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Your Ref: Letter of 17 February 2004 from Roe 7 Alliance 

Department of Environment 
PO Box K822 
PERTH WA  6842 

Attn:  Mr Anthony Stuart 

Dear Sir 

ROE HIGHWAY - STAGE 7 

INDEPENDENT REVIEW OF AIR QUALITY IMPACT ASSESSMENT 

As requested, please find below our assessment of the report “Assessment of Potential Air Quality 

Impacts - Roe Highway (Stage 7)”, CSIRO 2004. 

It is concluded that the report is a fair and representative assessment of the local air quality impacts 
from the project, with the likely concentrations predicted to be well below those for concern for 
health impacts.  There are a few minor issues and variations we would suggest to the modelling, 
but these have little impact on the overall predictions and findings.  

If you should have any queries with the report, please do not hesitate to contact me. 

Yours sincerely 

Dr Owen Pitts  
Director 

10 May 2004 
 
cc: Caroline Watkins 

Roe 7 Alliance 
PO Box 1755 
WEST PERTH WA 6872 
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ROE HIGHWAY - STAGE 7 

INDEPENDENT REVIEW OF AIR QUALITY IMPACT ASSESSMENT 

 

Introduction 

As part of the Environmental Impact Assessment of the Roe Highway Stage 7 Project, the Roe 7 
Alliance commissioned the Commonwealth Scientific Industrial Research Organisation (CSIRO) to 
conduct an assessment of the local air quality impacts of the highway.  This assessment was 
detailed in their report titled “Assessment of Potential Air Quality Impacts - Roe Highway (Stage 

7)”. 

Following discussions with DoE, the DoE have requested that the Roe 7 Alliance commission an 
independent review of the study with the report submitted directly to the Department of 
Environment.  This letter presents the independent review undertaken by Air Assessments to satisfy  
the Department of Environment’s requirement for an independent assessment of air quality 

modelling carried out for the Roe Highway Stage 7 project.  

 

General Comments 

The assessment methodology for determining the air quality impacts can be summarised as; 

• Estimation of emissions;  

• Determination of the existing background levels;  

• Development of a meteorological file; and  

• Modelling using a dispersion model to predict the impacts from the project and the cumulative 

impacts. 

 

Emission Estimates 

The CSIRO study emission estimates were based on: 

• Vehicle traffic data estimated from MRWA and supplied by the Roe 7 Alliance; 

• An estimate of the diurnal variation in the traffic as supplied by the Roe 7 Alliance; 

• An assumed  representative arterial road mix of vehicles including 10% heavy vehicles from 

the Roe 7 Alliance; and  

• Vehicle emission factors for each category of vehicle from Coffey (2003) that reflect the 

different emissions for each vehicle type and the age of the vehicles for the year 2006.   

In terms of the traffic forecasts supplied by MRWA these cannot be checked but appear reasonable.  

The assumed vehicle mix has a higher proportion of heavy vehicles (10%) than is predicted from 

the MRWA traffic model for these roads (data suppled to Air Assessments) with typically 7% of 

the traffic comprising heavy vehicles for the various links of Roe 7 with a predicted maximum of 

8% for one road link.  With regards to the diurnal variation in traffic flow, the distribution was 

developed from traffic counts on other local roads provided by the Roe 7 Alliance. These 

measurements indicated that the proportion of heavy vehicles in the traffic stream during peak 

hours comprises about 9% of the total daily traffic.  Other assessments in Perth, eg the Narrows 



Roe Highway Stage 7 
Independent Review of Air Quality Impact Assessment 

 
 

let01_107_03.doc - 10/05/2004 Page 3 of 7 Air Assessments 

Bridge Widening assessment used 8% for the peak traffic flows (MRWA, 1998) with the 
Northbridge tunnel assessment using 9% for freeway and between 8.6 and 9% for arterial and other 
roads (Halpern Glick Maunsell, 1996).  Data presented in the Perth Photochemical Smog Study 
indicates that around 8% of the daily light vehicle traffic occurs in the peaks hours with up 11.5% 
of daily heavy vehicle traffic occurring between 8 and 9am (DoT, 1995).  Heavy vehicle traffic 
corresponds much more closely to normal working hours, with a marked drop off after 4 pm, with 
there being a low proportion of heavy vehicles in the afternoon/evening peak traffic flow from 5 to 
6 pm.  As such, the morning peak hour traffic can be expected to be about 9% of the daily traffic, 
but with a higher proportion of heavy vehicles than the percentage of heavy vehicle kilometres 
travelled (VKT) of 7 to 8% suggests.  Therefore, the assumption used in the modelling that peak 
hourly traffic is 9% of the daily traffic, with 10% heavy vehicles at this peak hour is considered 
realistic.  

