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Foreword
This project was conducted to develop an S-factor formula to be integrated into the revision of the
Environmental Guidelines for the Egg Industry. A robust and science-based separation distance (Sfactor) formula will provide improved planning and development outcomes for the egg industry and
will provide greater certainty that community amenity impacts can be managed for new and
expanding layer farms
This project was funded from industry revenue which was matched by funds provided by the
Australian Government.
This report is an addition to Australian Eggs’ range of peer reviewed research publications and an
output of our R&D program, which aims to support improved efficiency, sustainability, product
quality, education and technology transfer in the Australian egg industry.
Most of our publications are available for viewing or downloading through our website:
www.australianeggs.org.au
Printed copies of this report are available for a nominal postage and handling fee and can be requested
by phoning (02) 9409 6999 or emailing research@australianeggs.org.au.
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Executive Summary
Integrity Ag Services are currently updating the Environmental Guidelines for the Egg Industry for
Australian Eggs. A draft of the updated guidelines was distributed for comment to a working group of
selected egg industry, extension, government policy and regulatory representatives, in late 2016.
From this review, one main area of concern was the lack of a separation distance formula for assessing
any likely potential community amenity impacts, mainly odour, for new and expanding layer farms.
This issue, among several others, was discussed at a project steering committee meeting in March
2017. The resolution was to refer to state-based S-factor formula/s for meat chickens. This report
found that formulas developed for the meat chicken industry produce large estimates of separation
distances for layers, as the odour emission rate per bird for meat chickens is significantly higher than
for layers. A method of resolving this problem is presented, using existing data and a similar approach
to what has been developed for other industries, to develop a separation distance (S-factor) formula
specifically for layer birds.
Separation distances can assist in managing some of the community amenity impacts of intensive
animal industries, including layer farms, by assisting in protecting receptors (neighbours and towns)
from nuisance odours, as well as protecting existing enterprises from conflict with the surrounding
community. Optimum separation distances between layer farms and receptors depend on several
factors. These include: the size of the layer farm (number of birds), the design and management
features of the farm, the surface roughness of the earth between the layer farm and receptors, local
terrain surrounding the farm and site meteorological conditions. These factors can be incorporated
into an empirically-based (S-factor) formula, a common methodological approach that is used as a first
step in determining the appropriate location of a new or expanding development. They are designed
to provide a generous separation distance to avoid the additional cost of going to a more detailed site
assessment, using odour modelling. This approach is common in Australia, having been applied in the
beef cattle feedlot, pork and meat chicken industries.
Existing separation distance (S-factor) formulas were reviewed for other intensive animal industries in
Australia, particularly the meat chicken industry, where a comparison was conducted on the S-factor
formulas used in each state. In addition, measured odour emissions from layer farms were compared
to meat chicken farms (on a per bird basis) to enable existing formulas used for meat chickens to be
adapted to the egg industry. From this, the following separation distance formula was developed and
is proposed for application in the egg industry:
Separation Distance = (Number of birds/1,000) 0.63 x S1 x S2 x S3 x S4 (Optional)
Where:
S1 – Sensitive land use factor for estimating the relative odour impact potential of a development.
S2 – Land surface roughness factor for estimating the potential changes to odour dispersion due to
changes in the roughness of the land surface.
S3 – Terrain weighting factor for estimating the potential changes to odour dispersion in situations
where meteorological conditions may be influenced by local terrain features.
S4 (Optional) – Wind frequency factor for estimating the relative odour impact due to the frequency of
wind direction for wind speeds less than 3 m/s.

To test the developed formula for robustness, the separation distance predicted using the formula
approach was compared to odour modelling of theoretical farms with various state and animal
industry odour impact criteria to ensure the formula produces realistic and generous distances. The
results of this modelling and assessment show that the developed empirical separation (S-factor)
ix

formula produced greater separation distances than some of these criteria, but was not able to
provide greater separation distances when compared to the more stringent criteria adopted in some
states, particularly South Australia and Victoria.
It is recommended that this egg industry specific separation distance (S-factor) formula be
incorporated into the current revision of the Environmental Guidelines for the Egg Industry that will
allow a simple, first step approach to assessing the potential community amenity impact from
proposed new and expanding layer farms. This will allow layer farms to be assessed on their potential
impact, rather than using inappropriate formulas from other industries (primarily meat chickens). It
also allows a robust, first step approach for assessing new and expanding farms, before going to
detailed, expensive and sometimes unnecessary odour impact assessment using odour modelling.

x

Overall Conclusions
A separation distance (S-factor) formula has been developed for the Australian egg industry and is
presented in this report (Appendix E – Developed separation distance formula for layers). This formula
was based on other widely adopted S-factor formulas used in other intensive livestock industries in
Australia. The results calculated using the developed formula have been evaluated against odour
impact criteria used in various states in Australia, as well as odour impact criteria adopted by the
intensive pig industry in their national environmental guidelines. This assessment showed that the
developed empirical formula provided a greater separation distance than most of these criteria, but
was not able to produce greater separation distances when compared to the more stringent criteria
adopted in some states (particularly South Australia and Victoria). However, the separation distances
calculated with the developed formula are generally greater than what is predicted by the existing
South Australian S-factor formula for layers.
It is recommended that this egg industry specific separation distance (S-factor) formula be
incorporated into the current revision of the Environmental Guidelines for the Egg Industry to allow a
simple, first step approach to assessing the potential community amenity impact from proposed new
and expanding layer farms. This will allow for the potential odour impact of layer farms to be assessed
specifically per the risk of odour impact from layer farms, rather than using inappropriate formulas
developed for use in other industries (primarily meat chickens). It also allows a robust, first step
approach for assessing new and expanding farms, before going to detailed, expensive and sometimes
unnecessary odour impact assessment using odour modelling.
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1 Background
Integrity Ag Services was contracted to update the Environmental Guidelines for the Egg Industry (the
guidelines) for the Australian Eggs Limited. During the revision process, review and recommendations
were provided by a working group of selected egg industry, extension, government policy and
regulatory representatives, after the initial draft was circulated for comment in late 2016. This review
identified 11 main issues with the document that require more substantial edits. One of the main areas
of concern was the calculation of appropriate separation distances for new and expanding farms to
address potential community amenity impacts, mainly odour. For example, comments received on
separation distances / odour in the circulated draft were:
“An S factor should be developed that is suitable for layers and incorporated into
the document as per the QLD Guideline, 2016. Suggest calculating an alternative
formula for layers that allows for the S factor to be used”.

“Is it possible to develop an S-factor formula for layers? Put this formula in the
document or include where to find it.”

“Separation distances are very contentious and therefore any assertions or
guidance on recommended separation needs to have a basis or evidence to
support the distance. In the absence of a suitable guideline or absence of
acceptable evidence it begs the question whether it is appropriate to include
minimum recommended separation distances. The statement of using ¼ of the
proposed hen numbers in the S-factor formula needs to be supported by some
basis or evidence. Egg caged farming sheds are fitted with manure belts that
enable the manure to be readily removed and are typically associated with
significantly lower odour emissions than meat chicken sheds where the manure
builds up in the shed and is removed after the breeding cycle. The assertion that
an odour emission rate for egg caged farming is generally 25-30% of the odour
emission rates for meat sheds seems anecdotally to be reasonable, however EPA
Victoria doesn't readily have the data to support or challenge this assertion. In the
case of free range sheds whilst the birds have an open-aired outdoor range the
odour emission rate may be higher than egg caged sheds as the chickens spend
significant time in the sheds and the manure doesn't seem to be removed as
frequently as when there is a manure belt operating... Odour modelling whilst
being informative can be associated with significant uncertainty; odour impact
assessment needs to include evidence of odour impacts of current or similar farm
operations to better understand likely odour impacts.”
Following this review process, the key issues were discussed with a selected project Steering
Committee on the 1st March, 2017, in Toowoomba. The steering committee consisted of David May
(DA Hall & Co), Geof Runge (Australian Eggs), Joanna Blunden (NSW DPI), Mitch Furness (DAF QLD) and
Jojo Jackson (Australian Eggs). The resolution on separation distances / odour setbacks was to “refer
to state-based S-factor formula/s for meat chickens”. However, the problem with applying a meat
chicken setback equation is that it will likely produce a very generous estimate for layers, as the odour
emission rate per bird for meat chickens is likely to be significantly higher than for layers. A method of
1

resolving this problem, is to use existing data and formulas from other industries to develop an S-factor
formula specifically for layer birds. Subsequently, the egg industry commissioned a study to develop
an egg industry specific formula. This report summarises the outcomes of this project. The project
objectives are outlined in the following section.

Objectives
The objectives of this component of the work are to:
1.
Review and interrogate Australian and overseas data on odour emission rates (OERs) from
various layer production systems.
2.
Develop and test a separation distance (S-factor) formula for layer farms based on existing
methods used for other intensive animal and poultry industries.
The developed S-factor formula will be integrated into the revision of the Environmental Guidelines for
the Egg Industry. A robust and science based separation distance (S-factor) formula will provide
improved planning and development outcomes for the egg industry and will provide greater certainty
that community amenity impacts can be managed for new and expanding layer farms

2

2 Separation distances formulas
Purpose of separation distance formulas
Separation distances can assist in managing some of the community amenity impacts associated with
intensive animal industries, including layer farms, by assisting in protecting receptors (neighbours and
towns) from nuisance odours, as well as protecting existing layer farms from encroaching
development.
Optimum separation distances between layer farms and receptors depend on a number of factors,
including the size of the farm (number of birds), the design and management features of the farm, the
surface roughness of the earth between the farm and receptors, local terrain (including flat terrain)
surrounding the farm, local meteorological conditions and the type of receptor.
Odour impacts are one of the main concerns raised by the surrounding community when a layer farm
development is proposed. Separation distance requirements are generally determined based on
limiting the potential of odour annoyance to an acceptable level and percentage of time (odour impact
criteria).
Separation distances can generally be divided into two categories; variable and fixed. Fixed separation
distances are sometimes set out in state or local planning controls and guidelines to give appropriate
setbacks from the operation to relevant features, such as roads and property boundaries. Minimum
fixed distances are also sometimes included, largely to account for inaccuracies with predicting odour
impact at close distances. Variable separation distances from intensive farming operations to receptors
typically use an empirical formula-based approach that is based on the number of animals (birds),
receptor type, topography, vegetation (surface roughness), farm design and operation and local
meteorological conditions (e.g. wind direction). It is typically the case that both the variable and fixed
separation distance to receptors (each relevant receptor class) must be determined, and the greater
distance of the two applied for each receptor.
For a layer farm complex, the measuring point for separation distances is generally defined to be the
layer sheds that house the birds, and any permanent manure and litter storage/treatment areas (i.e.
the on-going odour emitting areas). It does not include manure utilisation and range areas (free-range
operations), as the odour emissions and any subsequent impacts from these areas are relatively low
and/or intermittent compared to sheds and any permanent manure litter storage sites. Separation
distances from manure and litter utilisation areas and range areas relevant receptors and features can
also be included in guidelines and depend on the type of system used. Utilisation and range areas are
not generally included as part of the layer farm complex, because the application of manure related
products is often infrequent and low.

History of the S-factor formula in Australia
Separation distance or S-factor empirical formulas have been widely used for siting new or expanding
intensive livestock facilities in Australia since the mid-1980’s. The first intensive animal industry to
develop and adopt an S-factor formula was the beef cattle feedlot industry in Queensland, that was
under increasing community and government pressure to manage their community amenity impacts,
particularly odour. The S-factor formula approach has now been widely adopted as a simple method
for locating intensive livestock operations throughout Australia. Empirical S-factor formulas can be
used as a first step in determining the appropriate location of a new or expanding development. They
3

are designed to provide a low cost, pre-defined method for calculating a larger than necessary
separation distance, and thus to avoid the additional cost associated with a low risk farm proposal
having to conduct a more detailed, but less conservative site-specific odour modelling assessment.
The current guidelines for various intensive livestock operations; beef cattle feedlot (MLA, 2012a), pork
(Tucker et al., 2010) and chicken meat industries in Queensland (DAF, 2016), New South Wales (NSW
DPI, 2012) and Victoria (DPI Victoria, 2009) all incorporate or refer to S-factor formulas for siting new
and expanding operations. The formulas and factors for several currently adopted S-factor approaches
used in Australia for the meat chicken and other intensive animal industries are described below, as
well as an egg industry formula that has been developed in South Australia. These currently adopted
formulas form the basis for the development of a national egg industry specific S-factor formula.

