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Botany Groundwater Treatment PlantBotany Groundwater Treatment Plant
Environmental Impact StatementEnvironmental Impact Statement

Air Quality Impact AssessmentAir Quality Impact Assessment

Kirsten Lawrence 
Pacific Air & Environment

Community Workshop
29th & 30 th October 2004

2

IntroductionIntroduction

• Presentation Outline

� Overview - highlighting key issues

� Study Methodology

� Findings of Assessment

� Control Measures & Monitoring

� Full details available in assessment report
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Assessment ApproachAssessment Approach

• Review of proposed treatment process
� Identification of discharges to air

� Quantification of potentially significant discharges
• Review of existing environment

� Surrounding land use
� Existing air quality

� Climate and meteorology
• Atmospheric dispersion modelling study

• Assessment of modelling results against NSW DEC 
Assessment Criteria

4

Proposed Groundwater Proposed Groundwater 
Treatment ProcessTreatment Process

• The proposed treatment process includes:

� Air Stripping

� Thermal Oxidation

� Acid Absorption and Caustic Scrubbing

� Discharge to atmosphere via a single stack
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• Emissions from Stack During Operation

� Criteria pollutants such as carbon monoxide (CO), 
sulfur dioxide (SO2), oxides of nitrogen (NO2 and NO) 
and particulate matter

� Volatile organic compounds (VOCs) not destroyed in 
the thermal oxidiser

� Small quantities of hydrogen chloride (HCl) and 
chlorine (Cl2) not removed by scrubbers

� Small quantities of hydrogen sulfide (H2S) not 
destroyed in the thermal oxidiser

� Trace quantities of dioxins formed as a by-product in 
the thermal oxidiser

Identification of Potential Discharges to AirIdentification of Potential Discharges to Air
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• During Construction

� Dust from grading and construction works

� Products of fuel combustion from vehicles and 
equipment

• During Abnormal Operating Conditions

� Failure of the thermal oxidiser to destroy VOCs

� Incorrect operation of the thermal oxidiser to 
produce elevated levels of dioxins

Identification of Potential Discharges to AirIdentification of Potential Discharges to Air
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• Proposed stack emission limits

� NSW DEC regulations and international best practice 
requirements for such plants were reviewed

� Maximum allowable emission concentrations for the 
plant proposed 

� Would become ‘never to be exceeded’ limits in the 
licence

• Based on the expected exhaust gas flowrate and 
these concentration limits, maximum mass emission 
rates have been calculated for each pollutant.

Quantification of Potentially Significant Quantification of Potentially Significant 
Discharges to AirDischarges to Air
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Proposed Maximum Emission LevelsProposed Maximum Emission Levels
Normal OperationNormal Operation
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Estimated Maximum Annual Loads (kg/yr)Estimated Maximum Annual Loads (kg/yr)

• Assumes GTP is operating at maximum capacity and at maximum 
emission limits continuously for a full year (8,760 hours).

Maximum Annual GTP Emissions vs Emissions from the BIP
 as reported for the 2002/3 Year
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Review of Existing Air QualityReview of Existing Air Quality

• Site is within the Sydney urban airshed

• Assessment needs to account for existing 
pollutant concentrations in the Sydney Region

• There are existing air emission sources within the 
Botany Industrial Park

• Potential for cumulative impacts of emissions 
from the GTP with existing emissions from the 
BIP
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Atmospheric Dispersion ModellingAtmospheric Dispersion Modelling

• What is atmospheric dispersion modelling?
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Model SelectionModel Selection

• Plume dispersion modelling has undergone 
significant refinement in recent years

• Shift from steady-state models like AUSPLUME 
to puff models like CALPUFF

• Previous modelling of emissions from the site 
used AUSPLUME

• This assessment used CALPUFF which is better 
able to account for coastal effects and tall stacks 
(i.e. boiler stacks)
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• Developed meteorological dataset for region
� Used TAPM (CSIRO) to generate meteorological 

inputs for CALMET for the year 2001
� Data from the Sydney Airport for 2001 also entered 

into CALMET
� Reviewed dataset for representativeness for 

parameters such as wind speed and direction, stability 
class frequencies etc

� Dataset deemed to be representative, tending towards 
being conservative (ie, give over-predictions of ground 
level concentrations)

Meteorological DataMeteorological Data
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• Compiled hourly background concentration files for 
2001 for NO2, SO2, ozone and PM10 based on 
measurements at Randwick.

• Closest NSW DEC monitoring station.

• Review of 2001 and 2002 data summaries indicated 
that 2001 would be a conservative year to analyse.

• Monitoring data from Botany Council Building site  
reviewed but not appropriate for use in this 
assessment.

Background Air QualityBackground Air Quality
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Location of NSW DEC Monitoring Sites in SydneyLocation of NSW DEC Monitoring Sites in Sydney
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• Compiled emission inventories for the pollutants of 
interest for the existing sources at the BIP

• Compiled data on building dimensions and locations 
for buildings and structures located near stacks.

