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Foreword

he National Environmental Guidelines for Piggerigslivers, for the first time, a nationally
T agreed approach to management of pig production in Australia to achieve environmental
goals. Its release is a further example of the commitment of the pig industry to ensure that pig
production in Australia is environmentally sustainable.

Pig producers in Australia are under increasing pressure to demonstrate that they take every
practicable step to minimise the likely impact that a piggery might have on its environment. This
is evident from the increasingly stringent regulatory requirements imposed on piggeries.
Unfortunately, these requirements vary between states and between councils within states, and
do not always take into account site-specific or management-specific features, which can
markedly influence environmental risks. The development of these guidelines, incorporating the
most up-to-date scientific information available and a risk assessment approach, will facilitate a
consistent environmental regulatory approach throughout Australia and will streamline new
development proposals, facility upgrades and compliance with licence and approval conditions.
The National Guidelinegprovide guidance f or environmental assessments for developing piggeries
and options for existing piggeries to achieve positive environmental outcomes.

In addition, it is important that industry stakeholders are kept up to date with the latest research
and development conducted by the industry. The National Guidelinegprovide a vehicle for the
latest research information on piggery environmental management and APL is committed to
regular updates as new information becomes available.

The industryods achi enatgoaswtl nobde possibe withoutthe supponrof

al |l rel evant stakehol der s. NatBral@Gsidelinagias recaited ve of de
considerable support from all the stakeholders, in particular, state government departments and

environme ntal authorities, the research community and producers from all major pig -producing

states. | trust that the National Guidelinesill receive a similar level of adoption by all these

stakeholders to help the industry achieve its environmental goals.

Paul Higgins
Chairman
Australian Pork Limited
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Overview

ustralian Pork Limited has worked with industry, the community and government to

develop the National Environmental Guidelines for Piggeriekhey provide a general
framework for managing the environmental issues associated with piggeries and have been
tailored to the circumstances and conditions most commonly encountered.

The document is made up of five parts:

Chapters 1620:  National Environmental Guidelines for Piggeri@s provides advice on planning
and managing piggeries to minimise harm to the environment

Appendix A: National Odour Guidelines for Piggeri@és details methods of assessing the
impact of odours

Appendix B: Environmental risk assessmentii details methods for assessing the likelihood
that the piggery will have an impact on the environment

Appendix C: Complaints register i shows an example of a complaints register that be can
used to keep track of complaints received and corrective action taken

Appendix D: Sample analysisfi describes methods for collecting samples (water, soil etc)
for analysis
Appendix E: Useful conversions fi lists conversions that may be useful in implementing

these guidelines.
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1 Introduction

aximising opportunities for industry growth is a strategic objective of Australian Pork

Limited (APL). To assist with opportunities for growth in the pig industry, APL has
developed national environmental guidelines. This national approach will promote consistency
in proposals for new developments and facility upgrades across the states and territories. It will
also help producers to comply with licence and approval conditions and with current regulatory
standards.

To that end, APL has worked with industry, the community and government to develop these
National Environmental Guidelines for Piggeriddhe guidelines provide advice on planning and
management, including siting and design, so that people developing intensive p iggeries can
minimise harm to the environment. They are based on up-to-date technical information and will
be updated as needed to reflect changes in science and piggery management.

The guidelines provide a general framework for managing the environmental issues associated
with piggeries, and they have been tailored to the circumstances and conditions most commonly
encountered. However, site-specific conditions must still be considered when applying the
guidelines. Similarly, many of the factors discussed in the guidelines are interlinked, and sound
management practices must be applied to the suite of considerations, not single issues in
isolation, to achieve good environmental practice.

The guidelines may be used to complement, develop or update existing state piggery guidelines.
However, it is important to realise that the guidelines do not fully cover all requirements in each
state and territory. Each state and territory of Australia has its own legislation, codes of practice
and guidelines for the develop ment and operation of piggeries, as well as more general
legislation governing water use, land clearing and other relevant issues. There are also applicable
local government planning and approval regulations. Consultation with relevant state and

territory government departments and local government officers will identify the specific

planning requirements, legislation, codes of practice and guidelines. The user is responsible for
ensuring that a proposal complies with the specific requirements of the releva nt state or territory
regulatory authorities.

Legislative and planning requirements over -ride industry guidelines and codes of practice,
including these national guidelines. Hence, developers need to be aware that piggery
developments may be assessed in ananner or scope outside that contained in these guidelines.
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2 Planning principles

he first step in planning should be to identify any land use or zoning issues from local
T government, and the state or territory government agencies responsible for piggery licensing
and approval, water licensing, soil conservation and vegetation clearing. Consultation with the
relevant agencies, ideally through a prelodgement, on-site meeting, helps determine if the site is
suitable, and the major issues to be addressedm an application. These issues are listed below in a
checklist.

The next step is to gather and compile the information. As the guidelines provide recommended
siting, design and management information, they can be used to assemble the supporting
information for a piggery development application. Submission of application forms and
supporting information, advertising the development, and formal assessment will  follow. For
large or complex applications, professional assistance may be necessary.

Issues Check

Applicant details

Site description (including plans) and assessment

A Real property description

- Land tenure

- Land area

- Cadastral plan

A Land zoning, and zoning of the surrounding land

A Climatic data

- Median annual rainfall

- Average monthly rainfall

- Rainfall intensity data (1 -in-20-year design storm, 1-in-20-year 24-hour
storm)

- Average monthly evaporation

- Monthly maximum and minimum temperatures

- Wind speed and direction

A Soil description for the piggery site (including analysi s of basic physical
properties) and areas of by-product use (including analysis of basic chemical
and physical properties)

A Description of groundwater resources and geology of the site

- Details of any bores on the subject property

- Analysis of the chemical properties of groundwater for use in piggery

- Details of any licenses held
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Issues

Check

A Description of surface water resources on the property or in the vicinity of the
property

- Analysis of the chemical properties of surface waters for use in the piggery

- Details of any licenses held

A Description of the current vegetation of the site and the extent of any proposed
clearing

A Identification of any items, sites or places that may have cultural heritage
significance

Description of the proposed piggery operation

A Total pig or standard pig unit (SPU) numbers

- Herd composition

- Numbers and weights of incoming and outgoing stock

- Sources of stock

Description of housing and layout plans

>

Water requirements for drinking, cooling , cleaning and shandying with effluent,
and water sources and quality

Bedding requirements and bedding sources

Feed requirements and feed sources

Staff numbers

Hygiene practices

> > > B> >

Prediction of manure production and mass balance estimate of the nutrient
content of solid and liquid by -products

A Design of effluent collection, pre -treatment and treatment system, including
plans

A Sizing and proposed management of the areas of byproduct use including
location, area, method, frequency and generd management of spreading /
irrigation activities

A Description of carcase management or disposal, including plan for mass
mortalities

A Calculation of traffic numbers and consideration of access and road safety. There
is also a need to negotiate with state or territory and local governments
regarding road upgrading and maintenance responsibilities

Environmental impact assessment

A Community amenity impacts - particularly odour, dust, noise, traffic. Calculate
separation distances to sensitive receptos

Surface water impacts & quality and availability for other potential users

Groundwater impacts & quality and availability for other potential users

Vegetation impacts 0 effects of clearing on rare and threatened species and
communities

Impacts on items, sites or places of cultural heritage significance

Impacts on soils of by-product use areas
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Issues

Check

Summary of desigh and management features to minimise adverse environmental
impacts

Proposed environmental monitoring and reporting

Topographic plan

A Watercourses and drainage lines

A Flood lines, protected land

A Location of nearby residences

Recent aerial photograph

Farm plan

Current land uses

Proposed piggery location

Proposed carcase composting or burial site

Paddocks and areas of paddocks for by-product use

> > > > >

Location of on-farm bores

A Location of any soil conservation or drainage works

Piggery layout plan, including location of by  -product treatment and storage facilities

Plan of effluent treatment ponds (if applica ble)

Separation distance plan

A Location of piggery and areas of by-product use

A Distances to sensitive areas or receptors
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3 Environmental outcomes

0 operate in an ecologically sustainable manner, piggeries need to be sited, designed,
T constructed and managed to protect many aspects of the environment such as soil, water and
biodiversity. Preservation of community amenity and cultural heritage should also be
considered.

