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Annual
average
Census point daily traffic |Percent
Censusid00JRoad no [location, m flow HDV
X y

7651|A4125 511508 195232 19614 3.30

8291|A411 510836/ 196609 27121 6.04

8582|A4178 511000f 195895 22386 2.82

8707|A412 510800 197500 20909 4.61
17017|A405 511001 200417 17306 3.09
17027|A411 510000 197600 20002 3.03
18276|A411 511138 196034 23137 2.18
18397|A4178 510530 196580 13894 1.63
18537|A411 511960 195420 18569 5.00
18565|A4178 510869 196054 17381 4.38
26461(A41 512000 198900 33150 2.70
27722|A4145 510055/ 195708 4730 6.36
27953|A4178 510675/ 196300 12771 2.69
28319(A411 510851 196840 26300 3.11
37122|A411 511500 196280 31047 2.58
38374|A411 510682 196520 7199 1.81
46464|A41 510090 199560 27957 3.36
47714|A4145 510887 196115 10373 3.27
48358|A411 510873| 196365 26968 5.34
48649|A4178 510808 196089 13234 4.38
57123|A412 511470/ 200000 15975 6.13
57768|A411 510999 196634 25480 3.65
58090(A412 510540 196740 46572 3.09
74675/A4008 511900 195380 12000 4.23
74676/A4008 512000 195370 2000 4.30
99434|A411 511750 196330 30431 2.09
99435(A4008 511800[ 197000 37716 3.03
57226|M1 511800] 202450 62979 8.19

1%
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Road Name Count* | No HGV | No PSV | Average Speed Comments

Pinner Road N/A N/A N/A N/A N/A
Chalk Hill (east of A4008/B462) 18026 451 342 38.4 2002 data
Dalton Way N/A N/A N/A N/A N/A
Count & Speed data = Jun 2003; HGV & PSV data = 28 May/|

2002 and sampled during four peak hours only (7 - 9am and 5

Lower High Street 6734 31 157 31.0 - 7pm)
Vicarage Road (west of Farraline Road)| 19748 592 296 27.2 2002 data
All figures for six peak hours only (7 - 10am and 4 - 7pm) on

Hagden Lane 2744 87 25 N/A 11 July 2001
Farraline Road 14278 484 112 N/A|  All figures for a 12 hour period only, sampled on 3 Jul 2003
Merton Road 12267 417 200 N/A] Al figures for a 12 hour period only, sampled on 6 Jun 1997
Cassio Road 8818 184 76 N/A|  All figures for a 12 hour period only, sampled on 2 Oct 2002
Wiggenhall Road 26914 188 646 N/A 2002 data
Whippendell Road 11691 N/A N/A 30.0 2002 data
Rickmansworth Road 36956 1223 369 N/A|  All figures for a 12 hour period only, sampled on 2 Oct 2002
Beechen Grove 23847 N/A N/A 38.0 March 2003 data
Hempstead Road 24656 N/A N/A N/A 2002 data
The Avenue 6836 N/A N/A 30.0 June 2003 data
St. Albans Road 15605 N/A N/A N/A 2002 data
Leavesden Road 7582 N/A N/A 28.0 Nov/Dec 2003 data
Balmoral Road 7348 N/A N/A 37.0 May 2001 data
Bushey Mill Lane 3870 N/A N/A 34.0 Jun/Jul 2000 data
Horseshoe Lane 8300 N/A N/A N/A 2002 data
A405 Kingsway North Orbital Road 18997 684 171 N/A 2002 data
M1,J4-5 87527 6127 613 N/A 2002 data
A41 Colne Way 34152 N/A N/A N/A 2002 data
A41, North Western Avenue 32628 N/A N/A N/A 2002 data
Woodford Road N/A N/A N/A N/A N/A
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The dispersion model ADMS-3 was used to predict Bldncentrations at roadside locations.
ADMS-3 is a PC-based model that includes an upate-depresentation of the atmospheric processes
that contribute to pollutant dispersion.