New South Wales meat chicken guidelines
New South Wales first established a S-Factor formula for meat chickens in 2006. This methodology was
originally published in Chapter 5 of the Technical Notes – ‘Assessment and management of odour from
stationary sources in NSW’ - November 2006 (DEC NSW, 2006). The current formula is described in
Appendix 3 of The Best Practice Management for Meat Chicken Production in New South Wales
(Manual 1 – Site Selection and Development) (NSW DPI, 2012), which describes the method for
conducting a Level 1 odour impact assessment for meat chicken farms using a S-factor formula.
The calculated separation distances can be adjusted if new technology is used, when it can be
demonstrated and quantified that the technology will reduce odour. The methodology allows meat
chicken shed numbers to be varied according to the management standards proposed and achieved.
In NSW, variable separation distances are calculated and are measured from the closest odour
emission point of the meat chicken farm to the closest point of a receptor. The variable separation
distances are used to determine the allowable numbers of meat chicken sheds and the management
practices necessary to satisfy air quality objectives. A weighting factor allows for different ventilation
systems.
The following equations provide estimates of the allowable ‘standard meat chicken shed’ numbers (N)
at any one time, for a site at a distance ‘D’(metres) from a receptor. The second formula provides the
distance required for a specified number of standard meat chicken sheds.

Allowable meat chicken shed numbers (N), given the distance (D):
N = (D÷S) 1.4

Separation distance (D), given the number of meat chicken sheds (N)
D = (N) 0.71 x S
Where:
N = Number of standard meat chicken shed units (1 standard shed is equivalent to 22,000 meat
chickens).
D = Separation distance (metres) between the closest points of the meat chicken sheds and the most
sensitive receptor or impact location.
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S = Composite site factor = S1 x S2 x S3 x S4 x S5. The factors S1, S2, S3, S4 and S5 relate to shed design,
receptor, terrain, vegetation and wind frequency respectively.

The guidelines note that it is the proponent’s responsibility to justify the adequacy of a Level 1
assessment, in a particular circumstance. Where doubt exists, the proponent should seek advice from
the consent authority responsible for the development. For all scheduled developments (more than
250,000 birds), advice should be sought from the EPA.
If a proponent of a meat chicken farm can demonstrate a clear ‘pass’ from a Level 1 (S-factor) odour
impact assessment, there is no need to undertake a more complex Level 2 or 3 assessment using odour
modelling, regardless of the size of the development, unless there are special risk factors.
Special risk factors include: topographic or meteorological features (e.g. katabatic drift) that may
channel the odour plume or cause it to accumulate; or a populated area located just outside the
calculated separation distance.
Current standard odour assessment equations assume that meat chicken sheds are all approximately
100 metres by 13 metres in size and contain 22,000 chickens. Hence the number of standard-sized
sheds must be calculated for sheds of differing capacity. There is an on-line calculator that can be used
to account for differing bird numbers.
When working out separation distances using the NSW guideline, all waste and manure/litter stockpile
areas should be regarded as part of the meat shed complex until evidence dictates otherwise.
Where a second chicken farm is proposed (whether on the same or another property) which is in close
proximity to an existing farm or another proposed one, the two meat chicken farms may need to be
considered as either one entity or two separate meat chicken farms. This will depend on their distance
from each other and their distance from the receptors. If they are considered as separate entities, the
separation distance between the second meat chicken farm and a receptor (or the number of standard
sheds on the second farm) may need to be modified (NSW DPI, 2012).
A summary of the NSW S-factors used for calculating separation distances for meat chicken farms is
provided in Table 1. A detailed description of each of the S-factors is provided in Appendix A - NSW Sfactor detailed descriptions for meat chicken farms.
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Table 1 Summary of S-factors – NSW formula
Factor Description

Value
S1 Factor – Shed Factor

Shed Type
Controlled fan ventilation without barriers
Controlled fan ventilation with barriers
Natural ventilation

980
690
690

S2 Factor – Receptor Factor
Receptor Type
Large towns, greater than 2,000 persons
Medium towns, 500–2,000 persons
Medium towns, 125–500 persons
Small towns, 30–125 persons
Small towns, 10–30 persons
Single rural residence
Public area (occasional use)

1.05
0.75
0.55
0.45
0.35
0.30
0.05
S3 Factor – Terrain

Terrain Features
Valley drainage zone
Low relief
Flat
Undulating country
High relief or significant hills and valleys between meat chicken farm and receptor
S4 Factor - Vegetation Factor
Vegetation
Crops only, no tree cover
Few trees, long grass
Wooded country
Heavy timber
Heavy forest (both upper and lower storey)
S5 Factor – Wind Frequency Factor

2.0
1.2
1.0
0.9
0.7

1.0
0.9
0.7
0.6
0.5

Wind frequency
High frequency towards receptor
Normal wind conditions
Low frequency towards receptor

1.5
1.0
0.7

6

Queensland meat chicken guidelines
A separation distances formula has been developed in Queensland for meat chicken farms and is
included in Appendix 2 of the Queensland guidelines for meat chicken farms (DAF, 2016). It has the
form of:
Separation Distance (D) = N0.63 x S1 x S2 x S3
Where:
N - is the maximum number of birds (to be housed on the farm at any one time) divided by 1,000.
0.63 - is the exponent that accounts for the dispersion of odour downwind of the odour source. This exponent
was derived from odour modelling of various size theoretical farms using different meteorological data.
Site factors S1, S2, and S3 - relate to sensitive land use (receptor type), surface roughness and terrain
respectively. Table 2 provides a summary of the S1, S2 and S3 factors used in the formula. A detailed
description of these S-factors is provided in Appendix B - Queensland S-factor detailed descriptions for meat
chicken farms.

The guidelines state that the available separation distances between the meat chicken farm and
sensitive land uses are generally the key factors limiting the number of birds that can be
accommodated on a site. Separation distances require assessment in all directions to ensure that the
potential for unacceptable odour nuisance is minimised. Where other significant odour sources are in
proximity to the proposed meat chicken farm, the cumulative odour impact from both sites may
require consideration.
The separation distance formula only applies to farms up to 300,000 birds. For farms larger than this
size, proponents are required to go to detailed odour impact assessment using modelling.

7

Table 2 Summary of S-factors – Qld formula
Factor Description

Value
S1 – Sensitive land use factor

Receptor Type
Sensitive Land Use (within a rural zone)
Non-rural zone (closest boundary of the non-rural zone)

30
50

S2 - Surface roughness factor
Surface Roughness Features
Limited ground cover / short grass
Undulating hills
Level wooded country
Heavy timber
Significant hills and valleys

1.00
0.93
0.85
0.77
0.68
S3 Factor – Terrain Weighting Factor

Terrain
Flat (<0.1% in all directions)
Valley drainage zone – (Broad valley >10 km and/or a valley or gully with
low side walls, where the average slope from centre of valley/gully to
confining ridgeline is <2%)
Valley drainage zone – (Average slope from centre of valley/gully to
confining ridgeline is 2–5%)
Valley drainage zone – (Average slope from centre of valley/gully to
confining ridgeline is >5%)
Low relief at >2% from farm site (Not in a valley drainage zone, but the
source lies above the receptor at an average grade of more than 2%)
All other situations

Weighting Factor
Downslope of site
1.0
1.2

Upslope of site
1.0
1.0

1.5

1.0

2.0

1.0

1.2

-

1.0

1.0
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South Australian separation distance guidelines for poultry farms
Evaluation distances for effective air quality and noise management have been published by the
Environment Protection Authority South Australia in August 2016 (EPA SA, 2016).They are a generic
document that apply to various industries and include a specific separation distance formula for poultry
farms in Appendix 2 of the document.
Both minimum and variable separation distances are required to be determined. They are to be used
by farms (or groups of farms) with fewer than 500,000 birds. Table 3 provides the minimum separation
distances.

Table 3 Minimum separation distances – South Australian guidelines

Feature
Public road > 50 vehicles per day 200
Public road < 50 vehicles per day
Town
Rural residential
Rural dwelling
Property boundary

Distance (m)
200
50
750
500
250
20

Variable separation distances are calculated using the following formula:
D=N0.55 x 30 x S1 x S2 x S3 x S4 x S5
Where:
D = separation distance (metres)
N = Total number of birds on farm in 1,000’s; i.e. N=500 for 500,000 birds
0.55 = Shed area exponent
S1 = Type of poultry farm
S2 = Receptor type
S3 = Litter/manure handling
S4 = Surface roughness factor
S5 = Terrain weighting factor

The SA formula is the only S-factor formula that specifically mentions layers and a separate factor is
applied to layer birds. Table 4 provides a summary of the S1, S2, S3, S4 and S5 factors used in the SA
formula.
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Table 4 Summary of S-factors – SA formula
Factor Description

Value
S1 Factor – Type of poultry farm factor

Production system
Broiler meat chicken production
Broiler meat chicken production (free range)
Egg production

1.0
0.85
0.6

S2 Factor – Receptor type factor
Receptor Type
Town
Rural residential
Rural dwelling

2.0
1.5
1.0
S3 Factor – Litter manure handling factor

Litter manure handling
Used litter/manure taken off site
Litter/manure on site > 3 days and < 2 weeks
Litter/manure stored/composted on site > 2 weeks

1.0
1.15
1.3

S4 Factor – Surface Roughness Factor
Surface Roughness
Settled areas – Metropolitan area or continuous residential, commercial and/or industrial areas.
Long grass, few trees – Open country with few or scattered trees. Topography would be
predominantly flat to slightly undulating.
Undulating hills - Situations where topography consists of continuous rolling, generally low level
hills and valleys, but without sharply defined ranges, ridges or escarpments. Assumes minimal
vegetation.
Level Wooded country - Open forest country with tree density not sufficient to provide a
continuous canopy but sufficiently dense to influence air movement. There would be little or no
lower storey vegetation. The density is such that the vegetation can be considered as a
continuous belt
Heavy timber - Generally tall forests with dense timber stands, providing a continuous canopy.
There is limited understorey vegetation mainly associated with regrowth.
Significant hills and valleys - Where one or more lines of hills are sufficiently large enough to
influence air movement between the receptor and the activity

1.0
1.0
0.93

0.85

0.77
0.68

S5 Factor – Terrain Weighting factor
Terrain Features
Terrain
Broad valley/Drainage (0.1-1%)
Sloping terrain (1-2%)
Flat (<0.1% in all directions)
Hilltop (>4%)
Narrow valley (1-2%)

Weighting Factor
Downslope of site
1.6
1.5
1.0
1.2
1.2

Upslope of site
1.0
1.0
1.0
N/A
0.5
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Victorian Code for Broiler Farms
In the Victorian Code for Broiler Farms (DPI Victoria, 2009), development proposals for meat chicken
(broiler) farms are classified as Class A, Class B, Special Class or Farm Cluster. The separation distance
is the distance from the nearest external edge of the new or existing broiler shed to the nearest
external edge of the sensitive use (that is the nearest edge of the house) on land beyond the broiler
farm property. It excludes sensitive uses directly associated with the broiler farm operations (e.g.
dwellings on the broiler farm property).
The separation distance is therefore the distance from the new or existing broiler sheds within which
no sensitive use is located. The Code uses a formula to determine the required minimum separation
distance which is based on the proposed farm capacity and the requirements set out in the
‘Classification of broiler farms’ section of this Code.
This Code classifies farms according to different levels of environmental and amenity risk and applies
different approval requirements and notification and review rights to planning permit applications. The
farm classification is dependent on:


the number of birds kept on the farm,



the ability to contain the separation distance within the broiler farm boundary, and



the proximity to other existing and proposed broiler farms.

A separation formula sets out the minimum separation distance requirements for Class A and Class B
farms. The separation distance is required to minimise the risk of routine and abnormal odour and dust
emissions from the broiler sheds adversely impacting nearby sensitive uses.
A broiler farm is classified as Class A if all the following apply:


the farm capacity is less than or equal to 400,000 birds, and



the minimum separation distance requirement (as defined by Formula 1 in this Code) is fully
contained within the broiler farm boundary.

While a planning permit is required, the Victoria Planning Provisions and all planning schemes exempt
Class A farm applications from the notification requirements and objector review rights under the
Planning and Environment Act 1987. The permit applicant retains the right of review of any decision of
the responsible authority.
A broiler farm is classified as Class B if all the following apply:


the farm capacity is less than or equal to 400,000 birds, and



the development can meet the minimum separation distance requirement (as defined by
Formula 1), but this distance is not fully contained within the broiler farm boundary.

