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Local air quality aspects of the M5 East ventilation stack - a submission to the New South Wales Parliamentary Committee General Purpose Standing Committee No. 5 on behalf of the Residents Against Polluting Stacks.
1. Introduction

This submission has been prepared by Dr Peter Best of Katestone Scientific on behalf of the Residents Against Polluting Stacks Incorporated (R.A.P.S.) for submission to the General Purpose Standing Committee No. 5, as outlined in their Call for Applications. 

I am one of the two founders of Katestone Scientific, a company that has specialised in providing air quality and meteorological advice to a variety of organisations over the past 10 years.  My curriculum vitae is provided in Appendix 1, together with a summary of my experience relevant to the evaluation of road projects, ventilation stacks and air quality in the general Sydney region.  In brief, I have undertaken several assessments of road tunnel projects, both in Queensland and New South Wales, have provided advice on air quality issues to Queensland Transport and Main Roads in Queensland and to the Road Traffic Authority in New South Wales.  I was part of the team assessing air quality impacts of the Second Sydney Airport, focussing on photochemical impacts of additional emissions in the Sydney region due to three alternative airport sites.  I have undertaken air quality assessments of several industries in the Sydney region, including the Tower-Appin power station project, waste-to-energy plants in Belrose and Wollongong and major smelter operations in Newcastle and Wollongong.  

I have undertaken several projects for the New South Wales EPA including a detailed study of peak-to-mean factors for use in odour assessments.  For this and several other projects, I have commissioned wind tunnel testing of plume dispersion and have been responsible for the analysis of the implications of the results.  I represented the Australian Electricity Industry during its sponsorship of the design and construction of the Monash University Environmental Wind Tunnel and have a good appreciation of the relative benefits of physical, numerical and regulatory modelling processes.  I have constructed several air quality models that have been accepted by the various Australian (and some international) environmental agencies for use in impact assessments. Most of this work has been peer reviewed and/or published in journals or publicly accessible documents.

2. Published material used in assessment

For this project, I have reviewed the air quality components of the M5 East Environmental Impact Assessment (1999-2000), the CSIRO report commissioned by DUAP and information from documents obtained by a call for papers made by the NSW Legislative Council.  I have reviewed the reports of the facilitator of the International Tunnel Workshop in Sydney and the Bongiorno report for the Victorian Government. My submission makes references to the information obtained from other air quality consultants involved in the assessment of ventilation stacks in Melbourne.  Reference is made to several published technical reports that were readily available at the time of the EIA assessment and to a number of more recent papers.

· Background to this assessment and general comments

The M5 East Project will utilise a ventilation stack of height 35 m to discharge pollutants to the atmosphere in a topographically complex region close to major long-term residential areas in south-west Sydney. Within 1 km of the stack there are several schools and homes of elderly people more sensitive to air pollution than the majority of the population and who are relatively stationary (and hence more likely to be present during adverse pollution events). Most previous assessments of this project have recognised the less-than-optimal geographical siting of a relatively small (from an industrial viewpoint) stack in a valley where the highest points of nearby hills are approaching or exceeding the level of the stack top.  

The emissions of traffic pollutants from the stack involves a mixture of pollutants, some of which are known to have potential health and nuisance impacts if not suitably dispersed.  For example, the emission rate of nitrogen oxides varies between 5-35 g/s of nitrogen oxides (expressed as nitrogen dioxide), depending on time of day.  From my experience with local councils and regulatory agencies, such a discharge rate would be equivalent to or greater than those for all but the top 10-20 industries in any of Sydney, Melbourne or Brisbane urban airsheds.   As the Sydney airshed is known to be one for which greater care should be taken when dealing with photochemical precursors such as nitrogen oxides and volatile organic compounds, it would normally be expected that a full environmental impact assessment of the various components of the emissions would be undertaken.  For example, a cogeneration plant proposed for the Rivermouth region of Brisbane was subjected to detailed scrutiny by Brisbane City Council and given a condition of approval that required the installation of selective catalytic reduction facilities to reduce the nitrogen oxide levels from the original design level of 25-35 ppm to below 10 ppm.  This requirement was viewed necessary in order to maintain local and regional air quality (and especially the levels of ozone in the region).  The M5 East EIA contains no information on the ozone impact of the ventilation plume; ozone can produce an important health risk as shown in many recent health studies (see Appendix 4).

The M5 East ventilation stack will also emit fine particles and various air toxics including diesel-generated compounds.  The assessment on local air quality would normally consider both the direct impacts of the individual pollutants, the possibility of any synergistic effects and the likelihood of odour nuisance.  As detailed later in this report, only some of these aspects have been assessed in the available reports.  It is my view that the local community has legitimate concerns that significant impacts may still occur with the current design.

The M5 East Project has been the subject of a number of reviews and much of the evaluation has been of a technically complex nature.  There have been several calls for a simplification of this material for use by independent assessors of the project.  I provide below a contribution to utilise the available information in a way that may assist in the further assessment of local air quality.

Traffic pollutants from the vehicles using the tunnel are to be diluted with ambient air drawn into the tunnel and discharged at volume flow rates typically the 500-900 m3/s at a temperature close to ambient through a 35 m high stack.  Depending on the volume flows set by the tunnel ventilation control system, the stack exit velocity will be in the range 4-20 m/s.  Stack-top wind speeds are likely to be in the range 2-15 m/s, dependent on synoptic conditions and time of day.  The ratio of stack-exit velocity to stack-top wind speed is the critical factor in determining whether the plume will rise clear of any building influences and achieve an equilibrium height above the level of nearby terrain.

The concentration levels of most pollutants within the exhaust gas will be up to 18 ppm (parts per million) for nitrogen oxide (NOx) , 1300 (g/m3 for fine particulates (PM10), 210 ppb (parts per billion) benzene, 20 ppb acetaldehyde and 190 ppb formaldehyde.  In-stack odour levels are expected to be in the range 50-200 odour units.  

Atmospheric turbulence will act to expand the plume and hence dilute these in-stack concentrations.  Dispersion modelling, detailed numerical simulations, direct field measurements and wind tunnel physical limitations are available techniques to look at the likely dilution over various timescales.  The important timescales for local impact are from several seconds to several days.  Dispersion modelling is less reliable for local impact (e.g. see Appendix 2).  Wind tunnel tests have been undertaken for this particular facility and these results can readily be used to estimate the likely dilution of these constituents by the time that the stack plume reaches ground-level where most people would be located.  Dilution will depend on atmospheric conditions, operating conditions and the time period of interest.  For health and some nuisance considerations, most attention is given to hourly concentrations and therefore hourly dilution factors are important.  At the locations of maximum exposure, the wind tunnel tests suggest that the minimum achievable dilution factor is of the order of 250 for unstable, 350 for neutral and 400 for stable atmospheric conditions.  Hence, for example, the highest hourly ground-level concentrations of formaldehyde are likely to be in the range 0.8 - 1.2 ppb (190 divided by 250-400). These worst-case hourly exposures are likely to occur within 100-600 m of the stack.  

For evaluating nitrogen dioxide (NO2) concentrations, additional considerations are necessary to allow for the relatively slow oxidation of the stack exhaust (probably mainly (80-90%) nitric oxide) to the more potent NO2 .  The project EIA and other considerations suggest that up to 50-60% of the nitrogen oxides may be NO2 at the location of power dilution.  The corresponding hourly NO2 contribution from the stack will then be 0.043 ppm (i.e. (18/250) x 0.6). as estimated from the wind tunnel results.

