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Atmospheric Research


Submission to General Purpose Standing Committee No. 5 of Parliament of NSW Legislative Council

Inquiry into the M5 East Ventilation Stack (2001)

Committee Chair, the Hon. Richard Jones

Dear Mr Jones

At your invitation, and as a coauthor of the CSIRO review report to DUAP on “Air Quality Impact of the Emissions from the M5 East Tunnel”, I would like to make the following submissions relevant to Term of Reference (a)

“The implementation of the recommendations of the General Purpose Standing Committee No 5 report on the Inquiry into the M5 East Ventilation Stack; the International Tunnel Ventilation Workshop, Sydney Australia 7–9 June 2000; the CSIRO and Department of Urban Affairs and Planning conditions of approval for the M5 East Ventilation Stack;”

I propose discussing

The location of the vent

Vehicle emissions determinations and the CSIRO review for DUAP

Modelling results and the CSIRO review for DUAP

The CSIRO recommendations on vent height and impacts

and

Monitoring for performance assessment.

Location of Vent

Good environmental practice would never locate a pollution chimney in the bottom of a valley surrounded by residents. This is particularly so when the temperature of the emissions is close to that of the valley air temperature and the release velocity is low (and so the emitted pollutants do not rise very high into the atmosphere before dispersing back to ground level).

Figure 1, taken from the soon-to-be released Australia State of Environment 2001 chapter on The Atmosphere (coauthored by myself) shows in an extreme way, the kind of problem that occurs when pollutants are released into valleys.

Figure 1: A sketch of pollution in a valley on a clear calm night. Drainage of cold air and radiative cooling of the valley leads to trapping of pollutants from vehicles and wood fires.
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Vehicle Emissions Determinations and the CSIRO review for DUAP

There are very many issues regarding the emissions data used by the Hyder consultants for the design of the tunnel and the vent. I mention three key issues here, which indicate that emissions are likely to be higher than those used by the consultants.

First, in its review for DUAP, CSIRO noted the large uncertainty in the emissions data employed by the Hyder consultants to demonstrate compliance with ambient air quality requirements imposed by EPA and DUAP. In particular, CSIRO drew on recent data from Parsons on particle emissions from in-use diesel vehicles. These data were obtained as part of a project to develop a National Environment Protection Measure for Diesel Vehicles. Preliminary analysis of some of the data suggests that emissions from vehicles operating at full load may be two or more times higher than given by the PIARC methodology employed by Hyder consultants. This is particularly important because of the expected high usage by diesels trucks of the tunnel, and because the tunnel grades near exit are around 6%, which will require these trucks to operate at full load there. It should be emphasised that this conclusion awaits confirmation from more detailed data analyses.

Secondly, there are questions about light duty diesel trucks, which are mostly Japanese and so do not have any effective particle emissions restrictions imposed on them. This was highlighted in a submission to DUAP from EPA where they said “Recent emission testing data indicates that in-service emission levels of Japanese vehicles are much higher than European and US vehicles in similar model years [the same Diesel NEPM work mentioned above]. These Japanese vehicles dominate the import market of diesel cars and light-duty commercials.” PIARC does not account for Japanese vehicle types.

Thirdly, the future emission estimates used by the Hyder consultants do not account for the likely trend in petrol vehicle technologies. There is a strong move toward GDI (gasoline direct injection) vehicles to meet required reductions in fuel consumption and NOx emissions. However GDI technology has an inherent problem of much higher particle emissions than multi-point injection — particle emissions are four to six times as high (see Figure 2 from Tokyo City Government Conference 2000- Say ‘no’ to


Figure 2: Particle emissions comparing GDI (right) with conventional multi-point fuel injection petrol engine and diesel engines with DPF particle combustion promoter. http://www.kankyo.metro.tokyo.jp/dno/forum/01/ps.pdf
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Diesels; and SAE paper 2000-01-2017 to US Diesel Emission Control-Sulfur Effects Program Conference, 2000). As diesel emissions are reduced by imposition of Euro 3 and Euro 4 standards over the next five years, particle emissions from petrol vehicles are likely to increase. So much so that any hoped-for reduction in overall vehicle particle emissions may be cancelled out.

These points are made primarily to draw attention to the large uncertainties in the emissions estimates employed by RTA and the Hyder consultants, and therefore the expected air pollution consequences, for the M5 vent. Further, the uncertainties are mostly towards higher emissions and therefore higher air pollution consequences.

Modelling Results and the CSIRO review for DUAP

CSIRO was asked by DUAP to review both the physical (wind tunnel) and the numerical modelling undertaken by Hyder consultants for RTA for the M5 vent. We found that the physical modelling was not very relevant since it could not be done at the necessarily low wind speeds when high ground level concentrations were expected. We also found that the numerical modelling, while in principal adequate for the task, made several assumptions that led to overpredictions of air pollution effects but combined highly uncertain background concentrations in such a way as to likely underpredict the cumulative air pollution effects.