A broiler farm is classified as Special Class if any of the following apply:


the farm capacity is greater than 400,000 birds, or



the development is unable to meet the minimum separation distance requirement (as defined
by Formula 1), but a reduction in separation distance is warranted through the adoption of
odour reduction technology on farm.
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For Special Class farm developments, an Odour Environmental Risk Assessment (Odour ERA) must be
completed in accordance with Section 6 of this Code. Under Clause 66.05 of the Victoria Planning
Provisions and all planning schemes, notice of an application for a Special Class broiler farm must be
given to EPA Victoria in accordance with Section 52(1)(c) of the Planning and Environment Act 1987.
A broiler farm is classified as a Farm Cluster (or part of a farm cluster) if all of the following apply:


the minimum separation distance requirement (as defined by Formula 1) overlaps with the
minimum separation distance requirement of any existing broiler farm, a broiler farm
approved by a planning permit or a proposed broiler farm that is the subject of a permit
application that has been lodged with the responsible authority, and



the combined farm capacity of the broiler farms with overlapping minimum separation
distances (as defined by Formula 1) is greater than 400,000 birds.

An Odour ERA must be completed in accordance with Section 6 of this Code. Under Clause 66.05 of the
Victoria Planning Provisions and all planning schemes, notice of an application for a Farm Cluster must
be given to EPA Victoria in accordance with Section 52(1)(c) of the Planning and Environment Act 1987.
The separation distance for a Class A or Class B broiler farm must be at least 250m or as otherwise
calculated in accordance with the following formula (whichever is larger):
D = 27 x N0.54
Where:
D = Separation Distance (metres)
N = farm capacity /1,000
0.54 is an exponential factor that is applied to N.

National Guidelines for Beef Cattle Feedlots in Australia
Appendix B of the National guidelines for beef cattle feedlots in Australia (MLA, 2012b) provides an Sfactor formula for calculating separation distance (D) of the form:
D = x N0.5x S
Where
N = feedlot capacity in standard cattle units (SCU)
S = composite site factor = S1 x S2 x S3 x S4 x S5

These five S-factors describe the design and management, receptor type, topography or terrain,
vegetative cover and wind direction factors respectively. A detailed description of these S-factors is
provided in Appendix C – National Guidelines for Beef Cattle Feedlots S-factor descriptions.
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National Environmental Guidelines for Piggeries
Appendix A of The National Environmental Guidelines for Piggeries (Tucker et al., 2010) provides a
Level 1 and Level 1.5 method for siting new and expanding piggery developments. For the Level 1
assessment method, the separation distance of the piggery complex from receptors depends on
several factors, including:
 piggery size, defined as the number of SPUs in the complex,
 piggery design, particularly the shed type and the effluent removal and treatment processes
used at the piggery,
 piggery siting:
 receptor type (e.g. town, rural residence etc.),
 topography features (hills etc.) between the piggery and the receptor,
 vegetation / surface roughness between the piggery complex and the receptor, and
 wind frequency.
 terrain effects around the site, and
 the meteorology of the area.
Site-specific separation distances are based on the dispersion of odours from their source. Different air
quality objectives were chosen for different receptor types, based on the assumption that there is more
probability that people will be affected by odour in larger population centres, due to the higher
population density in these areas. Calculation of separation distances for each receptor type follows
the form:
Separation distance (D) = N0.55 x S1 x S2 x S3
Where:
N = number of standard pig units (SPU)
0.55 = piggery size exponent determined using the results of modelling
S1 = piggery design factor for estimating the relative odour potential for the piggery design selected for
a particular site (S1 = effluent removal factor, S1R x effluent treatment factor, S1T)
S2 = piggery siting factor for estimating the relative odour dispersion potential for the selected piggery
site (S2 = receptor type factor, S2R x surface roughness factor, S2S)
S3 = terrain weighting factor for estimating the potential changes to odour dispersion, in situations
where meteorological conditions may be influenced by local terrain influences.

The same formula is used for what is described as a Level 1.5 assessment, with an additional S4 factor
added to account for wind frequency. The Level 1.5 assessment is not always used in determining
separation distances, as it is more complex and requires at least one year of hourly meteorological data
for a site. This hourly meteorological data can be either measured with a weather station or can be
computer generated. The 1.5 level assessment originated from an investigation by Tonkin Consulting
(2008) that found the optimum wind speed cut off threshold (3 m/s) by comparing the predicted wind
frequency adjusted separation distances to the distances predicted using odour modelling with
AUSPLUME. This Level 1.5 assessment has merit for developing a S-factor separation distance formula
for layers, as it can assist in more closely predicting separation distance without the need to go to
odour modelling.
Details of the S-factors, S2R, S2S, S3 and S4 are provided in Appendix D National Environmental
Guidelines for Piggeries S-factor descriptions.
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Comparison of distances predicted with meat chicken formulas
The above sections describe the various empirical separation distance formulae that have been
developed and used for the pig and beef cattle feedlot industries at a national level, and the statebased formulas developed for meat chickens (broilers). There is currently no separation distance
formula developed at a national level for the meat chicken industry. As described above, four states
(New South Wales, Queensland, South Australia and Victoria) have documented methodologies for
calculating separation distances between meat chicken farms and neighbouring receptors. All these
formulas, except in the Victorian Broiler Code, use a range of S-factors to vary the separation distance
based on factors such as receptor type, enterprise design/management, surface roughness/vegetation,
surrounding terrain and wind direction/local meteorological conditions.
To compare the differences in the four state-based meat chicken separation distance formulas, the
minimum predicted separation distances were calculated for a 250,000 bird farm (Figure 1).
Comparable S-factors were chosen so the predicted separation distances could be compared, such as
flat terrain, few trees/long grass etc. For the NSW example, the “no barrier” option was chosen. These
comparisons are shown as solid bars for both individual rural residences and towns. The Victorian
Broiler Code does not include a receptor type S-factor, so the predicted distance for a single residence
and a town are the same. Comparing the predicted distances for both the rural residences and towns
demonstrates that the Qld formula predicts distances which are approximately 50% greater than the
SA formula when like surface roughness (few trees, long grass) and the same terrain (flat) S-factors are
used. The NSW formula predicts separation distances which are approximately 50% greater than the
Qld formula with similar S-factors. For a single rural residence, the Victorian Broiler Code predicts
distances slightly lower than the SA formula, approximately 50% of the Qld formula and around one
third of the NSW formula.
Figure 1 also shows the range (minimum to maximum) of separation distances (purple lines) that are
predicted using the four state-based formulas, for both rural residences and towns. This demonstrates
the wide range of separation distances predicted by the NSW formula, with a minimum of 285 m to a
maximum of almost 5 km for a rural residence for a 250,000 bird farm. This separation distance
prediction increases to > 17 km for a large town. These differences in separation distance between
states are still evident when different bird numbers (greater and lesser) are used in the formulas. The
Qld formula has a smaller range of predicted distances than the NSW and SA formulae, and only uses
three S-factors instead of five. These 3 factors are for, receptor type, surface roughness and
surrounding terrain, with these factors also having smaller ranges of variation than in other formulae.
The Victorian formula calculates the smallest separation distance compared to those listed above and
does not produce a range of distances as there are no factors for receptor type or local features.
Dunlop et al. (2010) conducted a similar analysis, comparing a (then draft) Qld separation distance
formula and those used in other states, and comparing the results with modelling developed using the
air dispersion model CALPUFF. The impact criteria used in comparing the various formula to modelling
was the Qld EPA criteria of 2.5 OU, 99.5 percentile. They found that the NSW formula generally
estimated excessive separation distances and the Victorian formula underestimated separation
distances compared to modelling. The SA and Qld formulae used in the comparison predicted similar
distances to each other, however they predicted smaller distances than odour modelling in
approximately 25% of cases for five different modelled farms. In some instances, they found that the
separation distance formula predicted distances four times greater than odour modelling. It is
important to note that since Dunlop et al. (2010), a new Qld formula (DAF, 2016) has been developed
that calculates separation distances approximately 35% greater than the old draft formula for a
250,000 bird farm. It is the most recently developed formula that has been used in the analysis shown
in Figure 1.
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Figure 1 -Comparison of State Separation Distance Formula Prediction for Meat Chickens (250,000 birds)
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3 Poultry shed odour emission rates
Internationally, there is limited odour emission rate (OER) data published with current olfactometry
standards from different layer production system. This is likely a result of two factors; 1) cost - where
a single OER data point can cost more than $1,000; and 2) the lack of issues relating to odour issues
from layer farms. This scarcity of published data is even more evident in Australia. However, some OER
data is available in publicly available documents that have been compiled to support development
applications and planning and environment court processes for new and expanding layer farms. These
data are typically collected by specialist odour consultants, from an existing operating shed that is
similar in design and management to what is being proposed in a development application, to
represent the likely emission rates from the proposed new operation. Data collection and analysis is
always conducted to the Australian Standard, AS/NZS 4323.3:2001 (Standards Australia, 2001) making
it comparable to the more recent data available in the scientific literature, and can be used to build an
understanding of OER from modern layer farms in Australia.
Some published data are also available from overseas, mainly Europe. The Australian and international
data on layer OER has been collated and is presented in Table 5. These data show that there is little
difference in the OER between caged systems and barn systems per 1,000 layer birds. One exception
is a study by Hayes et al (2006) for a deep litter free range system with slatted floors and manure
storage under slats, that reported OER 2 to 5 times higher than similar systems in Europe. The average
of both production systems from the international data, with the Hayes et al (2005) barn study
excluded is around 300 ou.s-1 per 1,000 birds, with the Australian data being around 25% less than this
at approximately 220 ou.s-1 per 1,000 birds.
It appears that the European data may not be ideally representative of modern production systems
being commissioned in Australia. This could be because the cooler, wetter climate in Europe may
influence manure moisture content and subsequent emission rates. Australia’s relatively dry climate
tends to keep manure moisture contents lower than what would be expected in Europe and hence
produce lower emission rates, as indicated by the data. Whether this is the case overall, may become
clear once further data becomes available.
In contrast, due to the size of the egg industry and the issue around odour impacts, more data is
available on the OER from meat chicken production. Dunlop et al. (2013) reported OER data from a
Poultry Cooperative Research Centre Project ranging from 330 to 2,960 ou.s-1 per 1,000 birds from nine
meat chicken sheds in south-east Queensland. Pollock and Anderson (2004) reported OER from
Australian meat chicken farms ranging between 66 and 2,300 ou.s-1 per 1,000 birds, which was
considerably lower than the Dunlop data. The averages of these OER data are in the order of five to
seven times higher than the OER data reported for layer birds.
Odour emission rates from meat chicken sheds are far more cyclical than those from layer farms, with
meat chicken sheds being filled on a batch basis, five to six times per year. Peak OER are often seen
when the sheds reach maximum bird density and ventilation rates, immediately prior to the first thinout (days 30 – 35). For layer farms the birds enter the sheds at around 17 weeks of age and will stay in
the sheds for around 65 weeks as mature layers, producing a much more consistent odour emission
profile. The mature layer birds require a lower food ration relative to the rapidly growing meat chickens
approaching the peak of their growing cycle/ first thinning. This results in reduced levels of manure
production per unit of bird mass, and hence odour from a layer farm.
From discussions with odour modelling experts involved in development applications for meat chicken
farms, current OER from meat chicken sheds range up to 1,000 ou.s-1 per 1,000 birds, with the “typical”
summer emissions peaking in the range of 700 ou.s-1 to 1,000 ou.s-1 per 1,000 birds, and an average
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OER of around 550 ou.s-1 per 1,000 birds. Figure 2 shows the typical predicted OER profile for a 51,300
bird capacity meat chicken shed.
From the data currently available under Australian conditions, it can be concluded that the average
OER for layer birds is around 40% of meat chicken birds on a per bird basis. It is noted that the SA
separation distances formula developed for poultry uses a factor of 0.6 for layer birds, compared to a
factor of 1 for meat chicken birds. When the SA guideline power function of 0.55 is considered, the use
of the 0.6 factor for layer farms corresponds to an estimated OER for layer birds that is also around
40% of the OER for meat chickens. The relative change is associated with the non-linear response
between odour emissions and buffer distances predicted by dispersion models.