For PM10 impacts, consideration is usually given to the maximum 24 hour average; this gives an extra dilution because of the variability in atmospheric conditions throughout the day.  The ratio of maximum hourly to maximum daily values for a small stack is typically a factor of 1.7-3 (based on Sydney field data). The PM10 24 hour average due to the stack is therefore expected to be approximately 3.5 (g/m3 (1300/250/1.7 say) on days when the maximum hourly values occur. On other days, 24 hour average PM10 contributions from the stack may reach 6-7 (g/m3 (ANE report).  For the M5 East project, the maximum 24 hour average PM10 values are predicted to occur up to 1.5 km from the stack. The above estimates from the wind tunnel results are only indicative of the worst-case situations as not all meteorological conditions are adequately handled by physical simulation.  It would not be surprising if detailed meteorological considerations or the results of numerical dispersion modelling gave stack contributions a factor of 50-100% greater than the wind tunnel (see Appendix B of the MEL wind tunnel report).  Appendix 2 and 3 of this report give additional evidence that there are several operating and meteorological conditions for which the methods used in the EIA may give rise to an underestimate of what may happen in practice at locations within 500 m or so from the ventilation stack.

Considerations of odour nuisance would normally assess how the peak concentrations of these constituents (over a 1-10 second interval, the nose response time) compare to available community odour thresholds. The M5 East wind tunnel results also show that the peak instantaneous concentrations (as may be required for assessing odour nuisance) can be a factor of 5-20 greater than hourly concentrations, depending on exact conditions and operations.  For example, in unstable conditions, the achievable dilution factor on an instantaneous basis may be as low as a factor of 25.  Hence, if the emission level of nitrogen oxides is 18 ppm, the maximum instantaneous concentration at ground-level would be 0.45 ppm (and instantaneous NO2 levels may be up to 0.27 ppm). Similarly, the peak odour level can be estimated by reducing the estimated odour level of 100-200 OU by this factor of 25 to get ambient instantaneous odour levels of 4-8 OU. 

In reviewing the various reports, I have therefore kept in mind these worst-case dilution factors of 25 for instantaneous levels and 250 for hourly levels in order to assess likely impacts.

The project EIA and subsequent reports have focused heavily on whether the total ground-level concentrations (usually hourly or 3 minute averages) due to a combination of stack contributions and background air quality meet the NSW air quality goals or guidelines.  The background inner Sydney hourly ground-level concentrations of nitrogen dioxide levels can approach 50% of the NSW goal of 0.125 ppm.  The EIA Air Quality Report shows maximum ground-level concentrations of nitrogen dioxide due to the stack occurring within 500 m of the stack and giving rise to values that may approach very closely the NSW goal.  Similarly, the 24 hour maximum  PM10 contribution from the stack may occur at distances of 500-1500 m downwind of the stack and have a magnitude of 1-10 (g/m3.  This increment is sometimes sufficient to compromise the achievement of the NSW PM10 goal, when background concentrations are added in.  

The health implications of such an increment depend on the viewpoint of the assessor.  Recent studies (e.g. Denison (2000) of the Victorian EPA) note that “there is no evidence, based on epidemiological data, that there is a threshold concentration of either PM10 or PM2.5 below which adverse health effects will not be observed”.  Indeed Morgan (2000) in his study on air quality and health in Sydney concluded that “The Sydney results indicate that the linear dose-response relationship between particles and daily mortality persist even at these relatively low levels”.  Significant associations were found between chosen increases in hourly and 24 hourly particulate concentration increments and hospital admissions for asthma, COPD and heart disease.  Furthermore, nitrogen dioxide exposure gave the strongest association for childhood asthma.  This and other evidence would suggest that, in the light of the uncertainty in modelling results, serious consideration of possible health impacts should be undertaken.

The M5 East documents suggest that a less than precautionary approach be adopted. The EIA states that, as the goals are just achieved and/or the contribution from the stack is small compared to background, then the air quality objectives of the project can be met.  In my opinion, it is unusual to see such a literal interpretation of air quality goals without detailed consideration of the likely errors in the predictions and the likely range in background concentrations (knowing that the inter-annual variability can be substantial).

In the light of this marginal air quality situation, there has been considerable debate as to the necessity for undertaking preventative measures such as:

· The installation of flue gas cleaning equipment to reduce the concentrations of fine particles and nitrogen oxides.

· The buy-back of nearby residential developments within 400 m of the stack.

· The implementation of a full local air quality management plan that aims to reduce background concentrations such that the air quality goals can be more readily achieved in the local region.  

Provision has been made in the project design to allow for retrofitting of particulate and gas cleaning equipment to the exhaust, should ambient monitoring at a small number of locations indicate that any exceedances can be attributed to the ventilation stack operation.  

Indeed, the conditions are quite clear that NO exceedances are allowed, and this was the subject of much discussion in the inquiry.

December 1997 Condition 72. The tunnel exhaust stack must be designed so that emissions do not result in ambient air quality at ground level exceeding the following emerging goals:

NO2 – one hour average of 256 (g/m3  (0.125 ppm).

PM10 – 24 hour average of 50 (g/m3.
August 2000 Condition 73. 

4. Should the results of monitoring required under Condition 75 and from the Community based monitoring station (referred to below) show that the PM10 contributions from the exhaust stack results in exceedance of the goals specified in Condition 72, the RTA shall install electro-static precipitators within 6 months of the direction by the Director-General (or within other such time as agreed by the Director-General). The RTA shall establish a Protocol outlining procedures for deciding how an exceedance due to the stack will be determined. This Protocol, which is to be made publicly available, shall be developed in consultation with the EPA and the Air Quality Community Consultative Committee and require approval from the Director-General at least 3 months prior to opening the tunnel to traffic. 
 I can find no details in the available information as to how any regulatory body will be able to determine the contributions of the ventilation emissions to the exceedance. In light of the recognised uncertainties in total ground-level concentrations meeting the NSW air quality goals, an Air Quality Management Plan is currently being undertaken which is to address the cost benefit of implementing voluntary emission reductions due to local community activities.  

The M5 East tunnel is to be operated such that the ventilation rates and emission levels are equivalent to or better than those used in the EIA air quality assessment.  Most assessments have relied on the assumed conservative nature of mathematical and/or physical modelling to evaluate ground-level concentrations from estimated stack gas characteristics.  An alternative to these estimated dilution factors would be to undertake field testing once the stack and ventilation equipment is in place.

The current inquiry requests submissions on the progress with achieving the recommendations of the various previous committees/inquiries and to address specific issues.  Each of the following Sections 4-7 repeats the written recommendation of the various committees with comments below where appropriate.  Section 8 gives some commentary on the determination of the likely impact zone from the ventilation emissions and the proposed methodology for the property guarantee proposal.  Section 9 summarises my points of concern.

Four appendices are provided with additional technical information.  Appendix 1 gives a summary of my expertise in these matters.  Appendix 2 considers further the key technical area (for local impact) of the likelihood of the ventilation plume achieving any significant plume rise due to its momentum.  Appendix 3 provides information to suggest that local meteorology has not been fully assessed in the EIA and that existing knowledge of East Sydney conditions would suggest that daytime exposures to ventilation emissions has been underestimated in the local area within 1 km of the stack.  Appendix 4 summarises recent literature available to me on the health impacts of vehicle emissions.  Appendices 2-4 are provided to substantiate my concern that local air quality impacts should be fully assessed, not just using regulatory tools and available guidelines but in light of the detailed knowledge of the important physical, chemical and biological processes involved in producing near-field exposures to the variety of compounds in a motorway ventilation exhaust.