• A receptor grid was set up to predict ground level 
concentrations (and deposition rates) over a 10 km by 
9 km modelling grid with a 100 m spacing

• 14 Discrete receptor locations were also used to 
generate additional detail for concentrations predicted 
at nearby sensitive locations

Other Input Data & Receptor LocationsOther Input Data & Receptor Locations
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1: Botany Golf Course 
2: Banksmeadow Primary School 
3: Garnet Jackson Reserve 

4: Pagewood Primary School 
5: Botany Athletic Centre 

6: Denison Street north 
7: Denison Street south
8: Guides Hall

9: Retirement Village
10: Our Lady of the Annunciation School
11: Marist Brothers High School

12: Childcare Centre
13: St Agnes Primary School

14: South Sydney High School
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Modelling ScenariosModelling Scenarios

• Dispersion modelling was undertaken for a range 
of operating scenarios:

� GTP operating only
� Existing sources at the BIP emitting at typical 

emission levels (including background levels)

� GTP operating along with the rest of the BIP at 
typical emission levels (including background 
levels)

� GTP operating under abnormal conditions
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Assessment CriteriaAssessment Criteria

• Maximum ground level concentrations predicted by 
the model were compared against relevant air quality 
assessment criteria set by the NSW DEC in the 
Approved Methods and Guidance for the Modelling 
and Assessment of Air Pollutants in NSW, August 
2001.
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Assessment CriteriaAssessment Criteria
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Summary of Modelling ResultsSummary of Modelling Results
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Maximum 1-Hour Average NO 2 Predictions at Discrete Receptors
No Background Included
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1: Botany Golf Course

2: Banksmeadow Primary School

3: Garnet Jackson Reserve

4: Pagewood Primary School

5: Botany Athletic Centre 

6: Denison Street north 

7: Denison Street south

8: Guides Hall

9: Retirement Village

10: Our Lady of the Annunciation School

11: Marist Brothers High School

12: Childcare Centre

13: St Agnes Primary School

14: South Sydney High School

Assessment Criterion = 246 µg/m
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1-Hour Average NO 2 Concentrations Predicted by CALPUFF
 GTP & BIP Emissions (no background)
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Assessment Criterion = 246 µg/m 3
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Nitrogen Dioxide Nitrogen Dioxide -- Including BackgroundIncluding Background

1-Hour Average NO 2 Predictions at Discrete Receptors
Background Included
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1: Botany Golf Course

2: Banksmeadow Primary School

3: Garnet Jackson Reserve

4: Pagewood Primary School

5: Botany Athletic Centre 

6: Denison Street north 

7: Denison Street south

8: Guides Hall

9: Retirement Village

10: Our Lady of the Annunciation School

11: Marist Brothers High School

12: Childcare Centre

13: St Agnes Primary School

14: South Sydney High School

Assessment Criterion = 246 µg/m 3

• No exceedances predicted – results are well 
below the assessment criterion
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SulfurSulfur DioxideDioxide

• No exceedances predicted.
• Worst affected discrete receptor was Receptor 8 (Guides 

Hall) with maximum predictions concentration of 247 µg/m3

(1-hour) and 353 µg/m3 (10-minutes), including background, 
for the  GTP plus BIP emissions scenario.
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Particulate MatterParticulate Matter
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• No exceedances predicted.
• Negligible impact on maximum concentrations from GTP 

emissions.
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Maximum PM 10 Predictions
• GTP Emissions Only

• Including Background Levels
• In µg/m3, 24-hour averages

• Maximum predictions are on-site
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Carbon MonoxideCarbon Monoxide
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Hydrogen Chloride & ChlorineHydrogen Chloride & Chlorine

• Predicted maximums far below assessment criterion.

• Minor impact on HCl levels, Cl2 predictions well below 
criterion.
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Hydrogen Hydrogen SulfideSulfide

• Predicted maximums are below assessment criterion, 
hence nuisance odours would not be expected.

Predicted Hydrogen Sulfide Concentrations
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Assessment Criterion for Urban Areas = 1.38 µg/m 3
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Volatile Organic CompoundsVolatile Organic Compounds

• Predicted maximums far below assessment criteria.
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Potential Impacts of VOC and Dioxin Potential Impacts of VOC and Dioxin 
EmissionsEmissions

• Screening assessment of VOC emissions indicates 
that there is no potential for adverse impacts 

• A Health Risk Assessment has been undertaken to 
further quantify the potential risks of health impacts 
from both VOC and dioxin emissions from the GTP

• Results of the HRA are reported separately
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Abnormal Operating ConditionsAbnormal Operating Conditions

• Two possible scenarios identified
� Elevated dioxin emissions due to incorrect temperature 

control in the thermal oxidiser (maximum 1-year duration)

� Elevated VOC emissions due to failure of the thermal 
oxidiser, resulting in VOCs and H2S being emitted 
uncontrolled (maximum 12 hour duration)

• Both scenarios would require simultaneous failure 
of the temperature controls and the automatic 
shutdown system and operator inaction in the light 
of many indicators of unusual performance

• Both scenarios have a risk of occurring of 1 in 
50,000 years 
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Abnormal Operating ConditionsAbnormal Operating Conditions

• Both abnormal operating scenarios have been 
modelled and the health risks of the predicted dioxin 
and VOC exposures have assessed as part of the 
Health Risk Assessment

• Maximum H2S emissions for the second abnormal 
operating scenario have also been modelled. 

