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1. Summary

Cambridge Environmental Research ConsultatdCERC) was commissioned by Waterman
Environmental to undertake air quality modelling for the proposed London Victoria Transport
Interchange 2 (VTI2) development.

The whole of the City of Westminster has been declared an Air Quality Management Area
(AQMA) for both nitrogen dioxide (N& and small particulate matter (R The location

of the VTI2 development within an AQMA indicates that existing levels of Bi@ PM, at

the site may be high. In addition, traffic movements generated by the VT&ogewent

may lead to an increase in emissions to air from road traffic in the area. In order to support
the Environmental Statement for VTI2, air quality modelling was carried out to determine
the impact of emissions of nitrogen oxides (N@nd PM, both at the site and in the
surrounding area.

Traffic and emissions data for the whole of London were obtained from the London
Atmospheric Emissions Inventory and included in the modelling. Further traffic data for the
roads in the immediate vicinity of thér 12 site were provided by Waterman Environmental.

Hourly sequential meteorological data from Heathrow for 2007 were used in the modelling.

Annual and hourly average concentrations of ;,N&nhd annual and 2Hour average
concentrations of PN were calalated over an area surrounding the VTI2 ftecomparison

with air quality objectives for these two pollutants. Concentrations were preflictde year

2007, for comparison with monitoring data, and for the years 2014, 2016 and 2017, as
appropriate,with and without various scenarios of the VTI2 development, for comparison
against air quality objectives.

1.1 Model verification

The measured and modelled concentrations for 2007 showed good agreement indicating that the
model seuup and input data amiitable for the study and lending confidence to the predictions
of future concentrations.

1.2 Predicted NO, concentrations

Annual average N@concentrations are predicted to exceed the Air Quality Objective of
40pg/m3 over much of the modelled areaah of the opening years, with the highest
concentrations predicted along the busiest roads. The'™®pef@entiles of hourly average
NO, concentrations are predicted to be below the Air Quality Objective for all the opening
years, apart from at isolatdocations within the bus station.
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The addition of the development traffic is only predicted to result in very small increases in
NO, concentrations: at the existing receptors considered the annual average concentration is
predicted to increase by up @olug/ms3 for Development Scenarios 1, 2 and 3 and by up to
0.2ug/m3 for Development Scenario 4; and the 99.p@rcentile of hourly average
concentrations is predicted to increase by up to 0.2ug/ms? for Development Scenarios 1, 2 and
3 and by up to 0.4ug# for Development Scenario 4. The largest predicted increases, which
occur for Development Scenario 4, are for Receptors 4 and 5.

1.3 Predicted PM;, concentrations

Annual average PM concentrations are predicted to be below the Air Quality Objeb&bive
all the opening years.

The 90.4% percentiles of 24our average PM concentrations are predicted to exceed the
Air Quality Objective of 50ug/m? at several of the road junctions in the area and along some
stretches of road.

The addition of the eivelopment traffic is only predicted to result in small increases i PM
concentrations: at the existing receptors considered the annual average concentration is
predicted to increase by up to 0.2ug/m3 for Development Scenarios 1 and 4 and by up to
0.1pgm?3 for Development Scenarios 2 and 3; and the 90pétcentile of 24our average
concentrations is predicted to increase by up to 0.2ug/m? for Development Scenarios 1, 2 and
4, and by up to 0.1pg/md for Development Scenario 3. The greatest increasés ar
Receptors 1, 2, 4 and 5.
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2. Introduction

The London Victoria Transport Interchange 2 (VTI2) development lies in the City of
Westminster. The whole of the City of Westminster has been declared an Air Quality
Management Area (AQMA) for both nitrogedioxide (NGQ) and small particulate matter
(PMyp).

As the VTI2 development may generate additional traffic, there is a requirement to assess the
impact on air quality due to the development.