3. Recommendation of the Standing Committee No. 5

The following recommendations were made; my comments are given below, where appropriate.

Recommendation 1

The Committee recommends that the NSW Government complete the development of the draft subregional air quality management plan, for the area surrounding the motorway, by 30 June 2000. The Government agencies responsible for the development of the plan should consult with the Community Consultative Committee, established in relation to the ventilation stack, as well as relevant local councils, in the formulation of a draft plan, which should then be released for public comment and input. The plan must have specified targets, goals, dates for achievement, identified sources of funding and clear responsibilities for implementation.

Comments:


The draft sub-regional air quality management plan may be available by 1 May 2001, according to the RTA schedule. This 11 months delay in the completion of this plan, which is similar to that required by the DUAP conditions of approval, means that, should it not prove able to deliver significant improvements to the local air quality, the construction of the tunnel ventilation system may be too far advanced for any effective change to compensate for this failure.
Recommendation 2

The Committee recommends that at six monthly intervals from 30 June 2000 an information paper be published outlining the steps taken to implement the draft air quality management plan, focussing on the specified goals and dates for achievement.

Recommendation 3

The Committee recommends that six months before the conclusion of the five year term during which the Roads and Traffic Authority is required to provide $0.5 million per year funding for the implementation of the air quality management plan, a review of funding sources and implementation of the plan be commissioned and published.

Recommendation 4

The Committee recommends that in any future discussion of the impact of the proposed ventilation stack upon air quality, the Roads and Traffic Authority and the Environment Protection Authority adopt the statements of the Minister for the Environment and the Minister for Urban Affairs and Planning that it is intended that emissions from the stack and tunnel should not result in any exceedances of air quality goals in their vicinity, and not suggest that up to five exceedances per year are allowable within these goals, excluding natural and extraordinary disasters.

Comments:


The project goals are to achieve the NSW goals with no exceedances allowed.  The current state of knowledge is that there is uncertainty that these goals will be met.
Recommendation 5

The Committee recommends that the Environmental Planning and Assessment Act be amended to prevent a determining authority from approving a development with modifications, which have any significant impact upon the environment or which have a significant impact upon a different group of citizens to those affected by the proposed development, unless those modifications have been exhibited for public comment. The modifications must be subject to adequate public consultation before the proposal is determined.

Recommendation 6

The Committee recommends that no matter what form of tunnel ventilation or emission control is finally implemented, the Road and Traffic Authority, in conjunction with the Department of Health, fund an epidemiological study of the health of the community in the area of any tunnel emissions, commencing this financial year and continuing for 5 years after the commencement of operation of the motorway, or as long as the Department of Health recommends. The technique and operation of the study should be approved by the Department of Health, with results published on an annual basis.

Comments:


To my knowledge, there have been no published plans of an epidemiological study in the community that will be affected by the ventilation stack emissions.  Available information released to the Legislative Council notes the considerable expertise that exists within NSW to undertake health risk assessment and epidemiological studies.

Recommendation 7

The Committee recommends that the Roads and Traffic Authority, when investigating international developments in tunnel emission treatment systems as required by the condition of approval number 79 for M5 East motorway, not only survey the relevant literature but directly contact the suppliers of such equipment.

Comments:


RTA actions appear to satisfy this recommendation, however the nature of this contact, and any follow up action have not been made available to the public.

Recommendation 8

The Committee recommends that the Roads and Traffic Authority immediately call for international expressions of interest for the installation of world’s best treatment processes for particulate and nitrogen dioxide removal in the M5 East Motorway tunnel. The NSW Government should establish an independent panel of experts, including a community representative, to evaluate and report on the submissions which have been received by 31 March 2000. The report should identify accurate and if possible final costs for the installation of such equipment. 

The Committee recommends that the Roads and Traffic Authority continue with construction work on the stack in a manner which can incorporate and make provision for alternative ventilation systems which might be recommended as a result of the assessment of responses to the call for international expressions of interest. 
The Committee further recommends that following the publication of the report identified above, a decision be made to either:

· 
cease all further work on the ventilation stack and install pollution control equipment in the road tunnel itself; or

·
install pollution control equipment in addition to the ventilation stack.
Comments: Because of the provision in the original conditions of approval, work has proceeded on the stack in a way which does not preclude the later fitting of filtration, but no ‘provision’ has been made for later fitting other than to ensure that some space is available on the site. 

No expressions of interest have been sought, although it is reported that two companies have made offers to provide and fit filtration. 

To my knowledge, no report has been published, although documents tabled in the Legislative Council include a Connell Wagner report that includes costings. The plans and proposals prepared by Flagstaff/ Connell Wagner have provided for the retrofitting of a parallel system, and not the incorporation of treatment systems from the outset, yet such an option would have been more cost effective and resulted in a simpler, better integrated design.
Recommendation 9

The Committee recommends that air quality data reports, both before and after commencement of the motorway be made available ‘real time’ on the Internet so that those members of the population who are vulnerable to air pollutants may more easily become aware of any exceedances of air quality goals and take appropriate action. Further, it is recommended that air quality reports are published monthly, including on the Internet.

Recommendation 10

The Committee recommends that the Department of Urban Affairs and Planning, in consultation with the Community Consultative Committee, at six monthly intervals review all the sources of information, as identified in Condition 74, to assess whether pollution control equipment should be installed on the emission stack. The results of these reviews should be made public no later than six weeks after the end of the six month period, with reasons stated for the conclusions reached.

Comment: No such action has taken place.

Recommendation 11

The Committee recommends that the Roads and Traffic Authority, in consultation with the Community Consultative Committee, prior to the operation of the motorway, develop a contingency plan for instances of air quality exceedances at the Turrella site. This contingency plan must be approved by the Minister for Urban Affairs and Planning and made publicly available.

Comments:

The RTA has sponsored an incident management plan; the air quality modelling component of this plan was completed in May 2000 as a draft initial assessment.  It suggests manual or automatic adjustments of ventilation rates to mitigate actual or potentially adverse exposures.  Recognition is given to the effectiveness of this for low exit velocities such as are expected at night time, but apparently no undertaking has been given to adopt this simple expedient.
Recommendation 12

The Committee recommends that the Department of Urban Affairs and Planning release any risk assessment done of the impact of the stack on the implementation of urban consolidation policies in the vicinity of the stack. If no such assessment has been undertaken to date, the Committee recommends that an open and rigorous risk assessment of the impact of the ventilation stack on urban consolidation policies be performed without delay, with the results to be published.

Comments:
No risk assessment has been made available, to my knowledge.

4. Recommendation of the International Tunnel Ventilation Workshop

The following recommendations by the facilitation of the workshop are followed by comments, where information is available to me.

· Review the strict environmental performance requirements of tunnel ventilation systems in the context of other environmental outcomes that such requirements may cause.

· An analysis should be undertaken of the likely timing and effect of introduced fuel and emission standards on both motor vehicle emissions from tunnels and their effect on ambient air quality.