Figure 2. Predicted odour emission rate profile of a 51,300 bird meat chicken shed (Galvin, 2015a)
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Table 5 Shed odour emission rate data from the scientific literature and odour assessments completed for Australian development applications
OER (units = ou.s-1 per 1,000 birds
Layer farms - Cage systems
min
max
average
43
125
100
110
325
120
512
316
55
490
272.5
260
620
470
430

Country
Australia
Australia
Australia
Australia
Ireland
Ireland

Odour standard
Aust. Standard
Aust. Standard
Aust. Standard
Aust. Standard
European CEN
European CEN

Reference
(Galvin, 2012)
(Galvin, 2015b)
(Dunlop et al., 2013)
(Dunlop et al., 2013)
(Hayes et al., 2006)
(Hayes et al., 2003)

200

760

350

Netherlands

NVN 2820

(Ogink and Koerkamp, 2001)

88
98
330
102
25
216

236
251
790
680
200
451

163
178
560
391
100
361

Canada
Canada
Canada
EU
Poland
US

European CEN
European CEN
European CEN
European CEN
European CEN
European CEN

(Fournel et al., 2012)
(Fournel et al., 2012)
(Navaratnasamy and Feddes, 2004)
(Santonja et al., 2017)
(Jugowar and Piotrkowski, 2012)
(Lim et al., 2003)

Australia
Australia
Australia
EU
Ireland
Poland
Poland

Aust. Standard
Aust. Standard
Aust. Standard
European CEN
European CEN
European CEN
European CEN

(Wilson, 2017)
(Galvin, 2014)
(Hurley et al., 2013)
(Santonja et al., 2017)
(Hayes et al., 2006)
(Jugowar and Piotrkowski, 2012)
(Jugowar and Piotrkowski, 2012)

Layers – barn/aviary systems
20
500
260
200
325
275
58
260
140
102
153
128
1060
1470
1350
300
1150
575
100
2225
600

Details
Manure belts removed 3 - 4 days and no drying.
Manure belts removed 3 – 4 days and no drying
Manure belts removed 3 - 4 days and no drying
Manure belts removed weekly and drying
Manure removed at weekly intervals
Cages and weekly manure removal by a belt
system
Belts with manure removal every 5 days, forced-air
drying system
Manure dried by normal shed ventilation
Manure dried by forced-air drying system
Manure removed from belts every week
Enriched cages
Manure belt
High-rise with manure scraped daily from under
the cages
Predicted for free range farm from measurements
Predicted for free range farm from measurements
Aviary system, 30,000 bird shed with manure belts
Non-cage systems
Litter and slatted floor
Litter and slatted floor
Litter based, straw floor
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4 Formula Development
Introduction
An evaluation of the various state-based formulas (Chapter 2) used to calculate separation distances
for intensive livestock facilities was conducted as a starting point for the development of an egg
industry specific formula. The various state S-factor methodologies all apply a power law relationship,
and for this work we have adopted the most up to date methodology and formula. This formula is of
the form D = N0.63 x receptor type (S1) factor and was used as the basis for developing a formula for
layer hens.
So that the formula reflects the lower odour emissions rates from layers compared to meat chickens,
the S1 factor was reduced by approximately 40%. This was determined by applying 60% lower OERs
for layer birds compared to meat chickens (see Chapter 3). Using a power function of 0.63 against the
number of birds, a 60% reduction in the OER represents approximately 40% shorter separation
distances from the separation distance formula. Therefore, the S1 factors applied in the formula for
meat chickens were multiplied by 0.6 to represent the lower OERs for layers.
Additional factors (S-factors) to account for local conditions and features such as surface roughness,
terrain and meteorology (wind frequency) were also added to this base formula. The derivation of
additional factors and their effect on odour dispersion and subsequent impact is discussed below.

Effect of Surface Roughness on Odour Impact
In dispersion modelling, roughness height is a measure of the aerodynamic roughness of the earth’s
surface. The presence of topographic features such as buildings, hills or vegetation increases the
ground's surface roughness. This surface roughness generates mechanical turbulence in the overlying
airflow. As surface roughness increases, more turbulence is generated, and acts to enhance the process
of odour plume diffusion, spreading or dilution.
The surface roughness factors shown in Table 6 were developed from modelling with Ausplume (Lorimer,
1986), which is a plume dispersion model developed by the Victorian Environmental Protection Authority
(EPA). Various surface roughness heights were selected from the roughness height values (m) from the
land use category window in Ausplume. Five different roughness heights were selected and modelled
using a theoretical farm to determine the effect of roughness height on plume dispersion and effective
separation distance.
The surface roughness features and corresponding roughness heights used to develop the surface
roughness (S2) factors are provided in Table 6. A detailed description of these features is also provided.
The surface roughness factors were then developed from the Ausplume modelling results obtained using
the different roughness height values by measuring the distances from the odour centroid to a series of
points on the odour impact contours. The distance (average distance, plus 1 standard deviation) was
measured for each impact contour (roughness height). This allowed an assessment of the effect that
varying surface roughness height has on predicted separation distance.
Table 7 shows the predicted average and standard deviation distances for each surface roughness value
and the resultant Surface Roughness. The roughness height of 0.1 m (long grass, few trees) was set as
the base Surface Roughness Factor, with other Surface Roughness Factors calculated from this.
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Table 6 Surface roughness features and corresponding roughness height (m)

Surface Roughness Features

Notes

Long grass, few trees
Undulating hills
Level wooded country
Heavy timber
Significant hills and valleys

(a)
(b)
(c)
(d)
(e)

Notes:
(a)
(b)
(c)

(d)
(e)

Surface Roughness Height used
in Ausplume Modelling (m)
0.1
0.2
0.4
0.8
2.0

Long grass, few trees: Open country with few or scattered trees. Topography would be predominantly flat to slightly
undulating.
Undulating Hills: Situations where topography consists of continuous rolling, generally low level hills and valleys, but
without sharply defined ranges, ridges or escarpments. (Assumes minimal vegetation.)
Level Wooded Country: Open forest country with tree density not sufficient to provide a continuous canopy, but
sufficiently dense to influence air movement. There would be little or no lower storey vegetation. The density is such that
the vegetation can be considered as a continuous belt.
Heavy Timber: Generally tall forests with dense timber stands, providing a continuous canopy. There is limited
understorey vegetation, mainly associated with regrowth.
Significant Hills and Valleys: Situations where one or more lines of hills sufficiently large enough to influence air movement
exist between the receptor and the odour source.

Table 7 Modelled separation distances for different roughness heights and calculated corresponding surface
roughness factors

Surface Roughness
Height (m)

Avg.
Distance (m)

Standard Deviation
(SD) (m)

Avg. Distance
+ 1 S.D. (m)

S2 Factors

0.1
0.2
0.4
0.8
2.0

462
427
403
380
345

86
75
69
67
58

548
502
472
447
403

1.00
0.93
0.85
0.77
0.68

Effect of terrain on odour impact
The terrain weighting factor (S3) relates to the potential for an odour plume to be exaggerated in
particular directions, depending on local topography. From Chapter 2 is can be seen that a variety of
terrain weighting factors have been developed in recent years, based on both modelling and subjective
judgement. Work conducted in developing the separation distance formula for the national pig
guidelines (Pacific Air and Environment, 2003) and later for meat chicken farms in Queensland
(PAEHolmes, 2011), used more refined model inputs than in previous work to develop a terrain
weighting factor. They showed that it is not feasible to define a set of weighting factors covering highly
detailed terrain types, since the relationship between regional wind patterns and local terrain is highly
variable and not able to be classified beyond a basic level. The adopted terrain weighting factors are
adapted from this modelling work and are shown in Table 8.
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Table 8 Values of terrain weighting factor
Weighting factor
Terrain weighting

Downslope
Flat (<2%)
1.0
Valley drainage zone – Broad valley >10 km and/or a valley or gully with
1.2
low side walls, where the average slope from centre of valley/gully to
confining ridgeline is <2%
Valley drainage zone – Average slope from centre of valley/gully to
1.5
confining ridgeline is 2–5%
Valley drainage zone – (Average slope from centre of valley/gully to
2.0
confining ridgeline is >5%
Low relief at >2% from farm site - Not in a valley drainage zone, but the
1.2
source lies above the receptor at an average grade of more than 2%)
1.0
All other situations

Upslope
1.0
1.0

1.0
1.0
1.0

Effect of wind frequency on odour impact
For the Second edition of the National Environmental Guidelines for Piggeries (Tucker et al., 2010),
Tonkin Consulting (2008) developed a method for adjustment of the S-factor formula to account for
prevailing wind directions and wind direction frequencies. The method analysed wind frequencies for
low wind speeds below a certain threshold, rather than for all winds or prevailing wind directions that
was traditionally done when wind frequency was accounted for in a S-factor formula.
The developed method applies wind direction frequencies to base separation distances determined via
the S-factor formula by calculating the percentage of the wind direction frequencies for the sixteen
compass points illustrated in Figure 3, for wind speeds below a certain threshold. Wind speeds above
a certain threshold are excluded, as the dispersion conditions predicting the greatest odour impact
occur in low wind speed conditions.

NNW

N

NNE

NW

NE

WNW

ENE

W

E
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ESE
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SW
SSW

S

SSE

Figure 3. Compass points used for adjustment of S-factor formula in national Pig Guidelines (Tucker et al., 2010)
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Tonkin Consulting (2008) investigated the optimum wind speed cut-off threshold. This was done by
comparing the odour contour plot from the 16-point wind frequency adjusted separation distances, to
the contours from dispersion modelling, using AUSPLUME. It was concluded that a cut-off threshold of
3 m/s presented the best match overall between the dispersion modelling (using AUSPLUME) odour
contours for various odour impact criteria adopted in the guidelines and the wind direction frequency
adjusted separation distances for various receptor types.
For added conservatism, a safety factor 20% was added to the calculated separation distances to cover
sites with lower average wind speed. It is noted in the National Environmental Guidelines for Piggeries
(Tucker et al., 2010), that the appropriate safety factor to use may vary and this should be discussed
with the approved authority before calculating separation distances using this modified method.
Additionally, only meteorological data sets approved by the approved authority should be used. This
modified method to calculate wind frequency factors does not allow the adjusted separation distances
to be greater than the calculated separation distances using the base S-factor method.
The developed separation distance formula for layers can be found in Appendix E – Developed
separation distance formula for layers.
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5 Testing the developed separation distance
formula
Background
To test the formula against real world scenarios, the separation distance predicted using the equation
was compared to odour modelling of three theoretical farms. Each farm consisted of five sheds, each
holding 50,000 birds. Three sites were modelled, Clifton in Qld, Griffith in NSW and Bendigo in Victoria.
The Clifton site is located south of Toowoomba and was chosen because observational weather data
were available for the area and this is a well-established region for layer farms. The year modelled was
2002/2003. The Griffith site was modelled using data from Griffith Airport Bureau of Meteorology
station. The sensors at Griffith were last replaced in 2008, thus the year modelled, 2013, was still
considered relevant. The sensors at Bendigo Bureau of Meteorology station were last replaced in 2017
and previously in 2004. Therefore due to a lack of recent data, 3 years of data were generated using
TAPM (CSIRO, 2008) for this site. The methodology used is described further below.

Modelling methodology
Dispersion modelling was performed using a combination of TAPM (CSIRO, 2008), CALMET and
CALPUFF. This modelling system is considered best practice for odour studies as it considers terrain
and light winds, which are critical factors for accurately assessing potential odour impacts.
The modelling initially drew upon the following guidelines and reports:
 Generic Guidance and Optimum Model Settings for the CALPUFF modelling system for
inclusion into the 'Approved methods for the Modelling and Assessment of Air Pollutants in
NSW, Australia' (OEH NSW, 2011),
 Dust and odour emissions from poultry sheds - Layers 04-45 (Poultry CRC, 2011).

Meteorology
Meteorology data are a key input for odour studies. All three model runs made use of the
meteorological model CALMET, which was set up for each site using the GLCC land use dataset which
was manually edited from 1 km resolution to ~100 m resolution based on up to date aerial imagery.
The sites were run as follows:


Queensland (Clifton)
o TAPM nudged for the modelled year with the “DPI” weather data for Clifton (see
location in Casey et. al. (1998).
o TAPM data used as an input into CALMET which was run in NOOBs mode with 100 m
terrain and land use data.
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New South Wales (Griffith)
o TAPM run to generate upper air data.
o Observational data from the Griffith Bureau of Meteorology weather station was used
to drive CALMET.
o CALMET was run in observation only mode with 100 m terrain and land use.



Victoria (Bendigo)
o No observed data, as the Bendigo BOM station sensors were installed prior to 2017,
and were last replaced in 2004 and therefore not considered sufficiently robust.
o TAPM run to generate data for 2007 to 2009.
o CALMET run in NOOBs mode using the above data.

The wind roses based on data generated using TAPM/CALMET are shown below for the NSW and Qld
sites (Figure 4). The wind roses for the three years modelled for Victoria are shown in Figure 5.

