straight line geometry and actual length for all the roads in
the UK. These were divided into motorways and non-motorways. A subset of these data,
covering approximately Greater London except the area around Heathrow, were used in
the modelling. The road emissions were calculated on a 1km? gridded basis. These are
described in more detail in Section 6.2.

= Heathrow major roads Hourly flows for cars and heavy vehicles separately and hourly
speeds on approximately 500 road links in the area around Heathrow. The links are defined
as “Heathrow” or “Strategic” and, within each of those categories, as motorway or non-
motorway. The diurnal profiles (weekday, Saturday, Sunday) of AADT and of speed were
used to calculate diurnal and hence annual emissions. These are described in more detail
in Section 6.3.

The data for 2002 are illustrated in Figure 6.1. Treatment of primary NO, is described in Section
6.1.

6.1 Primary NO,

For 2002 it was assumed that 10% of the NOx emitted from road traffic was emitted as NO,
(referred to as primary NO,). Data for the primary NO, percentage for future years was obtained
from the Air Quality Expert Group™ for LDV (light duty vehicles), HGV (heavy duty vehicles)
and buses with DPF (diesel particulate filter) and are shown in Table 6.1. These factors have
been applied to the emissions from major roads, minor roads and cold start emissions.

Table 6.1 Primary NO, percentages for roads in the Heathrow area and the rest of London
2002 2010 2015 2020 2030

Heathrow area 10% 16.5% 18.5% 19.2 19.1%
Rest of London 10% 19.1% 21.1% 21.9 21.8%

6.2 UK-wide roads

The AADT, average speed and motorway/non-motorway designation were used to calculate the
annual emissions that were then aggregated onto a 1km? grid. Figure 6.2 shows the aggregated
major road emissions modelled for the Base Case. Emissions for other scenarios are shown in
Figure 6.3. The extent modelled is a “Greater London plus” domain i.e. the M25 and roads
within it plus roads outside the M25 to the west of Heathrow.

> pSDH “Surface Access Report”, D. Coombe, November 2007.
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Figure 6.1 Major roads around Great London supplied by Hyder Consulting for 2002. The
roads in pink are those around Heathrow in the detailed modelling area. The roads in blue
are motorways outside the Heathrow detailed modelling area and the roads in green are non-
motorways outside the Heathrow detailed modelling area.
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Figure 6.2 2002 Base Case, aggregated NOx (tonnes/year) due to major roads in a “Greater
London plus” area. Total annual emission = 58,010 tonnes/year.

@EF\%@ Air Quality Modelling of Heathrow
Page 35 of 302




2010SM 2015SM / EP / NoC 2015MM
Total annual NO, emission = 29,527 tonnes/year Total annual NO, emission = 23,187 tonnes/year Total annual NO, emission = 23,192 tonnes/year
HigHA B [THER TR H e ﬁ
i i i [ T i dilii i
; aeass : TTHH STRIRNRNR 11 HTTT
A EE] EEEER TH SHEiaREEan e e ;
HITH t il L z| | il Wi
b ‘ taztes: B | B ARERN
o £ ' s ; 5 T | |
1 £ LY HHETERL i i
5] HIERERN H :
i TR SRENIARARIN H | |
; e — i { |
o BT FIEHTH T T ! ! |
i Il il i - -
H i1 jEERER [ RRRAREREIE T I SIREERERE it ! 11 ([
{1 iid [ EEEER! ' i:‘”,l | I! ] ‘| TBEI
THIT 1 FERERNEES ] i AL
L : ilili | il |
[ — T Tt T J?J; INEEEEED] HH 5" w3 P qi T | i AEERA!
O T PP A T T T T T z Fe
2020 MDL / MLD 2030MM 2030 MDL / MLD

Total annual NO, emission = 12,315 tonnes/year

Total annual NO, emission = 10,277 tonnes/year

Total annual NO, emission = 10,282 tonnes/year

Total NO,
emissions
(tonnesl/year)

[Jo-11
[]11-38
[ Jzs-s2
[ =2 - 150
Il =0 - 952

Figure 6.3 Future years, aggregated NO (tonnes/year) due to major roads in a “Greater London plus” area.
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6.3 Heathrow major roads

The diurnal profiles (weekday, Saturday, Sunday) of flow and diurnal profiles of speed for
heavy and light vehicles were used with the motorway/non-motorway designation for each
link to calculate diurnal and hence annual emissions.

Figures 6.4 and 6.5 show the roads modelled in around Heathrow and their aggregated annual
emissions of NOx. These were modelled explicitly i.e. as road sources not as aggregated
sources. Note that although the roads are colour shaded according to the emission rate in
g/(km.s) care should be taken interpreting the figure as some roads are modelled by two
1-way links that overlap.
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0-0.038

I
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Figure 6.4 2002 Base Case, Heathrow major roads (g/(km.s)) and aggregated NOx

(tonnes/year). Total annual emission of NOx in the domain* = 3544 tonnes/year.  *excludes
airport tunnel emissions
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Figure 6.5 Future years Heathrow major roads (g/(km.s)) and aggregated NOx (tonnes/year).
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6.4 Minor Roads and Cold Starts

Data on minor roads and cold start emissions were obtained from the LAEI (London
Atmospheric Emissions Inventory) on a 1km? aggregated basis. Minor road and cold start
emissions for future years were calculated assuming the change would be the same as the change
in major road emissions between 2002 and the future year.

6.5 Airport roads

The 2002 emissions data for the airport roads i.e. on-airport roads and roads leading to airport
car parks and warehouses, were those supplied by AEA for the PSDH Model Inter-
comparison exercise. The tunnel from the M4 spur onto the airport is included in the airport
roads source group (Section 10.1) although traffic data for the tunnel were supplied by Hyder
Consulting. The tunnel is naturally ventilated so the emissions from traffic passing through
the tunnel were modelled as volume sources at the ends of the tunnel. Figure 6.6 shows the
2002 airport roads.

2 0 2 4 Kilometers

Figure 6.6 2002 Base Case, airport roads (black) other major roads (green).

6.6 Time varying nature of the major road sources

The major roads around Heathrow were divided into Heathrow and non-Heathrow, the latter
termed “Strategic” roads. Within each of those groups the road links were designated
motorway or non-motorway. Figures 6.7 and 6.8 show the assignment of the roads.

