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Steve Peirson

From: Keith Davies
Sent: 15 March 2021 17:29
To: Steve Peirson
Subject: Re:  Belmont Farm

Hi Steve

in the buildings we gave the numbers

Sows                      50
Weaner to 30kg 550     1000 per building.
Finishers              400

Our outdoor pigs 750.

Thanks

Barbara
From: Steve Peirson
Sent: 15 March 2021 16:20
To: Keith Davies
Cc: Natalie Wood
Subject: RE: Belmont Farm

Hello Barbara
We are just trying to confirm the stocking rates for our modelling.
If you are to stock at around 1000 pigs in each of the four buildings would that be based on something like:
Approximately 100 sows (dry and farrowining)
Approximately 150 pre-wean piglets (in the farrowing pens) up to about 7kg
Approximately 750 pigs from weaning through grower and finishing stages.

Please could you confirm or correct these estimates?
Regards
Steve

Steve Peirson CEng CEnv MIAgrE
Principal Air Quality Consultant
RSK ADAS Ltd

Ecology Arboriculture Archaeology Planning EIA Landscape Air Quality Soils
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From: Keith Davies
Sent: 10 March 2021 16:01
To: Steve Peirson
Subject: Fw: Belmont Farm

Hi Steve

Email as promised.

Kind regards

Barbara Davies

From: Keith Davies
Sent: 28 May 2019 22:25
To: Melody Horan
Subject: FW: Belmont Farm

Hi Melody

I am just writing to confirm the number of pigs per building will be 1000 which will result in 4000 pigs on
site when at full capacity, this information was given over the phone as per conversation on the
20/5/2019.

Regards

Barbara Davies

From: Keith Davies
Sent: 20 May 2019 12:57
To: Melody Horan
Cc: Catherine Gould; Lesley Goodall; Rasha Ibrahim
Subject: Fwd: Belmont Farm

Hi Melody

Please find attached  the  approved up to date plans for our site.

Regards

Barbara
Sent from my iPad

Begin forwarded message:
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From: "Keith Davies"
To: "Keith Davies"

[WARNING: This email originated outside of RSK. DO NOT CLICK links, attachments or respond unless
you recognise the sender and are certain that the content is safe]
[WARNING: This email originated outside of RSK. DO NOT CLICK links, attachments or respond unless
you recognise the sender and are certain that the content is safe]
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SP2 –Site Photographs at Belmont Farm on 20 March 2021

Photo 1 Showing earthworks, base and construction of buildings under consented applications

06/2018/0336 and 06/2018/0337

Photo 2 Steel framework and treated timber for new buildings in farm yard



Photo 3 Treated timber in farm yard for purlins/sheeting rails on new buildings

Photo 4 Further stockpiles of steel stanchions, framework and roof cladding in farm yard
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Summary

RSK ADAS has been commissioned by Preston City Council to conduct a study of the potential odour

impact from an existing pig unit at Belmont Farm on a potential residential development situated on land

North of Old Rib Farm at Halfpenny Lane, Longridge, taking account of the addition three consented pig

buildings to one building that is already in use. The objectives of this assessment were to use dispersion

modelling to assess how odour emissions from the pig rearing unit may affect the amenity of the proposed

residential development, and to help assess how odour impacts on the proposed development may affect

operation of the pig farming enterprise.

Odour emissions from the pig unit have been quantified using emission rates measured in Ministry of

Agriculture, Fisheries and Food (now the Department for Environment, Food and Rural Affairs) research

work on pig facilities elsewhere. The estimated emission rates have then been used in atmospheric

dispersion modelling in order to assess the potential impact of odours in the area of the proposed

development.

Guideline Values and Benchmarks

Predicted odour exposures have been compared to a recognised benchmark of 3 ouE/m3 at the annual

98th percentile.  The suggested benchmarks have taken account of the “Newbiggin” standard, the UK

Water Industry Research Organisation findings, the Environment Agency’s H4 Odour Management

guidance and the 2018 Institute of Air Quality Management (IAQM) odour guidance and numerous

planning appeal decisions.

The significance of effects of the predicted odour impacts have then been assessed with reference to the

IAQM odour guidance.

Dispersion Modelling Methodology

The model used in this assessment is the UK Atmospheric Dispersion Modelling System (ADMS) Version

5.2.   Site specific meteorological data used in this assessment has been derived from a Numerical Weather

Prediction (NWP) system known as the Global Forecast System (GFS), over the period 1st January 2016 to

31st December 2020 (inclusive).

Modelling Parameters

The assessment considered two different stocking regimes, and three scenarios for each of those regimes.

These regimes are summarised:

Modified Miller Goodall Stocking Regime – Model Run 1

Model Run 1 was based on mixed stocking regime that was previously used by Miller Goodall who carried

out dispersion modelling for the Applicant/Appellants of the Old Rib Farm site, but in this case modified

to reduce the number of sows (breeding/mature females) from 100 to 50 sows. Each of the four consented

buildings was modelled with 1,000 pigs made up off 50 sows (dry and farrowing), 550 weaners (up to

30kg) and 400 finishing pigs (from 30kg to slaughter weight). Three model scenarios were modelled

including options for the same numbers of outdoor pigs modelled by Miller Goodall:

• Scenario 1: 4 pig buildings with indoor pigs only,

• Scenario 2: 4 pig buildings and 400 outdoor pigs, and;

• Scenario 3: 4 pig buildings and 750 outdoor pigs.
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ADAS Stocking Regime – Model Run 2

Model Run 2 was based on a similar, but less intensive mixed stocking regime calculated by ADAS based

on the potential maximum stocking rates of the existing and consented buildings.  The pig numbers were

based on a total of 513 pigs per buildings comprising 45 sows, 156 weaners and 312 finishing pigs.

Three model scenarios were modelled including two scenarios with outdoor pigs, but with a smaller

number of pigs in the third scenario than were modelled by Miller Goodall:

• Scenario 1: 4 pig buildings with indoor pigs only,

• Scenario 2: 4 pig buildings and 400 outdoor pigs, and;

• Scenario 3: 4 pig buildings and 535 outdoor pigs.

Findings

Five runs, one for each year in the meteorological record (2016 – 2020) were performed for each of the

three scenarios modelled for both Run 1 and Run 2.

Run 1 with the Modified Miller Goodall stocking regime: Contour plots of the predicted five-year average

98th percentile odour concentrations show that the entirety of the proposed development site is exposed

to odour impacts greater than 3.0 ouE/m3 for all three scenarios, both without and with outdoor pigs.  In

fact, over the majority of the site odour impacts exceed a higher level of 5 ouE/m3 for all three scenarios.

The modelling predicts that the five-year average annual 98th percentile hourly mean odour

concentrations exceed the suggested benchmark of 3.0 ouE/m3 at all of a number of modelled example

receptors for all three scenarios under Run 1 with the Modified Miller Goodall stocking regime.

Run 2 with the ADAS stocking regime:  For this regime, with fewer pigs, the contour plots of predicted

five-year average 98th percentile odour concentrations, show that almost the whole of the proposed

development site is exposed to odour impacts greater than 3.0 ouE/m3with no outdoor pigs.  With the

addition of both 400 and 535 outdoor pigs the entirety of the site is exposed to odour impacts greater

than 3.0 ouE/m3.  It is also evident that for the majority of the site odour impacts exceed 5 ouE/m3 when

outdoor pigs are included in the modelling.

For model Run 2 with the ADAS stocking regime, with fewer pigs, the five-year average annual 98th

percentile hourly mean odour concentrations also exceed the suggested benchmark of 3.0 ouE/m3 at all

of the example modelled receptors. At receptor 6, the mean 98th percentile odour

impacts/concentrations do not exceed 5.0 ouE/m3 threshold for S1 and S2, although exceeding 3.0 ouE/m3

for both scenarios.

Overall Findings

The modelling predicts that five year average 98th percentile annual hourly mean odour exposure levels

exceeds the suggested benchmark of 3.0 at all modelled discrete receptor points for all three scenarios

and under both model runs.

