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Odour Risk Assessment

Summary

A major treatment upgrade is proposed at Drouin Wastewater Treatment Plant to cater for recent and expected
growth. The upgrade will involve addition of an MBR plant to run in parallel with the existing lagoon plant, which
will operate at significantly reduced load. Retaining the lagoon plant provides significant environmental benefits
including beneficial use of nutrients (via existing irrigation scheme), reduced greenhouse gas emissions (by
using natural treatment) and reduced cost to rate payers.
The proposed upgrade incorporates industry best odour treatment and the proposed lagoon loading is such that
recommended separation distances can be achieved.
Odour levels at key receptors on all sides of the plant are at or below 5 OU for 99.9% of the year except for the
2014 data which had one receptor just above 5 OU. Background odours on farms are expected to exceed this
level.
The assessment found a significant improvement in the odour profile of the existing site can be achieved with the
proposed upgrade and appropriate management of the lagoon plant loading. This is particularly apparent to the
east of the site where most of the urban development is occurring.
Gippsland Water can further reduce the size of the odour plume by further reducing the load sent to the lagoons.
However this will result in higher greenhouse gas emissions due to the energy usage in membrane bioreactor
compared to natural treatment in the lagoons.
The optimum proposal is to send 120 kgBOD/d (representing an equivalent population of 2,353 which is 17% of
the current load) to the lagoons for treatment and use the MBR plant to treat the remainder. This means the
noisy components of the lagoon aeration system can be switched off while the less noisy components (e.g.
diffused air system) remain in operation, and the lagoon plant will continue to operate in aerobic conditions. The
proposal strikes the right balance between odour, noise, greenhouse gas emissions and costs to rate-payers.
It is concluded that the proposed upgrade complies with regulatory requirements.
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1

Background

1.1

INTRODUCTION
The Drouin Wastewater Treatment Plant services the town of Drouin, 100 km east of Melbourne. The
area is experiencing high growth, and as the existing treatment plant is approaching capacity, a major
upgrade is required. The odour impacts at the site are being assessed for the purposes of gaining an EPA
Works Approval for the upgrade.
KBR has collaborated with odour modelling specialist Consulting Environmental Engineers (CEE) to
complete this odour impact assessment. CEE has provided the emission rates used in the odour
modelling and has undertaken a review of the model results and reporting.

1.2

PLANT DESCRIPTION
The existing plant is a lagoon-style plant. Wastewater is received at the inlet well and it is then pumped to
an inlet works comprising an inclined screw screening and a grit removal system before passing through
two treatment lagoons and a winter storage.
The first lagoon is 4.7 ha and has surface aeration, aspirators and a diffused air system. The second
lagoon is also 4.7 ha and has a small diffused air system at its inlet. Lagoon 3 (12.4 ha) is the winter
storage and recycled water for irrigation is sourced directly from the winter storage.
Effluent is also transferred from the winter storage to two high rate trickling filters and two DAFF units
during the non-irrigation periods to provide additional treatment when discharge to creek is required.

1.3

HISTORY OF ODOUR COMPLAINTS
Three odour complaints have been recorded by Gippsland Water relating to the Drouin plant. A complaint
on 01/02/2013 in Bunjil Drive to the north of the plant was verified and reported to the EPA. The interim
measures adopted to rectify the issue included turning on aspirators, dosing ferrox and running the two
treatment lagoons in parallel. The odour issue abated over several days after the interim measures were
put into action and no further issues were encountered with the community. A permanent measure of reinstalling two surface aerators was also adopted and this issue is not expected to re-occur if the aerators
continue to operate or loads to the lagoons are reduced.
Complaints regarding odour were received from the farm adjacent to the treatment plant on the south side
on 28/05/2015 and 04/07/2016. Gippsland Water sent staff to verify the odour issue but was unable to
detect any odour off site. The complaints were therefore not reported to EPA. The new MBR will be
located in the empty paddock to the south of lagoons which is closer to the location of this complaint. A
high level of odour control will therefore be implemented at the new facilities.
The locations of the odour complaints are shown in Figure 1.1.
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01/02/2013: Verified odour
complaint. Resulting in
permanent installation of
surface aerators in Lagoon 1.