Diurnal profiles of emissions (weekday, Saturday, Sunday) were calculated for each link.
The average profiles were calculated for four groups:
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= Heathrow motorway

= Heathrow non-motorway
= Strategic motorway

= Strategic non-motorway

Figure 6.9 shows the four diurnal profiles used for the 2002 Base case. Figures 6.10-6.13
show each profile compared to the future case profiles for the same group. For the minor
roads and major roads in the rest of Greater London the diurnal profile shown in Figure 6.14
was used for all scenarios. This profile has been used in studies of London carried out for
DEFRA®.  All the profiles have been normalised so that the average over one week (5
weekdays, Saturday and Sunday) is 1.
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Strategic Motorway
= Heathrow Non-Motorway

s Heathrow Motorway

Figure 6.7 Base case, assignment of road links to Heathrow/Strategic and motorway/non-
motorway groups.
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Figure 6.8 Future years, assignment of road links to Heathrow/Strategic and motorway/non-motorway groups.
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Figure 6.9 Base case, diurnal profiles of normalised emissions. (Average over 7 days =1)
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Figure 6.10 Diurnal profile of normalised emissions for strategic non-motorway roads.

(Average over 7 days =1)
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Figure 6.11 Diurnal profiles of normalised emissions for strategic motorway roads. (Average

over 7 days =1)
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Figure 6.12 Diurnal profile of normalised emissions for heathrow non-motorway roads.

(Average over 7 days =1)
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Figure 6.13 Diurnal profiles of normalised emissions for heathrow motorway roads. (Average
over 7 days =1)

Emission Factor

Hour (Weekday, Saturday, Sunday)

Figure 6.14 Diurnal profile of normalised emissions for minor and Greater London roads.
Profile used for all scenarios. (Average over 7 days =1)
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7 Output Receptors

The receptor locations used for the modelling comprised automatic monitor locations (labelled
LHR, HD and HS), a range of receptors around the airport and major roads (labelled BAA)
chosen to assess impacts across the study area and 13 extra receptors in the Harlington area
(labelled X) chosen to assess the impact of the third runway scenarios on areas where the public
may be.

The locations of receptors X1 to X13 are shown in Figure 7.1. The receptor locations
corresponding to LHR automatic monitoring sites are shown in Figure 7.2 and the locations of
the other receptors are shown in Figure 7.3. The easting and northing of each these receptors are
given in the results tables, Table 10.2-10.8.

In addition to the receptor locations described above, for scenarios 2015SM, 2015MM and
2015MMRd pollutant concentrations were also predicted at 2900 locations that represent
residential property locations, shown in Figure 7.4. Predicted concentrations at these receptors
are presented in the PSDH population exposure report.*
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Figure 7.1 Locations of receptors X1 to X13, around Harlington (north of the airport). Heathrow’s northern runway can be seen at the bottom
of the figure and the M4 junction 4 in the top-centre of the figure
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Figure 7.2 Locations of LHR automatic monitoring site receptors
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Figure 7.3 Location of the BAA, HD and HS receptor locations
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Figure 7.4 Location of the residential property receptors used scenarios 2015SM, 2015MM and 2015MMRd
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8 ADMS-Airport

8.1 ADMS-Airport Summary

ADMS-Airport is an extension to the ADMS-Urban air quality model that enables airports to
be modelled in a physically realistic manner by modelling emissions from the important
sources of the landing and take-off cycle as moving jet sources. The acceleration of the
aircraft along the runway is modelled not only to determine the distribution of emissions but
also to represent the different behaviour of the aircraft exhaust plume. LIDAR measurements
(Light Detection and Ranging remote sensing technique) confirm the significant plume rise
of the aircraft exhaust at the beginning of the take-off roll (low aircraft speed) and that the
plume rise reduces as the aircraft accelerates.

The versions of ADMS-Airport used to generate the results presented in this report were versions
2.2.3.4-2.2.3.9. These versions differ from each only in the emissions rate and speed data
described in (i) below which varied from scenario to scenario. As the emissions data for each
scenario were received the emissions rate and speed data were incorporated into successive
versions of the model.

Versions 2.2.3.4-2.2.3.9 used to generate the results that are presented in this report differ from
version 2.1.3, the version used for the MIC, in two major respects:

0] In the MIC constant acceleration and a constant rate of emission was assumed during
take-off roll. In this modelling constant rates were not assumed. The take-off roll
emission rates of NOx and NO; and aircraft speed were defined as functions of time
from the start of take-off roll. The functions were supplied by AEA as part of the
airport data for each scenario.

(i) For road sources, the height of the centre of the road source has been reduced from
2m to 1m above the given source height and the initial o; of the plume, a measure of
vertical plume spread, has also been decreased from 2m to 1m.

In addition, in running the model a change has been made since the MIC reflecting the increased
information available in the emissions inventory:

@ Engine efflux parameters have been categorised into MCATSs (modelling categories)
and efflux parameters determined for each MCAT, on the basis of data supplied for
airframe-engine combinations by QinetiQ. The determination of the MCATS is
described in Section 12,

An action arising from the MIC was for CERC to carry out a study into the sensitivity of
predicted concentrations to changes in efflux parameters, the exhaust plume buoyancy and the
effect of combining engine exhausts. The sensitivity study can be found in Section 13.
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8.2 Model set up

Table 8.1 shows the model parameters used in modelling the Base Case and all future scenarios.

Table 8.1 Model set up parameters

Minimum Monin-Obukhov length (m)

20

Grid depth (m)

10

Surface roughness (m)

0.5

Meteorology

Heathrow 2002

Surface roughness at met site (m)

0.2

CERG
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9 Analysis of model predictions and comparison with
monitoring data

A key requirement of the Project for the Sustainable Development of Heathrow is to compare
annual average NO, concentrations with the air quality objective value of 40pug/m? i.e. it is the
calculation of the annual average concentration that is important. Section 9.1 compares the
annual average predictions from ADMS-Airport with monitored data and shows ADMS-Airport
in close agreement with monitored data for annual averages. Sections 9.1-9.3 then look at the
performance of the model in calculating hourly concentrations and analyse the results in terms of
wind speed, hour of the day, wind direction and runway operation to test the response of the
model and gain confidence that the model is really capturing the essential physics of the
modelling scenario and is therefore predicting “the right answer for the right reason”. Section
9.4 plots the predicted NOx and NO, annual average concentrations on a transect through
receptor location LHR2 crossing the Perimeter Road, A4 and M4. It shows the gradient in
concentration due to each source group and is for comparison with the previous Model Inter-
comparison output. For completeness Section 9.5 compares predicted and monitored annual
average PMjo concentrations. Less analysis has been carried out on PMj as the EU objectives
for PMyy are not likely to be approached around Heathrow.