Use of the IAQM guidance to evaluate potential odour effects results in predictions of moderate or

substantial adverse effects at all proposed receptors under all three scenarios and both model runs. Based

on the odour dispersion modelling undertaken, it is concluded that the proposed development site will

not be suitable for residential development.
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1 Introduction

RSK ADAS has been commissioned by Preston City Council to conduct a study of the potential odour

impact from an existing pig unit at Belmont Farm on a potential residential development situated on land

North of Old Rib Farm at Halfpenny Lane, Longridge, taking account of the addition three consented pig

buildings,. The objective of this assessment is to use dispersion modelling to assess how odour emissions

from the pig rearing unit may affect the amenity of the proposed residential development, and how odour

impacts on the proposed development may affect operation of the pig farming enterprise.

Odour emissions from the pig unit have been quantified using emission rates measured in Ministry of

Agriculture, Fisheries and Food (now the Department for Environment, Food and Rural Affairs) research

work on pig facilities elsewhere. The estimated emission rates have then been used in atmospheric

dispersion modelling in order to assess the potential impact of odours in the area of the proposed

development.

The assessment considers two different stocking regimes, and three scenarios for each of those regimes.

These regimes are summarised:

Modified Miller Goodall Stocking Regime – Model Run 1

Model Run 1 was based on mixed stocking regime that was previously used by Miller Goodall who carried

out dispersion modelling for the Applicant/Appellants of the Old Rib Farm site, but in this case modified

to reduce the number of sows (breeding/mature females) from 100 to 50 sows. Each of the four consented

buildings was modelled with 1,000 pigs made up off 50 sows (dry and farrowing), 550 weaners (up to

30kg) and 400 finishing pigs (from 30kg to slaughter weight).  Three model scenarios were modelled

including options for the same numbers of outdoor pigs modelled by Miller Goodall:

 Scenario 1: 4 pig buildings with indoor pigs only,

 Scenario 2: 4 pig buildings and 400 outdoor pigs, and;

 Scenario 3: 4 pig buildings and 750 outdoor pigs.

ADAS Stocking Regime – Model Run 2

Model Run 2 was based on a similar, but less intensive mixed stocking regime calculated by ADAS based

on the potential maximum stocking rates of the existing and consented buildings.  The pig numbers were

based on a total of 513 pigs per buildings comprising 45 sows, 156 weaners and 312 finishing pigs.

Three model scenarios were modelled including two scenarios with outdoor pigs, but with a smaller

number of pigs in the third scenario than were modelled by Miller Goodall:

 Scenario 1: 4 pig buildings with indoor pigs only,

 Scenario 2: 4 pig buildings and 400 outdoor pigs, and;

 Scenario 3: 4 pig buildings and 535 outdoor pigs.

This report describes the modelling approach and present the findings with interpretation.
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2 Background

2.1 Development Site Location and Context

The site being considered for residential development is located on land North of Old Rib Farm off

Halfpenny Lane, and in relatively close proximity to the existing pig unit at Belmont Farm, on the outskirts

of Longridge. The proposed development site is surrounded by agricultural land to the west, Belmont care

home to the north, Belmont pig unit to the north-east and some existing residential development to the

east. Figure 1 shows the relative locations of the proposed residential development site and Belmont

Farm.

2.2 Pig Unit

It is understood that Belmont farm currently has one main pig building, measuring 15.2 m by 30.7 m, and

housing up to approximately 1000 pigs of different classes (sows, weaner, and growers/finishers).

However, additional three buildings have been approved for agricultural use (planning refs:

06/2018/0336, 06/2018/0337 and 06/2018/0694), all measuring approximately 15 m by 30 m.  Therefore,

a total of four buildings have been included in this assessment, housing in total up to approximately 4000

indoor pigs.

The pig buildings will all have underground slurry storage tank/pit under the slatted floors as is the case

with the existing building.  The buildings are to all be predominantly naturally ventilated using perforated

ventilation cladding panels over/above concrete panel walls, which are approximately 2 m high, and

which run along the sides of the buildings.

The farm includes two areas of land for rearing outdoor pigs in mobile “arc” structures, located to the

south and west of the pig buildings.

Figure 3 below shows the locations of the four consented buildings and the approximate areas available

for outdoor rearing of pigs.
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Figure 1: Proposed site and farm location
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3 Odour Emissions and Guidelines

Odour emission rates from pig buildings depend on the odour concentration within the building and the

ventilation to the outside atmosphere.  Internal odour concentrations depend on many factors including

the number of pigs housed, building design, methods of provision of drinking water, age of the pigs and

manure management/removal techniques.  In this case the pigs are kept in fully slatted accommodation

with natural ventilation.

The minimisation of odour from livestock buildings is addressed by Defra in Section 4 of its Code of Good

Agricultural Practice (Defra, 2009) in which Section 4.3, and paragraphs 315 to 318 are especially relevant.

3.1 Sources of Odour from the Pig Unit

The buildings will all be naturally ventilated using perforated cladding sheets with small openings

over/above concrete panel walls, which are approximately 2 m high, and run along the sides of the

buildings.  The sidewall openings are therefore considered to be the main source of odour emissions from

the pig buildings.

The site includes two areas for housing outdoor pigs, located to the west and south of the pig buildings.

For modelling purposes, it has been assumed that half of any outdoor pigs may be located in the western

area and remaining half in the southern part of the site.

3.2 Estimation of Odour Emission Rates

In the first instance, for Model Run 1, odour emissions have been calculated for each of the four buildings

based on stocking rates provided by Mrs Davies of Belmont Farm to Miller Goodall, but adapted to reduce

the number of sows in each building so that each building might house a total of 50 dry and farrowing

sows, 550 weaner pigs and 400 finishing pigs.  Total pig numbers are 1,000 per house and Run 1 has been

identified as the “Modified Miller Goodall” stocking regime.

Some concerns have been raised regarding the estimated stocking rates per building, as the number of

pigs provided by Mrs Davies to Miller Goodall seem to unrealistically high based on the size of the

buildings.  This “discrepancy” may be caused by the low live weights at which many of the pigs have been

marketed from Belmont Farm into specialist catering outlets.  Therefore, to address these concerns a

second model run (Run 2) has been carried out, where stocking rates have been estimated by ADAS based

on calculations of potential stocking rates using minimum floor space or stocking rates outlined in the

Defra ‘Code of Practice for the Welfare of Pigs’ guidance.  The space requirements in the Defra Code are

in reality the same as those used by Miller Goodall and presented in Table 1 of their January 2020 report.

The stocking regime for Run 2 has been identified as the ADAS Stocking Regime.

The calculations of stocking rates for the ADAS have been based on a simple proportion of approximately

three eights of the floor area in each building being occupied by dry and farrowing sows, and the

remaining five eights of the floor area allocated between weaners and growing/finishing pigs.  Based on

typical growth curves it has been estimated that pigs will spend approximately twice as long in

growing/finishing pens as they do in weaner pens and floor area requirements have been allocated on

that basis.

A summary of the stocking rates and emission rates modelled by Miller Goodall in their January 2020

report and the two runs modelled in this assessment is set out below in Table 1.

Day to day odour emission rate predictions for the existing and planned new pig buildings have been

based primarily on measurements made in buildings of a similar type as part of the MAFF (now Defra)

research project WA0601 ‘Measurement of Odour and Ammonia Emissions from Livestock Buildings’
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(Peirson and Nicholson, 1995).  A summary of the findings of this research that was prepared for a

knowledge dissemination meeting is included at Appendix 3.