By-product use should maintain or improve the productive qualities of the | and used by
considering soil pH, salinity and sodicity, structure and stability, erosion, nutrient levels, organic
matter content, micro organisms and hydrological properties. This can be achieved by effective
use of the nutrients, organic matter and water in piggery by -products.

Groundwater should be protected through good design and management of pig accommodation,
by-product storage and treatment areas, carcase disposal areas and byroduct use practices.

Surface waters should be protected through good design and management of the pig
accommodation, by-product storage and treatment areas, carcase disposal areas, bproduct use
and stormwater runoff from areas of by -product use.

Local residentsd comfortable enjoymedbytheof | i
proposed piggery. The effects of piggery odour, visual impacts, dust, flies, noise and off -site
transport should be considered.

Vegetation clearing and by-product use should be managed to protect flora species or
communities and fauna species and habitats.

Items, sites or places of cultural heritage significance both to Aboriginal and to other people
should be protected.

This document presents detailed information to achieve these environmental outcomes.
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4  Types of piggeries

T his section defines the different segments of pig production and piggeries, including an
outline of basic differences in design. It also defines a standard pig unit (SPU).

4.1 Pig production

Pig production can be divided into five main production stages:

A breeding

A gestating or dry sows
A farrowing

A weaning

A growing/finishing.

The breeding section of a pig herd includes the boars, gilts and dry (gestating) sows awaiting
either mating or confirmation of pregnancy and gestation. This section of the piggery is where all
the pig mating occurs, including artificial insemination.

Generally, boars are housed individually whereas dry sows are housed in both individual stalls
and group pens. Sows are often housed in stalls for the first weeks of gestation to confirm
pregnancy, and so they can be individually fed and managed. They may then be moved to group
pens to complete their gestation period.

The farrowing section of a piggery houses both sows due to farrow (give birth) and sows with
their progeny from farrowing to weaning. Each sow a nd litter is generally housed in an
individual pen providing:

A protection from drafts

A acreep area segregated from the main stall by side rails to protect the piglets from being
crushed by the sow, and to provide access to creep feed by piglets only

A extra heat in the creep area.
Weaners can be stressed by a change in diet from milk to solid feed, mixing with other pigs, and

environmental changes, increasing their susceptibility to disease. Newly weaned pigs must be
housed in a warm, dry, draft -free environment to counter these abrupt changes.

Growing and finishing pigs require less environmental controls than newly weaned pigs. They
are often fed in 6phases?d, so that the di et
each growth stage.

Indivi dual pig farms or production units can include one or more of the above pig life cycle
stages but generally fall into one of the following categories:

A farrow -to-finish

A breeder
A weaner
A

grower/finisher.
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A farrow -to-finish piggery includes the breeder, weaner and grower/finisher stages. The pigs

born at the site are reared until sale age (usually 2226 weeks of age). Many farrow-to-finish
piggeries operate with 6closed herdsd&, where
breeding stock are selected from within the herd and/or from artificial insemination. Other

farrow -to-finish piggeries import breeding stock from outside herds or use some imported stock
and some of their own stock for breeding.

A breeder piggery includes breeding stock, with the progeny be ing removed from the piggery at
or after the weaning phase.

A weaner piggery includes only weaner pigs. These are generally from three or four weeks up to
eight or ten weeks of age. Most weaner pigs live in a controlled environment (mechanically
ventilated ) conventional shed or deep litter housing.

A grower/finisher piggery includes grower (about 10 816 weeks of age) and finisher (from about
16 weeks up to 22826 weeks of age) pigs. They generally live in conventional sheds, deep litter
housing, or in a combination of these.

Figure 4.1 summarises the most common piggery production systems.

Breeding Gestating Farrowing Weaning Growing/
finishing

Weaner /

, nursery
Breeding stock / Cull breeding LA Sale

semen (artificial stock
insemination)

Grower /
finisher
unit

Figure 4.1 Piggery production systems

4.2  Piggery definitions

In an extensive piggery, the animals rely primarily on foraging and grazi ng, rather than on
supplementary feed, to meet more than 50% of their nutritional requirements. This type of system
is not covered by these guidelines.

In an intensive piggery, pigs are confined within a structure and fed for the purpose of
production, rel ying primarily on prepared or manufactured feedstuffs or rations to meet their
nutritional requirements.

no

new

In an intensive indoor piggery,t he &éstructured may include conventior

housing, or accommodation.
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Conventional housing is shedsin which the flooring is usually partly or fully slatted, or includes
open channel dunging areas. For sheds with slatted flooring, spilt feed and water, urine and
faeces fall through the slats into underfloor channels or pits. These are regularly flushed or
drained to remove effluent from the sheds.

Deep litter housing is typically a series of hooped metal frames covered in a waterproof fabric,
similar to the plastic greenhouses used in horticulture. Deep litter housing may be established on
a specially prepared earth floor or a reinforced concrete slab. Variations include converted
conventional sheds or skillion -roof sheds with bedding over the flooring. Pigs are bedded on
straw, sawdust, rice hulls or similar loose material that absorbs manure, eliminating the need to
use water for cleaning. The used bedding is generally removed and replaced when the batch of
pigs is removed, or on a regular basis.

There are two types of intensive outdoor piggeries: rotational and feedlot .

In a rotational outdoor piggery , the pigs are kept in small paddocks, sometimes with huts or
other basic housing. The paddocks are rotated with a pasture or cropping phase. During the
stocked phase, the pigs are supplied with prepared feed, but can also forage. During the non-pig
phase, the area grows pastures or crops that are harvested to remove the nutrients deposited in
pig manure during the stocked phased.

Feedlot outdoor piggeries continuously accommodate pigs in permanent outdoor enclosures,
sometimes with huts or other basic housing. These enclosures must be located within a controlled
drainage area so that all stormwater runoff from within these areas is controlled and kept
separate from stormwater runoff from areas outside the pig enclosures. The base of the enclosure
must be sealal to prevent nutrients and salts from leaching into groundwaters.

A piggery complexincludes:
A all buildings or paddocks where pigs live

A adjoining or nearby areas where pigs are yarded, tended, loaded and unloaded

A adjacent areas where piggery by-products are accumulated or treated pending on-site use or
transport off -site

A areas where pig-feeding facilities are maintained or areas where feed is stored, handled or
prepared (including feedmills).

The piggery complexitself does not include any areas of land where by-products such as effluent,
pond sludge or separated solids are applied, unless it is a rotational outdoor intensive piggery.
Figure 4.2 shows a piggery complex, the areas of byproduct use, and the flow of by -products
through both these areas.
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Pig accommodation

Conventional Intensive outdoor Deep litter sheds
sheds enclosures
Carcases Carcases Carcases

Raw effluent Carcase disposal

A Burial
Effluent collection
system A Burning
A Channels A Rendering
A Drains A Composting
A Sumps
Spent bedding
Raw effluent
Separated | Solid by-product
solids storage or
Solids separation composting area
system
Liquid effluent
Effluent Sludge
treatment
Liquid effluent
Effluent and
solids area of Solid by-products

by-product use
A On-site

A Off-site

Figure 4.2 Piggery by -products flow diagram

28



4.3 Defining piggery capacity in standard pig units

A standard pig unit (SPU) is a unit for defining piggery capacity based on by -product output.
The manure and waste feed produced by one SPU contains tke amount of volatile solids (VS)
typically produced by an average size grower pig (90 kg VS/yr). SPU multipliers for other pig
classes are based on their comparative VS production.

This definition assumes that the pig is fed a typical diet, has typical feed wastage and is not fed
with advanced feeding technologies such as phase feeding. Consequently, there are two methods
for specifying the total number of SPUs in a piggery. The first is outlined in Table 4.1,which
provides figures that can be used to determine the number of SPUs in different types of piggeries.

Table 4.1 SPU conversion factors
Pig class Mass Age range SPU factor Pig numbers (and SPU)
range (weeks) for typical 100 -sow
(kg) farrow -to-finish
(26 weeks) piggery
Gilt 1005160 24530 1.8 5(9)
Boar 1003300 245128 1.6 5 (8)
Gestating sow 1605230 o} 1.6 83 (133)
Lactating sow 1600230 o} 2.5 17 (43)
Sucker 1.458 084 0.1 177 (18)
Weaner 8025 4610 0.5 253 (127)
Grower 24855 10816 1.0 249 (249)
Finisher 556100 160624 1.6 330 (528)
Heavy finisher 1008130 24330 1.8 822 (148)

TOTAL 1201 (1263)

SPU=standard pig unit

aFor this example, it is assumed that the heavy finishers are sold at 26 weeks of age.
Note: Refer to Table 9.1 for manure solids and nutrient output for different classes of pigs.