28/05/2015: Odour complaint. Site
inspection unable to verify.
04/07/2016: Odour complaint. Site
inspection unable to verify.

Figure 1.1: Odour complaints from the Drouin plant
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2

Policy and guidelines

2.1

STATUTORY POLICY
The State Environment Protection Policy for Air Quality Management (SEPP AQM) specifies that odour
levels do not exceed 1 odour unit (OU) at the site boundary. This is a very difficult target to meet and
impractical for many plants to achieve. A risk assessment is required if the design criteria is not met
(Schedule C Part C of the policy). This document is the risk assessment.

2.2

EPA GUIDELINES AND PREVIOUS STUDIES
The EPA recommends buffer distances that should be provided around sewage treatment plants via their
guideline document “Recommended Separation Distances for Industrial Residual Air Emissions – EPA
Publication No. 1518”.
The guidelines recommend different buffer distances based on the size of the plant (in terms of equivalent
population) and the type of treatment. The existing lagoon plant has been categorised by the EPA as an
“aerobic pondage system” and the new MBR plant is represented by the “mechanical/biological
wastewater plants” category.
Gippsland Water and the EPA agreed a buffer zone in March 2005 which is shown as the red boundary in
Figure 2.1. The most recent odour assessment work commissioned by Gippsland Water (“Drouin Waste
Water Treatment Plant Buffer Distance Assessment”, GHD, Revision 1, May 2015) considered the
recommended separation distance, calculated using guidance in EPA Publication No. 1518. This
separation distance was calculated to be 324 m (based on an EP of 34,000 and a mechanical plant). The
approved buffer zone and recommended separation distance are shown together in Figure 2.1.
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Figure 2.1: Agreed buffer zone and recommended separation distance, from GHD report

The GHD report included a modelled adjustment to the recommended separation distance to reflect the
meteorological conditions at the site. The adjusted results are shown as the yellow contour in Figure 2.2
with the unadjusted results (in green). The modelling was undertaken using Ausplume software and the
results indicate that the separation distance based on mechanical/biological treatment is within the
approved buffer zone. The three receptors closest to the site are however within the separation distance.
It is noted that the proposed operation of the plant following the upgrade now involves the lagoon plant
operating in parallel with a new mechanical (MBR) plant.

Figure 2.2: Recommended separation distance adjusted due to meteorology, from GHD report

The recommended separation distance calculation (as per EPA Publication No. 1518) has been revisited
for the proposed plant upgrade (refer Section 3).
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3

Proposed solution

3.1

PROPOSED PLANT DESCRIPTION & OPERATION
The adopted process for the plant upgrade is a new membrane bioreactor (MBR) which is the latest
technology and produces high quality effluent. Decommissioning the lagoon plant and treating all load
using the MBR would provide the greatest improvement in the odour profile of the site. However, retaining
the lagoon plant provides other significant environmental benefits, including:
• Reduced energy usage (and greenhouse gas emissions) via utilising natural treatment processes
(lagoons) to supplement the MBR treatment
• Beneficial reuse of nutrients in the existing farm irrigation scheme since lagoon treatment provides
minimal nutrient reduction, i.e. nutrients are available in the lagoon effluent
Therefore rather than replacing the existing lagoon plant, it is intended that the new plant will operate in
parallel with the lagoons. The MBR will treat most of the load, allowing the lagoons to treat less load and
result in a net improvement in the odour profile of the site while still maximising the other environmental
benefits.
There are currently surface aerators and aspirators that boost the capacity of the lagoon treatment,
however they are noisy and the noise profile of the site could be greatly improved by turning them off.
This places a further limiting factor on the load to be sent to the lagoons, i.e. to ensure there is still an
improvement in odour without the noisy aeration equipment being operated. Other aspects of the existing
mechanical lagoon aeration (e.g. the diffused air system) do not generate much noise, and so can be
retained.
It is proposed that the lagoon plant will treat approximately 120 kgBOD/d which corresponds to 500 kL/d,
2,353 EP and 17% of the current load. This load reduction means the lagoons are still aerobic, without
some of the louder mechanical aeration equipment operating. The recommended separation distances
that would apply for the proposed operating approach are shown in Table 3.1. The developing area to the
east of the site is approximately 420 m away. This is also an improvement on the 324 m separation
distance proposed in earlier work (see Section 2.2).
Table 3.1: Recommended separation distances as per EPA Publication No. 1518
2020