Table 1 Modelled Odour Emission Rates for Run 1 (Modified Miller Goodall Stocking), Run 2 (ADAS

Stocking Regime and for comparison Miller Goodall modelled emissions

Class of Pigs Pigs Numbers and

emissions per pig

Run 1 Modified

Miller Goodall

Run 2 ADAS

Stocking Regime

Miller Goodall

Jan 2020

Housed Sows

(all scenarios)

Numbers 50 45 100

Emissions/pig (ouE/s) 66 66 Average 58*

Housed

Weaners (all

scenarios)

Numbers 550 156 550

Emissions/pig (ouE/s) 6.66 6.66 7

Housed

Finishers (all

scenarios)

Numbers 400 312 400

Emissions/pig (ouE/s) 27.6 27.6 29

Total

Emission for

Housed pigs

Emissions ouE/s 18,013 12,627 21,250

Outdoor Pigs

(Scenario 2)

Numbers 400 400 400

Emissions/pig (ouE/s) 14.62 14.62 29

Total outdoor

emissions for

Scenario 2

Emissions ouE/s 5,850 5,859 11,600

Outdoor Pigs

(Scenario 3)

Numbers 750 535 750

Emissions/pig (ouE/s) 14.62 14.62 29

Total outdoor

emissions for

Scenario 3

Emissions ouE/s 10,969 7,824 21,750

*Based on 16 ouE/s/pig for dry sows and 100 ouE/s/pig for farrowing sows

3.2.1 Emissions from Finishing Pigs

The Defra research included measurements of odour emissions from fully slatted housing systems for

finishing pigs which are reported at a specific odour emission rate of 0.85 ou/s/kg (odour units per second

per kilogramme of pig liveweight).   It is noted that these measurements were carried out under the

analysis protocols set out in the Dutch Pre-standard for olfactometry, rather than the more recently

adopted European CEN/British Standard olfactometry standard (BS EN 13725 ‘Air Quality – Determination

of Odour Concentration by Dynamic Olfactometry).

Odour concentration and emission rates determined under the previous Dutch Pre-standard methodology

can in principle be simply converted to BS EN 13725 equivalents by multiplying a factor of 0.5.  Thus, the
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specific emission rate of 0.85 ou/s/kg reported in the Defra research could be seen to be equivalent to

0.425 ouE/s/kg (European odour units per second per kilogramme pig weight). Therefore, an emission rate

of 0.425 ouE/s/kg has been adopted in this report, that is with the correction (x 0.5) applied for the

difference between the two olfactometry standards.

Finishing and grower pigs range from around 30kg up to slaughter liveweights of approximately 90-100kg,

so that an average liveweight is likely to be around 65kg.

Therefore, for model Run 1 based on stocking rates provided by the farmer to Miller Goodall, total

emissions from 400 finisher pigs in each of the buildings at Belmont Farm can be calculated at 400 pigs x

65kg x 0.425 ouE/s/kg = 11,050 ouE/s.  This equates to 27.6 ouE/s per pig.

For model Run 2 based on stocking rates estimated from the available building area, total emissions from

312 finisher pigs in each of the four buildings at Belmont Farm can be calculated at 312 pigs x 65kg x 0.425

ouE/s/kg = 8,619 ouE/s.  This again equates to 27.6 ouE/s per pig.

3.2.2 Emissions from Weaner Pigs

Similarly for weaner pigs, which range from around 7kg to 30kg, so the average weight is approximately

18.5 kg the MAFF research results were reported at a specific odour emission rate of 0.72 ou/s/kg (odour

units per second per kilogramme of pig liveweight). With conversion to BS EN 13725 equivalents, by

multiplying a factor of 0.5, this equates an equivalent to 0.36 ouE/s/kg.  Therefore, a weight specific

emission rate of 0.36 ouE/s/kg has been adopted in this report.

For model Run 1, total emissions from 550 weaner pigs can be calculated at 550 x 18.5 kg x 0.36 ouE/s/kg

= 3,663 ouE/s, which equates to 6.66 ouE/s per pig.

For model Run 2 based on stocking rates estimated from available building area, total emissions from 156

weaner pigs in each of the four buildings at Belmont Farm can be calculated at 156 x 18.5 kg x 0.36

ouE/s/kg = 1,039 ouE/s.

3.2.3 Emissions from Sows (Dry and Farrowing)

The MAFF research average specific odour emission rate for dry and farrowing sows was approximately

of 0.60 ou/s/kg.  With conversion to BS EN 13725 equivalents, by multiplying by a factor of 0.5, this

equates an equivalent to 0.30 ouE/s/kg. Therefore, an emission rate of 0.30 ouE/s/kg has been adopted in

this report.

For Run 1 with an average dry and farrowing sow weight of 220 kg, the total emissions from 50 sows in

each building can be calculated at 50 x 220 kg x 0.30 ouE/s/kg = 3,300 ouE/s, which equates to 66 ouE/s

per sow.

For model Run 2 based on stocking rates estimated from available building area, total emissions from 45

sows in each of the four buildings at Belmont Farm can be calculated for each building at 45 x 220 kg x

0.30 ouE/s/kg = 2,970 ouE/s.

3.2.4 Outdoor Finishing Pigs

Outdoor pigs are normally provided with straw bedded arcs/shelters for sleeping and shelter.  Odour

emission rates can therefore be estimated based on data from straw bedded housing.  In this case

estimates have been based on emission rates in the MAFF research of 0.45 ou/s/kg for pigs in straw



© RSK ADAS Ltd 2021 9

bedded accommodation. Conversion to BS EN 13725 equivalents, by multiplying a factor of 0.5, provides

an equivalent to 0.225 ouE/s/kg.

Therefore, with 400 outdoor pigs of an average weight of 65kg, total emissions can be calculated at 400

pigs x 65kg x 0.225 ouE/s/kg = 5,850 ouE/s. This equates to 14.62 ouE/s per pig.

Similarly, with 750 outdoor pigs of an average weight of 65kg, total emissions can be calculated from 750

pigs x 65kg x 0.225 ouE/s/kg = 10,969 ouE/s. This again equates to 14.62 ouE/s per pig.

Based on the precautionary high welfare system guidance, it is estimate that a total of 535 finisher pigs

could be readily accommodated in the paddocks, therefore, total emissions can be calculated from 535

pigs x 65kg x 0.225 ouE/s/kg = 7,824 ouE/s.

3.3 Assessment of the Impact of Odour

It is important when assessing the potential impact of odours on a local community to study both the

concentration of odours and their frequency of occurrence. This approach forms part of guidance from

the Environment Agency (EA) (EA, 2011). In adopting the FIDOR (Frequency, Intensity, Duration,

Offensiveness and Receptor) protocol, the EA is recommending an objective methodology for the

assessment of odour nuisance. The probability of impacts from odour sources depends on:

 Frequency of exposure: Impacts are more likely if the frequency of exposure increases.

 Intensity of the odour: There is a greater probability of adverse impact with “stronger” odours,

that is when the odour concentration exceeds a threshold or guideline.

 Duration of odour events: Short or fleeting odour events are less likely to cause adverse impact

than is a prolonged exposure.

 Offensiveness of the odour: More offensive odours have a higher risk of causing off-site impact.

 Receptor sensitivity: In particular, the sensitivity of an individual is influenced by their context.

As an example, people who live or work in rural areas may be expected to be tolerant of farming

and “countryside” odours, whereas residents of suburban areas (large villages or towns) may be

relatively intolerant of “countryside” odours. The courts have accepted the principle that

sensitivity varies depending on land use (e.g. Hirose Electrical vs Peak Ingredients, 2011) to the

extent that, for example, industrial areas are less sensitive than residential areas.

3.4 Dispersion of Odour

A plume of odour naturally disperses through the turbulent motion of the atmosphere as it moves

downwind from the point of release. Due to this turbulent mixing process, odour concentrations

downwind from a source will not be uniform. Characteristically, in any given hour, there are short duration

peaks in concentration that last for a few seconds, separated by longer periods when the concentrations

are low or zero.

Once released to the atmosphere, the direction of spread of odours is dependent upon the direction of

the wind. The rate of dispersion depends mainly on the wind speed, but other meteorological parameters

such as air temperature also influence dispersion rates. The lapse rate, or stability of the atmosphere, also

plays an important role in atmospheric dispersion.