Details of the study carried out and the sources of datgieen in Section 3, and information
concerning the meteorological data used is given in Section 4. Section 5 presents the
background data input to the model. The relevant Air Quality Objectives are presented in
Section6. The model verification redslare presented in Section 7 and the modelling results
for the opening years are presented in Se&ionA discussion of the implications of the
modelling is given in Sectio®. Finally, a description of ADM®rban is included in
AppendixA.
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3. The site & emissions

Figure 3.1 shows the VTI2 site and the explicitly modelled roads and bus stands for the study
Also shown in Figure 3.1 are the locations of specific receptor points used in the assessment,
which are further described in Section 8.

There ae four Development Scenarios for the VTI2 development. Development Scenarios 1
and 2 are programmed to be complete in 2017, whilst Development Scenario 3 is programmed
to be complete in 2016 and Development Scenario 4 in 2016. Therefore, four potential
scenarios have been considered in the modelling, together with three different base scenarios:
e 2017 Base Scenario
2017 Development Scenario 1
2017 Development Scenario 2
2016 Base Scenario
2016 Development Scenario 3
2014 Base Scenario
2014 Development Scario 4

CERGC Air quality modelling for Londc
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@® Receptors

Modelled roads

Bus stands

Figure 3.1: Modelled roads, bus stands and receptor points
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3.1 Local air quality

The City of Westminster has declared the whole borough an Air Quality Management Area
(AQMA) for both NG, and PM,. Continuous monitoring data for the London Whasster
monitoring site, which lies 800m east of the VTI2 development, were downloaded from the
London Air Quality Network web site A summary of the data are presented as part of the
model verification in Section 7.

3.2 Emissions data

The main sourceof emissions data within London is the London Atmospheric Emissions
Inventory (LAEI). The version of the LAEI used in this study dates from February 2008 and
covers emissions for the year 2004 and future year of 2010.

3.2.1 Traffic data

The study was cded out in two parts. The first part involved model verification for 2007
against the available monitoring data. The second part involved predicting concentrations in the
vicinity of the VTI2 development for the programmed years of completion, botn amd
without the relevant Development Scenario in place.

Traffic data were provided by Waterman Environmental for the major roads near the VTI2 site.
These were supplemented by data from the LAEI for other roads for the rest of Lofidlon
major roadsnd rail sources within 1km of the VTI2 development were modelled explicitly with
all other sources modelled as 1km by 1km gridded emissions covering the whole of London.
Data for the modelled roads surrounding the development are given in Table8.3.1 to

Table 3.1 Data for modelled roads

Allington Street Victoria Street Buckingham Bressenden
Palace Road Place
Road width (m) 10 20 20 15
Canyon height (m) 15 14 16 0
Speed (km/hr) 20 15 20 20

! http://mww.londonair.org.uk/london/asp/default.asp?la_id=&showbulletins=awitD24
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Table 3.2: Traffic data for modelled roads (AADTS)

Allington Street Victoria Street Buckingham Bressenden Place
Palace Road
2007 1070 23150 13200 5917
2017 base 1211 26206 14942 6698
2016 base 1203 26044 14850 6656
2014 base 1189 25743 14678 6579
2017 Scenario 1 1238 26663 15701 6888
2017 Scenario 2 1233 26574 15553 6851
2016 Scenario 3 1226 26429 15167 6816
2014 Scenario 4 1223 26425 15306 6789

Table 3.3: HGV data for modelled roads (% HGV)

Allington Street Victoria Street Buckingham Bressenden Place
Palace Road
2007 4.2 12.2 9.4 0.5
2017 base 4.2 12.2 9.4 0.5
2016 base 4.2 12.2 9.4 0.5
2014 base 4.2 12.2 9.4 0.5
2017 Scenario 1 4.2 12.0 8.9 0.5
2017 Scenario 2 4.2 12.0 9.0 0.5
2016 Scenario 3 4.2 12.0 9.2 0.5
2014 Scenario 4 4.2 12.1 9.2 0.5

The UKO6s Air QualityoEkpéadtredeupn( ROQE@Gar yep
t h e ?Uighlights projected increases in primary Nemissions from traffic in future

years. A primary NOQ, percentage was calculated for each year based on the vehicle
breakdown in London and factors provided different vehicle types provided in Annex 2 of

the AQEG report on Primary NO enti tl ed Al nt er i rver&gei da n c e
Projections in Values ofO,f or Use i n Model;parcentages lised aper i mar
given in Table 3.4.