Another method is to:

A use the standard SPU conversion figures in Table4.1 to estimate the standard SPU capacity of
the piggery

A multiply the standard SPU capacity by 90 to estimate the VS production of the piggery (kg of
VSlyr)

A estimate the actual VS production/yr of the piggery using an appropriate manure estimation
model such as PigBal (Casey et al 2000)

A adjust the pig numbers in PigBal (or alternative model) until the VS production matches that
calculated using the standard SPU multipliers.
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If this method i s adopted, the reasons for adjusting feed use and feed wastage must be justified,
and practices maintained on an ongoing basis. This method is likely to best suit piggeries with
high operating standards. An example is given below.

A pig producer wishes to establish a 100sow farrow -to-finish (26 weeks) piggery. After

calculating the number of pigs in each class, the multipliers given in Table 4.1 are used to

calculate a herd size of 1200 SPUs. By multiplying 1200 SPUs by 90 kg of VS/SPUl/yr, it is

determinedt hat a 6standar dd pi 00§ legrofWwS/yw.deed chnversiom thtesc e 10 8
from another piggery using similar diets and feeding systems are available and can be used to

accurately estimate feed intakes and wastage. After running the PigBal model for the proposed

piggery, it is determined that the piggery is only likely to produce 100 000 kg of VS/yr. The pig

numbers in PigBal are adjusted up until the model predicts that the piggery will produce

108000kg of VS/yr. Thus, the pig producer is able t o establish a 108sow farrow -to-finish

piggery, producing t he -sowfarow\MoSinishpiggary.6 st andardd 100
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5 Site selection

nvironmental advisers can provide guidance on the suitability of a site for a piggery. The
main factors to consider include:

statutory land use planning restrictions

availability of suitable land area

availability of reliable water supply

access to markets and labour

climate

the siteds natural resources

possible effects on community amenity or cultural heritage

> > > > > > > >

any possble future expansion plans.

Each of these factors is discussed below.

Environmental outcome

Protection of natural resources and the community through good piggery siting.

5.1 Planning restrictions

When selecting a piggery site, the current and future land zoning of the property and
surrounding land should be discussed with the local government authority. This may quickly
identify properties that are unsuitable because of land use, zoning or legal constraints.
Agricultural advisers can identify state a nd territory department planning controls.

5.2 Available land area

Property size is an important consideration. Ideally, a property should be large enough to contain
the piggery and any required areas for by-product use. However, it is possible to transport by -
products off -site to a third party. Owning land buffers around the piggery complex prevents
encroachment by nearby developments. However, owning buffers is not a prerequisite because it
is rarely possible to own the large property size needed. The shape of the property also affects the
buffer effectiveness. For example, a larger buffer along the direction of the prevailing wind may
reduce the number of complaints coming from that end of the piggery.

5.3 Access to markets

Piggeries need to be able to surce labour to operate. They should also be located close to feed
supplies and abattoirs to reduce operating costs.
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5.4 Climate

Climate affects many environmental aspects of a pigt
rates affect the availability of surface waters. Options for using effluent also depend on local
rainfall and evaporation. In most regions, effluent irrigation is needed for intensive conventional
piggeries. Climate also influences the required size of the effluent treatment ponds and areas of
by-product use, and the plants that can be grown on these areas. Prospective sites in high rainfall
areas will usually require significantly more land for the treatment and reuse of effluent, and
potentially have higher capital and operating costs. Climate also affects irrigation opportunity.

For example, in winter -dominant rainfall areas, effluent may have to be held in storage for up to
six months until the soil dries out sufficiently to allow effluent irrigation. In some areas of
Australia, the n et annual evaporation may allow piggery effluent to be removed solely by
evaporation from suitably lined holding ponds. However, this concentrates salts in the sludge,
limiting its suitability for reuse.

Winds transport odours and dust away from the pigge ry, so the speed and direction of the local
winds partly determine possible adverse effects in nearby receptors. Odour is discussed in
greater detail in Appendix A.

5.5 Natural resources

Suitable topography reduces the likelihood of compla ints about community amenity, and saves
money during the design and construction of a piggery.

Topographical barriers (hills, ridges etc) between the piggery and sensitive locations are
desirable. For some, the sight of a piggery is not aesthetically pleasng. For others, it is a reminder
of the presence of a piggery, which may cause complaints. Undesirable sites are often elevated
and cleared and therefore provide a clear line of sight between nearby roads or neighbouring
houses and the piggery.

The movement and dispersion of odour from the piggery depends on the topography in the

vicinity of the property. Under stable atmospheric
gravitationally down hills, more severely affecting receptors downslope from the source. Odours

can also travel significant distances with very little dispersion if the development is in a confined

valley. These factors warrant serious consideration when selecting a piggery site.

The ideal site for housing pigs indoors is relatively fl at, to minimise the earthworks for shed pad
preparation. If the building site is higher than any effluent treatment or storage ponds, effluent
and leachate from solid by-products will flow into the treatment and storage ponds. This can
eliminate the need for effluent collection sumps and pumping equipment, which may be prone to
blockages and breakdowns as well as incurring ongoing energy costs.

For outdoor feedlot piggeries, a slope of 286% is needed for drainage. The effluent storage pond
must be located downslope of the pens.

Site selection principles for rotational outdoor piggeries are the same as for areas of byproduct
use. For sites with heavy soils, gently sloping areas of by-product use are less likely to have
water-logging and drainage problems. Ho wever, an area that is too steep may promote nutrient
loss through soil erosion or stormwater runoff. The ideal slope depends on soil type, land use,
vegetative cover, rainfall intensity, agronomic practices and the soil conservation measures that
are in place.
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A preliminary investigation should identify the range and distribution of soil types on the
property. The suitability of soils for by -product use, building pads, carcase burial pits and
effluent treatment or storage ponds should be considered. For example, loam to medium clay
loam soils are often preferred for areas of by-product use as they usually drain well and retain
nutrients. Deep clay soils best suit outdoor feedlot piggery pens, effluent ponds and solid
by-product storage sites, sihnce these soils can be compacted to provide a low permeability.

Doing a soil survey and chemical and physical analysis early in the planning phase helps to
identify:

A the suitability and required size of areas of by -product use

A the need for imported clay or synthetic liners for outdoor feedlot piggery pens, ponds and
by-product storage areas

A the types of erosion controls and management that could be needed during construction and
operation.

Soil analysis data for areas of by-product use also provide a benchmark for assessing future
monitoring results.

Water supply

Water is needed for drinking, shed cleaning and sometimes for summer cooling. It is essential to
confirm that enough water of suitable quality is available.

The drinking water requirem ent varies depending on climate, season and drinker type.

Approximately 8 L/SPU/day is required. The needs of a breeding herd may be 50% higher. An

additional 10 850% should be allowed for drinking wastage. Emergency water storage of at least
onetotwodayds worth of drinking water should be provi
requirements vary widely, depending on shed type and design, pig class, water quality,

by-product treatment and use, and whether treated effluent is recycled for flushing.

Water licensing requirements vary between states and territories, and regions within them. It is
essential to confirm that water can legally be used in a piggery. The holding of a water allocation
may not guarantee the supply of that volume. Pump testing of bores is r ecommended.

Water quality influences herd health and performance, effluent pond function and options for
by-product use. Potential water sources should be analysed to identify suitable supplies.
Suggested analysis parameters include total dissolved solids(TDS), bicarbonate, calcium,
fluoride, magnesium, nitrate, nitrite, sulphate, hardness, pH and Escherichia colE. col). For
surface water supplies, check if the supply is susceptible to blue-green algal blooms. A pig
husbandry or veterinary consultant ¢ an advise on drinking water suitability. As a general guide,
the total dissolved salts in drinking water should be less than 3000 mg/L.