2050

Equation (n=
equivalent
population)

nNote 1&2

Separation
distance

nNote 1&3

Separation
distance

Lagoon plant (aerobic ponds)

=5n1/2

2,353

243

2,353

243

MBR plant (mechanical plant)

=10n1/3

12,667

233

28,647

306

Plant operation

Notes
1 Equivalent population estimates are based on biological oxygen demand (BOD) plant loads from the design basis report and industry
norm per capita contribution estimate of 51 gBOD/p/d
2 2020 lagoon treatment EP based on load of 120 kgBOD/d; MBR treatment EP based on difference between 2020 load (766 kgBOD/d)
and lagoon treatment load
3 2050 MBR plant EP based on estimated plant load (1581 kgBOD/d) and no increase to lagoon load
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3.2

INDUSTRY BEST PRACTICE ODOUR MINIMISATION
The new MBR plant will include fine screens, the MBR tanks and waste solids handling facilities. The
MBR tanks will not contribute much odour, however the screens and solids handling facilities are
significant odour sources and advanced air treatment will be provided.
The plant design includes extraction of foul air from the solids handling equipment and building and fine
screens. Foul air will also be extracted from the existing inlet works. The extracted foul air will be
conveyed to an advanced odour treatment facility likely comprising a biotrickling filter and activated
carbon filter.
Covering bioreactor tanks and extracting the foul air for treatment has been considered but will add
significant cost for negligible benefit as the emissions from the bioreactor tanks are estimated to be only
approximately 3% of the existing plant odour emissions. Similarly to the bioreactor tanks, covering and
extracting foul air from the inlet well would be an expensive exercise with marginal benefit and has
therefore not been included.
Odour modelling has been undertaken to estimate the odour profile for the existing plant and for the
proposed plant upgrade described above.

3.3

BENEFITS OF RETAINING LAGOONS
In addition to the environmental benefits of retaining the lagoons plant outlined in Section 3.1 (reduced
greenhouse gas emissions and beneficial reuse of nutrients), they also provide other cost and risk
management benefits:
• Asset recycling and maximising the use of existing assets: Extending the life of the lagoons and
maximising their use reduces the costs to Gippsland Water and therefore the rate-payer.
• Emergency storage: Retaining the lagoons provides a buffer against unusual or unexpected events,
such as wet weather events in excess of the design capacity of the plant, further reducing the
likelihood of requiring an emergency discharge to environment.
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4

Odour modelling

4.1

MODELLING METHODOLOGY
AERMOD is the current air dispersion model approved by EPA Victoria for impact assessments. The
modelling for this project has been completed in line with the following EPA guidelines:
• Construction of input meteorological data files for EPA Victoria’s regulatory air pollution model
(AERMOD) – Publication No. 1550
• Guidance notes for using the regulatory air pollution model AERMOD in Victoria – EPA Publication No
1551

4.1.1

Scenarios
The following scenarios were modelled:
• Scenario 1: Existing plant; lagoons treat ~700 kgBOD/d
• Scenario 2: Upgraded plant; lagoons treat ~120 kgBOD/d; MBR treats ~580 kgBOD/d
Reducing the load sent to the lagoons to 120 kgBOD/d means the noisy aspects of the mechanical
lagoon aeration system can be switched off which will significantly improve the noise profile of the site,
while the lagoons remain in aerobic conditions. Low noise emitting aspects of the aeration system (e.g.
diffused air system) would be retained.