Deterministic models that calculate long term averages such as annual averages from the
component hourly averages may have a poorer performance in predicting hourly concentrations
(or concentrations over any shorter period) than annual averages as the averaging of the short
term components will tend to smooth out over-predictions and under-predictions on the short
timescale. The over-predictions and under-predictions may arise, for example, because the
actual hourly variation in emissions is not being accurately represented by a diurnal profile or
because the met data do not fully reflect average conditions over the hour being considered. In
addition, the stochastic nature of small scale atmospheric turbulence results in there being a
difference between the concentration measured by a monitor and the ensemble average predicted
even for a perfect model.

In comparing the ADMS-Airport model predictions against ambient monitoring data it is not just
the ADMS-Airport model performance that determines the comparison but the accuracy of the
model inputs (spatial, quantitative and temporal source data, emissions factors used to calculate
traffic emissions from traffic data, meteorological data and ambient background data). It is also
usually assumed that the ambient monitoring data are a “gold standard” although in examining
monitoring data, for instance the year to year trends, or the ratio of NO, to NOy, some features
appear which can seem anomalous.

The series of Workshops on Harmonisation Within Dispersion Modelling for Regulatory
Purposes that started in 1992 has devoted a lot of its efforts to assessing model performance. In
those studies a correlation between hourly averages of 0.6 and a fraction of modelled values
within a factor of 2 of the monitored values of over 0.6 would be considered good performance
by the model. The series of workshops has often discussed the importance of looking not just at
one overall statistic to measure model performance but looking at a range of measures.

16

www.harmo.org
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9.1 Statistical analysis of NOx and NO, model predictions

Tables 9.1 and 9.2 compare annual averages of NOx and NO; calculated from the hourly time
series of concentrations, excluding those hours for which either modelled (162 hours) or
monitored concentrations (up to 1195 hours) are missing. It is, therefore, a like-for-like
comparison. The Tables also show the BOOT statistics®: standard deviation, correlation,
fraction of modelled values within a factor of two of monitored values and the fractional bias
of the hourly averages. If, for each hour, the model predicted concentrations that were
identical to those monitored, the correlation and fraction of values within a factor of 2 would
take their maximum values of 1, whilst the fractional bias would be 0.

Across the sites the mean correlation for hourly NOx is 0.61, there is an average of 0.77 of
modelled values within a factor of 2 of monitored values and the average fractional bias is
+0.013 corresponding to a very small mean over-estimate by the model. For NO, the mean
correlation is 0.68 and the fraction of values within a factor of 2 is 0.84; the mean fractional
bias for NO; is +0.018.

Figure 9.1 shows the comparison of monitored and modelled annual averages of NOx and
NO; (calculated from hourly time series output) as scatter plots. The dotted lines show where
the annual average is a factor of 2 of the monitored value.

Figure 9.2 shows “box and whisker” plots for each receptor for NOx and NO,. In the “box
and whisker” plots percentiles of the ratio (modelled/monitored) are plotted. The percentiles
are 95" (top) 75", 50" (middle), 25" and 5 (bottom). Remembering that the model is
predicting an ensemble average (the average of a large number of repetitions of the same
event) whilst the monitor records one particular event (which may be different from the
ensemble mean because of concentration fluctuations due to local atmospheric turbulence), a
good model would not have all the values equal to one. Assuming the small scale turbulence
results in a Gaussian distribution of concentrations with the mean equal to the ensemble
average, the 50™ percentile would be expected to be equal to one with the other percentiles
symmetrically distributed above and below 1.

Tables 9.1-9.2 and Figures 9.1-9.2 show that there is no significant trend to over or under-
prediction by ADMS-Airport and that most hourly predictions are within a factor of 2 of the
monitored (0.77 for NOx and 0.84 for NOy).
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Table 9.1 Comparison of mean (ug/m?®), standard deviation (ug/m®), correlation, fraction
within a factor of 2 (FA2) and fractional bias for monitored and modelled NOx at
automatic monitoring sites. Values are calculated from hourly time series output,
excluding those hours for which either monitored and modelled values are not present.

Annual average Standard deviation | correlation FA2 Fraé:igc;nal
. . (Mo:nlic))red (Mo:nli())red (Mo_nitored
Monitored Calculated Monitored | Calculated =0)

LHR2 119.49 110.27 98.97 107.53 0.63 0.76 0.08
LHR5 73.74 68.39 79.16 87.77 0.58 0.76 0.08
LHR6 38.92 51.30 4251 76.09 0.55 0.73 -0.27
LHRS8 63.53 59.10 76.13 84.89 0.60 0.75 0.07
LHR10 198.04 225.56 173.61 251.61 0.61 0.68 -0.13
LHR11 74.13 68.32 82.69 90.39 0.60 0.75 0.08
LHR14 71.18 64.32 88.31 89.19 0.65 0.77 0.10
LHR15 66.34 63.15 75.01 84.31 0.61 0.79 0.05
LHR16 113.26 124.44 97.60 139.59 0.62 0.81 -0.09
Average* 90.96 92.76 90.44 112.37 0.61 0.76 -0.003
Average 77.57 76.16 80.05 94.97 0.61 0.77 0.013

*Excluding LHR10 that was acknowledged in the MIC to be an outlier.

Table 9.2 Comparison of mean (ug/m?), standard deviation (ug/m?), correlation, fraction
within a factor of 2 (FA2) and fractional bias for monitored and modelled NO, at
automatic monitoring sites. Values are calculated from hourly time series output,
excluding those hours for which either monitored and modelled values are not present.

Annual average Standard deviation | Correlation FA2 Fra&tzjlznal
(Mo:nli())red (Mo:nlic))red (Monitored
Monitored Calculated Monitored | Calculated =0)
LHR2 52.09 48.04 23.39 26.21 0.62 0.86 0.08
LHRS5 43.41 36.31 20.99 23.34 0.63 0.80 0.18
LHR6 25.47 28.40 18.42 22.91 0.64 0.78 -0.11
LHRS8 32.07 31.67 21.88 24.59 0.72 0.82 0.01
LHR10 39.28 58.65 24.04 40.56 0.57 0.71 -0.40
LHR11 35.93 35.16 21.05 25.75 0.71 0.85 0.02
LHR14 36.30 34.57 24.44 244 0.75 0.85 0.05
LHR15 32.43 34.15 18.58 23.63 0.66 0.85 -0.05
LHR16 45.26 47.18 22.47 29.44 0.67 0.87 -0.04
Average* 38.03 39.35 21.70 26.76 0.66 0.82 -0.029
Average 37.87 36.94 21.40 25.03 0.68 0.84 0.018
*Excluding LHR10 that was acknowledged in the MIC to be an outlier.
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Figure 9.1 Comparison of monitored and modelled annual average NOx (top) and NO,
(bottom) concentration (ug/m°) at the automatic monitoring sites. Dotted lines show where
modelled values are a factor of 2 of monitored values.