It is also highly desirable to have access to reliable fresh water irrigation supplies. This enables

more effective useto be made of the nutrients in piggery by -products by ensuring that

consistently high crop or pasture yields are obtained in the areas of by-product use. Effluent can

al so be mixed or O0shandiedd with fresh waeher t o ¢
needed for by-product spreading can also be minimised because irrigation increases crop yield

and therefore nutrient use.
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Surface water protection

Good siting, design and management of piggeries and areas of by-product use protects surface
water quality. Practices that allow nutrients and organic matter to enter surface waters promote
algae and aquatic weed growth. When these die their decay strips oxygen from the water, killing
aquatic life and creating offensive odours. High nitrogen levels can cause nitrate and ammonia to
accumulate to levels that may be toxic to animals. High phosphorus levels in surface water are
linked to the occurrence of potentially toxic blue -green algal blooms.

Flood risk

Flooding may cause stock losses, building damage and sirface water contamination, so the
piggery complex should be above the 1-in-100-year flood level. Information on land submerged
by a 1-in-100-year flood is available from local government authorities, or state water resources
agencies. All-weather access b the piggery complex is essential for feed delivery and pig
transportation. The areas of by-product use should be above the 1-in-5-year flood level. Where
this is not possible, levee banks may be constructed (with appropriate approvals/permits) to
protect land from flooding.

Groundwater protection

Groundwater is also protected through good siting, design and management of piggeries and
areas of by-product use.

Sites where the soil type, geology and groundwater depth combine to pose a high risk for
groundwa ter contamination should be avoided, as this may affect the siting and design of
effluent treatment or storage ponds, ongoing by -product management, and groundwater
monitoring requirements.

Piggery by-products need careful management to prevent nutrients | eaching into and
contaminating the groundwater. Nitrogen is highly mobile when in nitrate form and readily
leaches. While most soils are capable of safely storing significant quantities of phosphorus, if
excessive levels are applied to soils over a prolongd period, leaching into groundwater may
eventually occur. Potassium also readily leaches when oversupplied in the soil.

Ideally, by -product reuse areas should be located on land where groundwater is deep, stored
within confined aquifers or well protected by a clay blanket. The risk to groundwater from
effluent reuse depends upon the protection afforded by soil type (eg a deep clay blanket may
afford good protection, a sandy loam soil provides relatively poor protection) and the geology
and type of aquifer (eg a confined aquifer versus an alluvial aquifer).

The consequences of nutrient or salt leaching into groundwater depend on the quality of the
groundwater (eg potable water versus brackish water). However, it is important to protect the
groundwater so that options for current and future use are not restricted.

Avoid areas of remnant vegetation, wildlife habitats and natural wetlands when selecting a site
for a piggery or for by -product use. Relevant local, state and territory authorit ies should be
consulted to determine any restrictions on tree clearing.

For rotational intensive outdoor piggeries, a good resilient vegetative cover (eg pasture or
stubble) is essential within the pig enclosures. Both rotational and feedlot intensive outd oor
piggeries should also have a good resilient vegetative cover around the perimeter.
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5.6 Community amenity

Most conflicts between pig farms and neighbours relate to odour, but they sometimes relate to
noise, dust, flies and rodents, pathogens or visual amenity. Conflicts arising from these issues are
often very emotive, and the people involved sometimes experience great personal stress. In the
interests of community harmony and farm security, conflicts must be resolved. A combination of
appropriate site selection, layout, design, management and communication strategies will
prevent these problems.

The main community amenity issues are discussed in the following sections, and should be
considered carefully when selecting a site for a piggery development.

Odour nuisance is a very complex issue. An odour assessment can determine if an unreasonable
odour impact is likely at off -site receptors. Each state and territory has its own legislation, codes
of practice and guidelines for piggery odour impact assessment. Odour impact assessment is
covered in detail in Appendix A, which provides a three -level evaluation process.

Each state and territory has its own regulations or guidelines pertaining to noise.

Feed milling, hand feeding, ventilatio n systems and transport inherently generate noise.
Restricting transport, feed milling and hand feeding to daylight hours where possible often
eliminates noise nuisance. In hot weather, early morning stock loading may be needed to protect
animal welfare, but neighbours usually understand if they are advised in advance. Appropriate
mufflers and noise attenuation equipment should be fitted to machinery. Careful selection of
routes and considerate driving styles also help to reduce traffic noise.

Piggery dust and smoke should be minimised through good design and management.

Most piggery dust is from traffic along unsealed roads, feed milling and feed distribution. Traffic
dust should be reduced by road watering, using sealed routes (if available) and driving at
suitable speeds. Feed dust should be reduced through suitable milling and diet formulations.
Shed dust should be reduced through regular cleaning. Smoke should be eliminated by not
burning carcases or rubbish.

Fly, rodent and vermin control relies on maintaining clean sheds, promptly removing waste feed,
immediately disposing of carcases, and managing by-product properly. Mosquitoes need
protected water habitats for the wriggler stage of breeding; ponds with steep banks, flat bases
and no vegetative growth do not provide suitable habitats for breeding.

APL has recently funded research investigating the pathogens present in pig effluent and the
public heath risks associated with efflu ent reuse (APL Project 1353). The research found that the
range of pathogens potentially present in Australian piggery effluent is much narrower than the
range found in human sewage. Significantly, piggery effluent lacks many of the major pathogens
that are of concern when reuse of human sewage is considered (e¢/ibrio cholera@nd human
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pathogenic viruses such as norovirus). The only pathogens in piggery effluent that need
consideration are bacteria, as the only virus likely to be present is rotavirus, and this virus does
not generally cross the specieshost barrier.

Of the pathogens potentially present in piggery effluent, campylobacter, salmonella,
erysipelothrix and E. coli(as an indicator organism) are probably of most interest from a public
health perspective. Analysis of effluent from the treatment ponds of 13 southeast Queensland
piggeries identified low campylobacter counts in 11 final ponds and low salmonella counts in
only three final ponds. Erysipelothrix and rotavirus were not detected in any fi nal pond. The
results were evaluated using a quantitative microbial risk assessment approach for a real-life
scenario in which piggery effluent was being used to irrigate turf. The study found that relatively
small separation distances (eg 125n at wind sp eeds of 0.5m/s and 300 m at wind speeds of
2.5m/s) were needed to minimise any health risks from campylobacter and salmonella in the
irrigation aerosols.

Piggeries are often perceived negatively by the community, so it is desirable to screen the piggery
from public view. The natural topography and vegetation can be used for this purpose when
planning a new development. Vegetation around the complex can significantly improve the

visual appeal of a piggery, and can help in dispersing od our, noise and dust. Visual screens and
vegetative buffers can be intentionally established and maintained specifically for this purpose.

5.7 Cultural heritage

Items, sites or places of Aboriginal or European cultural significance should be considered when
selecting a piggery site. If these are present, consult the appropriate bodies (including the
traditional landowners) to determine the most suitable course of action. The issue may be
resolved by properly recording, preserving or relocating special object s to allow development to
proceed, or parts of the property may need to be permanently sectioned off to prevent access and
any potential detrimental effects.

5.8 Future expansion plans

During the site selection process, any plans for future expansion should be considered. This may
include allowing extra area around the piggery for additional sheds and by -product treatment
systems, and ensuring that enough land is available for sustainable by-product use. Considering
these aspects during the site selection tage helps to simplify any future expansion processes.

During the planning stage, it may be worth ensuring that separation distances will allow for
future expansions. This might involve investigating the potential for acquisition or rezoning of
nearby land to protect or expand the buffer areas available.
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6 Separation and buffer distances

G ood design, construction and management are the most important factors for preventing
impacts on sensitive locations and receptors. However, providing adequate separation and
buffer distances between piggeries and sensitive locations is an important secondary measure for
reducing the risk of environmental degradation and avoiding conflicts relating to community
amenity.

Local authorities may have specific by-laws or other planning instruments that stipulate
separation distances and buffers for piggeries. Appropriate planning is needed to maintain these
separation distances and buffers between established piggeries and receptors, watercourses and
groundwater.

Sections 6.1 ad 6.2 include recommended buffers for surface water and groundwater, and
separation distances for community amenity, respectively. These separation and buffer distances
are not applicable to existing piggeries.

Environmental outcome

The community, water resources and vegetation are protected by providing buffers

and separation distances that mitigate potential runoff and odour impacts.

6.1 Buffer distances from surface water and groundwater

Surface waters should be protected through sound design and management of piggery
complexes and areas of byproduct use. These areas should be managed and sized to achieve a
nutrient balance or sustainable nutrient storage. Application of by -product should be carefully
timed by irrigating with effluent when the soil is not saturated and rain is not expected, to
minimise the risk of nutrients in stormwater runoff. Ideally, by -products should be applied when
crops are actively growing, to ensure nutrient uptake and to minimise nutrient losses by leaching.