4.1.2

Emission rates
KBR engaged a specialist consultant, Consulting Environmental Engineers (CEE), to provide odour
emission rate estimates appropriate for the existing and upgraded Drouin plant. CEE has a database of
over 1,200 measured emission rates from a wide range of lagoon and other treatment plants.
The emission rates used in the modelling (presented in Table 2) represent the 75th percentile odour
emission rates under normal operations which (given the unlikelihood of all sources simultaneously
emitting at this level) is a conservative estimate and is deemed to satisfy SEPP AQM which specifies
modelling of the ‘worst case’ scenario during normal operations.
The plant emissions (excluding stack source) are modelled as volume sources instead of area sources as
per guidance in EPA Publication No. 1551 Section 6.
It is noted that the total odour emissions for the proposed plant are only slightly lower than the existing
plant, however due to the use of a stack for the discharge of air from the odour scrubber, the site odour
profile will be significantly improved.
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Table 4.1: Odour emission rates
Scenario 1 (existing plant
Emission
type

Area
(m2)

Inlet well

Volume

Inlet screen

Odour source

Scenario 2 (upgraded
plant)

SEORNote 1

Total odour
emissions
(OU/s)

SEORNote 1

Total odour
emissions
(OU/s)

80

8.00

640

8.00

640

Volume

20

8.00

160

8.00

160

Lagoon 1 (aerated component)

Volume

16000

0.25

4,000

0.24

3,840

Lagoon 1 (non-aerated component)

Volume

31000

0.10

3,100

0.06

1,860

Lagoon 2

Volume

47000

0.03

1,410

0.02

940

Lagoon 3 (winter storage)

Volume

124000

0.01

1,240

0.01

1,240

Nitrifying trickling filters

Volume

200

0.60

120

N/A

N/A

Dissolved air flotation & filtration
system

Volume

144

0.80

115

N/A

N/A

Point

N/A

N/A

N/A

450.00

1,500

Primary anoxic zones

Volume

225

N/A

N/A

0.50

113

Primary aerobic zones

Volume

225

N/A

N/A

0.25

56

Secondary anoxic zones

Volume

100

N/A

N/A

0.50

50

Secondary aerobic zones

Volume

50

N/A

N/A

0.25

13

Membrane tanks

Volume

225

N/A

N/A

0.35

79

Odour treatment stackNote 2

Total odour emissions

10,785

10,490

Notes
1 Units are OU/s for point sources and OU/m2/s for area sources
2 Odour treatment facility to treat foul air from inlet screens, fine screens and sludge dewatering building using biotrickling filter and activated carbon
and discharge from stack at 15 m/s

4.1.3

Meteorological conditions
It is understood that EPA typically requires modelling using five sequential years of hourly meteorological
data. The hierarchy of preferred meteorological data as per EPA Publication No. 1550 is as follows:
• Site-specific meteorological data
• Bureau of meteorological (BOM) data
• Data developed from prognostic models
The nearest meteorological station (BOM) is Nilma North which is within 15 km of the site however it only
has three years of recent sequential data available (2014–2016). KBR contacted Paul Toore at EPA
Victoria to confirm its preference for constructing meteorological files based on three years of BOM data
or five years of data developed from prognostic models. The advice received from Paul Toore (by
telephone) was that three years of meteorological data is preferable to EPA Victoria.
The Drouin meteorological files were therefore constructed in accordance with EPA Publication No. 1550
using the US EPA AERMET program (Ver 16216) and site wind speed, wind direction and solar insolation
data.
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4.1.4

Sensitive receptors
The locations of the nearest sensitive receptors were based on the GHD report. The key receptors
comprise a development area approximately 420 m to the east of the site and some scattered farmhouses to the south-east and west of the plant (within 150 m) and a number of houses approximately
370 m to the north of the plant.