250
//
¢ LHR
200 1
) /
E /
S 1501
5 2
2 y * LHR16 »
© ¢ LHR2 e
6 100 b / ///
© / ///
2 / LHR11 Pt
, ¢ LHR5
. ® | HR14 -
| MRS A inris -
, LHR8 -
// ////
0 T T T T
0 50 100 150 200 250
Measured NOx (ug/m3)
70 -
/
60 - ’

/ & L HR10

Modelled NO2 (ug/m3)

40 50 60 70
Measured NO2 (ug/m3)

@E@@ Air Quality Modelling of Heathrow

Page 55 of 302



Figure 9.2 “Box and whisker” plots for the ratio of (modelled/monitored) hourly
concentrations of NOx (top) and NO, (bottom). The plots indicate the 95™ percentile ratio

(top), 75", 50" (middle bold), 25" and 5" (bottom).
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9.2 Analysis as a function of operation of runway 27R

At Heathrow airport there is a northern and a southern runway both of which have close to an
east-west alignment. Allowing for take-offs to the east or the west there are four modes of
runway operation referred to as 27R, 27L, 09R and 09L which describe,

= 27R take-off to the west from the northern runway.
= 27L take-off to the west from the southern runway.
= Q9R take-off to the east from the southern runway.
= Q9L take-off to the east from the northern runway.

The LHR2 monitoring site is just north of the eastern end of the northern runway, close to the
starting position of aircraft taking off on 27R. LHR2 monitoring site records a strong
signature from aircraft take-off when runway 27R is operational. When 27R is operational
the wind is mostly, but not exclusively, from the south-west, west or north-west. In this
analysis concentrations at monitoring site LHR8, Oaks Road in Stanwell, south-west of the
airport have been used as a “background” site and the difference between concentrations at
LHR2 and LHRS taken as a measure of the airport contribution to concentration at LHR2.
Hours when monitored concentrations at LHR8 are greater than monitored concentrations at
LHR2 (or when modelled concentrations at LHR8 are greater than modelled concentrations
at LHR2) are excluded.

Table 9.3 compares average monitored and modelled concentrations for (LHR2-LHRS)
during the hours when 27R is operational for departures, when 27R is operational for arrivals
(and departures are on 27L) and when 27R is not operational for departures or arrivals.
Hours when it is operational for departures are defined as those hours when the number of
departures on 27R is greater than or equal to the number of arrivals on 27R. Similarly, the
hours when it is operational for arrivals are defined as those hours when the number of
arrivals on 27R is greater than or equal to the number of departures on 27R.

There is a difference of approximately 60ug/m*® of NOx in the average concentration for
(LHR2-LHR8) when there are departures on 27R and when there are arrivals on 27R. The
good agreement between the modelled and monitored average concentrations when there are
departures on 27R and when there are arrivals on 27R (and departures on 27L) suggests that
ADMS-Airport is modelling the activity from the airport sources well. The take-off roll
sources are the most significant ground level airport emissions. That the model predicts the
average well when there are departures on 27R (less than 250m from 27R) and when there
are take-offs on 27L that is about 1.5km from 27R (and arrivals on 27R) suggest that the
model is capturing well the variation in concentration due to the important take-off roll
sources with distance.
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Table 9.3 Comparison of modelled and monitored average NOx concentration (zg/m?) for
(LHR2-LHRS8) for those hours when there departures on 27R, arrivals on 27R, neither
departures nor arrivals on 27R and all hours. The number of hourly concentrations
averaged in each case is given.

Departures Arrivals No departures or All hours
on 27R on 27R arrivals on 27R
Modelled (ng/m®) 153.3 96.8 92.2 110.8
Monitored (ug/m?) 154.0 92.9 118.4 120.1
Number of hours 2214 2750 3283 8199

Figure 9.3 shows the comparison of hours when there are departures on 27R and hours when
there are arrivals on 27R as a function of hour of the day. The diurnal variation as well as the
difference between departures and arrivals on 27R is well-captured.

Figure 9.3 Comparison of modelled and monitored average NOx concentration (ug/m°), as
a function of hour of the day, for (LHR2-LHRS) for those hours when there are departures
on 27R (blue) or arrivals on 27R (red). Monitored concentrations are shown by dashed

lines and modelled concentrations by solid lines.
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Figure 9.4 shows the same data as Figure 9.3 but averaged and plotted as a function of wind
speed. The number of hours averaged for each pair of data points (modelled and monitored) is
given on the plot. The variation with departures and arrivals on 27R is well-captured. At the very
lowest wind speeds there is a tendency for the model to over-estimate.

Figure 9.4 Comparison of modelled and monitored average NOx concentration (ug/m°), as
a function of wind speed, for (LHR2-LHRS) for those hours when there are departures on
27R (blue) or arrivals on 27R (red). Monitored concentrations are shown by dashed lines
and modelled concentrations by solid lines.
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9.3 Polar Plots

Polar plots, in which average concentrations are plotted as a function of wind speed and wind
direction, have been used to gain insight into the behaviour of sources by indicating the
location and nature of the important sources. They have proved particularly useful at LHR2
since monitored concentrations for airport sources (from the south west) tend to show large
concentrations for large wind speeds, indicating that the aircraft sources are buoyant, in
contrast to other ground level sources such as road traffic emissions that are less buoyant and
show the highest concentrations for the lower wind speeds.

Figures 9.5-9.7 show polar plots for monitored and modelled NOx and NO, concentrations at
LHR2, LHR8 and LHR5 the Hounslow 2 monitor in Cranford. Combinations of wind speed
and wind direction for which there are fewer than 4 hourly averages have been excluded from
the plots, so that the plots will not be skewed by a few hours that may be atypical.
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The monitored and modelled plots compare well, the modelled plots capturing the main features.
At LHR2 the maximum NOyx concentrations are due to north-easterly, low wind speed
conditions that would indicate the influence of non-airport sources including the airport
Perimeter Road. The NO, plots at LHR2 reveal the impact of airport sources under south-
westerly conditions with the monitored data plot in particular showing high concentrations at
LHR2 at medium to high south-westerly wind speeds.