Buffers provid e secondary protection against:

A effluent entry to surface waters through runoff of tailwater from irrigated effluent
A nutrient -rich stormwater runoff from areas of by -product use
A spray drift from irrigation with effluent.

Vegetative cover in the buffer area between the area of byproduct use and any watercourse
should be maintained wherever possible, particularly riparian vegetation, to minimise the
movement of nutrient -rich runoff and eroded soil into surface waters.

The appropriate buffer width depends on the vegetative cover of the buffer area and the presence
of other stormwater control devices, such as diversion banks and terminal ponds. Vegetative

filter strips (VFS) can very effectively reduce nutrient entry to watercourses. They reduce the
nutrient c oncentration of runoff through particle trapping, and reduce runoff volumes by

increasing infiltration. Generally, wider VFSs can effectively trap larger quantities of soil eroded
from upslope areas. However, for the same soil loss rate, areas with steepeislopes need a wider
VFS than areas with a gentler slope. Place VFSs as close as possible to the areas ofjmpduct use
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to minimise additional runoff through the filter strip. It is also critical to place the VFS before any
convergence of runoff.

As a sakeguard, a buffer should be provided between piggeries and areas of by-product use, and
groundwater bores and surface waters. The required buffer distance should be assessed on a
caseby-case basis with the aim of protecting sensitive waters, while not being overly onerous.
For instance, only a relatively small buffer would be needed if there is a well -developed and
maintained VFS between an area of byproduct use and a watercourse. Similarly, good irrigation
practices, such as direct injection, should only require a small buffer. Under some state and
territory requirements, fixed buffer distances may apply.

Major stores of potable water and watercourses within drinking water catchments generally need
the greatest protection. (A watercourse is a naturally occurring drainage channel such as a river,
stream or creek. It has a clearly defined bed and bank, with intermittent (ephemeral) or
continuous (perennial) water flows. Also refer to relevant state or territory acts for legal
definitions).

Piggeries should be 800m from major water supply storages (including public water supply
storages, lakes, lagoons, marshes or swamps). Restrictions may apply in catchment areas for
major water storages owned by water boards or local authorities. The measuring point for the
buffer distance from a watercourse should be the maximum level to which the water surface of a
watercourse may reach before overtopping of a bank begins (bank-full discharge level). Relevant
state or territory legislation should be consulted for the legal definition in each area.

In all cases the relevant regulatory authority should be consulted where a piggery is proposed
within a declared catchment area or a declared groundwater area. A reduced separation distance
may be allowed if it can be demonstrated via a risk assessment that the feature will be protected.
For highly sensitive or vulnerable resources, or under some state and territory requirements, the
distance may need to be increased.

Table 6.1 provides recommended buffer distances from areas of byproduct use to surface waters,
by reuse category.
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Table 6.1 Separation distances between areas of by -product use and surface waters, by
reuse category

Reuse category Distance Distance
from major from
water watercourse
supply (m) (m)
Effluent that is dis charged or projected to a height in excess of 800 100

2 m above ground level

By-products that remain on the soil surface for more than
24 hours (ie are not immediately ploughed in)

Spent bedding that is spread immediately (ie not
stockpiled/composted) and remains on the soil surface for more
than 24 hours

Flood irrigation systems

Rotational outdoor piggery pens

Mechanical spreaders and downward discharge nozzles. The 800 50
discharged material shall not be projected to a height in excess
of 2 m above ground level

Spent bedding that has been stockpiled before spreading

Discharge by injection directly into the soil (to a depth of not 800 25
greater than 0.4m) and at a rate not exceeding either the
hydraulic or nitrogen, phosphorus or potassium limi ts
determined for the local soil types

Spent bedding/solids that have been composted

Application of effluent/spent bedding/solids in combination
with immediate incorporation of material into the soil (< 24 hrs)

Note: Distances should be measued from the perimeter of the area used for handling or using by -products

The fixed separation distances surrounding areas of by-product use are to be used as a guide.
Dispensation may be obtained for these distances following site-specific assessment by he
relevant authority. For example, appropriate vegetative buffers and terminal ponds designed to
catch the first 122mm of runoff from areas of by -product use will be considered in reducing the
required distance to watercourses.

6.2 Separation distances fo r community amenity

An odour assessment can determine if an unreasonable odour impact is likely at off-site
receptors. However, the success of a proposed piggery development also relies on community
acceptance. Community consultation during the planning st age will often provide enough
information to allay concerns. For community consultation to be effective, it is important to
structure the process to suit the individual situation.
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On-going two -way communication between piggery operators and receptors (part icularly
neighbouring residents) reduces the risk of unacceptable odour impacts. Research in North
America concluded that piggery odour emissions may lead to a range of physical symptoms in
some people, including headaches, nausea and vomiting (Schiffman & al 1995, 1998).

Odour modelling uses data representing a site and applies simplifying assumptions to estimate
the odour dispersion (movement away) from the site over time. Modelling is generally conducted
by estimating odour dispersion each hour over a p eriod of one year. These models estimate
odour occurrences at specific points according to odour impact criteria. Input data include odour
sources, odour source dimensions, source odour emission rates, meteorological variables for the
site, and site surface characteristics. Odour modelling accuracy is limited by the simplifying
assumptions inherent in the model used, and by the accuracy of input data, particularly
meteorological conditions and odour emission rates. Appendix A provides a three -level approach
for assessing the likely odour impacts of a proposed piggery or piggery expansion. Appendix A

is unsuitable for application to existing piggeries, and is not to be used for this purpose.

The Level 1 assessment uses a standard formula to calculate variableseparation distances from
piggeries to different types of receptors. The formula considers the number of SPUs, receptor
type, topography, vegetation (surface roughness) and piggery design and operation. Fixed
separation distances are also provided to ensue appropriate buffers between the piggery and
features such as roads and property boundaries. Both the variable and fixed separation distance
to receptors (town, residential and rural) must be calculated and the greater distance of the two
applied. Relevant local government planning schemes may have definitions of the location and
extent of each receptor type. Fixed separation distances are given in Appendix A.

Separation distances from areas of byproduct use to relevant receptors and features are also
provided in Appendix A. By -product use areas are considered separately from piggeries because
they are infrequently used and may be spread across a farm. Furthermore, piggery operators
have a significant degree of control over the timing of by -product applic ation in these areas.
These distances are in addition to separation zones for the piggery complex and are determined
separately.

Level 2 and Level 3 assessments involve odour modelling. Full details are provided in Appendix A.
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7 Cleaner production

sing resources more efficiently, reducing the amount of by -product generated and using

those by-products can reduce costs and harm to the environment. Cleaner production
involves continuously applying an integrated, preventive strategy to all processes to incre ase
overall efficiency and reduce risks to the environment (including humans).

Environmental outcome

Efficient use of resources, minimal waste production and reuse and recycling of
by -products  where appropriate.

7.1 Efficient resource use

The major input to any piggery is feed. Reducing wastage improves feed conversion efficiency

and reduces the organic loading rate of the effluent treatment ponds and the potential for

subsequent odour impacts. Feed wastage can be minimised by providing the pigs with fre sh feed,

matching the amount of feed delivered to the amount required, and using well -designed feeders

and sound feeding practices. Closely matching di e
requirements and using additives including enzymes (eg phytase) to increase nutrient

availability also improves feed conversion efficiency. Industry benchmarks for feed conversion

efficiency provide a guide to performance.

Implementing sound shed design principles significantly reduces power use and consequently
heating and cooling costs. Well-insulated sheds require less energy for heating and cooling, and
orienting sheds eastwest reduces heat from the sun. Natural ventilation reduces cooling costs
and deep litter housing uses less power.

Water is needed for drinking, c leaning and sometimes cooling. Water use varies widely between
piggeries, and this increasingly scarce resource should be used efficiently. It is important to
supply cool drinking water in hot weather. Wastage is generally lower for well -designed bowl
drin kers (for sows) and bite nipples than for push nipples. Leaking nipples should be adjusted or
replaced. Sheds with sandwich panel walls and fully slatted floors are more easily cleaned than
those with brick or iron walls, reducing the amount of water used for cleaning. Sweeping
conventional shed laneways also reduces the amount of cleaning water required. Recycling
treated effluent for flushing reduces the overall water usage but may increase struvite formation
in pipelines. Struvite is a crystalline compou nd that precipitates out of effluent (and sometimes
out of bore water), blocking pipes and equipment. The use of deep litter sheds significantly
reduces cleaning water requirements. Significant amounts of water can be lost through leaking
pipelines, and these need ongoing maintenance. Overall, continuous monitoring of water use can
identify excess use and enable rapid rectification of leaks.