Figure 4. Wind Roses – New South Wales (left) and Queensland (right)

Figure 5. Victorian wind roses – 2007 to 2009 (left to right)
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Hourly OER determination for layers
The report ‘Dust and odour emissions from poultry sheds - Layers 04-45’ (Poultry CRC, 2011) contains
some of the most recent odour emission rate data on Australian layer sheds. The two main areas the
data were collected in were Qld (Darling Downs) and Victoria (Pakenham).
The data in the Poultry CRC (2011) report was collected more than seven years ago, so for the purposes
of this work, we compared the data to newer data collected elsewhere including:



Odour Assessment – Gardens Egg Complex (Galvin, 2015b), and
Odour Impact & Dispersion Modelling Assessment of Proposed Free-Range Egg Layer Farm
(Hurley et al., 2013).

The Gardens report (Galvin, 2015b) contained data from two farms in Qld, and the report prepared by
The Odour Unit AAA Egg (Hurley et al., 2013) contained data collected at another farm in Victoria. The
data are compared to the Poultry CRC data in Figure 6. It can be seen in the figure that when, for
simplicity, log lines of best fit are used and forced through 0, the Poultry CRC data shows much higher
emission rates than the data collected more recently at 3 other farms. However, it does show that TOU
data and Queensland data are similar.

Figure 6. CRC and newer data

The divergence from the Poultry CRC data was discussed in the Pacific Environment report (Galvin,
2015b), which adopted an equation to describe odour emissions as a function of airflow based on the
newer Queensland data. This equation is shown in Figure 7 as a blue line. There were several data
points up to 50 m3/s. Excel was used to create a log line of best fit, which accounted for the measured
data but ensured that the line was above the majority of the newer Queensland data and followed the
same trend shown in the literature (i.e. increasing emissions with airflow). This line is supported by the
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AAA Egg data as shown in Figure 8. It can be seen in the figure that the equation captures the range
of emissions more recently measured.

Figure 7. Sample data and Pacific Environment report equation (Galvin, 2015b)

Figure 8. Queensland and AAA Egg Data and Pacific Environment report equation (Galvin, 2015b)
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When estimating OER for the modelling, the first step involved estimating airflow required per bird.
This was done by firstly plotting the Poultry CRC datasets for ambient temperature and airflow in m3 s1
per 1,000 birds. This is shown in Figure 9. It can be seen in the figure that the airflow requirements at
the Qld farm were much higher than the Victorian Farm. Moreover, the data from the Gardens
assessment in Qld which is shown as green triangles, generally followed the Qld airflow data.
It is noted that, as might be expected, the airflow requirements increased much faster with increasing
ambient temperature for the Qld farm than the Victorian farm. The Poultry CRC data for the two states
is combined in Figure 10. This simplified relationship was used for the modelling. The Gardens data was
included to show that the more recent test data had a similar airflow and temperature relationship to
the Poultry CRC data.
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Figure 9. Poultry CRC data - Ambient temperature and airflow by state (including Gardens data)
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Figure 10. Combined temperature and airflow data (Poultry CRC data only)

The next step was to estimate odour emissions. This was done by plotting the airflow in the sheds
against emission rate per bird. This was previously shown in Figure 7 where the OER rate per 1,000
birds per second could be estimated by using the below equation, where x is the total shed airflow at
a point in time in m3/s.
𝑂𝐸𝑅 𝑝𝑒𝑟 1,000 𝑏𝑖𝑟𝑑𝑠 = 104.25 × ln(𝑥) − 183.73

Using the temperature profile for the site and based on a shed size of 50,000 birds per shed, an
emission profile could be developed. The emission profile (OER per shed in ou s-1) for the Griffith site
is shown in Figure 11. It is noted that as the equations could in theory predict zero odour or conversely
very high OER, the maximum and minimum OER per 1,000 birds was limited to those measured during
the Poultry CRC project, which was a minimum of ~50 ou s-1 per 1,000 birds and a maximum of ~500 ou
s-1 per 1,000 birds. The Qld OER profile per shed is shown in Figure 12. As the 12-month period spanned
two different years, the Qld profile does not start and stop in summer, so doesn’t follow the same time
sequence profile as shown in Figure 11. It can be seen from the emission profile for the Bendigo and
Griffith sites that the overall emissions are approximately 15% lower on average than the Clifton site.
This is a factor of the lower temperatures in Bendigo and Griffith, that will produce lower ventilation
rates and hence lower OERs.
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Figure 11. New South Wales (Griffith) emission profile

Figure 12. Queensland (Clifton) emission profile
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Figure 13. Victoria (Bendigo) emission profile
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Dispersion modelling
The dispersion modelling was performed using CALPUFF. Each shed was modelled as a tunnel
ventilated shed with each shed represented as a point source with a diameter of 15 metres. The flow
rate was calculated using Figure 9 to set the velocity for the point source for each hour of the year. The
rainhat option in CALPUFF was switched on, to ensure that the vertical momentum for the plume was
off. The exhaust temperature was conservatively assumed to be 24°C which was the average shed exit
temperature detailed in Poultry CRC (2011).
The shed configurations are shown below in Figure 14. Each shed was assumed to be 100 m long, and
20 m wide.

Figure 14. Shed layouts (QLD, top, NSW centre, and Victoria, bottom) showing odour emission points in purple
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Odour Criterion
For the purposes of this work, several odour criteria were assessed. Where multiple criteria were
published for a state, the least stringent was adopted to represent what is generally used for a single
rural receptor or equivalent. For New South Wales, a second odour criterion was modelled (5 OU) that
is currently accepted by EPA in that state. The criterion used in the widely adopted National
Environmental Guidelines for Piggeries (Tucker et al., 2010) was also used, as this criterion forms the
basis of the national S-factor formula for the pig industry. The criteria used in the assessment are
detailed in Table 9 below.
Table 9 Odour criterion used in the modelling
State
Queensland

Percentile
99.5th

Averaging Time
1 hour

Criterion (ou)
2.5

New South Wales

99th

1 second

7 and 5

Victoria

99.9th

3 minutes

5

South Australia

99.9th

3 minutes

10

National Piggery
Guidelines

98th

1 hour

3

Source
Guideline:
Odour
Impact
Assessment from Developments
(DEHP QLD, 2013)
Approved Methods for the
Modelling and Assessment of Air
Pollutants in New South Wales
(EPA NSW, 2016)
Draft Guidelines for an Odour
Environmental Risk Assessment
for Victorian Broiler Farms (EPA
Victoria, 2015)
South Australia Environment
Protection (Air Quality) Policy (SA,
2016)
National
Environmental
Guidelines for Piggeries (Second
Edition revised)(Tucker et al.,
2010)

Modelling results and discussion
Figure 15, Figure 16 and Figure 17 show the output of the modelling results for the Clifton, Griffith and
Bendigo sites respectively for a 250,000 bird layer farm, with comparison against the developed
separation distance formula for layers. For reference each predicted odour contour (separation
distance) is colour coded as:
 Red line – Victorian odour impact criteria (5 ou).


Purple line – SA odour impact criteria (10 ou).



Yellow line – Qld odour impact criteria (2.5 ou).



Green lines – NSW odour impact criteria (7 and 5 ou).



Blue line – National Environmental Guidelines for Pigs odour impact criteria (3 ou).



Green circle – Developed S-factor formula without the wind frequency factor (S4) included.



Red crosses – Developed S-factor formula with the wind frequency factor (S4) included.

Below is an analysis of the developed S-factor formula, with and without the wind frequency factor
(S4) compared to each of the various odour impact criteria.
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For the Queensland (Clifton) meteorology site, the developed layer formula predicted:
 Greater or similar separation distances, in all directions compared to the National Pig
Guidelines odour impact criteria, both the NSW odour impact criteria and the Qld odour impact
criteria, with and without the wind frequency factor included.
 Greater separation distances for in all directions compared to the SA odour impact criteria,
without the wind frequency factor included.
 Greater separation distances in 9 of the 16 directions compared to the SA odour impact
criteria. with the wind frequency factor included.
 Greater separation distances in 11 of the 16 directions compared to the Victorian odour impact
criteria, without the wind frequency factor included.
 Similar or greater separation distances in only 3 of the 16 directions compared to the Victorian
odour impact criteria, with the wind frequency factor included.

For the NSW (Griffith) meteorology site, the developed layer formula predicted:
 Greater separation distances in all directions compared to the National Pig Guidelines odour
impact criteria and both the NSW odour impact criteria, with and without the wind frequency
factor included.
 Similar or greater separation distances for 13 of the 16 directions compared to the Qld odour
impact criteria, without the wind frequency factor included.
 Similar or greater separation distances for 12 of the 16 directions compared to the Qld odour
impact criteria, with the wind frequency factor included.
 Shorter separation distances compared to the SA odour impact criteria in all but one direction,
with and without the wind frequency factor included.
 Shorter separation distances compared to the Victorian odour impact criteria in directions,
with and without the wind frequency factor included.

For the Victorian (Bendigo) meteorology site, the developed formula predicted:
 Greater separation distances for in all directions compared to the National Pig Guidelines
odour impact criteria, both the NSW odour impact criteria and the Queensland odour impact
criteria, with and without the wind frequency factor included.
 Greater or similar separation distances for 10 of the 16 directions, compared to the SA odour
impact criteria, without the wind frequency factor included
 Greater or similar separation distances for 9 of the 16 directions, compared to the SA odour
impact criteria, with the wind frequency factor included
 Greater or similar separation distances for 6 of the 16 directions compared to the Victorian
odour impact criteria, with and without the wind frequency factor included.

The results of the odour modelling for three different meteorological sites shows that the developed
separation distance formula provides greater separation distance prediction than the odour impact
criteria used in the National Pig Guidelines in all directions. It also provides a greater separation
distance prediction for all directions when compared to the NSW odour impact criteria.
When compared to the Queensland odour impact assessment criteria, the developed formula was
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found to predict similar or greater separation distances in all cases for the Queensland and Victorian
meteorological sites, both with and without the wind frequency factor included. For the NSW
meteorological site, it was able to predict similar or greater separation distance in around 75% of cases,
while only underpredicting separation distance to elongated plumes to the south west quadrant and
the point directly to the north.
When compared to the SA odour impact assessment criteria the developed formula was able to provide
more generous estimates of separation distance in around 60% of cases for both the Queensland and
Victorian meteorological sites. For the NSW meteorological site, it was not able to predict greater
separation distances when compared to modelling.
When compared to the more conservative Victorian odour impact assessment criteria the developed
formula generally predicted shorter separation distances for both the Queensland and Victorian
meteorological sites. For the NSW meteorological site, it was not able to predict greater separation
distances when compared to modelling.
This modelling demonstrates the enormous variation in predicted separation distances required when
different state odour impact criteria are applied to an identical intensive animal enterprise, in this case
layer birds.
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Figure 15. Clifton meteorological file assessment results1

1

Note that there are two dots to the south and north of the sheds. These are to represent the separation distance
required from the northern and southern edges of the shed, rather than having a single point in the middle of
shed group.
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Figure 16 Griffith meteorological file assessment results2

2

Note that there are two dots to the south and north of the sheds. These are to represent the separation distance
required from the northern and southern edges of the shed, rather than having a single point in the middle of
shed group.

36

Figure 17. Bendigo meteorological file assessment results 3

3

Note that there are two dots to the south and north of the sheds. These are to represent the separation distance
required from the northern and southern edges of the shed, rather than having a single point in the middle of
shed group.
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6 Conclusions and Recommendations
A separation distance (S-factor) formula has been developed for the Australian egg industry and is
presented in this report (Appendix E – Developed separation distance formula for layers). This formula
was based on other widely adopted S-factor formulas used in other intensive livestock industries in
Australia. The developed formula has been assessed against odour impact criteria used in various
states in Australia, as well as impact criteria adopted by the intensive pig industry in their National
Environmental Guidelines. This assessment showed that the developed empirical formula provided
greater estimates of separation distance compared to most of these criteria, but was not able to
produce greater separation distances when compared to the more stringent criteria adopted in some
states (particularly SA and Victoria).
It is recommended that this egg industry specific separation distance (S-factor) formula be
incorporated into the current revision of the Environmental Guidelines for the Egg Industry to allow a
simple, first step approach to assessing the potential community amenity impact from proposed new
and expanding layer farms. This will allow layer farms to be assessed on their potential impact, rather
than using inappropriate formulas developed for use in other industries (primarily meat chickens). It
also allows a robust, first step approach for assessing new and expanding farms, before going to
detailed, expensive and sometimes unnecessary odour impact assessment using odour modelling.
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Appendices
Appendix A - NSW S-factor detailed descriptions for meat chicken
farms
NSW shed factor, S1
The shed factor, S1, depends on how the shed is ventilated and is determined from Table 10. If some
sheds have controlled fan ventilation and some have natural ventilation, S1 is proportional to the
numbers of each type of shed.