• The results indicate that in the rare event of such a 
failure, odours would be detectable off-site, however 
the ground level concentrations would be far below 
levels at which health effects occur
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Abnormal Operating ConditionsAbnormal Operating Conditions
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Mitigation MeasuresMitigation Measures

• During Operation
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• Temperature

• Carbon monoxide levels

• Gas and liquid flowrates and compositions

� Minimisation of general plant emissions through good 
plant design
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• Monitoring requirements will be set by the NSW DEC 
in the licence

• Proposed monitoring:
� �!)��)�!���	!)��!��)��!'��
	�
�����
��)���
�

��
�	� �!��&��
���)&����!������
������!! �)������)

� �!)��)�!���	!)��!��)��!'������)&� �D��& ' !6���
�5�
 
7
 �5��
	�
�����
���)&��!	�!����!)��6����)���
�
D�
)����)&�����++�)���"��
	�

� �!)��)�!���	!)��!��)��!'��%�� .�)� 
�����)&����05�
�� 5��%��)&�� � %��)���
������

� 	!)��!��)��!'�(% E5�-, �� 5��% � 5�� � �5�� � �)&�&�!��)��
�)���
���������!)��!		����!)�)��!'���
��)����)&����
���

�	!)�� "��)�
�7� ����
�
�'�
�
�

MonitoringMonitoring
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ConclusionsConclusions
• Maximum stack emissions have been proposed for the plant 

based on a review of of NSW DEC requirements and 
international guidelines

• Modelling of these emissions indicates that under normal 
operating conditions, ground level NO2, SO2, PM10, CO and H2S 
concentrations would not exceeded regulatory standards

• Maximum predicted ground level VOC concentrations are also 
far below regulatory standards where available

• A HRA has been completed to further assess health risks 
associated with VOC and dioxin emissions

• In the unlikely event of a failure of the thermal oxidiser, H2S 
odours are likely to be detectable off site but health impacts 
would not be expected

The End
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Air Quality in Sydney Air Quality in Sydney 
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Air Quality in Sydney Air Quality in Sydney 
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Air Quality in Sydney Air Quality in Sydney 
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•H2S is a highly odorous compound with a 
characteristic “rotten egg” odour.
•The assessment criterion for H2S is based on the 99th 
percentile modelling prediction (or 88th highest 
prediction for a 1-year model run).

•The model results are presented based on the “nose-
response time” as required by the Approved Methods 
and Guidance for the Modelling and Assessment of Air 
Pollutants in NSW. 

•A conservative Peak to Mean Ratio of 6 was selected.

HH22S Modelling S Modelling 
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Steady State Gaussian ModelsSteady State Gaussian Models

• Steady state Gaussian plume dispersion models 
assume:
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Steady State Gaussian ModelsSteady State Gaussian Models

• The main types of conditions under which Gaussian 
models tend to perform poorly are:

– very light winds;
– stable conditions, associated with surface 

temperature inversions and drainage flows along 
valleys and gullies;

– highly convective (unstable) conditions; and

– sea breezes. 
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Benefits of the CALPUFF ModelBenefits of the CALPUFF Model

• CALPUFF is:
– a multi-layer, multi-species, non-steady state puff 

dispersion model;

– it can simulate the effects of time and space varying 
meteorological conditions ;

– it contains algorithms for near-source effects such as 
building downwash;

– it can simulate the effects of  chemical transformation, 
vertical wind shear and coastal interaction effects; and

– it can be used to model emissions from multiple sources, 
including point, area, volume and line sources.

47

Comparison of AUSPLUME & CALPUFFComparison of AUSPLUME & CALPUFF
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• Modelled NOX emissions – so need to convert 
predicted NOX concentrations to NO2
concentrations

• NOX includes nitric oxide (NO), nitrogen dioxide 
(NO2) and some nitrous oxide (N2O)

• At the emissions point, around 5 – 10% will be 
NO2, the rest is predominantly NO

• As the plume travels downwind NO reacts with 
the atmosphere to form NO2

• Used the conservative Ozone Limiting Method 
developed by US EPA to account for this

Conversion of NOConversion of NOXX results to NOresults to NO22
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Mitigation MeasuresMitigation Measures

• During Construction
– Construction Environment Management Plan  

– Access site via existing sealed roadways
– Minimise areas of disturbed soils

– Water may be used to suppress dust emissions 
during dry windy periods (as required) 

– Keep stockpiling of soils on the site to a minimum