There are also non-meteorological factors which influence downwind odour concentrations:

 Distance from odour source: The closer a receptor is to an odour source; the higher the likely

odour concentration at that location and the greater the probability of odour impact or detection.

 The height of release: Generally, the higher the point of release; the lower the odour

concentration in the vicinity of the odour source.

 Emission characteristics: Stronger odour sources tend to affect a larger area than weaker sources.
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 Building downwash: Pollutant emissions may be subject to highly turbulent wind flows in the

wake of buildings.

3.5 Guideline Values and Benchmarks

Minimising waste and pollution is a key component of the National Planning Policy Framework (Ministry

of Housing, Communities and Local Government, 2018).  There is no specific guidance for odour; however,

odour is defined as pollution within the framework and cited as a potential planning concern in the

Planning Practice Guidance (Ministry of Housing, Communities and Local Government, 2014).  It is stated

in the framework that planning decisions must reflect and where appropriate promote relevant

obligations and statutory requirements, for example, the Pollution Prevention and Control Act and

Environmental Permitting (England and Wales) Regulations 2010 (as amended).

Since the early 1990s the technique of odour dispersion modelling has become well established as a

means of assessing the off-site odour impact of a very wide range of odorous activities and particularly

sewage/wastewater and intensive livestock farming (poultry and pigs).  Odour impact benchmark levels

have been developed as a matter of “custom and practice”, of which the best established is the so-called

“Newbiggin” standard.

The widely accepted convention in the UK is that odour impacts are expressed as annual 98th percentile

hourly means, and these standards have been based on “dose-response” relationships which take account

of normal temporal and metrological variations in downwind/off-site odour impacts.   This convention is

quite reasonable for industrial processes where emissions might be expected to be fairly consistent, but

it has some limitations for batch rearing cycles of pigs and poultry because of the variable nature of odour

emissions which occur as animal grow and generate more odour, interspersed with periods when

buildings are “empty” between batches.  The consequence is that true 98th percentile data may tend to

underestimate actual odour impacts at the end of animal production cycles, but this can be largely offset

by selecting an appropriate average emission rate for animals towards the upper end of the growth curve,

as has been done in this case.  Furthermore, in this case the mixed stocking in each building will “smooth

out” peaks in emissions.

The Newbiggin Standard

The first established well known example of dispersion modelling being used in this country was a

planning appeal was in 1993 when a planning inspector determined an appeal by Northumberland Water

for the construction of a WwTW at Newbiggin-by-the-Sea in Northumberland.  Evidence on potential off-

site odour impacts was presented using odour dispersion modelling.  The decision in this case was the

origin of the now well-established “Newbiggin” criteria that has been used, and still is used to this day,

for odour impact assessments.

The Newbiggin standard, of a 98th percentile hourly mean of 5.0 ou/m3 to 10 ou/m3, was widely adopted

and has been used as a planning and impact assessment benchmark for many years in the

sewage/wastewater sector.  The modelled 5 (or 10) ou/m3 odour exposures were calculated and

presented as 98th percentile hourly means and they were adopted because research in the Netherlands

had demonstrated that such an impact or exposure standard would not cause unacceptable odour

impacts.

It is also noted that although the Newbiggin standard seems to be frequently referred to within the

context of avoiding odour nuisance or complaints, but this case was a planning inquiry, and not nuisance

proceedings.  The Inspector observed at paragraph 3.64 of the decision letter (CD.FD20).
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“There are no guidelines to assess odour emissions. All STWs produce odours. A “faint odour” would be

acceptable, i.e. 5-10 OU/m3.  The choice of 5 OU/m3 errs on the side of caution.”

The Newbiggin standard has subsequently been very widely used to support planning applications where

the objective would normally be considered to be the assessment of impact on amenity, rather than

preventing nuisance or complaints.

It is also noted that the olfactometry standard that was widely used to measure odour concentrations

prior to 1997, and therefore at the time of the Newbiggin decision in 1993, was the Dutch Pre-Standard.

Subsequently, a European olfactometry standard has been adopted.  The European standard is identified

in units of concentration and emission rates by the addition of an “E” suffix, so that an odour

concentration of 1 European odour units per cubic metre typed as 1 ouE/m3. It is generally accepted that

the previous definition/measurement of a concentration of one odour unit per cubic metre 1 ou/m3 by

the Dutch Pre-Standard is equivalent to a “European” standard concentration of 0.5 ouE/m3.  In essence

this means that the Newbiggin criteria should now really be expressed as 2.5 to 5 ouE/m3 using the current

European odour unit format, if it is to be strictly comparable with the older Dutch pre-Standard of 5 to 10

ou/m3.

Throughout this report the European “E” suffix has been used to refer to odour concentration measured

using the current European standard.  There are a number of occasions where text has been copied from

other sources, and in most of these cases it can be assumed that the author should have included the

suffix E for clarity and consistency as almost all current references to odour concentrations are based on

European odour units.

UKWIR Research

In 2001 the UK Water industry Research (UKWIR) organisation undertook research into correlations

between (dispersion) modelled odour impact and the distribution of odour complaints around

wastewater (sewage) treatment works.  The findings of this work were concisely summarised in a

Chartered Institute of Water and Environmental Management (CIWEM) document:

“The main source of research into odour impacts in the UK has been the wastewater

industry and the most in-depth study published study in the UK of the correlation between

of modelled odour impacts and human response (dose-effect) was published by UK Water

industry Research (UKWIR) in 2001. This was based on a review of the correlation between

reported odour complaints and modelled odour impacts in relation to 9 wastewater

treatment works in the UK with ongoing odour complaints. The findings of this research

(and subsequent UKWIR research) indicated the following:

At modelled exposures of below C98, 1-hour 5ouE/m3, complaints are relatively rare, at only

3% of the total registered;

At modelled exposures between C98, 1-hour 5ouE/m3 and C98, 1-hour 10ouE/m3, a significant

proportion of total registered complaints occur; 38% of the total;

The majority of complaints occur in areas of modelled exposure greater than C98, 1-hour

10ouE/m3, 59% of the total.” (CIWEM, 2012)

In effect these findings demonstrated that with appropriate modelling, potential odour impact and

annoyance is effectively controlled at 98th percentile hourly mean odour impacts of 5 ouE/m3 or less.

These findings are consistent with the Newbiggin standard and generally with ADAS experience of

correlating odour impacts/complaints (or the absence of complaints) with dispersion modelling results,
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but it is important to differentiate between absence of complaints and a high standard of amenity because

residents may tolerate some level of odours before they complain.

Environment Agency H4 Odour Guidance

In March 2011 the EA published guidelines on odour regulation, assessment and control (H4: Odour

Management). This guidance is specifically aimed at Environmental Permitting Regulations (EPR)

permitted installations. The proposed pig unit in this case would be operated just under the trigger level

for permitting under the EPR as it will house just under 2,000 pigs.  Nevertheless, the H4 guidance can be

seen as authoritative and it can be used for informative purposes and it has been referred to in numerous

planning appeal decisions whether or not they have related to permitted activities.

Odour detection thresholds and consideration of whether or not an odour is offensive are discussed in

Appendix 2 of the H4 guidance. In Appendix 3 (of H4), modelled odour concentration or impact benchmark

levels are presented for odours of varying degrees of offensiveness.  For odour impacts expressed as a

98th percentile of the hourly mean odour concentrations over a one year period, a threshold value of

6.0 ouE/m3 is suggested in H4 as being appropriate for the least offensive odours. This means that a

situation should be acceptable, provided that the value of 6.0 ouE/m3 is not exceeded on more than 2%

of occasions. For moderately offensive and highly offensive odours, the equivalent threshold values are

3.0 ouE/m3 and 1.5 ouE/m3 respectively.

Odours from livestock housing are generally placed in the “moderately offensive” category in H4 and the

target or benchmark suggested for moderately offensive odours is an hourly mean odour concentration

of 3.0 ouE/m3 at the 98th percentile.

The H4 guidance only recognises 98th percentile guideline values and this document provides the most

relevant and authoritative guidance on the use of percentile values.