Figure 9.5 Monitored and modelled NOx and NO, concentrations at LHR2 (ug/m®),
averaged per wind direction-wind speed category. Categories with fewer than 4 hourly
concentrations are excluded.

Monitored NO, (ug/m°) Modelled NO, (ug/m°)

Figure 9.6 shows the polar plots for receptor LHR8, the Oaks Road monitor, located in
Stanwell to the south-west of the airport. The monitor is to the south of the A30 dual
carriageway and south of runway 09R. The impact of the road and airport on concentrations
at LHR8 can clearly be seen in all the plots.
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Figure 9.6 Monitored and modelled NOx and NO, concentrations at LHR8 (ug/m®),
averaged per wind direction-wind speed category. Categories with fewer than 4 hourly
concentrations are excluded.

Monitored NOx (ug/m°) Modelled NOx (ug/m?)

Monitored NO, (ng/m®) Modelled NO, (ug/m?)

Figure 9.7 shows the polar plots for receptor LHRS5, the Hounslow 2 monitor located in
Cranford, to the north-east of the airport and to the west of the A321(T). Monitored and
modelled plots show the highest concentrations occurring under low to medium easterly and
north-easterly winds and some influence of the airport sources to the south-west of the
monitor.
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Figure 9.7 Monitored and modelled NOx and NO, concentrations at LHR5 (ug/m®),
averaged per wind direction-wind speed category. Categories with fewer than 4 hourly
concentrations are excluded.

Modelled NOx (ng/m®)

Monitored NO, (ng/m®) Modelled NO, (ug/m°)

9.4 Transects of long term average concentrations of NOx and NO,

Figure 9.8 shows modelled concentrations of NOx (top) and NO; (bottom) on a transect running
south-north through LHR2, crossing the airport Perimeter Road, the A4 and the M4. The
transects of NOx show the contribution of each source group to show the gradient in
concentration due to each source group. The steepest gradients in NOx and NO, concentration
are due to the major roads (the Perimeter Road, A4 and M4). Compared with the transect plots
for ADMS-Airport shown in the MIC these plots do not show a jump in NOx due to background
sources at large distances as the railway emissions contributing to the jump are now modelled as
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a line source rather than on an aggregated basis. The impact of the railway emissions is therefore
seen in the contour plots (see Section 11) as more localised peaks in concentration.

Figure 9.8 (Top) Transect of NOx modelled concentrations (,ug/m3) due to all sources(dark
blue) and the various source groups. (Bottom) Transect of NO, modelled concentration
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9.5 Comparison of annual average PMjy concentrations

Table 9.4 and Figure 9.9 show the comparison of modelled and monitored annual average
concentrations at the automatic monitoring locations. It is a like-for-like comparison with
hours for which either modelled or monitored concentrations are missing excluded.

Table 9.4 Comparison of predicted annual average concentrations of PMyg (zg/m°) from the
2002 Base Case and automatic monitoring data.

Receptor name Modelled concentration (ug/m3) Monitored concentration (ug/ms)
LHR2 28.52 27.74
LHR5 24.26 23.01
LHR8 23.57 19.23
LHR10 29.44 30.00
LHR11 24.42 27.65
LHR12 24.09 22.71
LHR13 24.48 25.91
LHR14 23.64 24.38
LHR15 23.88 19.10
LHR16 26.31 24,72
35
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B Measured
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Figure 9.9 Predicted total PMy, concentrations in zg/m® from the 2002 Base Case (blue)
and automatic monitors (red).
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10 Results of Base Case and Future Scenario Modelling

This section presents the results of the 2002 Base Case modelling (Section 10.2) and the
future scenarios (Sections 10.3-10.11). Concentrations for 2015NoC (Section 10.6) have
been estimated from 2015SM and 2015MM modelling results.

Section 10.1 defines the source groups for which concentrations have been calculated.
Tables

10.2-10.11 and Figures 10.1-10.37 show the results for NOx, NO, and PMjo. The relevant
EU air quality objectives for annual averages are 40pg/m? for NO, and 40ug/m?® for PMyg.

For the main scenarios (i.e. all except 2015NoC and 2015MMRd) the tabulated results are the
predicted annual concentrations of NOx, NO, and PMj, due to all sources and predicted
annual concentrations of NOx and PMyq due to aircraft sources, non-aircraft airport sources
and background sources at the receptors shown in Figures 7.1 and 7.2. Contour plots of
NOx and NO; due to all sources, NOx due to aircraft and other airport sources and NOx due
to roads are presented for all the main scenarios. For the Base case there are additional
contour plots of PM3 due to all sources, PMso due to aircraft and other airport sources, PMsg
due to roads and PM;o and NOx due to background sources.

For the “No Cranford Agreement” variant case 2015NoC (Section10.6) the results are
tabulated values of predicted annual average concentrations of NOx and NO, due to all
sources, NOx due to aircraft and NOx due to other airport sources with the percentage
difference in predicted annual average NO, concentrations between 2015NoC and Case
2015SM at the receptor points.

For the variant case 2015MMRd, a road mitigation scenario, results are given as predicted
annual average concentration of NOx, NO, and PMyq due to all sources and the percentage
difference in predicted annual average NO, concentrations between 2015MMRd and
2015MM at the receptor points. Figure 10.25 shows the difference in predicted NO;
concentration at receptor locations.

2002-2030

In 2002 the annual average Limit Value for NO; is predicted by the modelling to be exceeded on
the airport, along the motorways and some main roads, along the main railway line and in areas
of Harlington. In the future scenarios the areas of exceedence are reduced compared with 2002
and are confined mainly to the airport and along the motorways. This reduction is largely due to
the reduction in NOx emissions from road traffic. In the 2030 mixed mode (2030MM) scenario
there are no exceedences of the Limit Value at the receptors considered.

The greatest changes in concentration over the period considered are due to the predicted
change in emissions from road traffic. In the Base case NO, concentrations at receptor
LHR10, alongside the M25 where traffic emissions dominate, were modelled to be
58.3ug/m>. In 2030 (2030R3) they are predicted to be 30.0 ug/m° a decrease of 48.5%.

Rail emissions are predicted to decrease in 2010 and further in 2015 due to re-engining of
high speed trains. Whereas the air quality impact of the railway emissions is clearly seen in
2002 (Figure 10.5), its importance is predicted to decrease in future years.
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Mixed Mode

Mixed mode operation compared with segregated mode operation significantly increases the
take-offs from runway 09L and reduces the take-offs from 09R, thereby causing a shift in
emissions from the southern to the northern runway. In the absence of any other changes the
effect of mixed mode is to increase concentrations to the north-west of the airport (Longford)
and to decrease concentrations to the south-west (Stanwell).