Comments: The information from the Diesel NEPM and from other sources (e.g. CSIRO, QUT) can be readily undertaken - no report is yet available for the M5 East, to my knowledge.

· Implement a formal, transparent, multidisciplinary process for the regular review of tunnel design philosophy, ventilation performance monitoring and operational philosophy for all long urban road tunnels in Sydney.

Comments: No evidence available in the documents tabled in the Legislative Council or material available to me.

· Methodologies for calculating and communicating comparative health risk assessment information should be established to better enable the assessment of the health implications of tunnel ventilation systems.

Comments: There is no mention of a health risk assessment of the M5 East in the material available to me.  The Health Department seems to have relied on air quality modelling results and existing guidelines to comment on the health implications of the tunnel ventilation systems, and to have recommended consideration of a 35 m stack.  The Department of Health position is that “the stack provides adequate dispersion” and believes that the Bongiorno inquiry vindicates its findings.  This position does not reflect the comments by Mr. Bongiorno that he values highly the opinion of Dr Lorimer, one of the authors of the Ausplume model, that neither Ausplume or any similar regulatory models are designed to deal accurately with predicting concentrations close to the stack. The Department has not commented on synergistic effects, the response of sensitive or sensitised local residents to repeated exposures of sub-NEPM concentrations or the use of engineering safety factors to allow for prediction errors. 
· The use of both worst-case emissions predictions, as well as cumulative and long-term predictions for health risk assessment should be considered.
Comments: No health risk assessment for the M5 East has been published, to my knowledge.  The Department of Health states that it does address these effects in undertaking health risk assessments and recognises the use of the Six Cities Study in evaluating fine particle impacts. This and similar studies recognise adverse effects of particulate matter well below the levels set as goals for this project.

· That an explanation of the health risk implications of the standards, be prepared and made available to the public.

Comments: Whilst the NEPM goals are well explained in general terms, these have not addressed all the pollutants of concern to the M5 East stack.  There are no available explanations for the project of the health risk implications for air toxics, PM2.5 or ultrafine particulates, for example. 

· Air quality analysis, examining where present and future changes in air quality will occur and the nature of any changes should be conducted for tunnelling projects.

Comments: Whilst consideration has been given to changes in emissions from the motor vehicle traffic fleet, no consideration has been given to other sources.  For example, the following items could cause major increases in local air quality:

· Increased emissions from an expanding use of Mascot Airport.

· Increases due to regional motor vehicle use outstripping the anticipated reduction in per-vehicle emission rates.

· Increasing emissions from industries within 15-20 km of the tunnel (e.g. cogeneration or chemical plants at Botany Bay).

· Unexpected outcomes from the use of new vehicle emission controls (e.g. the possible increase in PM10 emissions due to the use of gas direct injection technology (CSIRO report p.9)).

· A health risk analysis of any change in air quality predicted should be undertaken which examines the nature and extent of the likely health impacts of any change in air quality identified.

Comments:
No analysis has been published, in contrast to the second Sydney Airport EIS which included a moderately detailed analysis of the health outcome of increased levels of PM10, nitrogen dioxide and ozone.  Note that there is no analysis of ozone increments made available to the Health Department via the M5 East EIA (unlike the Airport EIS) although other similar stacks (e.g. the Visy plant investigated by the Smithfield Inquiry) noted the potential ozone impact of nitrogen oxide emitting stacks. The assumptions about ozone levels used in the prediction of NOx / NO2  conversion are unclear and undefined.

· The relevant NSW department(s) formally request details of the rationale for installing the electrostatic precipitation systems for external air quality management in the Norwegian, Korean and Japanese tunnels from the appropriate government authorities.

Comments:
Limited information in condensed form is available from the International Workshop and the Bongiorno Inquiry.

· The relevant NSW department(s) formally request data from Norway, Japan and South Korea on the effect on external air quality of operating electrostatic precipitators.
Comments:
Limited information in condensed form available from the International Workshop and the Bongiorno Inquiry.

· It is recommended that the relevant NSW department(s) formally request data from Norway, Japan and South Korea on:

· the effect on external air quality of operating electrostatic precipitators.

· the quantity and composition of wastes electrostatic precipitators generate.

· how wastes from electrostatic precipitators are disposed.

· the reliability of serviceability of operating electrostatic precipitators.
Comments:
A limited amount of information was available from the Workshop and supplemented by the Connell Wagner report. It is clear that the intention of at least some of the installations overseas was to improve external air quality. What appears to be lacking is a formal demonstration that they have been effective. The continued installation of the technology would at least indicate that it is. The last three items have yet to be addressed in detail.

· Further examination of alternative technologies is required to determine their actual costs and benefits.

Comments:
Little mention is made of other than electrostatic precipitators or general comments on NO2 removal.  The power industry has used many methods for NOx control some of which may be applicable to the ventilation stack composition and flow rates.
· It is recommended that further analysis of the benefits of NO2 removal should be undertaken.
Comments:
No obvious reports or consideration of these aspects in the available material or in documents tabled in the Legislative Council.

· An examination is required of the effects of alternative measures - such as emission testing on motor vehicles - as was described from Switzerland - and the further regulation of other activities such as solid fuel heating will have on ambient air quality.
Comments:
Local air quality issues may be addressed in the current project due for completion in May 2001.  Consideration should also be given to the benefits of the effects of regional air quality management measures on local air quality. 
· Data on air quality proximate to tunnels be made available to the public rapidly (such as via the Internet) in a manner similar to that currently deployed by the Victorian EPA.
· An independent assessment of the differences predicted by the numerical modelling as compared with the physical modelling of the M5 East ventilation system be undertaken.

Comments:
The CSIRO report recommended that the analysis to date had yet to demonstrate the conservative nature of the numerical modelling.
· The relevant NSW government agencies formally request their Victorian counterparts for data demonstrating any differences between actual and predicted changes in air quality as a result of the operation of the City Link ventilation system.

Comments:
No evidence of the request is in the material available to me.  Any such data would require careful analysis for spatial and inter-annual variability before statistically valid conclusions could be drawn.
· Investigation of the feasibility of conducting full height gas dispersion test for tunnel projects, and if feasible, conducted prior to the operation of ventilation systems.
Comments:
RTA documents suggest that such testing will only be conducted once the stack and ventilation system are being commissioned.  No details of the feasibility studies are available.

5. DUAP conditions of approval

The conditions of approval given by DUAP on 23rd August 2000 address outstanding operational stage quality issues.

Condition 73 gives a minimum stack height of 35 m, now adopted as the stack height but with little justification as to why a higher height is not advisable.  

Section 4 of Condition 73 requires the RTA to establish a “protocol outlining procedures for deciding how an exceedance due to the stack will be determined”.  This may be approved at least 3 months prior to the opening of the tunnel.  I have not seen any substantive document on these procedures in the material available to me.  

Point 5 of Condition 73 concerns the establishment of a complaints procedure, presumably to be addressed in the forthcoming local Air Quality Management Plan.  

Point 8 requires the RTA to investigate partial ventilation of tunnel emissions to reduce energy costs and more widespread dispersal of emissions.  I note that the dispersion of pollutants from tunnel portals can be undertaken in a fairly simplistic manner using the conventional dispersion models.  However, these estimates may not be very reliable and, in critical situations elsewhere, more detailed methodologies have been employed (such as numerical modelling or physical testing).

Point 9 requires the production of a ventilation matrix within 3 months of the conditions of approval.  As noted above, this information appears to have been concluded only in March 2000.