7.2 Waste hierarchy

Waste avoidance should be a priority, followed by reuse and then recycling. Disposal should be a
last resort.
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7.3  Minimising effluent generation

Effluent is mainly composed of wastewater from shed cleaning and cooling, drinking water spills
and leaks, manure, and waste feed.

Section 7.1 outlines methods for efficiently using water. Optimising feed con version efficiency
reduces manure production. Methods for improving feed conversion are also given in Section 7.1.
Feed wastage can be minimised by using welldesigned feeders and sound feeding practices.

Using guttering on shed roofs and diversion drains keeps runoff out of the effluent system.

7.4 By -product use

Piggery by-products may be substituted for inorganic fertilisers or used as an energy source for
power generation.

The solid and liquid by -products of piggeries contain significant quantities of t he nutrients and
organic matter that promote plant growth. These can be substituted for inorganic fertilisers.
By-products can be spread without treatment, but composting is one way of value -adding to
make the product more stable and marketable to a wider range of users.

Methane in the biogas produced by digesting piggery by -products can be captured for electricity
generation. The methane can provide power for on-farm facilities or can be sold to electricity
suppliers. Because methane digestion is expensiveand technically demanding, it will only be
viable for a small percentage of producers; economies of scale are important.
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8 Pig accommodation d design and
management

Environmental outcome

Pig accommodation that is designed, constructed and managed for op timal hygiene to
prevent adverse impacts on community amenity.

xpert advice should be sought on the structural design and internal layout of piggery

buildings. Design should consider building foundations that suit the soil type, the number of
pigs to be housed, pen layout, the piggery site, local climate, orientation, shading, insulation and
ventilation (both natural and mechanical).

There are two common forms of intensive indoor piggery housing i conventional sheds that
produce liquid effluent, and deep litter sheds that produce spent bedding containing manure.

Conventional sheds suit all classes of pig. Shed environment, nutrition and husbandry can be
tightly controlled, but these sheds are relatively expensive to build. Some operating costs are high
(eg labour and power). The sheds may also need large quantities of water to be cleaned. Ponds
coupled with areas of by-product use or evaporation ponds are usually needed to manage the
liquid effluent produced.

Deep litter sheds best suit weaners, growers/fi nishers and dry sows. Weaners and

grower s/ finishers generally mov+énall-boubaph whebespeée
bedding cleaned out only at the end of each batch. They may be relatively inexpensive to build

and may provide welfare benefit s, but bedding may be difficult and expensive to buy during

drought years, particularly for finisher pigs and dry sows as they require more bedding. The

spent bedding also requires management. However, much is to be learned about optimising pig

performance in this accommodation type. Sections 8.1 and 8.2 and Tables8.1, 8.2 and 8.3 discuss

design considerations for conventional sheds and deep litter sheds. Intensive outdoor

accommodation is covered in Section 8.3.
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Table 8.1 Summary of design consideration s for piggery sheds

Design component

Considerations

Shed orientation

Buildings should be oriented with their long axis east dwest to
minimise heat load.

General design and
materials

New sheds should be constructed from materials with good
thermal properti es that maintain shed temperature in the required
range with minimal mechanical heating or cooling.

The flooring and drainage system should exclude the ingress of
clean stormwater runoff and prevent the discharge of effluent,
solid by -products or contamin ated waters to adjacent areas.

Floors must be concreted for conventional sheds or have low
permeability for deep litter sheds (preferably being concreted,
otherwise soil compacted for a design permeability of 1 x 10% m/s
for a minimum depth of 300 mm comprising two layers each
150mm thick) to prevent seepage of effluent into soils and
groundwater.

Buildings should be located above the 1-in-100-year flood level.

Feeding system design

Automatic feeding systems should present feed to all animals
simultaneously to reduce the level of noise at feeding times. Ad
libitum or continuous feeding systems also reduce feed wastage.

Ventilation

Adequate ventilation removes piggery gases, dust and odour,
controls air temperature and relative humidity, removes excess
heat and moisture, dilutes and removes airborne disease
organisms and maintains oxygen levels.

Naturally ventilated sheds should be separated by a distance of
five times their height to maximise ventilation.

Air quality

The dustier the piggery, the more odorous it will be. Piggery dust
may be reduced through adequate ventilation, routine shed
cleaning, using pelletised feed, reducing feed-borne dust by
adding fat/tallow to diets (making the feed greasy so it will not
generate dust), eliminating floor feeding , installing automated
feeding equipment, and use of oil sprays.

Visual impact

The material types and colours used for structures combine with
landscaping to influence visual impact. Careful choices can
produce structures that blend with the surroundings.

External landscaping

Strategic tree planting around the piggery complex can
significantly reduce the visual impacts of the piggery, and may
improve odour and dust dispersion.
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8.1 Conventional shed stocking densities

Shed stocking densities affect pig performance and also the cleanliness and odour production of
sheds. Minimum space allowances for conventional sheds are given in Table8.2.

Conventional sheds need regular sweeping and hosing to keep lanes, pens and handling areas
clean. The design and maragement of effluent collection systems associated with conventional
sheds are discussed in detail in Sectionl0.

Table 8.2 Minimum space allowances for housed pigs
System Minimum space Comments
allowance
(m2/pig)
Up to 10 kg 0.11
11520 kg 0.18
21340 kg 0.32

Approximately 20 330%
410660 kg 0.44 of space allowance is
for a dunging area

61680 kg 0.56
816100 kge 0.65
Adult pigs in groups 1.4
Adult pigs in individual 0.6x1.8m
stalls
Boars in pens used for 6.25 Minimum length of shorte st side
mating 2m
Lactating sows in: With piglets up to 4 wks of age
Stalls 3.2
Individual pens 5.6
Multi -suckling groups 5.6 For each sow and litter

aFor export pigs in the 1016120 kg and 1215140 kg weight ranges, provide at least 0.75 n#/hd and 0.8 5 m2/hd of
space, respectively.

Source: Standing Committee on Agriculture and Resource Management (1998).

8.2 Deep litter shed bedding management and stocking
densities

Floors in deep litter sheds are covered with straw, sawdust, rice hulls or other beddin g materials
that absorb spilt drinking water and manure. Low -permeability flooring makes cleaning easier
and prevents nutrients leaching into groundwater. Regular bedding top -up is needed to maintain
dry, low -odour conditions within sheds. On average, some 0.531 kg/pig/day of straw is needed.
The bedding should be thoroughly cleaned out and replaced before allowing each new batch of
pigs into litter -based sheds. Extending the floor pad at least a metre beyond the shed end allows
for bedding to be contained at cleanout. Deep litter sheds with concrete floors are sometimes
hosed after bedding removal. This is generally the only liquid effluent stream from these sheds.
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Stocking rates need careful management to control odour generation. Commonly used stocking
densities are given in Table 8.3.

Table 8.3 Commonly used stocking densities for deep litter housing (based on a survey
of industry practice)

Class of pig Space allowance
(m2/pig)

Weaners

(4010 weeks, B25 kg) 0.5530.75

Growers

(10616 weeks, 2455 kg) 1.061.2

Finishers

(16624 weeks, 59110 kg) 1.201.4

Dry sows 2.533.0

Source: Based on data given in Payne (2000).

8.3 Intensive outdoor accommodation

Intensive outdoor piggeries accommodate pigs in small paddocks (rotational) and enclosures
(feedlot), sometimes with simple communal shelters for dry sows, kennels for weaners, and
individual huts for lactating sows.

For rotational outdoor piggeries it is important to maintain ground cover over paddocks to
minimise erosion and nutrient losses. Wallows should also be provided. Paddock management
must include regular spelling from pig production with a plant growth and harvest phase to strip
the nutrients added by pig production. Pigs should not be allowed to access watercourses.

Feedlot outdoor piggeries need to be located within a controlled drainage area with runoff
collected in a holding pond. The retention dam should be designed so overtopping does not
occur more than once every 10 years. Volumetric runoff coefficients of 0.8 for the enclosures,
roads and laneways, and 0.4 for grassed areas should be used in the calculation of the retention
dam volume.