As noted above, this guidance does not now directly apply to the regulation of odour impact for livestock

units, such as that at Belmont farm where the number of animals is below the thresholds for permitting.

Nevertheless, the H4 guidance has been widely used in planning and regulatory applications which do not

involve permitted activities.

At the end of March 2011 the H4 guidance published in a finalised, post-consultation, format and it is

noteworthy that the impact standard or offensiveness category definitions (on pages 31 to 33) were

changed as follows:

“The benchmarks are:

• 1.5 odour units for most offensive odours;

• 3 odour units for moderately offensive odours;

• 6 odour units for less offensive odours.

Most offensive (1.5 ouE/m3)

• processes involving decaying animal or fish remains

• processes involving septic effluent or sludge

• biological landfill odours

Moderately offensive (3.0 ouE/m3)

• intensive livestock rearing

• fat frying (food processing)

• sugar beet processing

• well aerated green waste composting
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Most odours from the processes we regulate fall into this category i.e. any odours which do not obviously

fall within the “more offensive” or “less offensive” categories

Less offensive (6.0 ouE/m3)

• brewery

• confectionery

• coffee roasting

• bakery

It is of relevance to this case that wastewater treatment odours were completely removed from the listing

of odour “types” in all categories, so that by default they were considered to of the same level of

offensiveness as intensive livestock odours.  This means that livestock farming odours and wastewater

treatment odours they can be considered in the category and therefore analogous in relation to planning

appeal decisions about odour impact standards.

CIWEM Position Statement on Odours

The Chartered Institution of Water and Environmental Management (CIWEM) prepared a position

statement on odour impact assessments which was finalised in February 2011.  The objectives are set out

as:

“To outline the main issues relating to odours arising from industrial premises, wastewater

treatment plants, sewers and pumping stations, waste management facilities and agricultural

activity, taking account of legislation, regulators, the public and other stakeholders and emerging

best practice, particularly in a UK context”.

The CIWEM document concluded:

“Given the differing odour impact criteria available, the selection of the most appropriate

criterion should be determined by the objective of the assessment (whether this be against a

standard of avoidance of nuisance or 'significant pollution') and the nature of the odour under

assessment.

It is, therefore, the view of CIWEM that these and other odour impact criteria should be regarded

as indicative guidelines and cannot be applied as over-arching statutory numerical standards.

CIWEM considers that the following framework is the most reliable that can be defined on the

basis of the limited research undertaken in the UK at the time of writing:

• C98, 1-hour >10 ouE/m3 - complaints are highly likely and odour exposure at these levels

represents an actionable nuisance;

• C98, 1-hour > 5 ouE/m3 - complaints may occur and depending on the sensitivity of the

locality and nature of the odour this level may constitute a nuisance

• C98, 1-hour < ouE/m3 - complaints are unlikely to occur and exposure below this level are

unlikely to constitute significant pollution or significant detriment to amenity unless the locality

is highly sensitive or the odour highly unpleasant in nature.”

This guidance suggests that odour exposures of 3.0 ouE/m3 or less are appropriate where the objective is

the protection of amenity unless the area is particularly sensitive or if the odour is highly unpleasant in

nature.
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Although the CIWEM statement does not define the word “sensitive” in the context of a sensitive area, it

is generally is accepted, as it has been in the various drafts of H4, that an area can be said to be sensitive

if there is an established history of odour annoyance and complaints which result in local residents being

less tolerant of odours than they would otherwise be.  In this case there is quite obviously no history of

any odour complaints on the appeal site, so that the proposed development area could not be classed as

“highly sensitive” on this account.   On this basis there is no reason to adjust odour benchmarks

downwards on the grounds of a local population sensitivity, but it is important to point out that “highly

sensitive” in this context is NOT the same as “high” receptor sensitivity in the IAQM guidance/

IAQM Guidance on the Assessment of Odour for Planning

The Institute of Air Quality Management (IAQM) odour guidance (Bull et al., 2018) (hereafter referred to

as ‘the IAQM guidance’), makes reference to the above documents but notes that the body of research to

support numerical odour assessment criteria is still incomplete. However, it recommends that “an

appropriate criterion could lie somewhere in the range of 1 to 10 ouE/m3 as a 98th percentile of hourly

mean odour concentrations.” The IAQM guidance recognises that the air quality practitioner should

decide on what constitutes an appropriate criterion taking into account underlying exposure-response

studies that have led to the H4 recommended indicative criteria and more recent research work. The

IAQM guidance also proposes odour effect descriptors for impacts predicted by modelling for ‘most

offensive’ odours and ‘moderately offensive’ odours, and this is considered in the section below on the

determination of significance of odour effects.

Suggested Odour Benchmarks

ADAS has generally found that odours, including those from livestock housing, are unlikely to cause

unacceptable off-site impacts associated with nuisance with annual 98th percentile odour concentrations

in a range up to 5 to 10.0 ouE/m3.  However, as exposure exceeds 5.0 ouE/m3 at the annual 98th percentile,

there is an increasing risk of annoyance, and above 10.0 ouE/m3 (at the annual 98th percentile), some more

significant adverse impacts might be expected. These observations are consistent with an empirical

standard of 5.0 ouE/m3 at the annual 98th percentile, used historically in the landfill and wastewater

industries in the UK and elsewhere, to assess the risk or likelihood of community annoyance.

When assessing the impact of agricultural odours it is therefore suggested that taking account of the

Newbiggin standard, the UKWIR research findings, and the H4 guidance, it is reasonable to assess odour

impacts against benchmarks in a range from 3.0 ouE/m3 to 5.0 ouE/m3.

However, where the objective is to protect residential amenity the benchmark value of 3.0 ouE/m3 is most

appropriate.  This is conclusion is reinforced by reference to the most recent IAQM guidance in Table 2

below with allocates “moderate adverse” effects to odour impacts >3 ouE/m3 and planning appeal

precedents.

It should be noted that a prediction that any particular property lies above a particular concentration does

not necessarily imply that a loss of residential amenity or a nuisance will follow.  However, it is suggested

that the probability of such an occurrence is increased in proportion to the exceedance.

3.6 Assessment of Significance

The IAQM guidance provides a mechanism by which the significance of odour effects can be assessed in

relation to the magnitude of the impact and the sensitivity of the receptor. The IAQM guidance provides

a review of odour impact benchmarks and concludes this review with two tables setting out odour effect

descriptors for ‘most offensive’ odours and ‘moderately offensive’ odours.  Based on the assumption that

pig farming odours can be allocated to the ‘moderately offensive’ category, as set out in the H4 guidance,

then the IAQM table for moderately offensive odours can be used in this case.  The IAQM assessment
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methodology allows the magnitude of odour impacts to be combined with receptor sensitivity to

determine the potential significance of odour effects, as shown in Table  below.

It is important to note, however, that there is relatively limited evidence of the dose related odour impact

in the community and therefore assigning significance is not as straightforward as simply following the

matrix in Table 2. Although the matrix acts as a guide, professional judgement still needs to be used to

take into account various factors such as a community’s existing tolerance of odours.

Table 2. IAQM Matrix for Assessing the Significance of Impacts Predicted by Modelling for “Moderately

Offensive” odours

Odour Exposure Level C98, ouE/m3
Receptor Sensitivity

Low Medium High

>10 Moderate Substantial Substantial

5 – 10 Slight Moderate Moderate

3 – 5 Negligible Slight Moderate

1.5 – 3 Negligible Negligible Slight

0.5 – 1.5 Negligible Negligible Negligible

<0.5 Negligible Negligible Negligible

4 Dispersion Modelling Methodology

4.1 Model Description

The model used in this study is UK Atmospheric Dispersion Modelling System (ADMS) Version 5.2.  ADMS

is a steady-state atmospheric dispersion model that is based on modern atmospheric physics. It can

include treatment of both surface and elevated sources and both simple and complex terrain.  The model

calculates downwind pollutant concentration in the surrounding area for each hour of the day and night

over an appropriate period. Statistics on the frequency and concentration of pollutants at the receptor

sites are based upon the hourly calculations.