Third Runway, MDL and MLD

The third runway introduces emissions to the north of the current airport site. The results for
the third runway cases shown, 2020R3 and 2030R3, are hybrid results of two modes of
operation: MDL (mixed mode on the northern runway, departures on the central runway and
landings on the southern runway) and MLD (mixed mode on the northern runway, landings
on the central runway and departures on the southern runway) scenarios. The hybrid results
have been constructed assuming the airport operates with equal alternation between MDL
and MLD modes of operation. The take-off emissions are the highest emissions at ground
level and therefore in the MDL mode of operation, when 27C is used for take-offs, higher
concentrations are predicted to the north-east of the airport than under MLD operation when
27C is used for landings.

Easterly Preference (2015EP)

The change from a westerly preference operation to an easterly preference operation results in a
change in the spatial pattern of emissions, with the significant take-off emissions moving from
the north-eastern end of runway 27R to the south-western end of runway 09R. There are
associated changes in taxiing and hold emissions. NOy concentrations are predicted to increase at
some receptors to the west of the airport, due to the increase in emissions on the 09L and 09R
runways, and to decrease at receptors to the east of the airport. The greatest predicted increase in
NO, concentrations compared with the westerly preference scenario (2015SM) is an increase of
5% at LHR15 near the 09L runway and the greatest decrease is 5% at X11, near to 27R.

No Cranford Agreement (2015NoC)

For the “No Cranford Agreement” scenario the estimated annual average concentrations of
NO; were 95%-113% of the corresponding “with Cranford Agreement” (2015SM) predicted
concentrations. The largest increases in NO, concentrations are predicted at receptors to the
north-west of the airport (BAAL14, BAA15, BAAL6) near to 09L where there are increased
movements. The greatest decreases in concentration are at receptors to the south-west of the
airport (BAA49, BAA50, BAAS1) near to 09R where there is decreased activity.

Roads mitigation scenario (2015MMRd)

Table 10.8 shows that the effect of the roads mitigation scenario is to reduce predicted NO,
concentrations at most of the receptors considered. The biggest percentage decrease in
predicted NO, concentration was 5.7% at receptor BAA34 and the biggest absolute decrease
was 1.9ug/m® at receptor BAA32. Both these receptors are near to the M4. There is a small
increase predicted at some receptors, the largest increase is 0.1ug/m® predicted at receptor
LHR10 near to the M25. Figure 10.22 shows the predicted change in annual average
concentrations of NO, at 2,900 additional near road receptors. The largest decreases in
concentration are seen along the M4 with smaller decreases near to the airport around
Harlington.
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Particulates

The EU Limit Value for PMyg is 40pg/m® as an annual average. In 2002 the highest modelled
annual average concentration of PMy is 28.63ug/m? at receptor LHR10 that is beside the M25.
In all future scenarios the predicted annual average PMj, concentration does not exceed
25ug/m°. Therefore, at the receptors considered in this modelling study there are no predicted
exceedences of the annual average Limit VValue for PMy.

The EU is currently negotiating the introduction of a target value of 25ug/m® of PM,s as an
annual average, to be achieved by 2010, whilst the same value has recently been adopted as an
objective in the Air Quality Strategy" to be achieved by 2020. As PM,s is a component of PMyg
there are no predicted exceedences of 25ug/m® by the annual mean PM. in the future scenarios.

10.1 Source groups

The sources included in each sub-group of sources are listed in Table 10.1.

Table 10.1 Source groups

Category Sources included

Aircraft Approach, APU, Brake & tyre, Hold, Initial climb, Landing roll
with and without reverse thrust, Push back, Take-off roll, Taxi in,
Taxi out, Engine testing, Helipad.

Other airport Airport roads, Airside vehicles, Car parks etc, Fire training, Heating
plant, Paint shop, Taxi queues.

Roads Major roads for Greater London area, Minor roads for Greater
London area, Cold starts, Evaporative emissions (hot soak).

Other Agriculture, Boilers, City airport, Commercial gas, Domestic gas,

background Domestic coal, Domestic oil, Gas leak, Industrial coal, Natural

sources, Part A industrial sources, Part B industrial sources, Rail
lines, Sewage, Shipping, Solvents.

Background Rural background plus Other background sources (listed above)
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10.2 2002 Base Case

Modelled concentrations of NOy, NO, and PM, for 2002 Base Case at receptor locations are presented in Table 10.2.

Contour plots of modelled NOx and NO, concentrations due to all sources are presented in Figure 10.1 and Figure 10.2 respectively. Contour plots of
modelled NOx concentrations due to aircraft and other airport sources, road sources and other background sources are presented in Figures 10.3-10.5

respectively.

Contour plot of modelled PM;o concentrations due to all sources is presented Figure 10.6. Contour plots of modelled PM3, concentrations due to aircraft
and other airport sources, road sources and other background sources are presented in Figures 10.7-10.9.
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Table 10.2 Modelled concentrations of NOx, NO, and PM, for 2002 Base Case (ug/m°)

Receptor X(m) Y(m) Total Total Aircraft Other Road Background Total Aircraft Other Road Background
name NOyx NO, NOx airport NOy NOyx NOx PMso PMyq airport PMso PM;o