Condition 80 is being addressed by the construction of a local Air Quality Management Plan.  I note that the option in the Condition 80 addressing “modification to the current stack that would allow heightening of the plume during worst-case conditions” was removed from the terms of reference of the study.

Prior to issuing approval of the stack height , the Department of Urban Affairs and Planning requested comment on the material submitted to it by the RTA from the CSIRO Division of Energy Technology, and CSIRO Atmospheric Research. This comment is what has been termed the ‘CSIRO report’.

6. CSIRO recommendations - comment

The CSIRO report concluded that: -

1. The methodology used was appropriate (but note points below).

2. The PM10  emissions may be underestimated.

3. Reliance on wind tunnel tests to show the conservatism of the numerical modelling has not been justified.

4. PM10  levels may exceed the NEPM guidelines due to large background levels.   Stack emissions may increase the number of exceedances of the NEPM threshold.

5. Effective plume heights should be increased to avoid NEPM NO2 exceedances when allowing conservatively for background concentrations.  This would overcome problems in light wind conditions.   Either a higher stack (35m or higher), enhanced velocities at night or combination of both may be necessary.

6. Plume strikes on building need to be accounted for and accommodated in building height restrictions.

7. Further modelling should  include influences of thermal buoyancy and fan speed on plume rise, and a stochastic combination of plume strikes and background concentrations. 

The scope of the CSIRO report did not cover the advisability of treating ventilation air to reduce emissions, the adequacy or otherwise of the air quality goals or the suitability of the stack location

The CSIRO report recommendations were for the gaps and clarification of the Hyder work should be covered by undertaking additional modelling work.  This would allow more confidence in the meeting  of the air quality goals.  The modelling work should include: -

(a) A revised procedure for combining background concentrations with plume footprint to account for the variability in background concentrations.

(b) The combined effect of fan speed and thermal buoyancy on effective stack height. 

(c) The use of monitoring datasets for other years to quantify better the potential exceedance of air quality goals.
Recommendations (a) - (c) do not seem to have received a written response. 

I am surprised that the CSIRO report did not receive greater attention as it made a substantial contribution to several key technical points.  The use of a 35 m stack height as now required by the EPA does allow an extra 10m in initial plume height but this does not guarantee that local air quality will be below NEPM goals for all stack conditions.  

Documents tabled in the Legislative Council show that the RTA requested and received comments from two air quality consultants (ANE and Holmes Air Sciences).  Holmes Air Sciences comment on the recommendations by noting that an incident management scheme is being developed to treat item (a), and that they consider item  (b) would only be warranted if a lower stack height is considered (Holmes, 31/7/00). 

The ANE response to the CSIRO report (31/7/00) refers to work undertaken in May 2000 for the incident management report that showed the maximum stack contribution of NO2 added to the worst background NO2  would meet the NEPM goal “if a higher operating velocity was used”.  ANE agree that significant benefit could be achieved by “increasing efflux velocities for certain hours of operation when poor dispersion and/or high background concentrations exist”.  The ANE report agrees that a more detailed analysis of the thermal buoyancy may be of benefit “should a robust basis of determining the actual hourly efflux velocities become available”.  Item (c) was to be addressed by using the 1998 EPA data and consideration of local air quality measurements.  

ANE also provided an initial response to the CSIRO report on 26/6/2000 which was reviewed by Holmes Air Sciences on 26/6/00.  Dr Kerry Holmes then advised Hyder that “I think it is important that we don’t keep presenting to the community and other groups that the model is treating the stack temperature 5( below ambient.  That is not what has been done.  If the stack temperature is below ambient, the model will set the stack temperature to be the same or ambient, therefore the plume will not be buoyant but it will certainly not be negatively buoyant”.   I agree with Dr Holmes on this point and note that the negative buoyancy is likely to be important in light wind conditions.

The draft response of Hyder (31/7/00) provides comments on the dispute on PM10 estimation techniques but does not comment on the CSIRO recommendations.

There is no available direct comment by the EPA on the CSIRO recommendations.  Advice to the Minister on 23/10/00 (SR176:SRF683) implies that the CSIRO  report was used in a review of additional modelling undertaken for the RTA.  The EPA by itself concludes “that the stack height should be set at not less than 35 m in order to minimise the likelihood of nitrogen dioxide levels above the goal.  With respect to fine particulates, the EPA concluded that while the modelling indicated that a goal would be met, the probability of levels above the goal remained, albeit remote, due to the occasional high background concentrations of fine particles”.  The EPA noted that the RTA underestimation of PM10 emissions “did not clearly establish that the project was able to meet the fine particle goal but does increase the uncertainty regarding the performance of the project with respect to fine particles”.  The EPA notes that DUAP and EPA consulted to provide the additional consent conditions for the stack approval to:

· “Set the stack height at not less than 35 metres to improve dispersion.

· Establish a process to set limits on the concentration and quantity of fine particles and oxides of nitrogen emissions from the stack - this addresses community concern about the motorway operator polluting up to the ambient air quality goals.

· Require the early development of the local air quality management plan to offset stack emissions.  The RTA has committed to the early implementation of initiatives to reduce background concentrations of fine particles.  This plan must consider a buy back scheme for wood heaters.”
I note that a stack height of 35 metres has now been adopted (no consideration is obvious for a higher stack).  I note also a belief that the local air quality management plan will to be able to reduce background air quality during high background pollution events.  There has been no rationale given for this.

The Health Department briefing paper to the Director General (30/8/00)  notes the CSIRO report findings and asserts that the report concludes that “ increasing the stack height to 35 m will prevent most occurrences of the PM10 goal being exceeded”.  The Health Department paper does not have any obvious, direct comments on the CSIRO recommendations.  

On the evidence that I have reviewed, there appears to be very little detailed consideration of the CSIRO recommendations.  Yet there are obvious ways to proceed with items (a) - (c).  For example, the following approaches are suggested: -

Item (a)

(i) The 1991-1998 datasets could be analysed to look at the statistics for each hour of the day (and by season if necessary) to determine reasonable maximum values by the hour period.  The model results for preferably a multi-year period would then be used in conjunction with these statistics to determine the risk (probability) of exceedances of the air quality goals.

(ii) The local air quality measurements could be used to determine the correlation of local air quality with the Earlwood site.  My initial reading of the available results suggests a very high correlation and agreement.  These results may suggest that high episodes of concern in the RTA assessment may have very little to do with very local emissions and that the EPA/DUAP reliance on a buy-back scheme in the local area may be overly optimistic.  If so, the uncertainty in meeting air quality goals with the stack in operation will remain.

Item (b)

(i) It should be recognised that the modelling procedures used to date do not account fully for velocity and thermal buoyancy effects.  The plume may be negatively buoyant - the modelling to date using ISC3 or the wind tunnel does not treat this.  The ISC3 treatment of momentum rise (due to high plume velocity) is only valid for exit velocities greater than 4 times the local windspeed (ISC3 manual p111).  As explained in Appendix 2 of this report, the ISC3 results are likely to overestimate plume rise, neglect plume downwash for low exit velocities and thus overestimate effective plume height.  The RTA stack exit matrix of 10/03/01 (RTA letter to DUAP from John Anderson) shows that the design (“minimum”?) exit velocities at night can drop to 5 m/s for the hours 2100 - 0500, the period of poor dispersion.  Plume flagging and small plume rise may occur if stack-top wind speeds are close to the exit velocity.