ADMS has been chosen because it is “fitted for the purpose of the modelling procedure” as defined by the

guidelines published by the Royal Meteorological Society (Britter et al, 1995 and Ireland et al, 2006). The

group that leads the development of ADMS is Cambridge Environmental Research Consultants (CERC), but

the UK Met Office and others have made additional contributions. The model has been extensively

validated against site measurements. Details of these validation studies and the formulation of the ADMS

are available on the CERC website1.

Published studies have shown that atmospheric dispersion models are reliable at predicting the pattern

of downwind pollutant concentrations and deposition rates (as statistical distributions) over a period of

time (Olesen, 1997). The ADAS modelling study reported here is based on calculations made over a period

of 43,800 hours (5 years) and represents a suitably long period for such a statistical study.

4.2 Modelling Period

The EA, in the H4 guidance, recommends that a minimum of three years, and preferably five years, should

be used to calculate the 98th percentile of the hourly mean odour concentrations, in order to represent

conditions for an “average year”.  The IAQM guidance also recommends that five years of data should be

1 http://www.cerc.co.uk/environmental-software/model-validation.html
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used and that individual years should be modelled. Comparisons of single yearly statistics will show the

range, or sensitivity, of the modelled 98th percentile odour concentrations to meteorological data.  For

example, a particular year may have a number of periods where dispersion conditions are very poor,

leading to higher annual 98th percentile values.

ADAS has used the mean 98th percentile of the hourly mean odour concentrations over a five year period

to provide statistically robust results, smoothing out inter-annual variations as suggested in the H4

guidance.

4.3 Meteorology

The meteorological data used in this study is obtained from assimilation and short term forecast fields of

the Numerical Weather Prediction (NWP) system known as the Global Forecast System (GFS) for 2016 to

2020. The data has been provided by AS Modelling & Data Ltd.  The wind rose for the weather file, derived

from data from the GFS data is shown in Figure 2. This shows the direction FROM which winds blows and

illustrates the relative frequency of wind directions and wind speeds used in the modelling study.

The GFS is a spectral model, and data are archived at a horizontal resolution of 0.25 degrees, which is

approximately 25 km over the UK. The GFS resolution adequately captures major topographical features

and the broad-scale characteristics of the weather over the UK. Smaller scale topological features may be

included in the dispersion modelling by using the flow field module of ADMS (FLOWSTAR).

The use of NWP data has some advantages over traditional meteorological records because:

a) Calm periods in traditional records may be over represented, this is because the instrumentation

used may not record wind speed below approximately 0.5 m/s and start up wind speeds may be

greater than 1.0 m/s. In NWP data, the wind speed is continuous down to 0.0 m/s, allowing the calms

module of ADMS to function correctly, and

b) Traditional records may include very local deviations from the broad-scale wind flow that would not

necessarily be representative of the site being modelled; these deviations are difficult to identify and

remove from a meteorological record. Conversely, local effects at the site being modelled are

relatively easy to impose on the broad-scale flow and, provided horizontal resolution is not too great,

the meteorological records from NWP data may be expected to better represent the broad-scale

flow.

c) As in this case, where the site is not close to a Met Office recording station with analogous conditions,

it is possible to use site specific data.
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Figure 2. Wind Rose Derived from GFS Data, 2016-2020

4.4 Model Parameters

Odour Emissions

Within ADMS, one volume source has been used to represent odour emissions from pig rearing areas in

each of the four naturally ventilated pig buildings. The volume sources extend to cover the length and

width of the building areas occupied by pens and the depth upwards from the bottom of sidewall vent

openings to the top of the ridge.

The outdoor pig areas have been represented as low velocity area sources within the model, with the area

source covering the approximate areas where the outdoor pigs will be housed. It is understood that all

outdoor pigs might at times be located in one of the two areas, before being rotated to the second area.

However, for modelling purposes, it has been assumed that half of the pigs would be located in the

western area and the other half of the outdoor pigs would be located in the southern part of the site.

Therefore, for Scenario 2, including 400 outdoor pigs, it is assumed that 200 pigs will be located in one

area and 200 pigs are located in the second area.

Summaries of the modelled volume odour sources are provided in Table 3a for Run 1 (with the modified

Miller Goodall stocking regime) and in Table 3b for the ADAS stocking regime.  Similarly, for the area

sources (outdoor pigs) the emission rates are set out in Tables 4a and 4b for Runs 1 and 2 respectively.

The locations of the modelled sources are shown in Figure 3.
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Table 3a. Volume Source Parameters – Run 1: Modified Miller Goodall stocking regime

Source (ID)
Base

Height (m)

Dept

h (m)

Mid-

height

(m)

Volume

(m³)

Emission

(ouE/s)

Specific

Emissions

(ouE/m³/s)

Pig building 1 (P1) 2.00 4.34 4.17 2,025 18,013 8.89

Pig building 2 (P2) 2.00 7.90 5.95 3,555 18,013 5.07

Pig building 3 (P3) 2.00 7.90 5.95 3,555 18,013 5.07

Pig building 4 (P4) 2.00 6.67 5.34 3,002 18,013 6.00

Table 3b. Volume Source Parameters – Run 2: ADAS stocking Regime

Source (ID)
Base

Height (m)

Dept

h (m)

Mid-

height

(m)

Volume

(m³)

Emission

(ouE/s)

Specific

Emissions

(ouE/m³/s)

Pig building 1 (P1) 2.00 4.34 4.17 2,025 12,627 6.23

Pig building 2 (P2) 2.00 7.90 5.95 3,555 12,627 3.55

Pig building 3 (P3) 2.00 7.90 5.95 3,555 12,627 3.55

Pig building 4 (P4) 2.00 6.67 5.34 3,002 12,627 4.21

Table 4a. Area Source Parameters – Run 1 Modified Miller Goodall stocking regime

Source

(ID)

Height

(m)

Area

(m2)

Velocity

(m/s)

Scenario 2

400 pigs

Emission

(ouE/s)

Scenario 2

Specific

Emissions

(ouE/m³/s)

Scenario 3

750 Pigs

Emission

(ouE/s)

Scenario 3

Specific

Emissions

(ouE/m³/s)

Area 1 0 5304 0.01 2,925 0.55 5,484 1.03

Area 2 0 1666 0.01 2,925 1.76 5,484 3.29

Table 4b. Area Source Parameters – Run 2 ADAS stocking regime

Source

(ID)

Height

(m)

Area

(m2)

Velocity

(m/s)

Scenario 2

400 pigs

Emission

(ouE/s)

Scenario 2

Specific

Emissions

(ouE/m³/s)

Scenario 3

535 Pigs

Emission

(ouE/s)

Scenario 3

Specific

Emissions

(ouE/m³/s)

Area 1 0 5304 0.01 2,925 0.55 3,920 0.74

Area 2 0 1666 0.01 2,925 1.76 3,920 2.35
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Figure 3: Volume and Area Sources included in the model
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Buildings

No building “effects” were modelled, since the emissions are represented by volume and area sources.

Turbulent effects due to the buildings are implicit in the formulation of volume sources in ADMS.

Terrain and Roughness Length

The land immediately around the pig buildings and proposed receptors is fairly level and does not contain

gradients of greater than 1:10.

A fixed surface roughness length of 0.3m is used over the entire modelling domain to reflect the

agricultural land and rural areas surrounding the site.

Monin-Obukhov Length

The Monin-Obukhov length provides a measure of the stability of the atmosphere. The minimum Monin-

Obukhov length of 10 m was used in the dispersion modelling study.

Discrete Receptors

Six receptor points have been defined within the model to represent a selection of proposed residential

properties.  These discrete receptors are defined at 1.5 m above ground level and their positions are

shown in Figure 4.

National grid reference coordinates for the locations of the discrete receptors are set out in Table 4, in

Section 5.

The Regular Cartesian Grid

A 700m by 500m regular Cartesian grid at 10 m resolution has been used to produce the contour map

presented in the results of this study. The grid points are defined at a height of 1.5 m above ground level

within ADMS.

Calms

The occurrence of calm conditions must also be considered so that they are not unnecessarily excluded

from the modelling study. Within ADMS, wind speeds of less than 0.75 metres per second (m/s) are

considered calms and ADMS “skips” the meteorological data for those hour runs if the wind speed is below

0.75 m/s unless the “calms module” is used.

The modelling reported here does not include the module.

However, as a sensitivity test the model was also run with the “calms” module in use and the results are

set out in Appendix 2.  This is possible because the NWP weather includes low speed records.

4.5 Uncertainties and Assumptions

The following uncertainties and assumptions have been made in the odour assessment:

 There will be uncertainties introduced because the modelling has simplified real-world processes

into a series of algorithms. Furthermore, it has been assumed that the subsequent dispersion of

odour will conform to a Gaussian distribution in order to simplify the real-world dilution and

dispersion conditions; and,

 There is an element of uncertainty in all measured and modelled data. All values presented in this

report are based on “best” estimates.
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Figure 4: Receptors included in the assessment
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5 Modelling Results

ADMS calculates hourly mean odour concentrations at the regular Cartesian grid points for each hour over

a five-year period for each modelled scenario. From these calculations, statistics have been produced of

the predicted five year average annual 98th percentile hourly mean odour concentrations. That is, the

odour concentration or impact which is exceeded for only 2% of all hours (around 14 hours per month on

average).

Five runs, one for each year in the meteorological record (2016 – 2020) were performed for each of the

three scenarios modelled.  Contour plots of the predicted five-year average 98th percentile concentrations

at all grid points for Run 1 with the Modified Miller Goodall stocking regime are shown in Figure 5, Figure

6 and Figure 7 for Scenario 1, Scenario 2 and Scenario 3 respectively. These contours maps show that the

entirety of the proposed development site is exposed to odour impacts greater than 3.0 ouE/m3 for all

three scenarios, both without and with outdoor pigs.  In fact, over the majority of the site odour impacts

exceed 5 ouE/m3 for all three scenarios.

Contour plots of the predicted five-year average 98th percentile concentrations at all grid points for Run

2 with the ADAS stocking regime, with fewer pigs are shown in Figure 8, Figure 9 and Figure 10 for

Scenario 1, Scenario 2 and Scenario 3 respectively. The contours map in Figure 8 shows that almost the

whole of the proposed development site is exposed to odour impacts greater than 3.0 ouE/m3 with no

outdoor pigs.  Figures 9 and 10 show that with the addition of both 400 and 535 outdoor pigs the entirety

of the site is exposed to odour impacts greater than 3.0 ouE/m3. Again, it is noted that for the majority of

the site odour impacts exceed 5 ouE/m3 when outdoor pigs are included in the modelling.

The modelling predicts that the five-year average annual 98th percentile hourly mean odour

concentrations exceed the suggested benchmark of 3.0 ouE/m3 at all modelled receptors for all three

scenarios under Run 1 with the Modified Miller Goodall stocking regime.

For model Run 2 with the ADAS stocking regime, with fewer pigs, the five-year average annual 98th

percentile hourly mean odour concentrations also exceed the suggested benchmark of 3.0 ouE/m3 at all

modelled receptors. At receptor 6, the mean 98th percentile odour impacts/concentrations do not exceed

the 5.0 ouE/m3 threshold for S1 and S2, although exceeding 3.0 ouE/m3 for both scenarios.

Table 5. Five-Year Average Annual 98th Percentile Hourly Mean Odour Concentration at Discrete

Receptors – Run 1 with Modified Miller Goodall stocking regime

Receptor

Number
Receptor

National Grid

Coordinates

5-Year Average 98th Percentile Hourly

Mean Odour Concentration (ouE/m3)

X (m) Y (m)

Scenario 1

Indoor Pigs

Only

Scenario 2

Indoor pigs

+ 400

outdoor

Scenario 3

Indoor pigs

+ 750

outdoor

1 Proposed residential façade 359554 437790 16.3 19.1 23.5

2 Proposed residential garden 359553 437800 18.1 21.8 26.4

3 Proposed residential façade 359520 437788 12.5 15.4 18.4

4 Proposed residential garden 359524 437800 14.5 17.9 21.1

5 Proposed residential façade 359548 437722 7.9 10.2 11.8

6 Proposed residential façade 359565 437657 5.6 6.5 7.3



© ADAS 2021 23

Table 6. Five-Year Average Annual 98th Percentile Hourly Mean Odour Concentration at Discrete

Receptors – Run 2 with the ADAS stocking regime

Receptor

Number
Receptor

National Grid

Coordinates

5-Year Average 98th Percentile Hourly

Mean Odour Concentration (ouE/m3)

X (m) Y (m)

Scenario 1

Indoor Pigs

Only

Scenario 2

Indoor

pigs + 400

outdoor

Scenario 3

Indoor pigs

+ 535

outdoor

1 Proposed residential façade 359554 437790 11.4 15.0 16.6

2 Proposed residential garden 359553 437800 12.7 16.5 18.7

3 Proposed residential façade 359520 437788 8.8 11.8 13.0

4 Proposed residential garden 359524 437800 10.1 13.6 14.9

5 Proposed residential façade 359548 437722 5.5 7.7 8.3

6 Proposed residential façade 359565 437657 3.9 4.8 5.1

The sensitivity testing model runs with the ADMS calms module switched “on” is tabulated in Appendix 2

and it suggest that off-site  odour impacts  may be substantially higher under low wind speed conditions.
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Figure 5: Predicted odour concentrations – Model Run 1 Scenario 1 (Modified Miller Goodall stocking regime with only indoor pigs in four buildings)
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Figure 6: Predicted odour concentrations – Model Run 1 Scenario 2 (Modified Miller Goodall stocking regime indoor pigs in four buildings + 400 outdoor pigs)
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Figure 7: Predicted Odour Concentrations – Model Run 1 Scenario 3 (Modified Miller Goodall stocking regime indoor pigs in four buildings + 750 outdoor pigs)
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Figure 8: Predicted Odour Concentrations – Model Run 2 Scenario 1 (ADAS stocking regime with only indoor pigs in four buildings)
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Figure 9: Predicted Odour Concentrations – Model Run 2 Scenario 2 (ADAS stocking regime with indoor pigs in four buildings + 400 outdoor pigs)
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Figure 10: Predicted Odour Concentrations – Model Run 2 Scenario 3 (ADAS stocking regime with indoor pigs in four buildings + 535 outdoor pigs)
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6 Assessment of Significance

An assessment of the significance of odour effects, from the pig unit at each of the discrete proposed

receptor points, are assessed below in Table 6 and Table 7 using the IAQM criterion described in Section

3.6 by applying a sensitivity rating of “high” to all proposed residential receptors considered in the

modelling assessment.

Moderate or substantial effects are predicted at all modelled receptors for all three scenarios under both

model runs. Based on the odour dispersion modelling undertaken, it is concluded that the proposed

development site is not appropriate for residential development, and that the pig unit could result in

adverse effects on local amenity for any potential receptors in this area.