PMjo

LHR2 508399 176744 108.6 47.7 31.2 6.5 41.6 29.3 25.69 1.22 0.46 1.66 22.35
LHR3 511679 180072 68.0 36.7 2.6 0.7 24.2 40.5 24.15 0.06 0.05 1.00 23.04
LHR4 509550 176997 77.9 39.8 12.5 3.0 32.9 29.5 24.06 0.26 0.20 1.28 22.32
LHR5 510370 177195 67.4 36.0 6.3 1.9 31.1 28.2 23.84 0.14 0.12 1.27 22.31
LHR6 515540 170420 51.2 28.3 0.7 0.2 22.8 275 23.22 0.02 0.01 0.92 22.28
LHR7 509333 | 175002 76.0 36.7 10.7 3.4 35.4 26.6 24.07 0.24 0.23 141 22.19
LHRS8 505739 174497 58.6 31.5 7.5 1.8 24.4 25.0 23.37 0.16 0.13 0.96 22.11
LHR10 502741 173460 222.9 58.3 1.7 0.3 196.7 24.2 28.63 0.03 0.03 6.63 21.95
LHR11 504780 175510 69.6 35.5 7.4 0.9 34.8 26.5 24.02 0.13 0.07 1.32 22.51
LHR12 504466 | 175794 65.4 35.0 4.6 0.7 33.3 26.7 23.90 0.09 0.05 1.25 22.51
LHR13 504393 176591 85.2 39.5 3.2 0.7 55.0 26.3 24.29 0.07 0.05 2.01 22.15
LHR14 503535 176829 63.7 34.4 2.1 0.5 329 28.2 23.52 0.05 0.03 1.26 22.18
LHR15 505185 176922 62.6 34.0 3.6 1.2 31.2 26.5 23.56 0.11 0.08 1.19 22.17
LHR16 506945 | 178609 124.7 47.3 3.7 1.2 91.1 28.8 26.08 0.11 0.08 3.43 22.46
LHR17 506990 181919 57.2 32.1 1.4 0.4 26.0 29.4 23.52 0.04 0.03 1.05 22.40
LHR18 508279 177792 714 38.3 8.5 2.7 29.6 30.6 24.20 0.25 0.18 1.20 22.57
LHR19 508434 177376 73.7 39.7 12.4 3.6 26.6 31.1 24.19 0.36 0.24 1.07 22.51
LHR20 508058 | 177040 84.7 42.9 17.6 6.5 31.3 29.3 24.83 0.65 0.40 1.25 22.53
BA20 505127 177559 63.8 34.8 2.7 0.9 33.9 26.3 23.60 0.08 0.06 1.28 22.17
HD60 505736 177752 62.7 34.1 3.2 1.1 30.9 274 23.76 0.11 0.08 1.19 22.37
HD58 508414 177125 79.1 41.5 16.3 4.5 27.9 30.3 24.39 0.50 0.31 1.12 22.45
HD57 508758 | 177718 79.8 39.9 9.3 25 36.3 31.6 24.42 0.24 0.17 1.52 22.48
BAl 508582 178453 158.2 52.3 5.7 1.6 1195 31.4 27.09 0.15 0.11 4.38 22.45
HD56 509798 178634 82.3 41.2 5.0 1.3 36.1 39.9 24.42 0.12 0.09 1.42 22.79
HS51 509127 174568 72.0 35.0 9.2 3.4 33.8 25.6 24.06 0.22 0.24 1.44 22.16
X1 505883 | 178463 114.5 45.3 2.7 0.9 83.5 27.4 25.53 0.08 0.07 3.12 22.27
X2 505932 177842 67.8 35.4 3.4 1.2 35.2 27.9 24.06 0.12 0.08 1.37 22.49
X3 505890 177393 73.7 36.0 4.1 15 40.2 27.9 24.44 0.16 0.10 1.66 22.52
X4 506146 177197 64.2 34.6 54 2.0 28.1 28.7 24.11 0.24 0.14 1.10 22.64
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Table 10.2 (cont) Modelled concentrations of NOx, NO, and PM, for 2002 Base Case (ug/m°)

Receptor X(m) Y(m) Total Total Aircraft Other Road Background Total Aircraft Other Road Background
name NOx NO, NOx airport NOx NOx NOx PMio PMig airport PMio PMio
PMyo

X5 506156 | 177092 66.0 35.1 5.8 2.2 29.4 28.5 24.16 0.28 0.15 1.15 22.58
X6 506154 | 176991 84.0 37.9 6.2 2.4 47.0 28.3 24.85 0.33 0.16 1.83 22.52
X7 508228 | 177545 71.2 38.7 10.3 3.4 26.9 30.7 24.25 0.31 0.22 1.08 22.65
X8 508212 | 177390 73.0 39.5 11.9 4.0 26.7 30.4 24.32 0.38 0.26 1.07 22.62
X9 507873 | 177139 81.9 42.1 15.0 7.3 30.6 29.1 24.83 0.55 0.41 1.22 22.65
X10 508429 | 177012 85.6 43.2 18.8 5.0 31.7 30.1 24.63 0.60 0.35 1.27 22.41
X11 508549 | 176736 106.6 47.4 32.8 5.7 38.6 29.5 25.28 0.98 0.42 1.54 22.33
X12 508789 | 177365 82.2 41.0 12.6 3.2 35.5 30.9 24.44 0.33 0.22 1.46 22.44
X13 508735 | 177965 79.7 39.6 7.8 2.2 37.7 31.9 24.36 0.20 0.15 1.52 22.48
BAA1 508009 | 177028 86.3 43.3 17.7 7.0 32.3 29.2 24.92 0.66 0.42 1.29 22.54
BAA2 507914 | 177030 87.6 43.5 17.4 7.9 33.3 29.0 25.02 0.67 0.45 1.33 22.57
BAA3 508802 | 177048 91.1 43.8 18.3 3.9 38.7 30.1 24.69 0.44 0.28 1.59 22.38
BAA4 508762 | 177049 85.0 42.8 18.3 4.0 32.6 30.1 24.44 0.46 0.29 1.32 22.38
BAA5 508885 | 177042 85.9 43.0 18.4 3.8 33.6 30.1 24.42 0.42 0.27 1.36 22.37
BAAG 508902 | 177045 84.8 42.7 18.3 3.7 32.7 30.1 24.36 0.41 0.26 1.32 22.37
BAA7 508552 | 177102 80.0 41.8 16.9 4.3 28.5 30.4 24.34 0.49 0.30 1.14 22.41
BAA8 508598 | 177100 80.2 41.8 17.0 4.2 28.6 30.4 24.33 0.48 0.30 1.15 22.41
BAA9 508412 | 177117 79.4 41.6 16.4 4.6 28.0 30.3 24.40 0.51 0.31 1.13 22.45
BAA10 508380 | 177164 77.8 41.1 15.5 45 27.4 30.4 24.36 0.48 0.30 1.10 22.47
BAA1l 508373 | 177231 76.0 40.6 14.4 4.2 26.9 30.5 24.30 0.44 0.29 1.08 22.50
BAA12 508366 | 177292 74.8 40.1 13.4 4.0 26.7 30.7 24.27 0.41 0.27 1.07 22.52
BAA13 508356 | 177373 73.5 39.6 12.3 3.7 26.6 30.9 24.23 0.37 0.25 1.07 22.55
BAA14 504799 | 176658 70.2 36.2 3.7 1.0 39.3 26.2 23.79 0.09 0.07 1.47 22.16
BAA15 504842 | 176702 67.1 355 3.6 1.0 36.2 26.3 23.69 0.09 0.07 1.36 22.16
BAA16 504966 | 176844 63.9 34.6 3.5 11 33.0 26.3 23.59 0.10 0.07 1.25 22.16
BAAl17 505043 | 176904 63.3 34.4 35 11 32.4 26.4 23.58 0.10 0.08 1.23 22.17
BAA18 506046 | 176986 85.5 38.0 5.8 2.2 49.4 28.1 24.84 0.30 0.15 1.93 22.46
BAA19 506153 | 176991 84.0 37.9 6.2 2.4 47.1 28.3 24.85 0.33 0.16 1.83 22.52
BAA20 507307 | 177018 85.3 41.7 13.9 8.9 34.1 28.4 25.14 0.62 0.47 1.36 22.70
BAA21 507496 | 177400 97.0 42 .4 9.7 4.5 54.8 27.9 25.75 0.36 0.26 2.16 22.97
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Table 10.2 (cont) Modelled concentrations of NOx, NO, and PM;, for 2002 Base Case