For the emission factors, the methodology does take into account the vehicle mix and importantly 
the improvement in vehicle emissions with later vehicle models such as those complying with Euro 
2 standards.  However, the emissions provided are average emissions and may differ for that from 
very congested (stop start traffic) or with high power requirements such as significant road incline   
For this assessment it is considered that the grade will not be important for the highway itself, but 
may be important for the on and off ramps from the Roe 7 extension.  The road grade on the ramps 
range from 0.5 degrees to slightly over 3 degrees.  As reported in Holmes Air Sciences (1997), 
Katestone Scientific (1995) presented results indicating that emissions per VKT of most pollutants 
increase by 1.4 to 1.7 times for a road of 1 degree incline and between 3.2 to 4.3 times for a 5 
degree incline.  As a test on the sensitivity of the model predictions undertaken by CSIRO, the 
emissions for the ramps where vehicle engines are under heavier load were increased by 3 times for 
3 degree incline, 2 times for 2 degree slope and 1.4 times for a 1 degree slope.  These ramps are 
those off South Street and off the Kwinana freeway on to Roe Highway.  For the ramps off the Roe 
7 extension where the cars are slowing as they travel up the ramp, no change was made as the 
engine load is assumed to remain the same or decrease from that on when travelling on the 
highway.  The results with these changes are presented in Table 1 along with the results from the 
standard run in the CSIRO assessment.  Table 1 indicates that there is only a slight increase in the 
predicted concentrations for the different averaging periods.  This occurs as the ramps are generally 
short (300m or less).   As such, the impact of the ramp grade on concentrations 40m from the road 
is considered small with the emissions and resultant concentrations representative of those expected 
for the year 2006. 

Table 1  Predicted Maximum Concentrations for the Roe Highway (Stage 7) from a Nominal 
Emission of 1 g/VKT 

Meteorological 
Data 

 

Emissions Max 1-hour 
Average 

(µg/m3) 

Max 8-hour 

Average 

(µg/m3) 

Max 24-hour 

Average 

(µg/m3) 

Annual 

Average        

(µg/m3) 

TAPM Standard 321 128 65.7 22.7 

TAPM Increased Emissions 
for ramps 

324 128 69.2 22.7 

Caversham Standard 315 92 70.2 21.3 

“Worst Case” Standard 227 NA NA NA 

 

Background Pollutant Concentrations 

With regard to the estimation of background levels, the study has adopted a conservative approach 
for the NEPM criteria pollutants by using the 90th percentile concentrations from either the 
Leeming or South Lake DoE monitor.  In the Victorian guidelines (Victoria Government Gazette, 
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2001), cumulative concentrations are to be determined by the addition of the background (existing) 
70th percentile concentrations to the 9th highest model predicted concentration.  In the NSW 
modelling guidelines (NSW, 2001), a screening worst case assessment can be made by adding the 
maximum hourly or 24-hourly predicted concentration to the maximum hourly or 24-hour 
observation.  For a more realistic assessment, the observations and modelled data for each hour of 
the year are added together.  For this assessment the adoption of a 90th percentile will add 
conservatism to the assessment and is more stringent than the Victorian guideline.   

For choice of background data, the use of either the Leeming or South Lake data is considered to be 
representative or have slightly higher concentrations than the modelled area as they are surrounded 
by residential areas with major roads nearby.  The Leeming site for example was situated less than 
500m south of South Street. 

For the air toxics, no background levels were provided.  The predicted levels however at the worst 
affected receptor are only at most 8.7% of the NEPM investigation level such that the contribution 
to existing levels will be small.  Background levels are available from the VOC monitoring 
program for Perth by the DoE (DEP, 2000) with the data showing that benzene is closest to the 
investigation level with a annual average concentration of 0.00144ppm (48% of the investigation 
level of 0.003ppm) with other substances generally below 10% of the investigation levels.  As 
such, although background concentrations of air toxics are omitted in the assessment, the low 
contribution from the road will not lead to exceedances of any the investigation levels.  

Meteorological data Used - Worst Case Modelling 

With respect to the meteorological data, the assessment used data derived from the model TAPM.  
This was done as an air quality file was not readily available for the study area.  In the assessment 
both a file derived directly from TAPM was used and a modified file with the wind speeds adjusted 
to match the distribution of winds measured at Leeming.  It is considered however that the 
adjustment to match the Leeming winds is not necessary as the Leeming winds are affected by the 
presence of several large trees less than 20m away from the site which reduce the wind speed 
recorded there.  Therefore, the winds at Leeming are not suitable for modelling.  Using both the 
original file and the adjusted file, CSIRO found that there were no “significant” differences 

between the resultant concentrations.  This however is probably the result that the adjustments were 

conducted for winds from 2300 to 0500 hours only when there are minor emissions.  As such, there 

is no potential to generate high concentrations at these times, with the highest concentrations 

dependent on the meteorological conditions when the high emissions occur.  

Though the wind speed distribution from TAPM appears reasonable, there are concerns amongst 

some air quality professionals as to whether predicted winds from TAPM reproduce observed 

winds, particularly at light wind speeds where the plume may meander over several hours.  

Additionally the choice of using the TAPM predicted standard deviation in the wind direction for 

the horizontal dispersion option is questionable.  As such, as a check on the predictions, AusRoads 

was also run using the DoE Caversham meteorological file.  This file was used as it the only file of 

suitable data quality that is representative of the winds for the area as it is approximately due north 

of the study area.  It is considered that winds on the coastal plain are primarily determined by the 

distance from the sea and scarp.  That is the wind variation is primarily two dimensional, varying in 

the east west and vertical directions.  