The outdoor feedlot piggery pad must be a compacted base to prevent nutrient leaching. It
should have a maximum design permeability equivalentto 1 x 10% m/s for a depth of 300 mm
comprising two layers each compacted to 150mm. Wallows should also be provided. Pigs should
not be allowed to access watercourses.
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9 Estimating the nutrient content of
piggery by  -products

he nutrients and salts in piggery by -products need quantification to enable good
management. This is an essential first step towards calculating by-product treatment
requirements and sizing areas of by-product use.

When planning a piggery development, the nutrient content of by -products is best estimated
using mass balance principles. Manure quantification and the fate of nutrients, including their
partitioning to effluent and solids, can be estimated using predictive mass balance models (eg
PigBal, MEDLI and the Piggery Assessment Spreadsheel These models are discussed in this
section.

For existing piggeries, the nutrient content of by -products is best quantified using a concentration
and quantity method. This method is detailed in Section 14.1.3.

Environmental outcome

Measuring the amount and quality of by - products, enabling appropriate treatment and

use.

9.1 Estimating volatile solids

Section 4.3 provides the methods for estimating the SPU capacity of a piggery. The manure and
waste feed produced by one SPU contains approximately 90 kg d VS/yr. Hence, multiplying the
SPU capacity of the piggery by 90 kg of VS provides the estimated VS output of the entire
piggery each year.

9.2 Estimating nutrients and salts d mass balance principles

This section provides details to estimate the quantity of nutrients and salts in piggery
by-products using mass balance principles.

9.2.1 Mass balance principles for piggeries

A mass balance estimates the quantity of nutrients and salts in by-products through the
difference between inputs (generally pigs, feed, water and bedding (if used)) and outputs (pigs,
and nitrogen volatilisation in sheds). It may also estimate nitrogen losses via ammonia
volatilisation and nutrient partitioning in effluent treatment ponds between supernatant and
sludge (if applicable), or from solid by -product stockpiles (if applicable). Each of these elements
is important in accurately estimating the nutrient load available for use.

Nutrients and salts excreted by pigs can be estimated using predictive models, such as PigBal and
MEDLI ( see sections 9.2.2 and 9.2.3) that are based on diet digestibility and mass balance
principles. Mass balance principles consider different diets, feed use, feed wastage, water quality
and use, bedding quality and use, and other factors affecting the composition and quantity of
by-products produced.
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PigBal 3.1 is an Exce® spreadsheet that estimates the mass of solids, nitrogen, phosphorus,
potassium and salt in piggery by -products using diet digestibility and mass balance theory
(Casey etal 2000). Table9.1 provides PigBal estimates for the typical quantities of solids and
nutrients in the manure and waste feed of different classes of pig housed in conventional sheds,
based on typical diets. For pigs housed on deep litter, the nutrients added by the bedding may
need to be considered (particularly potassium if straw is used). Typical nutrient composition data
for bedding materials are provided in Table 9.2.

Table 9.1 Predicted solids and nutrient output for each class of pig
Pig class Outpu t (kglyr)
Total Volatile Ash Nitrogen Phosphorus  Potassium
solids solids
Gilts 197 162 35 12.0 4.6 4.0
Boars 186 151 35 15.0 5.3 3.8
Gestating sows 186 151 35 13.9 5.2 3.7
Lactating sows 310 215 95 27.1 8.8 9.8
Suckers 11.2 11.0 0.2 23 0.4 0.1
Sow and litter 422 325 97 50 13 11
Weaner pigs 54 a7 7 3.9 11 1.1
Grower pigs 108 90 18 9.2 3.0 24
Finisher pigs 181 149 32 15.8 5.1 4.1

Note: Refer to Table4.1 for approximate animal numbers in each pig class per 100-sow production unit.

Table 9.2 Typical solid and nutrient content of clean bedding materials

Content (% dry matter)

Bedding materials Total solids Nitrogen Phosphorus Potassium
Hardwood sawdust 2 90 0.22 0.01 0.05
Softwood sawdust/shavings 2 90 0.14 0.01 0.03
Rice hullsP 92 0.53 0.08 1.32
Barley strawb 91 0.69 0.07 2.37
Wheat strawb 89 0.58 0.41 0.51

abased on unpublished data from Department of Primary Industries and Fisheriesfi Queensland
b based on data from National Research Council (1984)

MEDLI ® is a Wind ows®-based computer model for designing and analysing effluent treatment
systems and use of effluent in land irrigation. It was developed jointly by the CRC for Waste
Management and Pollution Control, Department of Primary Industries and Fisheries,
Queensland, and the Department of Natural Resources, Mines and Energy, Queensland.
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MEDLI uses the same principles as PigBal (mass balance and diet digestibility) to predict the
effluent stream from the sheds. It follows the effluent stream of a piggery through pre-treatment,
treatment and utilisation.

Developed in South Australia, Wastload is an Excel® spreadsheetbased model designed to
calculate sustainable by-product spreading rates. Inputs include soil properties, effluent and
shandying water composition, land use, and harvested yields. Outputs include potential loading
rates for nitrogen, phosphorus and potassium, the sustainable effluent and/or solids application
rate and salt dynamics (Clarke 2003).

The Department of Primary Industries and Fisheries, Queensland originally developed the
6Piggery assessment spreadsheet’ (Skerman 2000)
applications for new and expanding piggeries under the relevant sta te legislation. To enhance its
value to the pig industry, the assessment spreadsheet has recently been revised and updated to a
more user-friendly form, making it more useful to many producers, consultants and industry
advisers. The spreadsheet uses piggey waste excretion estimates derived from PigBal to
automate the calculations required in preparing applications, and assists in documenting
proposed piggery design characteristics and management practices. It partitions the excreted
waste between the liquid effluent, separated solids, pond sludge and deep litter, and performs
nutrient mass balances on the effluent and solids land application areas to assess their longterm
sustainability. It also calculates pond volumes required for the storage and treatment of effluent.

Significant ammonia losses in sheds and ponds reduce the amount of nitrogen available to be
used. Ammonia volatilisation losses within piggery sheds account for approximately 10% of
excreted nitrogen. Anecdotally, some 15830% of nitrogen entering a piggery effluent pond
deposits to sludge. Volatilisation of ammonia nitrogen from the pond surface may remove
40-70% of the supernatant nitrogen. Cumulative total losses for the entire system might range
from 54% to 89%.

Phosphorus is not lost from the pond system through chemical or biological transformations.
However, about 90% of the phosphorus in the influent may accumulate in the sludge of a
conventional anaerobic pond.

There is little loss of potassium and other salts to sludge. Since potassium is very soluble, the
liquid component of sludge has a similar potassium concentration to the supernatant of the pond.
Around 10% of the potassium added to the pond is likely to be present in sludge.

The salt content of the effluent stream depends on the salt content of the feed and water used in
the piggery. The salt content of the treated effluent also depends on the quantity of effluent
removed for use (recycling and irrigation), the climate, and the sur face area of the effluent
treatment ponds. Conductivity of pond effluent ranges from 2.2 to 14.7dS/m (Table 14.1, see
Section 14). Salinity of piggery sludge ranges from 6.3to 16.5dS/m (Table 14.2, see Section 14).

There are few quantitative data on heavy metal excretion by pigs. However, Tables 14.1and 14.2
provide concentrations of copper, zinc and selenium in piggery effluent and solids.
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Spent litter from deep litter sheds includes nutrients from the manure and bedding. Significant
ammonia losses would be expected in the sheds (say 1620%) and from stored spent litter.
However, phosphorus and potassium losses should be minimal. Rates of nitrogen loss through
volatilisation after litter clean -out depend on material handling. Composting produces higher
loss rates than stockpiling.

Significant dry matter losses occur during the storage/treatment of deep litter. The more
intensively the material is treated (composted), the greater are the dry matter and nitrogen losses.
This has the effect of increasing the phosphorus concentration of the material and reducing the
nitrogen to phosphorus ratio. However, the nitrogen in composted material is more stable and
smaller losses will occur during reuse. For material that h as not been composted, nitrogen losses
on spreading can reduce the nitrogen to phosphorus ratio in the spread material to the same level
as the compost.