Table 3.4: Primay NO, percentages

Year Primary NO, percentage
2007 16.8%
2014 17.4%
2016 17.5%
2017 17.6%

Z http://lwww.defra.gov.uk/corporate/consult/aemitrogendioxide/consultation.pdf
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3.2.3 Diurnal profile

Figure 3.5 shows the diurnal profile of traffic emissions used in the study, which was based on
the LAEI.

Figure 3.5: Diurnal profilesfor modelled roads
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3.2.4 Bus data

Victoria coach station lies south of the VTI2 development. As this is a significant source of
emissions it has been included in the modelling. Six bus stands, as shown in Figure 3.1, have
been modelled as volume sourceshwihe emissions equivalent to a single bus travelling
continuously at 5km/hr (the lowest speed for which emission factors exist). A diurnal profile
has then been applied to each of the stands to represent the proportion of time for which a bus
is preseh The profiles for 2007 and the future years (assumed to remain the same for each
future year) are shown in Figures 3.6 and 3.7.
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Figure 3.6: Diurnal profiles for bus station, 2007
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Figure 3.7: Diurnal profiles for bus station, future years
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4. Meteorological data

Hourly sequential meteorological data measured at Heathrow Airport for 2007 were used in
the modelling. Heathrow Airport is located about 25km to the west of the development site.

Data concerning the number of hours used in the aisafye presented in Tallel. Hours
with missing data are not used in the calculationgable4.2 shows a summary of the
meteorological data used

Table 4.1: Hours used in the modelling

Year 2007
Total number of hours 8760
Number of hours with missing data 8374
Percentage of hours used 95.6%

Table 4.2: Summary of meteorological data

Minimum Maximum Mean
Temperature (°C) -5.2 28.4 11.8
Wind speed (m/s) 0 18.5 4.2
Cloud cover (oktas) 0 8 4.7

The ADMS meteorological prprocessor, written byhe Meteorological Office, uses the data
provided to calculate the parameters required by the program. Figure 4.1 shows a wind rose for
the site showing the frequency of occurrence of wind from different directions for a number of

wind speed ranges.

CERC

10
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Figure 4.1: Wind rose for Heathrow, 2007
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5. Background concentration data

ADMS-Urban requires rural background concentration data as input to the system. In the
case of NQ, NO, and Q, monitored concentrations for 2007 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 Heathrow. Figure 5.1 shows the wind direction segments used for each
backgroud site. It shows that, for example, if the wind during a particular hour is blowing
from between 6Dand 1353 then the background NONO, and Q concentrations are taken

to be the monitored values for that hour at Rochester.

In the case of PM, monitored TEOM PMg data from Rochester and Harwell were used.

For each hour of the year either the Rochester or Harwell observation was chosen depending
upon the wind direction for that hour. Again, the wind direction used was taken from
Heathrow. The Rocheaxst 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.

Figure 5.1 Wind direction segments ad to calculate background concentrations

(a) NOx, NO2 and Ozone (b) PM10

% %
Wicken Wicken
Hen [t

%
Harwell

%

%Rochesler Harwell 4Ato 184A %Rochesler

Lullington Lullington
Heath Heath
% %

The 2007 background data were also projected forward to the years 2014, 2016 and 2017.
NOy concentrations were adjusted using ylear adjustment factors spreadsheet provided on
the National Air Quality Archivé. AQM Tools websité. NO, and ozone concentrations were

then derived from the relationship between INONO, and ozone in 2007. PM
concentrations were projected to the future years using the breakdown of particulates by type
and the projected changes tach type, again using tidational Air Quality Archive LAQM

Tools websiteadjustment factors. Table 5.1 summarises the background concentration data
statistics for each year

® http://www. airquality.co.uk/archive/lagm/tools.php
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Table 5.1: Background concentrations for NONO,, Oz and PV