Table 10 Shed factor, S1 – NSW
Shed type
Controlled fan ventilation without barriers*
Controlled fan ventilation with barriers
Natural ventilation

Value
980
690
690

* A barrier is a windbreak wall, earthen berm or other structure designed to mitigate dust and odour emissions from
controlled fan-ventilated sheds, or a screen located near the exhaust end of a meat chicken shed.

NSW receptor factor, S2
The receptor factor, S2, varies depending on the likely impact area and is determined from Table 11.

Table 11 Receptor factor, S2 - NSW
Receptor type
Large towns, greater than 2,000 persons
Medium towns, 500–2,000 persons
Medium towns, 125–500 persons
Small towns, 30–125 persons
Small towns, 10–30 persons
Single rural residence
Public area (occasional use)

Value
1.05
0.75
0.55
0.45
0.35
0.30
0.05*

*Higher values may be appropriate for public areas used frequently or sensitive in nature, such as frequently used halls and
recreation areas. These should be assessed individually.

The nearest sensitive receptor might be a neighbour’s house or a small or large town that may be
affected by odour generated at the meat chicken sheds. Any likely future receptor locations (such as a
possible dwelling on an adjoining separate lot) should also be considered.
For a town, the distance is measured from the closest point of the proclaimed town boundary. For a
rural farm residence, the distance is the closest part of the residence itself, excluding any yards.
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NSW terrain factor, S3
The terrain factor, S3, varies according to topography and its ability to disperse odours and is
determined from the descriptions provided in Table 12.

Table 12 Terrain factor, S3 - NSW
Terrain between the meat chicken shed and the receptor
Valley drainage zone – topography at low relief with significant confining sidewalls.
Low relief – terrain that is generally below the 2% falling slope from the meat chicken sheds. Thus
the receptor will be downhill from the meat chicken sheds.
Flat – less than 10% upslope, 2% downslope and not in a valley drainage zone
Undulating country – terrain where the topography consists of continuous rolling, generally lowlevel hills and valleys with minimal vegetation cover, but without sharply defined ranges, ridges or
escarpments.
High relief or significant hills and valleys between meat chicken farm and receptor.
Upslope terrain or a hill that projects above the 10% rising slope from the meat chicken sheds.
Thus the receptor location will be either uphill from the meat chicken sheds or behind a significant
obstruction or it will have significant hills and valleys between the sheds and the receptor.

Value
2.0
1.2
1.0
0.9

0.7

Topographical features at the selected site may adversely affect the odour impact under certain
circumstances. During the early evening or night time, under low wind-speed conditions, receptors
located in a valley at a lower elevation than a meat chicken farm may be subject to higher odour
concentrations as a result of down-valley wind (cool air or katabatic drainage) or the occurrence of
low-level inversions.

NSW vegetation factor, S4
The vegetation factor, S4, varies according to vegetation density, as shown in Table 13. The vegetation
density is assessed by the effectiveness with which the vegetation stand will reduce odour by
dispersion. Tree cover should be maintained, as far as practicable, for the life of the meat chicken
sheds.
To improve visual amenity and odour dispersion, meat chicken farms are encouraged to plant and
maintain upper-and lower-storey vegetation in locations that would not cast shadows on the sheds.
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Table 13 Vegetation factor, S4- NSW
Vegetation*
Crops only, no tree cover
Few trees, long grass - open country with a permanent covering of grass or pasture of around l
metre or more in height and with a light scattering of timber that is distributed continuously
across the buffer area. Topography would be predominantly flat to slightly undulating. Isolated
clumps of trees would not be sufficient to attract this concession. Land being actively cropped
would not attract this concession because of the extended periods when it is bare or carrying only
very low ground cover
Wooded country – open forest country with tree density not sufficient to provide a continuous
canopy, but sufficiently dense to influence air movement. There would be little or no lower storey
vegetation. The density needs to be such that the vegetation can be considered as a contiguous
belt; isolated clumps would not attract this concession. The minimum tree height is 4 metres and
the minimum extent in the direction of the receptor is 400 metres.
Heavy timber – tall forest areas with dense timber stands providing a continuous canopy. There is
limited understorey vegetation, mainly associated with regrowth. The minimum tree height is
4 metres and the minimum extent in the direction of the receptor is 400 metres.
Heavy forest (both upper and lower storey) – dense layers of taller timber with an interlocking
canopy and with extensive amounts of lower storey vegetation of various species resulting in
almost complete ground cover and a dense upper canopy. Examples are uncleared brigalow areas
and dense eucalypt forests where little or no clearing or harvesting have occurred. The minimum
tree height is 4 metres and the minimum extent in the direction of the receptor is 400 metres.

Value
1.0
0.9

0.7

0.6

0.5

* No concession should be given for an intention to plant a barrier, because if a premise were to fail to maintain a stipulated
barrier then a reduction in the allowed number of meat chicken sheds would be necessary.

NSW wind frequency factor, S5
The wind frequency factor, S5, is determined from Table 14. Wind speed and direction vary annually
and diurnally (i.e. by the season and by the hour of the day). Although there is generally one direction
that is the most frequently observed (prevailing wind), the wind direction usually blows from all of the
directions at some time.

Table 14 Vegetation factor, S5 - NSW
Wind frequency towards receptor
High frequency towards receptor – the wind can be classed as high frequency towards the
receptor if the wind is blowing towards the receptor (± 40 degrees) with a frequency of at least
60% of the time for all hours over a whole year.
Normal wind conditions
Low frequency towards receptor – the wind can be classed as low frequency towards the
receptor if the wind is blowing towards the receptor (± 40 degrees) with a frequency of less than
5% of the time for all hours over a whole year.

Value
1.5

1.0
0.7
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Appendix B - Queensland S-factor detailed descriptions for meat
chicken farms
Queensland sensitive land use type factor, S1
The sensitive land use factors presented in Table 15 accounts for the variation in odour sensitivity and
risk of exposure of residents neighbouring a meat chicken farm. The meat chicken farm sensitive land
use factor will require calculation for all relevant sensitive land uses and may be different for each one.

Table 15 Sensitive land use type factor, S1 - Qld
Sensitive land use
Sensitive land use (within a rural zone)
Non-rural zone (closest boundary of the non-rural zone)

Value
30
50

Queensland surface roughness factor, S2
The surface roughness factor varies according to the roughness of the land surface between the meat
chicken farm and the relevant feature (closest sensitive land use). The principal elements that
determine surface roughness are vegetation density and surface topography. Recommended values of
surface roughness are provided in Table 16. The values presented in this table are not to be summed
(i.e. only the value for the single category which best represents the site conditions should be selected).
The roughness factors given in Table 16 assume that the selected roughness is continuous between
the meat chicken farm and the sensitive land use. Where roughness is variable or non-continuous,
judgement should be used in selecting an appropriate composite factor.
The values in Table 16 should be used with care, and a number of qualifications apply to their use. For
sensitive land uses located at larger distances, multiple surface roughness factors may apply over
different sections of the separation distance. In this instance, the surface roughness factor applied
should be selected after considering the relative weighting of the different factors. When selecting
factors based on the presence of vegetation, some consideration should be given to the potential for
the vegetation to be cleared during the life of the meat chicken farm. For example, off-site vegetation
is beyond the control of the meat chicken farm but may be regarded as permanent depending on the
owner of the land (e.g. national park/state forest where no timber harvesting is undertaken).

Table 16 Values of surface roughness factor, S2 - Queensland
Surface roughness features
Cropland or grass, few trees
Undulating hills
Level wooded country
Heavy timber
Significant hills and valleys

Factor
1.00
0.93
0.85
0.77
0.68

Cropland or grass, few trees - Open country with few or scattered trees. Topography would be
predominantly flat to slightly undulating.
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Undulating hills - Situations where topography consists of continuous rolling, generally low level hills
and valleys, but without sharply defined ranges, ridges or escarpments (assumes minimal vegetation).
Level wooded country - Open forest country with tree density not sufficient to provide a continuous
canopy but sufficiently dense to influence air movement. There would be little or no lower storey
vegetation. The density is such that the vegetation can be considered as a continuous belt.
Heavy timber - Generally tall forests with dense timber stands, providing a continuous canopy. There
is limited understorey vegetation mainly associated with regrowth.
Significant hills and valleys - Situations where one or more lines of hills sufficiently large enough to
influence air movement exist between the relevant feature and the meat chicken farm.

Queensland terrain weighting factor S3
The terrain weighting factor (S3) relates to the potential for an odour plume to be exaggerated in
particular directions depending on local topography. A variety of terrain weighting factors have been
developed, based on both modelling and more subjective judgement. Work conducted by PAE Holmes
(PAEHolmes, 2011) as background to this version of the formula used more refined model inputs than
in past work. The results, taken with other work, showed that it is not feasible to define a set of
weighting factors covering highly detailed terrain types, since the relationship between regional wind
patterns and local terrain is highly variable and not able to be classified beyond a fairly basic level.
The terrain weighting factors, along with the direction in which each factor should be applied. The
slope referred to is determined by the topographical features of each site.
Table 17 Values of terrain weighting factor, S3 - Queensland
Weighting factor
Terrain weighting

Downslope
Flat
1.0
Valley drainage zone – Broad valley >10 km and/or a valley or gully with
1.2
low side walls, where the average slope from centre of valley/gully to
confining ridgeline is <2%
Valley drainage zone – Average slope from centre of valley/gully to
1.5
confining ridgeline is 2–5%
Valley drainage zone – (Average slope from centre of valley/gully to
2.0
confining ridgeline is >5%
Low relief at >2% from farm site - Not in a valley drainage zone, but the
1.2
source lies above the receptor at an average grade of more than 2%)
All other situations
6.0

Upslope
1.0
1.0

1.0
1.0
6.0

Notes:
1. These factors may not apply where sea-breezes are a significant influence on weather patterns (i.e. in coastal regions), or
where odour is emitted from elevated vent sources (If sheds are fitted with elevated vents proceed to Section 2.6 Plume
dispersion modelling).
2. These terrain weighting factors should be applied by checking the location of the meat chicken farm in relation to the
topography, and by checking for the range of distances applicable to meat chicken farm impacts. However, the application
of these weighting factors is dependent on the homogeneity of terrain between source and sensitive land use. For example,
if the terrain remains similar between the meat chicken farm and sensitive land use the weighting factor can be applied for
an indefinite distance. The weighting factor is, however, less reliable if significant terrain changes occur between source and
sensitive land use.
3. The use of these terrain weighting factors does not affect the application of surface roughness factors above.
4. Downslope factors should be applied across an angle of 90O centred on the terrain feature. Upslope factors should be
applied across an angle of 60O centred on the terrain feature.
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Appendix C – National Guidelines for Beef Cattle Feedlots S-factor
descriptions
National beef feedlot design and management factor, S1
Odour emissions from feedlots are related to factors such as the depth of manure on the pen surface
and its moisture content. These are, in turn, related to factors that include the climatic conditions at
the site, pen cleaning frequency, and stocking density. As these design features are not generally
relevant to layer farms, no further description is provided on the feedlot design and management
factor here.

National beef feedlot design and management receptor factor, S2
The S2 values used in separation distance calculations assume that sensitivity to odour will vary in the
population (i.e. not all people will be offended by the same odour). The greater the exposed
population, the more likely it is that ‘sensitive’ individuals might be exposed to nuisance odour. Thus
the S2 value for a large population centre (and the minimum separation distance) is greater than that
for a single farm dwelling (Table 18).

Table 18 Receptor factor, S2 – national beef feedlot guidelines
Receptor type
Large towns, > 2,000 persons
Medium towns, >500–2,000 persons
Medium towns, >125–500 persons
Small towns, >30–125 persons
Small towns, >10–30 persons
Rural residential development (<1 ha lots)
Rural residential development (>1 ha lots)
Single rural or farm dwelling
Rural church or hall (not located in a town)
Low-use public area (occasional use)

Value
1.6
1.2
1.1
1.0
0.6
1.0
0.7
0.30
0.2
0.05*

Note: S2 values greater than 0.05 would apply to high-use or high-value public areas, even though these are located in rural
areas (e.g. a frequently visited national park . Where high-use or high-value sites exist, the responsible regulatory authorities
should be consulted early in the planning process to determine an appropriate value.