A significant percentage of the manure nitrogen deposited i n feedlot outdoor piggeries will be
lost through ammonia volatilisation. Since the base of these piggeries must be properly
compacted or sealed, losses of other nutrients and salts should be minimal. The deposited
manure will need to be regularly removed f rom the pad. Nutrient losses from harvested manure
and compost are discussed in sections 13.1 and 13.2 respectively. The ponds will collect nutrient
rich stormwater runoff from the feedlot piggery pad. Some nutrients in the pond effluent will be
deposited as sludge others will remain in the supernatant.

There will also be significant nitrogen losses from the manure deposited in rotational outdoor
piggeries. Low levels of nutrient leaching could also occur.
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10 Effluent collection systems

aw effluent is m oved from conventional intensive sheds to treatment facilities by an effluent
R collection system that generally includes pits, drains and/or sumps. These facilities must be
large enough for the expected effluent volume and flow rate. Effluent should ideally flow by
gravity (rather than pumps that can fail) and along open channels (rather than through pipes that
can block). For outdoor feedlot units, runoff needs to be collected by a drainage system.

Environmental outcome

Effluent is collected and moved from conventional intensive sheds to treatment
facilities or areas of use with minimal odour generation and no releases to surface

water or groundwater.

10.1 Collection systems

10.1.1 Flushing systems

Flushing systems comprise underfloor channels that are flushed daily to twice weekly with either
clean water or treated effluent recycled from the ponds. The drain width, drain length, flush
volume, flush rate and flushing frequency need to be carefully matched to ensure effective
removal of accumulated manure and cleaning of pits and drains. The maximum recommended
flush length is 50 m, and box drains with a 1% slope are preferred. Alternatively, level box drains
with a 50 mm lip at one end to retain some water in the base of the drain, can be used. For drains
up to 40 m long, the minimum recommended flushing water volume is 700 81000L/m of drain
width/flush. A water velocity of 0.9 m/s, an initial flow depth of 75 mm, and a flush duration of
at least 10 seconds will effectively dislodge and transport solids.

10 .1.2 Pull -plug systems

OPwlllugd systems store effluent in underfl oor
using the gravity release pipes in the centre of the pits. Following complete drainage, the pit is
partially refilled with either cle an water or recycled effluent to prevent deposited manure from
sticking to the pit floor. Pull -plug systems are suitable for sheds with negative pressure

ventilation systems. Each shed may be divided into a number of cells serviced by individual pull -
plug systems.

10.1.3 Static pits

Static pits are common in old-style piggery sheds. They comprise underfloor pits that store
effluent for up to several weeks before it is released via a sluice gate at the end of the shed. These
systems do not always adequately clean underfloor pits. They need recharging with 50 mm of
water to reduce ammonia releases and prevent manure and waste feed from sticking to the base.
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Some older piggeries collect effluent in open flush gutters or vee drains running along solid
flooring within or beside the pens. The gutters rely on pig movements dislodging the manure,
which in turn reduces the amount of cleaning water required. However, both the pens and the
pigs remain dirtier than in other systems. This incr eases the potential for odour and for rapid
disease transmission along the shed via the cleaning water that runs through or beside each pen.

Drains or pipes are also needed to move effluent from other systems to sumps or treatment
ponds. Drains are preferred to pipes, as pipes are more likely to block because they are more
difficult to inspect and clean. There is no significant difference in odour between open drains and
pipes, as the effluent is only in these conduits for a short time.

Drains should be made of smooth concrete, fibreglass or other impervious material in spoon or
vee channel sections. They should have at least a 0.5% slope to ensure minimum solids retention,
and ease of cleaning and drying between uses. Enclosed drains or pipeshould have a 1% slope
and be flushed with enough fluid to be self -cleaning. Pipe drains should be laid on a constant
grade with minimal bends and joins.

Feedlot outdoor piggeries require sealed drains at the base of pens to convey runoff to the
retention pond. These will need enough slope (0.531%) to prevent significant settling of solids in
the drains. The drains will also need regular maintenance to ensure that they are free of
deposited solids and vegetation.

Dry scraping systems comprise blades on cables that drag manure and wastewater from effluent
channels under sheds. Since flushing water is not added to the manure, the amount of effluent
that is treated is greatly reduced. However, the effluent has a very high concentrati on of solids.
Ammonia within sheds may also be significantly higher than in other effluent collection systems.
Dry scraping systems work best in climates with very low rainfalls and high evaporation rates,
since an odour-controlling crust readily forms ove r the effluent discharged to a pond or basin.
Methods of treatment and use of the solids produced by this method need further research.

Sumps store effluent before pre-treatment, or before the effluent is directed to ponds or irrigati on.
They must be made from strong, corrosion-resistant and impermeable materials, such as
concrete, fibreglass, stainless steel, polylined steel or enamelled steel.

When sizing sumps, consider the shed flushing frequency, flushing volume, pumping frequenc v,
pumping capacity, possibilities for equipment failure, and stormwater entry. Contingency plans
are needed in the event of equipment failure.

Mechanical stirrers or high -velocity pumps are generally used to ensure that solids are kept in
suspension to prevent settling, and to enable pumping of the resulting slurry. The type and size
of the agitator needed depends on the effluent properties and the size and shape of the collection
tank. Diaphragm pumps cause less solids break-up than impeller pumps, enabli ng maximum
solids recovery. If the mixing speed is too high, odour may increase.
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10.2 Design principles

Effluent collection systems should be designed and constructed to stop surface water runoff from
coming in, and effluent from going out. The systems must be impervious to prevent seepage and
the possibility of groundwater contamination. They should also be self -cleaning or be regularly
cleaned to reduce manure build-up, and to minimise the risk of excessive odour and fly and
mosquito breeding. Consider fu ture expansions in piggery capacity when designing and locating
the effluent collection system.

The effluent collection system should be managed by ensuring that:

A excess manure is not left in the effluent collection and transport system after flushing or
emptying

A there is no overtopping or leakage from pits, drains and sumps

A there is regular emptying or cleaning to minimise odour, adverse effects on pig health and fly
breeding.

All components of the effluent collection system need regular inspections for so lids
accumulation, leakage and deterioration. Drains and sumps need inspection daily, or as required
depending on the flushing frequency. Pits need inspection at least weekly.

Ideally, sheds with flushing systems should be flushed daily. Each static pit sh ould be emptied at
least weekly, with each pit being emptied in rotation to promote uniform loading of the effluent
treatment system.
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11 Solids separation systems

re-treatment facilities separate larger solids from liquid effluent before the effluent is treated,
Pr ecycled and used. This reduces the effluentds
required of the effluent treatment pond. Nutrients and minerals in the separated solids are thus
also removed from the liquid effluent.

Separated solids may be stacked, composted or spread directly over land. The separated solids
need careful management to minimise odour, fly breeding and surface water or groundwater
contamination (see Section 13).

The solids separation system should be located within a low permeability, controlled drainage
area. The maximum design permeability should be 1 x 10% m/s for a depth of 300 mm
comprising two 150 mm-deep layers. Impervious drains or pipes should convey all runoff,
separated liquid and leachate from the separated solids to storage ponds.

Environmental outcome

Solids separation systems designed, constructed and managed to optimise solids

removal and produce manageable solids, while minimising impacts on community
amenity (such as odour and vermin), surface water and groundwater.

11.1 Options for solids separation

Methods for separating solids from liquids include gravitational settling, screens, presses and
centrifugal separation.

In gravitational settling, the effluent is held in a basin or tank so that the sol ids settle. The
remaining liquid is then released or removed from the top of the storage unit. Another gravity
separation process is dissolved air flotation, which uses air or gas bubbles to remove solids.

Screens separate solids from liquid on the basis @ particle size and shape. Types include static
rundown screens, vibrating screens and rotating screens.

Screw or belt presses force the effluent against a filter, which retains the solids and allows the
liquid to pass through. As solids build -up on the filter matrix, more of the finer particles are
recovered.

Centrifugal forces can be used to separate out solids. Examples are hydrocyclones and horizontal
centrifuges. The tangential flow separator tank of a hydrocyclone acts like a cyclone, using lime
or other additives to assist solids removal.

The performance of most mechanical solids separation systems improves when there is more
than 3% solids in the total volume. However, the effluent from most flushed sheds has a total
solids concentration of only about 1%. Thickening can be achieved through gravity settling
and/or adding coagulants or flocculants.

Tables 11.511.3 summarise the efficiency of various methods of pre-treatment solids removal.
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