(ii) The available evidence on tunnel air temperature (see the Melbourne Link enquiry) and the extra cooling likely to take place in the stack ventilation tunnel (as forecast by CSIRO) could be used to determine a reasonable stack exit temperature.  It is likely that late evening stack exit temperatures in spring and autumn will be such as to make the plume have little or negative buoyancy.

Item (c)

(i) There should be consideration given to at least 5 years of meteorology and preferably 5-10 years of air quality information to account for the significant inter-annual variability (see the AASE 1997 report for more information for Sydney).

(ii) The air quality datasets can be used with CSIRO-developed equations to determine the photochemical nature of ambient air at those times when dispersion is poor and ambient levels of NO2 are high.  This will then determine the likely oxidation rate of stack NO to NO2, the key air quality indicator.  The ANE analysis adopts a 1980’s USEPA methodology that uses ozone data only and has no consideration of the photochemical extent parameter that was shown by CSIRO to be the key determinant for Sydney air.

7. Methodology for property value guarantee of 13 February 2001

The air quality aspects involved in any guidance for compensation would presumably rest on an identification of the areas most severely affected by the ventilation stack emissions.  For the 35 m stack, ANE predictions show the highest hourly ground-level concentrations of nitrogen dioxide occurring to the north through to the north-west of the stack, associated with the higher terrain.  For the contribution of the stack to daily maximum PM10 concentrations, the ANE report shows a similar area.  However, the day with predicted highest cumulative ground-level concentrations shows the area worst affected being 1.5 km east of the stack. 

The identification of the affected area will depend critically on the confidence with which the ANE model predictions can be viewed and the choice of threshold concentrations (although I note that there is unlikely to be a threshold for PM10 and perhaps NO2).   As discussed elsewhere in this commentary, the case can be made that the modelling is not sufficiently conservative, especially in the light of local meteorology and the likely presence of strong convection for some wind directions.  On-shore flows and limited mixing in seabreeze conditions can be expected to give maximum ground-level concentrations in the area 1 km downwind to the west of the stack location.  Convective conditions are likely to be strongest for offshore winds and, with the hills then upwind of the stack location, it is quite possible for the locations to the east through to south of the stack to be as affected as other localities.

It is of interest to note that the limited wind tunnel measurements do give rise to significant concentrations occurring to the south-east of the stack, even for neutral conditions.

Hence any identification of areas of maximum impact should take into consideration the results of dispersion modelling given to date, the further modelling recommended by CSIRO and the advice in this commentary.

8. Conclusions

Based on the information available to me, I believe that the following issues are of prime importance to evaluate the responses to the recommendations of the previous inquiries and to consider the likely impact of tunnel emissions on the nearby community:-

(a) The methodology adopted in the EIA may lead to underestimates of local exposure.  This will occur because of lower-than-anticipated momentum plume rise, the lack of plume buoyancy, the relatively low chosen stack height (35 m) and the importance of local meteorological conditions (e.g. low mixing heights, strong convection) that are known to occur in this part of Sydney.

(b) As the concentration estimates of impact on the local community are likely to unreliable, a precautionary approach should be taken.  This should include the undertaking of a health risk assessment (as recommended previously), the consideration of enhanced ventilation rates and other approaches to improving local air quality in poor dispersion conditions and the demonstration that remediatory actions can be undertaken (e.g. the use of gas treatment). 

(c) There is little consideration in the EIA of the impacts on sensitive receptors such as young children in local schools and elderly residents.  The available Sydney epidemiological studies show that these sub-groups are particularly sensitive to NO2 and PM10, the main tunnel pollutants.

(d) Other air quality issues such as odour and near-stack plume visibility may cause annoyance to sensitive people in the local community.

(e) Local air quality management by way of lowering local PM10 emissions may not change significantly the higher PM10 exposures, as these are probably more related to regional emissions (together with ventilation stack contributions).  Little consideration has been given to the likely change in local air quality due to increases in Mascot Airport use, local industries or unexpected outcomes in vehicle emissions in the near future.

(f) The CSIRO report provides a good critique of many important technical issues as regards ventilation emissions and resultant impact but there is little evidence that these have been addressed other than the use of the minimum 35 m stack height.  The CSIRO report does not have many formal recommendations but does enunciate many areas of concern that should be addressed, both for the current project and in any future tunnel designs.

(g) Designing an emission facility to just meet an air quality goal does not give adequate protection to the health of all members of the local community.  Several groups are likely to be more sensitive than those protected by the air quality goals.  Some people may react to the mixture of pollutants within the tunnel exhaust.  Some people may become sensitised and suffer nuisance or health ailments at levels below those of the air quality goals.  Should this happen, the reliance on retrospectively fitting emission controls on the stack may not be sufficient to avoid ongoing problems.

(h) Only limited information is readily available on the likely success or otherwise of installing additional gas cleaning equipment.

Appendix 1:

Curriculum vitae of Dr Peter Best

Appendix 2:

Plume downwash and momentum rise
The ISC3 manual cites the following formula for estimating plume rise due to momentum only.  The effective plume height after initial plume rise is given by 

hs1 = hs + stack-tip downwash + momentum rise, 

where hs = stack exit,

Stack-tip downwash = 0 
when Vs > 1.5 Us or when determining wake effects 

2D (Vs/Us - 1.5) 
otherwise 

where D = internal stack diameter, Vs = exit velocity and Us is the stack-top windspeed.

In neutral or unstable conditions, ISC3 takes the momentum rise as 3D Vs/Us but notes (p.1-8) that this equation is most applicable for relatively high exit velocities when Vs > 4 Us.

In stable conditions, ISC3 uses the lower value of the neutral values or 1.5 (Fm/(Us s0.5)1/3 where Fm = Vs2 D2/4 for a plume emitted at ambient temperature and s is the stability parameter.

The ISC3 formulation is different from the standard text “Handbook on Atmospheric Diffusion” issued by the US Department of Energy (DoE) and authored by Hanna, Briggs and Hosker (US authorities in their fields).  They state (p 16) that “for a jet, no verifying data exists but a theoretical estimate of plume rise at break-up in neutral conditions is 
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All of this work is based on pre-1970 experimental and theoretical considerations.

The more recent publication of Snyder and Lawson (1991) cites USEPA-sponsored wind tunnel studies of momentum plume rise in neutral conditions for very low Vs/Us and a more normal range of Vs/Us.  Their work suggests that:

Momentum plume rise = 0.72 D 
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out to a downwind distance of x = 30D where little extra rise occurs.  The final momentum plume rise in thus given by 2.24 D (Vs/Us - 0.3)0.67, a much smaller value than the ISC3 equation as shown below:

Table A2.1:
Plume rise for various Vs/Us ratios for different methodologies.

Vs/Us
ISC3
Snyder
Ratio
DOE

5
15D
6.3D
42%
12D

3.5
10.5D
4.8D
46%
7.5D

2
6D
3.2D
53%
3D

1
2D
(1.8D)
90%
-D

0.5
-0.5D
(0.8D)

-2.5D

ISC3 therefore overestimates momentum plume rise by a factor of 2 for the large values of Vs/Us expected to apply to the M5 East stack in daytime.  Modifying ISC3 to the US Department of Energy Handbook gives the values shown in the right-hand column.  For the important case for M5 East of Vs/Us ( 2-3.5, ISC3 is clearly optimistic.