/m®)

Receptor X(m) Y(m) Total Total Aircraft | Other airport Road Background | Total PMyg Aircraft Other Road Background
name NOx NO, NOx NOx NOx NOx PMio airport PMig PMio
PMio

BAA22 509431 | 176952 89.0 42.1 14.4 3.2 41.9 29.6 24.43 0.29 0.21 1.61 22.32
BAA23 509544 | 176967 85.4 41.0 12.8 3.1 40.1 29.4 24.31 0.27 0.20 1.53 22.31
BAA24 509582 | 177007 76.6 39.5 12.1 3.0 32.1 29.4 24.02 0.25 0.19 1.26 22.32
BAA25 509574 | 177054 73.5 38.9 11.9 2.9 29.2 29.5 23.92 0.25 0.19 1.16 22.32
BAA26 506791 | 178593 131.4 48.1 3.5 1.2 98.1 28.6 26.28 0.11 0.08 3.68 22.42
BAA27 506928 | 178615 122.0 46.9 3.6 1.2 88.4 28.8 25.98 0.11 0.08 3.33 22.46
BAA28 507004 | 178623 118.8 46.5 3.7 1.2 85.0 28.9 25.89 0.11 0.08 3.21 22.48
BAA29 507089 | 178626 120.8 46.9 3.8 1.2 86.8 29.0 25.98 0.12 0.08 3.28 22.50
BAA30 507176 | 178628 125.9 47.8 3.9 1.2 91.7 29.1 26.22 0.12 0.09 3.49 22.52
BAA31 507207 | 178632 127.6 48.1 3.9 1.2 93.3 29.1 26.35 0.12 0.09 3.61 22.53
BAA32 510172 | 178352 133.0 50.1 5.2 1.3 91.1 35.4 26.39 0.12 0.09 3.54 22.64
BAA33 510109 | 178351 131.1 49.6 5.3 1.3 88.8 35.7 26.27 0.12 0.09 3.41 22.65
BAA34 509999 | 178376 111.4 46.5 5.4 1.4 68.0 36.6 25.46 0.12 0.09 2.57 22.67
BAA35 510016 | 178407 101.9 44.9 5.3 1.3 58.4 36.9 25.14 0.12 0.09 2.23 22.69
BAA36 510157 | 178384 113.2 47.0 5.2 1.3 70.9 35.9 25.63 0.12 0.09 2.76 22.66
BAA37 510188 | 178445 97.1 44.3 5.0 1.3 54.5 36.4 25.04 0.11 0.09 2.14 22.69
BAA38 509820 | 178355 132.4 49.5 5.6 1.4 88.1 37.2 26.15 0.13 0.10 3.25 22.67
BAA39 509822 | 178396 107.9 45.9 5.5 1.4 63.2 37.7 25.30 0.13 0.10 2.37 22.70
BAA40 509392 | 178382 149.1 52.0 5.9 1.6 103.5 38.1 26.71 0.14 0.11 3.78 22.67
BAA41 509403 | 178468 101.2 45.0 5.6 1.5 54.8 39.2 25.04 0.14 0.10 2.08 22.72
BAA42 506456 | 178564 1111 45.0 3.2 11 78.6 28.3 25.49 0.10 0.08 2.96 22.35
BAA43 507178 | 178659 106.2 447 3.8 1.2 72.0 29.1 25.51 0.12 0.08 2.77 22.54
BAA44 507066 | 178668 98.3 43.3 3.7 1.2 64.4 29.1 25.17 0.11 0.08 2.47 2251
BAA45 508822 | 174587 75.0 36.6 12.3 5.1 32.0 25.6 2411 0.31 0.37 1.28 22.16
BAA46 508849 | 174638 77.1 37.2 12.9 5.0 334 25.7 24.17 0.32 0.36 1.33 22.16
BAA47 508877 | 174691 80.4 37.9 135 4.9 36.1 25.8 24.27 0.32 0.36 1.43 22.16
BAA48 509007 | 174755 76.1 36.9 12.7 4.2 33.3 25.9 24.08 0.29 0.30 1.32 22.17
BAA49 505777 | 174594 61.9 32.3 8.5 1.9 26.4 25.1 23.45 0.18 0.14 1.02 22.11
BAA50 505744 | 174588 61.4 32.2 8.4 1.8 26.1 25.1 23.44 0.18 0.13 1.01 2211
BAA51 505909 | 174592 64.4 32.8 8.8 2.3 28.2 25.1 23.56 0.20 0.16 1.08 2211
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Figure 10.1 2002 Base Case, modelled total NOx cc‘mcentrat‘ions in pg/m3 aroqnd Heatprow.
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Figure 10.2 2002 Base Case, modelled total NO, concentrations in gg/m® around Heathrow.

Northing (metres)

I I I I
503000 504000 505000 506000 507000 508000 509000 510000 511000 512000

Easting (metres)

@ER@ Air Quality Modelling of Heathrow
Page 73 of 302



Figure 10.3 2002 Base Case, modelled NOx concentration in zg/m® around Heathrow due to aircraft and other airport sources.
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Figure 10.4 2002 Base Case, modelled NOx concentration in zg/m* around Heathrow due to road sources.
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Figure 10.5 2002 Base Case, modelled NOx concentration in zg/m?* around Heathrow due to other background sources.
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Figure 10.6 2002 Base Case, modelled total PMy, concentrations in zg/m® around Heathrow.
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Figure 10.7 2002 Base Case, modelled PMy, concentration in zg/m* around Heathrow due to aircraft and other airport sources.
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Figure 10.8 2002 Base Case, modelled PMy, concentration in zg/m* around Heathrow due to road sources.
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