4.1.5

Terrain
A processed terrain file for use in the modelling was generated by pDs Consultancy using gap-filled
USGS SRTM3 global data via AERMAP.
Interrogation of the modelling outputs found that the results were not realistic when using the terrain file
because the output showed odour deposition plumes without any stack sources in the model. This result
is not possible in reality because the odour plume travels outward from the source at ground level with
odour levels gradually dissipating.
The modelling was therefore undertaken based on flat terrain and the outputs reflected the experience of
odour specialists CEE and the history of complaints at the site. The model flaw identified has been
reported to US EPA.

4.2

RESULTS

4.2.1

Wind Roses
The Wind Roses plots resulting from the site meteorological data are included in Appendix A. It is noted
that the wind is particularly east-west directional.

4.2.2

Odour plots
The AERMOD model was run according to the input parameters described above and the 1-hour
averaging results from the model were adjusted to 3 min averaging results to reflect the 99.9th percentile.
Results showing odour contours for the existing and upgraded plant for the three years of data are
presented in Figure 4.1 to Figure 4.3 below. The black contours represent the existing plant odour profile
and the red contours represent the proposed upgraded plant contours. The three figures all show that for
each year of meteorological data, the odour contours for the upgraded plant are a significant improvement
on those for the existing plant.

MEG765-TD-PR-REP-0002 Rev. 0 | 07 June 2018 | Page 14

Odour Risk Assessment

Figure 4.1: 2016 estimated odour levels (99th percentile/3 min average)

The 2016 99th percentile odour plot (Figure 4.1) shows that receptor SR3 is within the 5 OU contour and
SR2 and SR3 are within the 4 OU contour. These are farm houses and background odours levels would
be expected to be higher. After the upgrade the 99th percentile odours are less than 4 OU at SR1 and
SR2 and less than 5 OU at SR3.
There is a big improvement in the odour levels to the east of the site, where most of the development is
occurring.
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Figure 4.2: 2015 estimated odour levels (99th percentile/3 min average)

The 2015 meteorological data produced a slightly larger odour plume. The 99th percentile odour levels are
at or below 5 OU at the closest receptors and a significant improvement is achieved from existing
conditions. Again, a big improvement is observed to the east of the site, nearest most of the development.
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Figure 4.3: 2014 estimated odour levels (99th percentile/3 min average)

The 2014 meteorological data produced the largest odour plume. The 99th percentile odour levels are at
or below 5 OU at SR1 and SR2 and just above 5 OU at SR3. Again, a significant improvement is
achieved from existing conditions, particularly east of the plant.
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5

Discussion

The results show that predicted odour levels are greater than 1 OU beyond the site boundary. It is not
possible to meet this level for lagoon plants without a large buffer between the lagoons and the site
boundary.
Industry experience (“Integrated odour management at Western Australian Wastewater Treatment
Plants”, I. Wallis & R. Oma; Water Practice & Technology Volume 4 No. 2) indicates that annoyance due
to odours by the majority of the community occurs in the range of 5 to 15 OU and community agitation is
attributed to odour levels exceeding this range.
Odour levels at key receptors on all sides of the plant are at or below 5 OU for 99.9% of the year except
for the 2014 data which had one receptor just above 5 OU. Background odours on farms are expected to
exceed this level. Particularly to the east of the plant where most of the urban development is occurring,
odour levels after the upgrade are a considerable improvement from existing.
The odour risk posed by the upgrade is considered to be low given the odour levels at identified sensitive
receptors. The results are 99.9th percentile indicating exceedance of the levels shown might occur 0.1%
of the time, or for less than nine hours over a year.
The most likely risks for upset conditions that could create an odour issue have been mitigated, as
explained below:
• Power outage causing equipment failure; thus design includes backup generator
• Failure of an odour extraction fan; thus design includes duty/standby fans
• Failure of operating lagoon surface aeration (e.g. diffused air system); existing noisy surface aerators
could be used as a back-up up to mitigate odour issues
• Industrial wastewater discharged to sewer could overload lagoons; however the MBR will reduce load
on lagoons and has capacity to treat full plant load if required, and noisy surface aerators could be
used as back-up
The proposed upgrade adopts industry best practice odour treatment and the modelling shows a
significant improvement from the existing plant odour profile.
The odour profile of the site is predominantly due to emissions from the lagoons. Gippsland Water can
further reduce the size of the odour plume by further reducing the load sent to the lagoons. However this
will result in higher greenhouse gas emissions due to the energy usage in membrane bioreactor
compared to natural treatment in the lagoons.
It is proposed that sending 120 kgBOD/d to the lagoons and treating the remainder in the MBR plant
strikes the right balance between odour, noise and greenhouse gas emissions.
It is concluded that, following this risk assessment, the proposed upgrade complies with regulatory
requirements.
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6