National beef feedlot terrain factor, S3
The terrain is known to affect the spread and concentration of odours. A phenomenon known as
katabatic drainage is one example; it typically occurs at night when rapidly cooling air near the ground
becomes denser (and heavier), and slowly sinks.
Where the local terrain slopes, this sinking results in the air draining down the slope (in much the same
way as rainfall runoff) while tending to follow natural drainage lines.
As katabatic drainage generally follows the natural drainage system, a receptor located lower than the
odour source, but not within the same sub-catchment, would not normally be exposed to odour
associated with katabatic flows. A receptor located upslope of an odour source will not be affected by
odour from katabatic drainage from a source downslope. Relatively rough terrain between a receptor
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and a downslope source of odour will reduce the likelihood of odour problems.
Where a receptor is located at a similar elevation to an odour source, the effects of katabatic drainage
will be greatly reduced where they are separated by undulating terrain, e.g. a series of rolling hills and
rises.

Table 19 Terrain factor, S3 - national beef feedlot guidelines
Terrain description
Confining valley 1
Katabatic drainage area – slope >2% 2
Outside sub-catchment – downslope 3
Flat terrain 4
Undulating low-relief terrain 5.
High-relief terrain with receptor upslope 6

Value
2.0
1.2
1.0
1.0
0.9
0.7

Notes:
1. Applied to a receptor located in a confining valley, downslope of the site, which would be expected to be exposed to
frequent katabatic drainage events (sometimes referred to as a ‘valley drainage zone’).
2. Applies to a receptor located directly downslope of the site, where the falling grade between the nearest point of the
feedlot complex and the receptor is >2% and there is an associated risk of katabatic drainage.
3. Applies where the receptor is located downslope of the feedlot, but does not share the same sub-catchment (i.e. katabatic
drainage from the feedlot does not drain through the site).
4. Relief between the site and the receptor, and in their immediate environs, is slight (<10 m).
5. Relief between the site and the receptor, and in their immediate environs, is moderate (10–90 m).
6. The receptor is situated up-slope of the site, in moderate to high relief terrain (>90 m) such that the rising grade between
the site and the highest intervening terrain feature is >10%.
n.b. The term ‘relief’ in the above notes is as defined in the Australian Soil and Land Survey Field Handbook, McDonald, R.C.,
Isbell, R.F., Speight, J.G., Walker, J. & Hopkins, M.S., (1998), CSIRO, Collingwood, Victoria.

National beef feedlot vegetation factor, S4
Vegetative cover is a major factor in the drag that the earth’s surface exerts on air moving over it.
Generally, the rougher the surface, the more turbulent the air flow, and the more mixing and dilution
of the air.
The drag exerted by vegetation is related to the height, shape and spacing of obstacles or ‘roughness
elements’ (e.g. buildings and trees). While height is a major factor, maximum turbulence occurs when
the surface is a mixture of various sized obstacles of various heights. Thus, the surface roughness of a
typical eucalypt forest, where cover is not uniform and tree heights vary significantly, will be greater
than that of a pine plantation or rainforest with their more uniform height and closed canopy.
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Table 20 Vegetation factor, S4- national beef feedlot guidelines
Vegetation*
Crops only, (no effective tree cover) 1
Open grassland (few trees, long grass) 2
Woodland.
Open forest
Forest with significant mid and lower storey vegetation

Value
1.0
0.9
0.7
0.6
0.5

Notes:
1. ‘Crops only’ implies annual field crops are sown on a seasonal basis and that the intervening land is bare for at least part
of the year – isolated, scattered or small clumps of trees are not sufficient tree cover to provide for a higher value.
2. Open grassland’ applies to areas where there is a permanent cover of perennial pasture, having a height of around one
metre, and with a sparse or scattered tree cover over the extent of the buffer area. Heavily grazed pasture, where the height
of the vegetation is less than one metre, would not qualify for this s4 value. Similarly, a few isolated clumps of vegetation
would not qualify. In these two cases, a value of 1.0 may be more appropriate.

Where variable upper storey vegetation exists between the feedlot site and the receptor, intermediate
s4 values can be broadly estimated using the regression equation:

S4 = 0.307 × e (1.47– 0.07 × logH – 0.133 × SQRT(C))
Where:
H = average tree height (m)
C = % crown cover

Crown cover is the percentage of the intervening land area covered by the tree canopy. This can be
readily estimated from good-quality aerial photography, satellite images or by reference to
standardised examples in vegetation management guides.
Any value derived using the above equation should be checked to ensure it is within the expected
range. Values that differ from the tabulated value suggest that crown cover and/or tree height have
been incorrectly estimated.

National beef feedlot wind direction factor, S5
Wind direction has the potential to increase the exposure of a receptor located in the downwind path.
While most Australian feedlot sites will have some form of prevailing wind, it is unlikely that it will blow
from that general direction (±40° of the direct line) for most of the time (>60%).
Sites that experience a regionally-dominant wind are often located near the coast, or on very exposed
sites (e.g. atop a mountain range), or at latitudes near the path of mid-latitude high pressure cells
crossing the continent.
Locally-dominant wind directions can occur where sites are located in terrain that restricts the
directions from which the wind blows (e.g. in a confining valley, or at the footslope of a major range).
Care should be taken to ensure that dominant wind directions are not due primarily to katabatic
effects, which should have been considered in the S3 terrain factor. Dominant wind directions where
wind speeds are less than 2–3 m/s are more likely due to katabatic effects.
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Table 21 Wind frequency factor, S5 - national beef feedlot guidelines
Wind frequency factor
High frequency towards a receptor 1
Normal wind conditions
Low frequency towards a receptor 2

Value
1.5
1.0
0.7

Notes:
1. A high frequency is classed as one where the wind is blowing directly towards and within ±40° of the centre-line between
the centre of the feedlot and a receptor, for at least 60% of the time.
2. A low frequency is classed as one where the wind is blowing directly towards and within ±40° of the centre-line between
the centre of the feedlot and a receptor, for less than 5% of the time.
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Appendix D National Environmental Guidelines for Piggeries Sfactor descriptions
Piggery guidelines receptor type factor, S2R
The receptor factors presented in Table 22 account for the variation in population density, odour
sensitivity and risk of exposure for receptors located in the vicinity of a piggery. Different receptor
factors have been adopted for the various receptor types.

Table 22 Sensitive land use type factor, S2R – piggery guidelines
Receptor type
Town
Rural residential
Rural dwelling

Value
25
15
11.5

Notes: The receptor definitions should be based on local authority classification.

The separation distance is to be measured to the edge of the town, not the centre. When determining
the location of the edge of the receptor, land zoning and pending development applications lodged,
but not yet under construction, should be taken into account. Local councils can provide this
information. Public areas, such as camping grounds or picnic areas, may need to be considered as part
of the assessment. The frequency of use and the time of day the area is occupied, provide guidance to
the level of protection required. For example, day-use only areas are a substantially lower risk for odour
impact than areas frequently used at night.
Piggery guidelines surface roughness factor, S2s
The surface roughness factor varies according to the roughness of the earth’s surface between the
piggery and the receptor. The principle elements that determine surface roughness are vegetation
density and surface topography. Recommended values of surface roughness are provided in Table 23.
The values presented in this table are not to be added; only the value for the single category that best
represents the site conditions should be selected.
The roughness factors given in Table 23 assume that the selected roughness is continuous between
the piggery and the receptor. Where roughness is variable or non-continuous, judgement should be
used in selecting an appropriate composite factor.
The values given in Table 23 should be used with care and a number of qualifications apply to their use.
For receptors located at larger separation distances, more than one surface roughness factor may apply
over different sections of the separation. In this instance, the surface roughness factor applied should
be selected after considering the relative weighting of the different factors. When selecting factors
based on the presence of vegetation, some consideration should be given to the potential for the
vegetation to be cleared during the life of the piggery. For example, off-site vegetation is beyond the
control of the piggery, but may be regarded as permanent depending on the owner of the land (e.g.
national park / state forest where no timber harvesting is undertaken).
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Table 23 Values of surface roughness factor, S2s – piggery guidelines
Surface
roughness
features
Long grass, few trees
Undulating hills

Level wooded country

Heavy timber

Significant hills and
valleys

Description

Factor

Open country with few or scattered trees. Topography
would be predominantly flat to slightly undulating.
Situations where topography consists of continuous rolling,
generally low-level hills and valleys, but without sharply
defined ranges, ridges or escarpments (assumes minimal
vegetation).
Open forest country, with tree density not sufficient to
provide a continuous canopy, but sufficiently dense to
influence air movement. There would be little or no lower
storey vegetation. The density is such that the vegetation
can be considered as a continuous belt.
Generally tall forests with dense timber stands, providing a
continuous canopy. There is limited understorey
vegetation, mainly associated with regrowth.
Situations where one or more lines of hills, sufficiently large
enough to influence air movement, exist between the
receptor and the piggery

1.00
0.93

0.85

0.77

0.68

National piggery guidelines terrain weighting factor, S3
The terrain weighting factor (S3) relates to the potential for a piggery odour plume to be exaggerated
in particular directions, and relatively small in others. The recommended factors are shown in Table
24, along with the direction in which each factor should be applied. The slope referred to is determined
by the topographical features of each site. The use of these terrain weighting factors does not affect
the application of surface roughness factors discussed above.

Table 24 Values of terrain weighting factor, S2 – piggery guidelines
Weighting factor
Terrain weighting
Broad valley/Drainage (0.1-1%)
Sloping terrain (1-2%)
Flat
Hilltop (>4%)
Narrow valley (1-2%)

Downslope
1.6
1.5
1.0
1.2
1.2

Upslope
1.0
1.0
1.0
0.5

Notes:
1. These factors may not apply where sea-breezes are a significant influence on weather patterns (i.e. in coastal regions)
or where odour is emitted from elevated vent sources.
2. Downslope factors should be applied across an angle of 900 centred on the terrain feature. Upslope factors should be
applied across an angle of 600 centred on the terrain feature.

The location of the piggery should be checked in relation to the topography.
For example:


If the piggery is situated on a slight slope (<1%) within a broad valley, a terrain weighting factor
of 1 should be used upslope and 1.6 downslope of the facility.



If the piggery is situated on a moderate slope (1-2%), a terrain weighting factor of 1 should be
used upslope and 1.5 downslope of the facility.
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Weighting factors should be applied for the range of distances applicable to piggery impacts. However,
the application of these weighting factors is dependent on the homogeneity of terrain between source
and receptor. For example, if the terrain remains similar between the piggery and receptor, the
weighting factor can be applied for an indefinite distance. The weighting factor is, however, less reliable
if significant terrain changes occur between source and receptor.
The terrain weighting factors apply to most locations. If, however, the site is not described by these
factors, the terrain weighting factor of 1.0 should be used.

National piggery guidelines wind frequency factor, S4
Tonkin Consulting (2008) developed a method for adjustment of the Level 1 separation distances
determined by S factors to prevailing wind directions and wind direction frequencies. The method
developed analyses wind frequencies for low wind speeds below a certain threshold, and not for all
winds or prevailing wind directions.
The method (Level 1.5 Assessment) applies wind direction frequencies to the Level 1 separation
distances that are already calculated. This is done by calculation of the percentage of the wind direction
frequencies for the 16 compass points, for wind speeds below a certain threshold (3 m/s). Wind speeds
above a certain threshold are excluded, as the dispersion conditions predicting the greatest odour
impact occur in low wind speed conditions.
The steps used to calculate the 16 wind frequency factors (S4 factors) for a given site (Level 1.5
assessment method) are:
1. Obtain a meteorological file representative of the site that has been approved by the approved
authority.
2. Calculation of wind direction frequencies for the 16 compass points for wind speeds ≤ 3m/s.
Thus, all wind speeds > 3 m/s need to be deleted before the analysis is conducted.
3. Division of wind direction frequencies for each of the sixteen compass points with the direction
with the highest frequency. This will achieve a reduction of the Level 1 separation distance from
the highest frequency set to 1.0
4. Assigning of wind direction frequencies S to N, NNE to SSW etc., to account for wind blowing
from odour source (piggery) to impact area (downwind). This means that wind direction
frequencies need to be switched 1800 to account for winds blowing from source to receptor
5. Presentation of wind direction frequencies for each of the 16 compass points.
6. Addition of safety factor (agreed to by the applicable regulatory authority, but generally 20% is
used) to the wind direction frequencies.
7. Division of adjusted wind speed frequency by 100 to determine the 16 wind speed frequency
factors (S4 factors) for the site.
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Appendix E – Developed separation distance formula for layers
Introduction
These separation distance guidelines have been developed from previously developed guidelines by
the authors and others. These primarily being the Queensland guidelines for meat chicken farms (DAF,
2016). and The National Environmental Guidelines for Piggeries (Tucker et al., 2010)
Optimum separation distances between a layer farm and sensitive land uses depend on several factors.
These include the type of sensitive land use, topographical features (terrain), land surface roughness
between the farm and sensitive land uses, and the size of the facility. Separation distance refers to the
shortest distance measured from the odour source (sheds) to the nearest wall of a sensitive land use
in a rural zone or to the closest boundary of the non-rural zone. The S-factor formula can be used to
assess if the available separation distances would be suitable for a proposed new development or
expansion.
Sites that have multiple layer units in close proximity on the one property should apply the separation
formula to the combined units and each sensitive land use. For separate layer units that have
considerable distance separating them, the separation distance can be applied to individual units. If
there is overlap in the predicted odour contours, these units have the potential to generate a
cumulative impact at neighbouring sensitive land uses. A method for assessing this cumulative impact
of multiple units is provided below.