The Snyder-Lawson experiments also give the expected values of plume spreads as a function of downwind distance x:

(z/D = 0.39 (x/D)0.42 
2 < x/D < 30

(y/D = 0.44 (Vs/Us)0.3 (x/D)0.33
This is a much slower increase with distance than the ISC3 use of Pasquill-Gifford or McElroy - Pooler urban parameters.  The ISC3 use will therefore probably overestimate the initial dilution of the plume for distances to 30-60D (i.e. 200-400 m) downwind of the ventilation stack.

For low Vs/Us, Snyder and Lawson note that sub-critical flow may result with downwash starting at Vs = 1.5 Us and a consequent negative momentum plume rise of around -2D.

The above discussion shows that the methods used in the plume dispersion modelling are only approximate and in many cases may overestimate the momentum plume rise for the ventilation stack.  This would then result in an underestimation of local air quality effects caused by either a 25 m or 35 m high stack.  The ISC3 modelling is unlikely to be reliable to give realistic results within a few hundred metres of the stack.

This conclusion is similar to that of Dr Lorimer in his evaluation of the Ausplume model for use in evaluating local air quality near the Domain and Burnley tunnels in Melbourne. Mr  Bongiorno’s report “regards Dr Lorimer’s work on the issue as important and has reproduced his entire report as Appendix 9”.  Dr Lorimer was heavily involved in the construction of the Ausplume model as an improvement to the ISC3 algorithms.  He notes that pollutants can be trapped in the cavity region behind the ventilation stack and that models such as Ausplume and ISC3 may underestimate local air quality.  Dr Lorimer presented the results of computational fluid dynamic modelling that showed the downwash that can occur.  His work presented the case that the Ausplume model underestimated ground-level concentrations close to the stack and that other models such as ISCPRIME are likely to be more useful.  The Bongiorno report concludes that the current modelling procedures are such that “there is no definitive model that will produce a prediction for plume dispersal which is uncontestable”, and that “the only realistic way to determine whether the ventilation stacks are materially contributing to a diminution in air quality in their vicinity” is to conduct a comprehensive and intensive monitoring program for at least twelve months to produce real data as to what is actually happening in the vicinity of each of the vent stacks.

The M5 East project has the benefit of having undertaken wind tunnel tests but the physical scale used does not allow the detailed investigation of wake effects from the stack itself.  The Snyder and Lawson results quoted above are probably more useful.

Reference:

Hanna SR, Briggs GA and Hosker RP, (1982), Handbook on Atmospheric diffusion”, USA Department of Energy.

Snyder WH and Lawson RE, (1991), “Fluid modelling simulation of stack-tip downwash for neutrally buoyant plumes”, Atmospheric Environment, 25A, 2837-2850.
Appendix 3:
Local site meteorology and near-stack plume impact

The ANE air quality assessment has used the standard ISC3 model to predict near-field concentrations during daytime and nighttime periods.  In addition to the optimistic approach to momentum plume rise outlined in Appendix 2, this methodology may also be criticised for neglecting the influence on plume behaviour of the strong atmospheric convection that is likely to occur during daytime, both in the mid to late morning and during the duration of the seabreeze.  Several studies in Australia and elsewhere have shown that models such as Ausplume and ISC3 which do not account for the strong vertical motion that is a feature of the convective boundary layer will underestimate the likelihood of plume impacts within 10 stack heights downwind of the stack. This may lead to underestimations of maximum ground-level concentrations by a factor of 2-4, depending on stack conditions and meteorological circumstances.  
It is quite conceivable that effective downdrafts with mean vertical velocities of the order of 1-3 m/s may pass over the site.  The non-buoyant ventilation plume will be unable to resist these downdrafts and the plume is likely to come to ground within 40 seconds of plume travel (say 80-200 m) downwind of the stack.  In this time, despite the greater small-scale turbulence that occurs within the convective boundary layer, there will have been insufficient time for significant dilution of the plume to occur.  The degree of dilution is likely to depend on the boundary layer depth, the strength of convection and the stacktop windspeed.

Table A3 gives some examples of the likely maximum relative concentrations (concentration C divided by emission rate Q) and the maximum ground-level concentrations of nitrogen oxides during a variety of convective conditions that I consider are likely to occur for this site.  Whilst these concentrations may not approach those values forecast for nighttime episodes on nearby terrain, the values are high enough to deserve further attention, especially if the strong convection coincides with moderate to high ambient ozone levels that can hasten the oxidation of the emitted nitric oxide to nitrogen dioxide.

Table A3:
Examples of dispersion in convective conditions for various ventilation velocities.

Windspeed (m/s)
Convection
Equilibrium plume height (m)
Distance to maximum (m)
C/Q
Maximum concentration 

of NO2 ((g/m3 )

2
Strong
50-75
100-150
30 x 10-6
200-400

5
Moderate
50-75
250-350
10 x 10-6
70-130

The important question is then the likelihood of convective conditions occurring at the Turrella site.  The EPA has queried the use of meteorology in the EIA and there is indeed very little detailed information provided to show how the various parameters such as mixing height and atmospheric stability have been generated.  There is no summary of the stability classes and their frequency of occurrence at Turrella but the methodology adopted would be expected to underestimate the frequency of convective atmospheric states.  Some of the tables given in the supplementary report by AWN suggest strongly that no consideration has been given to seabreezes in constructing the dispersion modelling meteorological database.  

Other Sydney projects have emphasised the importance of limited mixing within the eastern Sydney region.  For example, Technical Paper No. 5 of the EIS for the second Sydney Airport contains a detailed summary by Macquarie Research Limited of all available meteorological information for the Sydney region.  Section 4.3.3 notes that available measurements at Lucas Heights suggest average mixing depths during seabreeze conditions of 630 m ( 228 in winter and 728 ( 225 in summer. These are much lower values than those shown on the ANE datafile and would be expected to lead to higher ground-level concentrations.

Another meteorological consideration that will be important for the Turrella site is the likelihood of low mixing depths during on-shore daytime flows.  During these conditions, there is a relatively slow growth of an internal boundary layer as air passes over water to land.  Various numerical simulations for near-coastal sites in NSW and Queensland have shown that, at a distance of 2-4 km inland, daytime mixing depths are often less than 400 m.  These values are unlikely to be predicted by a method that relies solely on morning and evening Mascot radiosonde profiles and near-surface temperatures.

The net result of the above is that the M5 East EIA may underestimate the frequency of occurrence of relatively low daytime mixing depths and of medium to strong convection.  This will be important when considering the exposures of residents within 750 m of the stack, especially those to the north-west, south-west and south-east. 

Appendix 4:
Health impacts of motor vehicle emissions

The philosophy adopted in the assessments to date have been that there are unlikely to be any impacts on nearby residents if the maximum ground-level concentrations are below available air quality goals.  It has also been asserted that there is a degree of conservatism in the assessment as NSW goals are amongst the strictest in the world. It is of interest that the Victorian EPA has recently issued a draft set of recommendations to its State Environmental Protection Policy for Air.  In this document, maximum hourly concentrations are proposed for PM10 and nitrogen dioxide that are below the NSW air quality goals.  These levels reflect the longer-term goals of the World Health Organisation for nitrogen dioxide and a more cautionary approach to the setting of particulate guidelines. 