Resultant concentrations using the Caversham meteorological file and Pasquil Gifford dispersion 

curves are presented in Table 1 along with the original predictions and indicate similar though 

generally lower concentrations. Therefore, the TAPM generated file and the use of TAPM 

generated standard deviation in the wind directions appears reasonable.   
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A further comparison of whether “worst case” conditions were modelled was conducted by 

modelling the standard “worst case” conditions for road assessments of F class conditions and 1 

m/s winds (see Holmes Air Sciences, 1997, MRWA, 1998).  The results indicate lower 

concentrations than predicted using “observed” winds from the TAPM and Caversham  

meteorological files that contain 0.5 m/s F class conditions at 0700 to 0800 (the morning peak 

hour).  As such, the TAPM files used in the assessments and the Caversham file actually result in 

higher concentrations than the standard assumed “worst case” conditions for road way modelling.  

Therefore it is considered that the TAPM generated meteorological file is reasonably representative 

and is more conservative than the standard road modelling practise.  

Modelling Methodology 

Modelling was conducted using the Victorian EPA regulatory model AusRoads.  AusRoads is 

based on the algorithms developed for the US Caline 4 roads model with a more user friendly 

graphical interface, the ability to use an Ausplume style meteorological file with a year of data, 

with choice of either dispersion from the standard deviation in wind direction or Pasquil Gifford 

stability classes.  

It is understood that AusRoads has not been validated against measurements but only against the 

results from Caline 4 to ensure that the coding is correct.  Though AusRoads itself has not been 

used in validation studies, Caline 4 is recognised internationally and is generally used throughout 

Australia for modelling near source impacts from roads.   In a comprehensive evaluation of Caline 

4 in Australia using monitored data from arterial roads, toll plazas, adjacent to noise barriers, 

sheltered valleys, open valleys and a tunnel, Caline 4 was found to perform reasonably, well though 

generally conservatively when using standard emission estimates and standard modelling 

methodology (Holmes Air Sciences 1997). As such, for this application with slightly undulating 

terrain, and slight road cuttings it is considered that AusRoads or Caline 4 is appropriate with the 

predictions likely to be conservative.  

For model options, the model setup and input into AusRoads appears reasonable with the choice of 

roughness length of 0.4m for the area reasonable.  As discussed previously the use of the standard 

deviation in wind direction for the horizontal dispersion does not appear to have affected the results 

significantly.  

In determining the cumulative concentrations of NO2, the pollutant of most concern, the assessment 

has used what is considered to be a conservative assumption by assuming that the conversion of 

NO to NO2 is based on the 90 percentile background ozone level with this added to the 90 

percentile background NO2 level.  In practice high ozone and NO2 levels do not generally occur 

together, such that the use of 90 percentile concentrations of both pollutants is conservative. 

For estimating the NO2 from the roadway emissions at 40m from the road, the NO up to the 

background (90 percentile) ozone level is assumed converted by the ozone to NO2 with this added 

to the 5% of NO2 that is assumed in the original NOX emissions.  For the highest predicted 1-hour 

concentration of NOX of (0.262 ppm), 0.029 ppm (the background ozone level) of the NO in the 

emissions is converted to NO2.  This with the 5% of NOX assumed to be in the form of NO2 at 

emission (0.0131 ppm) results in a maximum 1-hour NO2 level of 0.0421.  This is 16% of the NOX 

concentration (0.262 ppm) at this point.  This percentage of NO2 is consistent with the 

recommendations of Holmes Air Sciences (1997) based on an analysis of the monitoring data that: 

“at 10m from the roadway it appears that it is reasonable (and still conservative) to assume that 

10% by volume of the total NOX is in the form of NO2.  This is less than 15% which is commonly 

assumed in recent EIS studies.  It appears that it is still appropriate to use the 15% factor for 

distances of 30m and 60m from the roadway.”  
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However, adding this predicted NO2 level to the 90 percentile NO2 level to determine a cumulative 
level will be conservative.  Instead, the NSW procedure where the hourly ozone and NO2 are used 
to estimate the cumulative NO2 level will result in a more realistic estimate.  

 

Other Comments on the Assessment 

As requested by the DoE, comments were sought on whether “the analysis conducted to date 

adequately cover the engineering scope of the project and the geographical; extent of the affected 

area”. 

With regards to the assessment, it has focussed on the concentrations around the Roe 7 extension 
alone and not considered the impact, either positive or negative on other local roads.  A case could 
be made that the overall local impacts should be addressed by including the likely improvement to 
air quality adjacent to South Street.  It is noted that there are residences on South street that are less 
than 15m from that road, compared to the nearest residents at Roe Highway at approximately 40m 
distant.  Therefore, small reductions in heavy vehicle traffic on South Street may result in a net 
benefit to local air quality in the region.  

Conclusion 

It is concluded that the report by CSIRO is a fair and representative assessment of the local air 
quality impacts from the project, with the likely concentrations predicted to be well below those for 
concern for health impacts.  There are a few minor issues and variations we would suggest to the 
modelling, but these have little impact on the overall predictions and findings.  
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