The CSIRO Recommendations on Vent Height and Impacts

CSIRO noted in the review that particle concentrations in the vicinity of the M5 vent were occasionally high due to sources unrelated to the vent. All the modelling results from the Hyder consultants showed that the highest cumulative concentrations would occur when the vent contribution was small, less than 5% contribution. Even after doubling or trebling this contribution, the vent emissions are not the major expected sources on high pollution days, and in any event, vent height is not greatly important since the standards to be met for particle concentrations involve a 24-hour average and the plume from the vent moves around a great deal over the course of a day.

However for oxides of nitrogen, the maximum cumulative concentrations and the maximum expected vent concentrations, according to the Hyder consultants, were all large, of order 50% or more of the ambient air quality standard. Information provided to CSIRO during the review showed that almost all of the highest predicted nitrogen dioxide levels due to emissions from the vent are expected to occur in light winds in the middle of the evening when traffic levels in the tunnel, and hence fan speeds in the vent, are reduced. Since the air quality standards for nitrogen dioxide involve a 1-hour average, relatively short-term conditions are important in meeting the requirements for nitrogen dioxide.

Compounding this problem is the fact that the top of the vent is below the level of many houses to the north and south. In the night-time light wind conditions mentioned above, the plume height and plume dilution are both low, so residences could be struck directly by the plume. To avoid this problem, the CSIRO review to DUAP recommended increasing the plume height by boosting the fan speeds in the vent at these times and in these wind conditions. 

Monitoring for Performance Assessment

Because the ambient air quality standard for particles involves an averaging period of 24 hours and the wind changes direction frequently, it is unlikely that a location in any particular direction from the vent will be more suitable than any other for monitoring an exceedence for this pollutant. Height above vent base may be a determinant.

However, for nitrogen dioxide, the standards require concentrations to be acceptable for averaging periods of an hour. Monitoring for maximum values is therefore feasible for nitrogen dioxide (really, nitrogen oxides), although it must be recognised that the likelihood of measuring the maximum concentration by monitoring at a particular place downwind of the vent is highly unlikely since it occurs at a place only once every 8760 hours.

RTA has located two monitoring stations to the north and north east of the vent for the purpose of monitoring for an exceedence of the standards, guided by the modelling which predicts the highest concentrations in these directions. They seem to believe they are monitoring for particle exceedences and discount the possibility of monitoring for high nitrogen dioxide levels (stated in answers to questions raised by AQCCC member Joanne Jones and received 2 April 2001). However in Working Paper WCR040-C they, through Hyder consultants, reverse this by proposing locating a monitoring station according to “the stack contribution of NO2.”

RTA is required to “establish a protocol outlining procedures for deciding how an exceedence due to the stack will be determined” (Condition 73.4 of Schedule 1 of Conditions for Approval 23 August 2000). I understand that no such protocol has been presented to the Air Quality Community Consultative Committee, nor has a rationale for the selection of monitoring sites except for brief references. Since the AQCCC is to oversee the running of at least one other monitoring station (Condition 73.6) and has been asked to select a site for this monitoring, these are very important pieces of missing information.

My experience is that monitoring the air quality effects of the vent would best be done by locating the additional monitoring station in a wind direction that is common in conditions conducive to high concentrations. Such a location might not be the direction of the maximum expected concentrations, indeed it need not be. It is more important that the plume be measured frequently enough and in such a manner that it is unambiguously identifiable. Then comparisons with model predictions and scaling the results to extreme conditions can be done with some confidence. The result would be a meaningful determination of the performance of the M5 vent and a confident expectation of maximum impact, whether or not this is an exceedence due to the vent.

The clear implication from the above discussion is that monitoring to the west of the vent or at distances greater than a kilometre, as was proposed by RTA in practically all their suggestions to AQCCC in Hyder working paper WCR040-B, is not relevant to the issue. The meteorological conditions for impact in that direction and at these larger distances are quite different to those relevant to the highest concentrations due to the vent. Furthermore, any impact to the west of the stack would be confounded by emissions from Sydney airport.

Since light evening winds are more likely to be northerlies than southerlies in the region (due to turning of the sea breeze from Botany Bay during the evening), and the terrain near the vent is high both to the south and to the north, it appears that an elevated close monitoring site to the south or south south west of the vent would provide a useful watch on the operation of the vent, and would complement the RTA stations to the north and east north east. Such a suggestion was evidently put to RTA by AQCCC in late March. The lay community cannot be expected to make expert judgements on such a matter and need sound advice from RTA and their advisors. It seems that such advice may be lacking.
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