Separation distance formula overview
The separation distance provided between a layer farm and sensitive land uses depends upon a
number of factors, including:
 Size – defined as the number of birds in the complex
 Farm site, considering:
o proximity to a sensitive land use (within a rural zone),
o proximity to a non-rural zone,
o land surface roughness (vegetation and other features) between the layer farm and
the sensitive land use,
o terrain effects around the site that particularly influence local meteorology of the area,
o wind frequency in the direction of a sensitive receptor.
Site-specific separation distances are based on the dispersion of odours from their source. Different air
quality objectives were chosen depending on whether the distance is to be calculated to a sensitive
land use in a rural zone or to a non-rural zone. Calculation of separation distances for each sensitive
land use within a rural zone and the closest boundary of the non-rural zone is as follows:
Separation Distance = (Number of birds/1,000)0.63 x S1 x S2 x S3 x S4 (Optional)
Where:
S1 – Sensitive land use factor for estimating the relative odour impact potential of a development.
S2 – Land surface roughness factor for estimating the potential changes to odour dispersion due to
changes in the roughness of the land surface.
S3 – Terrain weighting factor for estimating the potential changes to odour dispersion in situations where
meteorological conditions may be influenced by local terrain features.
S4 – Wind frequency factor (Optional) for estimating the relative odour impact due to the frequency of
wind direction for wind speeds less than 3 m/s.
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The available separation distances between the layer farm and sensitive land uses are generally the
key factors limiting the number of birds that can be accommodated on a particular site. Separation
distances require assessment in all directions to ensure that the potential for unacceptable odour
nuisance is minimised. Where other significant odour sources are located in proximity to the proposed
layer farm, the cumulative odour impact from both sites may require more detailed assessment.

Table 25 summarises the S factors (S1, S2 and S3) used in the above equation. A more
detailed description of these three S-factors and how they should be applied is provided
below. Also included below is how the optional S4 wind frequency factor should be applied.
Before applying this optional S4 factor, first consult with the administering authority on
whether it can be used in assessing impacts before detailed modelling and the appropriate
safety factor is chosen.
Table 25 Summary of S-factors
Factor Description
S1 – Sensitive land use factor
Receptor Type
Sensitive Land Use (within a rural zone)
Non-rural zone (closest boundary of the non-rural zone)

Value

20
30

S2 - Surface roughness factor
Surface Roughness Features
Limited ground cover / short grass
Undulating hills

1.00
0.93
0.85
0.77
0.68

Level wooded country
Heavy timber
Significant hills and valleys
S3 Factor – Terrain Weighting Factor
Terrain
Flat (<2.0 from source to receptor)
Valley drainage zone –
(Broad valley >10 km and/or a valley or gully
with low side walls, where the average slope
from centre of valley/gully to confining
ridgeline is <2%)
Valley drainage zone –
(Average slope from centre of valley/gully to
confining ridgeline is 2–5%)
Valley drainage zone –
(Average slope from centre of valley/gully to
confining ridgeline is >5%)
Low relief at >2% from farm site
(Not in a valley drainage zone, but the source
lies above the receptor at an average grade of
more than 2%)
All other situations

Weighting Factor
Downslope of site
1.0
1.2

Upslope of site
1.0
1.0

1.5

1.0

2.0

1.0

1.2

-

1.0

1.0
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Sensitive land use type factor, S1
The sensitive land use factors presented in Table 26 account for the variation in odour sensitivity and
risk of exposure of residents neighbouring a layer farm. The sensitive land use factor will require
calculation for all relevant neighbouring sensitive land uses.

Table 26 Sensitive land use type factor, S1
Sensitive land use
Sensitive land use (within a rural zone) – i.e. rural dwelling
Non-rural zone (closest boundary of the non-rural zone)*

Value
20
30

* The Non-Rural Zone includes rural residential zones, rural living zones and similar definitions,
as well as aggregations of small (<2 ha) rural lots

Surface roughness factor, S2
The surface roughness factor varies according to the roughness of the land surface between the layer
farm and the relevant feature (closest sensitive land use). The principal elements that determine
surface roughness are vegetation density and surface topography. Recommended values of surface
roughness are provided in Table 27. The values presented in this table are not to be summed (i.e. only
the value for the single category which best represents the site conditions should be selected).
The roughness factors given in Table 27 assume that the selected roughness is continuous between
the layer farm and the sensitive land use. Where roughness is variable or non-continuous, judgement
should be used in selecting an appropriate composite factor.
The values in Table 27 should be used with care, and a number of qualifications apply to their use. For
sensitive land uses located at larger distances, multiple surface roughness factors may apply over
different sections of the separation distance. In this instance, the surface roughness factor applied
should be selected after considering the relative weighting of the different factors. When selecting
factors based on the presence of vegetation, some consideration should be given to the potential for
the vegetation to be cleared during the life of the layer farm. For example, off-site vegetation is beyond
the control of the layer farm but may be regarded as permanent depending on the owner of the land
(e.g. national park/state forest where no timber harvesting is undertaken, or where vegetation
legislation permanently restricts clearing).

Table 27 Values of surface roughness factor, S2
Surface roughness features
Cropland or grass, few trees
Undulating hills
Level wooded country
Heavy timber
Significant hills and valleys

Factor
1.00
0.93
0.85
0.77
0.68

Cropland or grass, few trees - Open country with few or scattered trees. Topography would be
predominantly flat to slightly undulating.
Undulating hills - Situations where topography consists of continuous rolling, generally low level hills
and valleys, but without sharply defined ranges, ridges or escarpments (assumes minimal vegetation).
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Level wooded country - Open forest country with tree density not sufficient to provide a continuous
canopy but sufficiently dense to influence air movement. There would be little or no lower storey
vegetation. The density is such that the vegetation can be considered as a continuous belt.
Heavy timber - Generally tall forests with dense timber stands, providing a continuous canopy. There
is limited understorey vegetation mainly associated with regrowth.
Significant hills and valleys - Situations where one or more lines of hills sufficiently large enough to
influence air movement exist between the relevant feature and the layer farm.

Terrain weighting factor – S3
The terrain weighting factor (S3) relates to the potential for an odour plume to be exaggerated in
particular directions depending on local topography. The terrain weighting factors, along with the
direction in which each factor should be applied. The slope referred to is determined by the
topographical features of each site.

Table 28 Values of terrain weighting factor, S3
Terrain weighting

Weighting factor

Downslope
Flat (<2% from source to receptor)
1.0
Valley drainage zone* – Broad valley >10 km and/or a valley or gully with 1.2
low side walls, where the average slope from centre of valley/gully to
confining ridgeline is <2%
Valley drainage zone* – Average slope from centre of valley/gully to 1.5
confining ridgeline is 2–5%
Valley drainage zone* – (Average slope from centre of valley/gully to 2.0
confining ridgeline is >5%
Low relief at >2% from farm site* - Not in a valley drainage zone, but the 1.2
source lies above the receptor at an average grade of more than 2%)
All other situations
1.0

Upslope
1.0
1.0

1.0
1.0
1.0

*If there is a risk of katabatic drainage
Notes:
1. These factors may not apply where:
a. sea-breezes are a significant influence on weather patterns (i.e. in coastal regions)
b. odour is emitted from elevated vent sources.
2. These terrain weighting factors should be applied:
a. by checking the location of the layer farm in relation to the topography
b. for the range of distances applicable to layer farm impacts. However, the application of these weighting factors is
dependent on the homogeneity of terrain between source and sensitive land use. For example, if the terrain remains
similar between the layer farm and sensitive land use the weighting factor can be applied for an indefinite distance.
The weighting factor is, however, less reliable if significant terrain changes occur between source and sensitive land
use.
3. The use of these terrain weighting factors does not affect the application of surface roughness factors above.
4. Downslope factors should be applied across an angle of 90O centred on the terrain feature. Upslope factors should be
applied across an angle of 60O centred on the terrain feature

Wind frequency factor – S4 (Optional)
The optional S4 factor applies wind direction frequencies for the 16 compass points by calculation of
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the percentage of the wind direction for wind speeds below 3 m/s. Wind speeds above 3 m/s are
excluded from the analysis, as the dispersion conditions predicting the greatest odour impact occur in
low wind speed conditions.
The steps used to calculate the 16 wind frequency factors (S4 factors) for a given are:
1. Obtain a meteorological file representative of the site that has been approved by the approved
authority.
2. Calculation of wind direction frequencies for the 16 compass points for wind speeds ≤ 3m/s. Thus,
all wind speeds > 3 m/s need to be deleted before the analysis is conducted.
3. Division of wind direction frequencies for each of the sixteen compass points with the direction
with the highest frequency. This will achieve a reduction of the previously calculated separation
distances from the highest frequency that is set to 1.0.
4. Assigning of wind direction frequencies S to N, NNE to SSW etc., to account for wind blowing from
odour source (layer farm) to impact area (downwind). This means that wind direction frequencies
need to be switched 1800 to account for winds blowing from source to receptor.
5. Presentation of wind direction frequencies.
6. Addition of safety factor (agreed to by the applicable regulatory authority, but generally 20% is
used) to the wind direction frequencies. This value may need to be increased to 30% if the
meteorology data is computer generated rather than observational or site where there is a
dominant wind direction and complex terrain.
7. Division of adjusted wind speed frequency by 100 to determine the 16 wind speed frequency
factors (S4 factors) for the site.

Dealing with multiple odour sources and cumulative impacts
Odours from intensive livestock facilities are complex mixtures of many odorants. The cumulative and
interactive effects of individual odorants are not well understood but it is generally assumed that
where two or more sources of a complex mixture of odorants are located in proximity, the potential
odour impact on sensitive land uses is the sum of the potential individual impact of all odour sources.
This approach is likely to provide a conservative assessment of the potential cumulative odour impacts.
The necessity of including other odour sources in odour modelling needs to be judged based on
individual site assessments. The major factors influencing the potential interaction of odour plumes
will be:
 size of each facility
 prevailing meteorological conditions and topography of the area
 design and management of each facility.
A simple method for assessing the need to include other facilities in modelling is to use the S-factor
formula to calculate separation distance for each facility. The calculated separation distances
essentially approximate the extent of any potential odour impact. Where the ‘odour plume’ from any
neighbouring facility overlaps the ‘odour plume’ from the facility being assessed, cumulative odour
impact is recommended, and the neighbouring facility should be included in the assessment.
It is suggested that if the neighbouring facility’s calculated ‘odour plume’ from the separation distance
formula overlaps, then the calculated separation distances will need to be increased by 50 per cent
(i.e. multiply the distance by 1.5). If the calculated separation distances are likely to impact on sensitive
land uses, then detailed odour modelling is required to determine variable separation distances, with
all facilities included.
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Other methodologies are available for assessing cumulative impacts, such as the method described in
the National Guidelines for Beef Cattle Feedlots (MLA, 2012). Consult with the administering authority
to ensure the most appropriate method is applied in your jurisdiction.
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In an update of the Environmental Guidelines for the Layer Industry it
was identified that the layer industry does not have a nationally adopted
separation (S-factor) distance formula and that one should be developed.
Existing separation distance formula for other intensive animal industries
were reviewed, along with Australian and international literature on
odour emission rates for layer sheds. From this, a layer industry specific
separation distance formula was developed.
The developed separation distance formula has been incorporated into
the 2018 update of the Environmental Guidelines for the Layer Industry.

Implications

The development of a layer industry specific separation distance formula
will ensure new and expanding farms are appropriately sited to avoid
community amenity impacts and the assessment process no longer relies
on formulas developed for the meat chicken industry.
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