The model was verified by comparison with monitgratata obtained at a number of roadside, kerbside
or near-road monitoring sites in London. The maniigp sites considered were:

London Marylebone
Camden Roadside
Haringey Roadside
London Bloomsbury
London North Kensington
London A3 Roadside

London Marylebone site is located in a purposetlzabin on Marylebone Road opposite Mme
Tussauds. The sampling point is located at a heifyBin, around 1m from the kerbside. Traffic flows
of over 80,000 vehicles per day pass the sitexolases. The road is frequently congested. The
surrounding area forms a street canyon and congpoiseducation buildings, tourist attractions, shop
and housing

Camden Roadside site (TQ267843) is located in pgaér built cabin on the north side of the Swiss
Cottage Junction. The site is at the southern éadbooad street canyon. Sampling points are
approximately 1 m from the kerbside of Finchley Ra&a height of 3m. Traffic flows of 37,000
vehicles per day pass the site and the road is ofiagested. Pedestrian traffic is also high. The
surrounding area mainly consists of shops andexffic

London North Kensington site (TQ240817) is locatétthin the grounds of Sion Manning School. The
sampling point is located on a cabin, in the sclygpolinds next to St Charles Square, at a heigBinof
The surrounding area is mainly residential.

London A3 monitoring station (TQ193653) is withirself-contained, air-conditioned housing
immediately adjacent to the A3 Kingston Bypassaftel carriageway). Traffic flow along the bypass is
approximately 112,000 vehicles per day and is gélyefiast and free flowing with little congestion.
The manifold inlet is approximately 2.5 m from tterbside at a height of approximately 3m. The
surrounding area is generally open and comprisgédartial dwellings and light industrial and
commercial properties.

London Bloomsbury monitoring station (TQ302820yithin a self-contained, air-conditioned housing
located at within the southeast corner of centaaldon gardens. The gardens are generally laidassgr
with many mature trees. All four sides of the gadlare surrounded by a busy (35,000 vehicles per
day), 2/4 lane one-way road system which is suligefrequent congestion. The nearest road lies at a
distance of approximately 35 metres from the stafidhe manifold inlet is approximately 3 metres
high. The area in the vicinity of the manifold igem, but there are mature trees within about 5aretr

London Haringey site (TQ339906) is located in goose built cabin within the grounds of the Council
Offices. The sampling point is at a height of 3ardted 5m from High Road Tottenham (A1010) with
traffic flows of around 20,000 vehicles per dayeTbad is frequently congested. The surrounding are
consists of shops, offices and housing.

0

A study area was defined for each of the monitosites extending 200 m in each direction (NSEW)
from the monitoring site. Roads in the study areaewdentified. Each road in the study area was the
treated as a quadrilateral volume source with d8pthwith spatial coordinates derived from OS maps.

( 9
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Traffic flows, by vehicle category, on each of tbads within the study area for 1996 were obtained
from the DETR traffic flow database. The traffiodls were scaled to 1998 by factors shown in Table
A4.1 obtained by linear interpolation from Trangp®tatistics GB, 1997.

Table A4.1 Traffic growth 1998:1996

Growth factor
Cars 1.05
Light goods vehicles 1.05
Heavy goods vehicles 1.04
Buses 1.00
Motorcycles 1.00

Traffic flows follow a diurnal variation. Table A3 shows the assumed diurnal variation in traffic
flows.

1%
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Table A4.2 Assumed diurnal traffic variation

Hour Normalised traffic flow
0 0.20
1 0.11
2 0.10
3 0.07
4 0.08
5 0.18
6 0.49
7 1.33
8 1.97
9 1.50

10 1.33
11 1.46
12 1.47
13 151
14 1.62
15 1.74
16 1.94
17 1.91
18 1.53
19 1.12
20 0.88
21 0.68
22 0.46
23 0.33

*

Vehicle speeds were estimated on the basis of T3G®/ data for central area, inner area and outer
area average traffic speeds in London, 1968-1985@mon-urban and urban roads for 1996. Table
A4.3 shows the traffic speeds applied to each@fttes. The low speeds in Central London refleet t
generally high levels of congestion in the area.

Table A4.3 Traffic speeds used in the modelling

Site Road class Vehicle speed, kph
London Marylebone Central London 17.5
Camden Roadside Central London 175
London Bloomsbury Central London 17.5
London A3 Roadside Non-urban dual carriageway 88
London Haringey Outer London 32
London North Kensington Background site Not applicable

*

Vehicle emissions were estimated using the Highwagency Design Manual for Roads and Bridges,
1999 (DMRB). DMRB provides a series of nomograna Hilow the effect on emission rates of the
proportion of heavy goods vehicles and the avevatyicle speed to be taken into account. The
estimated emissions are based on average speetiEkaratcount of the variations in emissions that
follow from normal patterns of acceleration andaleration. DMRB provides estimates of the
emissions of particulate material from vehicle axdia. Nearly all the exhaust material is in the Bdib
mm range and so it was assumed that all the paateenhaterial released in the exhaust wagsPM
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PMy, is also released as the result of resuspensioyadside dusts from tyre wear, brake pad wear
etc.. The rate of emission is uncertain: it hastmegested that resuspended dusts may be entitted a
rates approaching those from vehicle exhaustsrateeof resuspension is expected to depend to some
extent on wind speed, with relatively little resespion occurring at low wind speeds. For this
assessment it has been assumed that resuspentiedréusmitted at a rate of half the exhaust
emissions when calculating annual averagg®dmcentrations but resuspension has been ignored
when calculating PMconcentrations for the meteorological conditioreng@rally low wind speeds)
corresponding to the $(percentile 24 hour average.

Meteorological data for Heathrow Airport 1998 wa®ed to represent meteorological conditions. The
data set included wind speed and direction anddctmwer for each hour of the year. It was assumed
that a surface roughness of 0.5 m was represeatatithe suburban area surrounding Heathrow
Airport.

The meteorological conditions over London are affddy heat emissions from buildings and vehicles.
This “urban heat island” effect reduces the freqyeand severity of the stable atmospheric condstion
that often lead to high pollutant concentrationsoider to take this into account the Monin-Obukhov
length (a parameter used to characterise atmospstahility in the model) has been assigned a lower
limit as shown in Table A4.4.

Table A4.4 Monin-Obukhov limits applied

Site Limit, m Note

London Marylebone 100 Large conurbation
Camden Roadside 100 Large conurbation
London Bloomsbury 100 Large conurbation
London A3 Roadside 30 Mixed urban/industrial
London Haringey 30 Mixed urban/industrial
London North Kensington 100 Large conurbation
Small towns <50,000 10

Rural 1

0

The surface roughness is used in dispersion madeti represent the roughness of the ground. Table
A4.5 shows the surface roughness values applied.

Table A4.5 Surface roughness

Site Surface roughness, m Note

London Marylebone 2 Street canyon
Camden Roadside 1 City

London Bloomsbury 1 City

London A3 Roadside 0.5 Suburban
London Haringey 1 City

London North Kensington 1 Suburban

The model was used to estimate:

Annual average road contribution ;
90 th percentile 24 hour average road contribytion
road contribution for each hour of the year.
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The London North Kensington site was used to pmwd estimate of the background concentration of
PM;o. The background concentration was then estimdtethar sites on the basis of DETR
background maps (http://www.aeat.co.uk/netcen/aifyjior 1996. The background maps were
corrected to 1998 by multiplying the concentratibg$.82 (0.9 for 1997), based on the comparison of
monitoring data at 17 monitoring sites with gredkem 75% data capture in both years. Thus,
background annual average concentrations at otlesrvgere estimated using:

Cadsite, 1998)=G(LNK,measured,1998)+0.82*((site,map,1996)-L(LNK,map,1996))
The 90" percentile 24 hour average concentration at aties were estimated using:
Cyo(site, 1998)=G(LNK,measured,1998)*1.68+0.82*1.68*({site,map,1996)-L(LNK,map,1996))

The background concentrations for each hour usétkicalculation of 90 %ile concentrations at
other sites were estimated using:

C (site, 1998)=C (LNK,measured,1998)+0.82*1.68}(8lte,map,1996)-L(LNK,map,1996))

The factor 1.68 in the above equations is takem fao analysis of the relationship between th& 90
percentile 24 hour average PM10 and the annuahged?M10 concentration at UK Automatic
Network sites 1992-1997.

The background concentrations and the DETR backgrotep were based on TEOM measurements.
In order to convert to gravimetric measurementsvdiees were multiplied by a factor 1.3, following
Pollutant Specific Guidance.

The modelled road contribution to RiMvere added to the background concentrations umaber of
ways. For total annual average gravimetric conegiotns:

Ctotal, site,1998)=C, (background, site, 1998)*1.3+,@roads, site, 1998)- Lkroads, LNK, 1998)
90" percentile 24 hour average concentrations wenmatstd (Method 1):
Cyo(total, site,1998)=£qo(background, site, 1998)*1.3+groads, site, 1998)-droads, LNK, 1998)

The 90" %ile 24 hour average concentration was also etiaore formally by first calculating for
each hour (Method 2):

C (total, site,1998)€ (background, site, 1998)*1.3+ C (roads, site, 19@8)roads, LNK, 1998)

then calculating the average concentration for efaghand then determining the™6ighest daily
average concentration.

Modelled results are shown in Table A4.6. Fig.Adshbws modelled annual average PM10
concentrations plotted against the measured vaBieslarly Fig. A4.2 shows modelled 90 th
percentile 24 hour average kPjMoncentrations plotted against measured valueth@del).

The two methods of calculating the™ercentile concentration are compared in Fig. A#.8hows

the value calculated by adding thé"3ercentile road contribution to the'®percentile background
concentrated compared with the value calculatecerfmally by taking the 90percentile of daily

average background plus road concentrations.



Table A4.6. Model results summary

1998Haringey
London Marylebone
Camden
Bloomsbury
London A3
North Kensington

1997 Camden
Haringey
North Kensington

Mean

(TEOM) gravimetric

22
32
25
23
24
20

32
26
24

Measured

Mean, 90%ile

28.6
41.6
32.5
29.9
31.2
26

41.6
33.8
31.2

35
45
36
32
39
33

48
43
38

TEOM gravimetrig

90 %

45.5
58.5
46.8
41.6
50.7
42.9

62.4
55.9

49.4

Background, TEOM

DETR1996 Corrected

map to model

year

27 18.36

29 20

29 20

29 20

25 16.72

29 20

29 24

27 22.2

29 24

Modelled road
contribution,

gravimetric
Mean 90th%ile
2.28 3.08
17.60 21.55
9.39 12.08
1.20 1.46
8.76 11.85
0.00 0.00
10.43 13.42
2.53 3.42
0.00 0.00

Modelled, gravimetric

Mean 90th%ile
1)

26.15 43.18
43.60 65.23
35.39 55.76
27.20 45.14
30.50 48.37
26.00 43.68

41.63 65.84
31.39 51.91
31.20 52.42

90th%ile
)

41.34
61.33
53.23
43.87
47.28
42.80

(1) 90" percentile 24 hour average value calculated bynadshckground and road 9@ercentiles

(2) 90" percentile 24 hour average value calculated bynadthily mean background and road concentratiodstizen calculating the 90 th percentile value

AEA Technology
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Fig. A4.2 Comparison of modelled and measured 90th peteettihour average P
concentrations (Method 1yp/m® gravimetric.
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Fig. A4.3 Comparison of 90 percentile calculation methods, gravimetric units

The difference between the modelled and measurdeds/avere calculated. The standard deviation of the
difference was then determined.

The estimated standard error wasyOm®and 4.3ng m*® (gravimetric) for the annual mean and"3@rcentile
concentrations respectively with 5 degrees of foeed

M . -

PM10 concentrations at background sites show wi@de §o year variations. The year 1996 showed exuegily
high PM10 concentrations while 1998 showed reltil@v concentrations. Reductions in emissionshim t
United Kingdom are responsible for some of theatarn, but atmospheric influences have a signifiedfect.

Measurements of PM10 concentrations in Epping Edesdrict were carried out for a limited periodygust 1
— November 5) during 1999. Monitoring data fromestimeasurement sites in the London area was therefo
assessed to determine whether measurements madiieyeeriod were representative of concentrations
1996.

In order to quantify the year to year variation mmiing data from monitoring stations in the Londamea with
more than 75% data in the each of the years 1998-4@s analysed using the following procedure.

First, the expected annual average concentratioh899 were calculated from the 199x data.
- Qg9 . .
Ce = (Cav,199x - 13C, Bigg, - 10.5). = +13" bggy~ €, +105
999

where g, 100xIS the average concentration (gravimetric) in 199x
the factor 1.3 is used to convert TEOM measurentergsavimetric;



Cm is the annual average secondary concentration KTE@m DETR map for 1996;

A1909 Quoox @re correction factors to estimate primary cortibndM10 concentration in 2004 from
DETR guidance;

byearis a correction factor to estimate secondary PMIQture years from 1996 mapped data;
the factor 10.5 represents the contribution of sealusts to annual average concentrations
(gravimetric).

The expected concentrations are plotted againstwbmge concentration over the measurement pieriéig.
.The difference between the measured average cwatien for the period August 1 —November 5 1996 tre
expected value was then determined for each dite aVerage difference and the standard deviatidimeof
differences was determined.

The average difference in annual average (the bias)-0.061g m with standard deviation 1.9% m with 26
degrees of freedom (both in TEOM units).

35
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207 m 1996

* 1997
A 1998
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Annual average concentration
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Average concentration August 1 - November 5 1999

Fig. A4.4 Comparison of average concentratiomg > TEOM) during August 1-November
5 1999 with annual average concentrations

Upper confidence limits for predicted"9percentile 24 hour average concentrations wenmatstd from the
standard deviation of the model error and the y@gear standard deviation:

u=c+168b+ \/ 2(t,.s, ) + (1.68tysy )2

where g, s, are the model error standard deviation and thedata deviation in the yearly bias, b;
c is the concentration calculated for the modejieat;
b is the bias between average annual concentsadiath the concentrations for the measurement period
at the reference site;
tn, t, are the values of Student’s t distribution foe #ppropriate number of degrees of freedom at the
desired confidence level;
the factor 2 allows for uncertainty in the estinsadé concentrations at the reference site;



the factor 1.68 applies to 9@ercentile concentrations only.

Table A4.7 shows confidence levels for predictiohsoncentrations in future years based on theasse
reference of data from the Epping Forest Distriohitoring site.

Table A4.7. Confidence levels for prediction of concentrasiam future years based on Epping Forest

monitoring data

One sided confidence level

Upper confidence limitsyg m*

gravimetric
Mean 90" percentile 24 hour average
80% +3.3 +6.5
90% +5.2 +10.4
95% +7.0 +14

In practical terms, there is less than 1:5 chahatethe 50 ug/m3 objective will be exceeded in 2ib@de

modelled 98 percentile 24 hour average concentration is lees 43.5 ug/m3: there is less than 1:20 chance that

the objective will be exceeded if the modelled sidd concentration is less than 36 ug/m3.

Figuré A4.3 shows that the simple method of ad@i@percentile backgrounds and road contributions idess

a good estimate of the value calculated as tigp@@centile of daily average background plus road

concentrations.