2007 2014 2016 2017

NO Anngal average 14.3 11.3 11.0 10.9

( /n::g) Maximum hourly average 467 370 360 356
HIM) 199 79" percentile 193 153 149 147
NO, Annl_JaI average 9.7 7.8 7.6 7.6
(ug/m?) Maximum hourly average 113 53 53 53
HY 99.79" percentile 67 53 52 52

0 Annual average 51.3 53.3 53.5 53.6

( /?ng) Maximum hourly average 138 142 142 142
I 99 76" percentile 122 | 124 | 124 | 124

PMyo Annl_JaI average 26.2 244 241 23.9
) Maximum hou_rly average 145 133 131 130

(ug 90.4F" percentile of 24 hour averag 33.5 31.1 30.6 30.4

CERGC Air quality modelling for Londc
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6. Air quality objectives

The Air Quality Strategy for England, Scotland, Wales and Northern Ireland, Working Together
for Clean Air, January 2000, defines Air Quality Objective values for,N@d PM, to be
achieved by 2005. These objges are the subject of Statutory Instrument 2000988, The

Air Quality (England) Regulations 200@hich came into force orf"@pril 2000.

In the most recent Air Quality Strategihe Air Quality Strategy for England, Scotland, Wales
and Northern feland, July 2007, the PM objectives to be achieved by 2010 have been
removed and so will not be included in UK legislation. They are therefore not included in this
assessment. The NObjectives are unchanged.

The NQ and PMo Air Quality Objectivesare presented in Table 6.1.

Table 6.1 Air Quality Objectives

Value . Date to be
(ug/n?) Description of standard achieved
Hourly mean not to be exceeded more than 18 timesay . .,
NO 200 (modelled as 99.7%ercentile) 31-12-2005
2
40 Annual average 31-12-2005
24 hour mean not to be exceeded more than 35 times ¢
50 (modelled as 90.4percentile) 31-12-2004
PM 1,
40 Annual average 31-12-2004

The shoriterm standards considered are specified in terms of the number of times during a
year that a acocentration measured over a short period of time is permitted to exceed a
specified value. For example, the concentration of, M@asured as the average value
recorded over a oreour period is permitted to exceed the concentration of 20CGugpnto

18 times per year. Any more exceedences than this during-geamgeriod would represent

a breach of the objective.

It is convenient to model objectives of this form in terms of the equivalent percentile
concentration value. A percentile is the concerdrabielow which lie a specified percentage
of concentration measurements. For example, consider tep&&entile of onéour
concentrations over a year. Taking all of the 8760lum& concentration values that occur

in a year, the 98 percentile vale is the concentration below which 98% of those
concentrations lie. Or, in other words, it is the concentration exceeded by 2% 9B)®f
those hours, that is, 175 hours per yedraking the NQ objective considered above,
allowing 18 exceedences pgear is equivalent to not exceeding for 8742 hours or for
99.79% of the year. This is therefore equivalent to the §%@gcentile value.

CERGC Air quality modelling for Londc
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7. Model verification for the year 2007

Concentrations were calculated at the location of the London Westminstéoning site for
2007. Table 7.1 shows the measured and modelled concentrations for the year.

Table 2. Measured and modelled concentrations at London Westminster monitoring site

Pollutant Annual average (ug/m?) 99.79" percentile (ug/m3)
Measured | Modelled % Measured | Modelled %

NOy 724 98.8 136% 619 525 85%

NO, 37.7 41.9 111% 110 122 111%

The measured and modelled concentrations show good agreement. This indicates the model
setup and input data are suitable for the study and lends confidetioe predictions of future
concentrations.

Air quality modelling for Londc
Victoria Transport Interchange
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8. Predicted concentrations

Ground level concentrations of N@nd PMo were calculated on a grid of receptor points

centred on the VTI2 location, with a resolution of about 10m. Extra receptor peirdsdded

close to the modelled roads, where concentration gradients are highest, increasing the resolution

further.