Conclusions

A major treatment upgrade is proposed at Drouin Wastewater Treatment Plant to cope with growth in the
area. The upgrade will involve addition of an MBR plant to run in parallel with the existing lagoon plant.
Extraction of foul air and advanced odour treatment is proposed for the key odour sources in the new
plant as well as from the existing inlet works.
Odour levels are above 1 OU at the site boundary, therefore an odour risk assessment has been
completed as per Schedule C Part C of the State Environment Protection Policy (Air Quality
Management). Odour levels at key receptors on all sides of the plant are at or below 5 OU for 99.9% of
the year except for the 2014 data which had one receptor just above 5 OU. The nearest receptors are
farmhouses at which background odour levels would be expected to be above 5 OU.
Conservative emission rates were used in the modelling and mitigation options are available for the key
risks of plant upset conditions that could create an odour issue.
The assessment found a significant improvement in the odour profile of the site can be achieved with the
proposed upgrade and appropriate management of the lagoon plant loading. The proposed upgrade
incorporates industry best odour treatment and the proposed lagoon loading is such that the lagoons
continue to operate aerobically and recommended separation distances can be achieved.
It is concluded that the proposed upgrade complies with regulatory requirements.
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Wind Roses

WIND ROSE PLOT:

DISPLAY:

Drouin All Hours

Wind Speed
Direction (blowing from)

NORTH

25%
20%
15%
10%
5%
WEST

EAST

WIND SPEED
(m/s)
>= 15.0

SOUTH

9.0 - 15.0
6.0 - 9.0
3.0 - 6.0
1.0 - 3.0
0.5 - 1.0
Calms: 0.00%

COMMENTS:

COMPANY NAME:

CEE Pty Ltd
MODELER:

Chris Wharton
CALM WINDS:

0.00%
AVG. WIND SPEED:

2.75 m/s
WRPLOT View - Lakes Environmental Software

PROJECT NO.:

WIND ROSE PLOT:

DISPLAY:

Drouin Day Hours

Wind Speed
Direction (blowing from)

NORTH

20%
16%
12%
8%
4%
WEST

EAST

WIND SPEED
(m/s)
>= 15.0

SOUTH

9.0 - 15.0
6.0 - 9.0
3.0 - 6.0
1.0 - 3.0
0.5 - 1.0
Calms: 0.00%

COMMENTS:

COMPANY NAME:

CEE Pty Ltd
MODELER:

Chris Wharton
CALM WINDS:

0.00%
AVG. WIND SPEED:

2.94 m/s
WRPLOT View - Lakes Environmental Software

PROJECT NO.:

WIND ROSE PLOT:

DISPLAY:

Drouin Night Hours

Wind Speed
Direction (blowing from)

NORTH

25%
20%
15%
10%
5%
WEST

EAST

WIND SPEED
(m/s)
>= 15.0

SOUTH

9.0 - 15.0
6.0 - 9.0
3.0 - 6.0
1.0 - 3.0
0.5 - 1.0
Calms: 0.00%

COMMENTS:

COMPANY NAME:

CEE Pty Ltd
MODELER:

Chris Wharton
CALM WINDS:

0.00%
AVG. WIND SPEED:

2.56 m/s
WRPLOT View - Lakes Environmental Software

PROJECT NO.:

