THE FIRST PHASE REVIEW: A SUMIMARY B INTERMEDIATE OR SCREENING DISPERSION

Intermediate or Screening
Dispersion Modelling Tools

6.1 TESTING CAR AND AEOLIUS

IN ABERDEEN

Aberdeen City Council was asked to establish a
kerbside air quality monitoring station and to
“model and assess levels of CO, NOx and PM,, at
the kerbside at an automatic monitoring station
using a range of models and screening methods”.
The screening methods selected were:

*  CAR International
- AEOLIUS

CAR and AEOLIUS were selected because they are
both relatively straightforward to use and input
data are readily available. They are specifically
designed for the assessment of traffic pollution in
congested locations and are inexpensive to purchase.

CAR 1s a Dutch model, developed by TNO and
RIVM. It can model the pollutant concentrations
due to a single road and can take urban background
into account. It includes the pollutants CO, NO,,
benzene and “black smoke” and produces average
concentrations and 98th percentile of hourly
average concentrations. The modelling period is
user-specified and period-specific wind speeds can
be used if desired. The model includes two vehicle
types, light and heavy duty and the user can specify
emissions factors. The model can take road type
into account and the user is required to select one of
four traffic speed types and five road layout types.

AEOLIUS is a simple street canyon model
developed by the UK Meteorological Office. The
program calculates hourly average concentrations of
pollutants within a street canyon at the roadside.

The input data for CAR are listed in Table 6.1. The
emissions factors used by Aberdeen are similar to
fleet-weighted factors that would be derived from the
DETR emissions factor database
(http://www.environment.detr.gov.uk/airg/aqinfo.htm)
, which was not available on-line when Aberdeen
carried out their work. The monthly results for CAR
International are summarised and compared with
roadside measurements in Table 6.2. Although the

modelled and measured periods are not strictly
comparable, the model clearly underpredicts the
concentrations of all three pollutants.

Input data for AEOLIUS is given in Table 6.3. The
diurnal variation in traffic flow is illustrated in
Figure 6.1. AEOLIUS predicts hourly mean
concentrations and an example of the hourly
prediction for NO, are shown in Figure 6.2,
together with the measured hourly concentrations.
Like CAR International, AEOLIUS appears to
underpredict concentrations at this site.

As both models underpredict, the Aberdeen data
suggest they are not useful as conservative
screening tools for Stage 2 review data assessments.
They are not included in the Department’s pollutant
specific guidance (DETR et al., 1998b) which only
refers to the Highways Agency’s Design Manual for
Roads and Bridges (DMRB).

6.2 INTERCOMPARISON OF
SMALL SCALE DISPERSION

MODELS IN LONDON

A similar study to that in Aberdeen was carried
out by the 33 Authorities in the London First
Phase area. Concentrations of CO and NOx
estimated by a range of models of varying
complexity were compared with measurements
alongside the Mile End Road in Tower Hamlets.
This road runs approximately east-west and
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Figure 6.1. Diurnal variation in traffic flow at Union Street,
Aberdeen.
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TABLE 6.1. INPUT DATA FOR CAR MODEL FOR UNION STREET, ABERDEEN

City Diameter 9.6 km

Percentage trucks and buses 12 %

Number of vehicles 20105 per day

Distance to road axis 8m

Road type 3b Bldgs situated at a distance from the road axis of 1.5 times the
height of the bldgs

Speed type Ve Represents average city speed traffic

Tree factor 1 No trees either side

Emissions Factors (g/km/vehicle) PM,, NOx CcO

Light duty 0.045 1.65 10.64

Heavy duty 1.03 10.98 4.21

Background Concentrations (ugm=3) 0 13 250

wind speed (knots) March  April May June
5.74 4.8 4.35 5.07

TABLE 6.2 CAR INTERNATIONAL RESULTS FOR UNION STREET, ABERDEEN

NO, (ppb) CO (ppm) PM,, (ngm )
average 98th average 98th average
1 hour percentile 8 hour percentile monthly
March 18.6 51 0.72 2.33 13.9
April 20.2 54 0.82 2.60 15.8
May 19.5 52 0.76 2.42 14.6
June 17.6 48 0.65 2.12 12.5
Measured values
March to September 36 110 1.3 3.5 (1 hour) 23

TABLE 6.3 INPUT DATA FOR AEOLIUS

Emissions factor for small vehicles (g/km/vehicle) 1.65

Emissions factor for large vehicles (g/km/vehicle) 10.98

Compass bearing to receptor (degrees) 0 (street runs east-west)

Width of street (m) 16

Average height of street buildings (m) 20

Surface roughness length (m) 0.6

carries around 35,000 vehicles per day. The Background concentrations were taken from a
results from the American CALINE 4 model and nearby monitoring site and the exercise was aimed
UK-ADMS were compared in some detail for two at assessing the use of models to estimate the
three day periods, 20 to 22 May 1996 and 29 increase of concentrations at the roadside. For
October to 1 November 1995. For the former these particular periods, ADMS results were better
period there was a large diurnal variation in correlated with the measurements than those of
stability with wind speeds in the range 2 to 5 CALINE 4. For example, for NOx between 29

m sec! from the west to south-west. For the latter October to 1 November, regression of ADMS-
period stability was neutral to stable with wind modelled hourly mean concentrations against the
speeds between 1 and 3 m sec!. The wind measurements gave a correlation coefficient, R of
direction varied from northerly to easterly to 0.61 and a gradient of 0.80. The equivalent
westerly over the three days. statistics for CALINE 4 were 0.38 and 0.67.
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Figure 6.2. Hourly mean concentration of NO, (ppb) at Union Street, Aberdeen, predicted by AEOLIUS and measured.

6.3 DERIVATION OF A
SCREENING TOOL FOR
STREET CANYONS

Cambridge City Council has prepared a look-up
table to aid the assessment of street canyons. They
created two tables for each pollutant:

Table A relating street height and width to a
“critical” emission for the pollutant and

Table B relating “critical” emission and peak-hour
traffic flow to minimum required traffic speed (to
avoid exceeding that “critical” emission).

For Table A, they used AEOLIUS and assumed
that the wind direction was parallel to the road
and that the wind speed was 2 m sec™!. For Table
B they used the emissions data in the 1984 version

of DMRB. An example of the Cambridge lookup
table is shown in Table 6.4. This table allows the
user to estimate the emission of NOx above which
the air quality objective for NO, might be
exceeded. Cambridge has assumed that the critical
hourly mean NOx concentration is 840 ppb. This is
slightly more than the DETR guidance
recommendation of 700 ppb, but this guidance was
not available to Cambridge at the time. The
equivalent light vehicle traffic flow, using the
emissions factors derived by Aberdeen are shown
in Table 6.5. This illustrates that, for a typical
street canyon of 15m x 15m, the critical flow
would be about 1,600 vehicles per hour. It should
be noted, however, that the AEOLIUS model from
which Cambridge have derived their table was
shown to under-estimate by Aberdeen.
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