This appendix considers these two assertions in the light of the predictions within the EIA that exposures within 1 km of the stack may experience nitrogen dioxide levels more than half of the NEPM goal and the fact that ventilation stack emissions will consist of a variety of constituents, some of which may yet to be comprehensibly understood or may act synergistically.

There is no discussion in the EIA of the many health studies that have been conducted looking directly at residents exposed to motor vehicle emissions.

Braun-Fahrlander et al. (1998) examined the relationship between traffic exposure, assessed by questionnaires, and the prevalence of specific allergens in 426 adolescents. The results suggested an association between heavy traffic exposure and allergic sensitization.

Lin et al. (1998) found in a questionnaire with three consecutive follow-ups of 2000 children from New York State that, amongst other things, current asthma was associated with living near heavy roads.

Lvoneik et al. (1998) in a survey of 5600 children aged 7 to 11 years from Ostrava found an association between bronchial asthma and the intensity of traffic in the place of residence.

Svartengren et al. (1998) undertook a study in which 20 volunteers with a mild allergic asthma were exposed for 30 minutes to car exhaust in a Swedish road tunnel during winter, with mean levels of 313 (g/m³ on NO2 and 75 (g/m³ of PM10. The asthmatic reaction was found to be significantly enhanced, whilst a control group exposed to low levels of pollution had no enhancement.

Oosterlee et al. (1996) studied a sample of 800 people living along busy traffic streets in Haarlem compared with a control group of 1000 living along quiet streets by questionnaire. The results suggested that living along busy streets increases the risk of developing chronic respiratory symptoms in children.

Van Vliet (1997) used 1100 questionnaires from children in South Holland to show that living within 100 metres of a freeway was associated with respiratory symptoms. Truck traffic and black smoke had the strongest association.

Wjst et al. (1993) surveyed 4500 4th grade children from Munich and used census data on car traffic collected in the school district. Their conclusions were that high rates of road traffic diminish forced expiratory flow and increase respiratory symptoms in children.

Wojtyniak et al. (1998) found an association between traffic noise and fumes at home and children coughing at night in a survey of 4400 8 year old children from 2 Polish cities.

Yu (1998) in a survey of 2000 children aged 8 to 12 from Hong Kong found that lung function parameters in a district with pollution from both industrial and traffic sources were the poorest. There was a mixture of outcomes comparing the results for the clean air district with the traffic pollution alone.

An increasing number of international and local studies has shown statistically significant associations between air pollution levels and health impacts such as shortened life-span, increased hospital admissions and various respiratory ailments. These projects consist of laboratory studies on essentially healthy people, time series studies of community health responses and cohort longitudinal studies (to determine long-term influences). The responses to various pollutants can be quite different. Current research shows that fine particulates, ozone and carbon monoxide have the strongest associations.

The degree of association can vary strongly between different cities and countries, for reasons as yet not determined. Extrapolation of these results to populations in Sydney is questionable, as the impact of many factors in exposure patterns and lifestyle need to be considered. There have been few quantitative studies on associations for people living very close to major roadways which could be applied directly. 

Previous studies have concentrated only on obvious health impacts due to pollutants for which long-term measurements are available. Very recent studies have suggested that there are also health impacts of low-level symptoms (e.g. cough, chest-tightness and lower productivity) that may be due to exposures at levels even below the usual concentration thresholds. It has been conjectured that volatile hydrocarbons or other trace compounds may be responsible and that and social and psychosomatic factors are also of importance.

In addition very little mention has been made in the EIA of the health impacts of the ultrafine particles that are emitted in considerable numbers by petrol and diesel combustion.  These ultrafines are likely to travel further from roadways than particles in the high range 1-10 microns and penetrate deeper into lungs.  There has been considerable work by Australian researchers (Morawski et al 1996, 1998, 2000) on determining the change in number density of ultrafine particles as a function of distance from major roadways.  This information is considered important as diesel vehicles are prolific emitters of ultrafine particles, especially for poorly maintained vehicles operating on high load. The M5 East is expected to carry 20% diesel truck traffic, a substantially higher ratio than the average 14%.

The importance of diesel contributions to NOx and particulate emissions has been noted in the recent NSW State of Environment Report:

“For instance, the contribution of diesel vehicles to total motor vehicle emissions is disproportionately high in relation to their VKT. It has been calculated that on commercially important arterial roads, diesel-powered vehicles account for more than half the emissions of oxides of nitrogen and over 80% of total suspended particulate pollutants, despite travelling only 14% of the total VKT for this road type (Carnovale et al. 1997). If VKT stabilises or reduces but heavy, freight-carrying vehicles increase their VKT, the result may be worse in terms of pollutant emissions.”  

The ultrafine particles will coagulate as they travel in the tunnel and from the stack-top to the point of impact in the local area.  This is likely to take of the order of 2-4 minutes in typical conditions and the average size of the particles is likely to increase from 0.08 (m to 0.2 (m.  The exposure of local residents will thus be to the smaller size fraction PM2.5 rather than PM10 . 

 As yet, there is no consensus on the health impacts of ultrafines, due to the lack of long-term measurements for establishing epidemiological studies and the absence of agreed biophysical or biochemical mechanisms. However Dr Dockery’s comment at the recent Clean Air Conference in Sydney (that the argument now about particles in general is not whether they are harmful but at what level and the level appears to be lower than previously thought) would appear appropriate. 

The recent NSW State of the Environment report notes that, for fine particulate fractions:
“Recent studies suggest the acute health effects may, in fact, be the result of exposure to very fine particles, such as those smaller than 2.5(m in diameter (referred to as PM2.5 ) (EPA 1997). These particles can travel into the lower respiratory tract and lodge in the very small airways. These particles are all included in the PM10 measurement but the mass of the larger particles may be what determines the overall result. The EPA is currently collecting monitoring data on PM2.5 .”

There is some evidence that ultrafines may form condensation nuclei for semi-volatile organics and some air toxics.  Should ultrafine particles prove to be an important component of motor vehicle exhausts, there are significant implications for the types of high efficiency filters (either fabric or electrostatic) in exhaust filtration systems.  

Attention is also drawn to a recent paper by Friedman et al (2001) who used the temporary drop in vehicle usage in Atlanta during the 1996 Olympic Games to investigate the changes in local and regional air quality and the change in hospital admissions and other health parameters.  Although this study has some limitations due to its once-off nature, statistical significant reductions in health impacts were noted when concentration levels were reduced during the main event period.  These health benefits occurred even though the maximum concentrations of the measured pollutants during normal traffic operations were well below ambient air quality goals.

The above work suggests that significant care is required when interpreting the likely health impact of repeated exposures to motor vehicle exhaust even at levels below existing NSW goals.  

For Sydney, the results of the Sydney Mortality Study and Sydney Hospital Admissions Study are likely to be very useful (Morgan et al, 1998a, 1998b, Morgan 2000).  Morgan notes that “the linear dose-response relationship between particles and daily mortality persists, even at the relatively low levels” in Sydney and that “it is reasonable to assume that the risks are much higher among susceptible groups”. Morgan has found significantly increased risks due to particulates, ozone and, in particular, nitrogen dioxide for asthmatics, chronic obstructive pulmonary disease and heart disease, both for mortality and hospital admissions.  He also finds the strongest link with peak one hour NO2 concentrations.  These and other results should be readily incorporated into a health risk assessment using realistic estimates of the 1 hour exposures to background concentrations with the tunnel component added on.
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