Concentrations were also calculated at a set of specified receptor locations provided by
Waterman Environmental, as presented in TableBdlshown on Figure 3.1. Receptors 1 to
7 currently exist so are considered for all cases; Receptors 8 to 11 are the locations of
proposed new buildings and so are only considered for appropriate Development Scenarios:
Scenarios 1 to 4 for Receptors 8da8; and Development Scenarios 1 and 2 only for

Receptors 10 and 11.

Table 8.1: Specified receptor points used in the assessment

Receptor Number Address Height above ground
1 6 Buckingham Palace Road 4
2 42 Buckingham Palace Road 4
3 91 to 99 Buckingham Palace Road 4
4 185 Victoria Street 4
5 Duke of York, Victoria Street 7
6 316 Vauxhall Bridge Road 4
7 1-14 Evelyn Mansions 0
10 (Level 2)
16.14 (Level 4)
8 Proposed Building 5 7 northern corner 22.28 (Level 6)
(Development Scenarios 1 to 4) 28.42 (Level 8)
35.02 (Level 10)
41.16 (Level 12)
10 (Level 2)
16.14 (Level 4)
9 Proposed Building 5 7 southern corner 22.28 (Level 6)
(Development Scenarios 1 to 4) 28.42 (Level 8)
35.02 (Level 10)
41.16 (Level 12)
6.1 (Level 1)
12.1 (Level 3)
10 Proposed Building 7b 7 northern corner 18.1 (Level 5)
(Development Scenarios 1 and 2) 24.1 (Level 7)
30.1 (Level 9)
36.1 (Level 11)
6.1 (Level 1)
1 Proposed Building 7b i southern corner 12.1 (Level 3)

(Development Scenarios 1 and 2)

18.1 (Level 5)
24.1 (Level 7)

CERC
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8.1 Predicted concentrations in 2007

Table 8.2 shows the predicted concentrations of M@d PM, at the existing receptor
locations in 2007.

Table 8.2: NQ and PMy, concentrations at specified receptor points (ugjnn 2007

NO, concentrations PM,o concentrations
Number Annual 99.79" 90.41"
. Annual average .
average percentile percentile
1 60.4 161 41.1 58.9
2 48.0 133 34.1 45.3
3 45.9 135 33.1 44 .4
4 57.0 154 36.8 49.5
5 57.7 154 37.0 494
6 54.2 145 38.7 52.8
7 47.3 136 34.0 46.2
CERGC Air quality modelling for Londc

Victoria Transport Interchange
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8.2 Predicted future concentrations
8.2.1 NO, concentrations

Figures 8.1 to 8.4 show contour plots of the predicted annual averageoN&entrations for
Development Scenarios 1 to 4 with the corresponding without development case.

Figures 8.5 to 8.8 show contour fHoof the predicted 99.79percentile of hourly average
concentrations of N©for Development Scenarios 1 to 4 with the corresponding without
development case.

Tables 8.3 and 8.4 present the calculated annual average and’ g@it@ntile NQ
concentations at the receptor points for each of the Development Scenarios considered.

Annual average N@concentrations are predicted to exceed the Air Quality Objective of
40ug/m3 over much of the modelled area in all of the opening years, with the highest
concentrations predicted along the busiest roads. The ©9&@entiles of hourly average
NO, concentrations are predicted to be below the Air Quality Objective for all the opening
years, apart from at isolated locations within the bus station.

The addiion of the development traffic is only predicted to result in very small increases in
NO, concentrations: at the existing receptors considered the annual average concentration is
predicted to increase by up to 0.1ug/ms3 for Development Scenarios 1, 2aamtt8/ up to
0.2ug/m3 for Development Scenario 4; and the 99.7®rcentile of hourly average
concentrations is predicted to increase by up to 0.2ug/m? for Development Scenarios 1, 2 and
3 and by up to 0.4ug/ms for Development Scenario 4. The largefitf@e increases, which

occur for Development Scenario 4, are for Receptors 4 and 5.

CERGC Air quality modelling for Londc
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Figure 8.1b: Annual average N@i 2017 Development Scenario
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