Table 7: Significance of Estimated Odour Emissions at Proposed Receptors – Run 1 with Modified Miller

Goodall stocking regime

Receptor

number
Receptor Sensitivity

5-Year Average Annual 98th

Percentile Hourly Mean Odour

Concentration (ouE/m3)
Significance

S1 Indoor

pigs only

S2 Indoor

pigs + 400

outdoors

S3 Indoor

pigs + 750

outdoors

1 Proposed residential façade High 16.3 19.1 23.5 Substantial

2 Proposed residential garden High 18.1 21.8 26.4 Substantial

3 Proposed residential façade High 12.5 15.4 18.4 Substantial

4 Proposed residential garden High 14.5 17.9 21.1 Substantial

5 Proposed residential façade High 7.9 10.2 11.8
Moderate S1

Substantial S2 & S3

6 Proposed residential façade High 5.6 6.5 7.3 Moderate

Table 8: Significance of Estimated Odour Emissions at Proposed Receptors – Run 2 with ADAS Stocking

Regime

Receptor

number
Receptor Sensitivity

5-Year Average Annual 98th

Percentile Hourly Mean Odour

Concentration (ouE/m3)
Significance

S1 Indoor

pigs only

S2 Indoor

pigs + 400

outdoors

S3 Indoor

pigs + 535

outdoors

1 Proposed residential façade High 11.4 15.0 16.6 Substantial

2 Proposed residential garden High 12.7 16.5 18.7 Substantial

3 Proposed residential façade High 8.8 11.8 13.0
Moderate S1

Substantial S2 & S3

4 Proposed residential garden High 10.1 13.6 14.9 Substantial

5 Proposed residential façade High 5.5 7.7 8.3 Moderate

6 Proposed residential façade High 3.9 4.8 5.1 Moderate
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7 Summary and Conclusions

RSK ADAS has been commissioned by Preston City Council to conduct a study of the potential odour

impact from an existing pig unit at Belmont Farm on a potential residential development situated on land

North of Old Rib Farm at Halfpenny Lane, Longridge, taking account of the addition three consented pig

buildings. The objective of this assessment is to use dispersion modelling to assess how odour emissions

from the pig rearing unit may affect the amenity of the proposed residential development, and how odour

impacts on the proposed development may affect operation of the pig farming enterprise.

The assessment considered two different stocking regimes, and three scenarios for each of those regimes.

These regimes are summarised:

Modified Miller Goodall Stocking Regime – Model Run 1

Model Run 1 was based on mixed stocking regime that was previously used by Miller Goodall who carried

out dispersion modelling for the Applicant/Appellants of the Old Rib Farm site, but in this case modified

to reduce the number of sows (breeding/mature females) from 100 to 50 sows. Each of the four consented

buildings was modelled with 1,000 pigs made up off 50 sows (dry and farrowing), 550 weaners (up to

30kg) and 400 finishing pigs (from 30kg to slaughter weight). Three model scenarios were modelled

including options for the same numbers of outdoor pigs modelled by Miller Goodall:

 Scenario 1: 4 pig buildings with indoor pigs only,

 Scenario 2: 4 pig buildings and 400 outdoor pigs, and;

 Scenario 3: 4 pig buildings and 750 outdoor pigs.

ADAS Stocking Regime – Model Run 2

Model Run 2 was based on a similar, but less intensive mixed stocking regime calculated by ADAS based

on the potential maximum stocking rates of the existing and consented buildings.  The pig numbers were

based on a total of 513 pigs per buildings comprising 45 sows, 156 weaners and 312 finishing pigs.

Three model scenarios were modelled including two scenarios with outdoor pigs, but with a smaller

number of pigs in the third scenario than were modelled by Miller Goodall:

 Scenario 1: 4 pig buildings with indoor pigs only,

 Scenario 2: 4 pig buildings and 400 outdoor pigs, and;

 Scenario 3: 4 pig buildings and 535 outdoor pigs.

Findings

Five runs, one for each year in the meteorological record (2016 – 2020) were performed for each of the

three scenarios modelled for both Run 1 and Run 2.

Run 1 with the Modified Miller Goodall stocking regime: Contour plots of the predicted five-year average

98th percentile odour concentrations show that the entirety of the proposed development site is exposed

to odour impacts greater than 3.0 ouE/m3 for all three scenarios, both without and with outdoor pigs.  In

fact, over the majority of the site odour impacts exceed 5 ouE/m3 for all three scenarios.

The modelling predicts that the five-year average annual 98th percentile hourly mean odour

concentrations exceed the suggested benchmark of 3.0 ouE/m3 at all of a number of modelled example

receptors for all three scenarios under Run 1 with the Modified Miller Goodall stocking regime.

Run 2 with the ADAS stocking regime. For this regime, with fewer pigs, the contour plots of predicted

five-year average 98th percentile odour concentrations, show that almost the whole of the proposed

development site is exposed to odour impacts greater than 3.0 ouE/m3 with no outdoor pigs.  With the
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addition of both 400 and 535 outdoor pigs the entirety of the site is exposed to odour impacts greater

than 3.0 ouE/m3. It is also evident that for the majority of the site odour impacts exceed 5 ouE/m3 when

outdoor pigs are included in the modelling.

For model Run 2 with the ADAS stocking regime, with fewer pigs, the five-year average annual 98th

percentile hourly mean odour concentrations also exceed the suggested benchmark of 3.0 ouE/m3 at all

of the example modelled receptors. At receptor 6, the mean 98th percentile odour impacts/concentrations

do not exceed the 5.0 ouE/m3 threshold for S1 and S2, although exceeding 3.0 ouE/m3 for both scenarios.

Overall Findings

The modelling predicts that five year average 98th percentile annual hourly mean odour exposure levels

exceeds the suggested benchmark range of 3.0 at all modelled discrete receptor points for all three

scenarios and under both model runs.

Use of the IAQM guidance to evaluate potential odour effects results in predictions of moderate or

substantial adverse effects at all proposed receptors under all three scenarios and both model runs. Based

on the odour dispersion modelling undertaken, it is concluded that the proposed development site will

not be suitable for residential development.
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APPENDIX 1 PREDICTED ODOUR CONCENTRATIONS FOR
EACH YEAR OF THE MET FILE

Run 1: Scenario 1

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 13.02 11.38 22.10 21.57 13.21 16.3 22.10

2 359553 437800 14.10 13.38 24.57 24.24 14.04 18.1 24.57

3 359520 437788 10.96 8.34 18.74 14.14 10.28 12.5 18.74

4 359524 437800 13.02 9.86 21.70 16.13 11.61 14.5 21.70

5 359548 437722 6.36 5.49 10.84 10.87 5.90 7.9 10.87

6 359565 437657 4.99 3.90 7.81 7.48 3.57 5.6 7.81

Run 1: Scenario 2

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 15.70 14.16 25.21 25.17 15.36 19.12 25.21

2 359553 437800 17.72 15.38 28.40 30.40 17.34 21.85 30.40

3 359520 437788 13.92 10.50 22.70 17.45 12.64 15.44 22.70

4 359524 437800 16.34 12.72 25.14 20.47 14.69 17.87 25.14

5 359548 437722 7.69 6.83 13.93 14.31 8.09 10.17 14.31

6 359565 437657 5.54 4.57 9.07 8.72 4.69 6.52 9.07

Run 1: Scenario 3

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 18.95 18.49 30.52 30.67 18.83 23.49 30.67

2 359553 437800 22.77 20.31 32.99 33.91 22.23 26.44 33.91

3 359520 437788 16.53 14.22 24.96 20.68 15.53 18.38 24.96

4 359524 437800 19.43 16.22 27.71 23.78 18.55 21.13 27.71

5 359548 437722 8.52 8.32 15.92 16.89 9.17 11.76 16.89

6 359565 437657 6.12 5.24 9.89 10.07 5.13 7.29 10.07
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Run 2: Scenario 1

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 9.11 7.98 15.48 15.13 9.25 11.4 15.48

2 359553 437800 9.85 9.38 17.22 16.98 9.83 12.7 17.22

3 359520 437788 7.66 5.85 13.14 9.90 7.21 8.8 13.14

4 359524 437800 9.10 6.91 15.20 11.31 8.13 10.1 15.20

5 359548 437722 4.46 3.85 7.59 7.61 4.14 5.5 7.61

6 359565 437657 3.50 2.73 5.47 5.24 2.51 3.9 5.47

Run 2: Scenario 2

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3))

2016 2017 2018 2019 2020 Average Max

1 359554 437790 12.04 11.44 19.38 20.14 11.83 14.97 20.14

2 359553 437800 13.68 12.56 20.95 22.24 13.25 16.54 22.24

3 359520 437788 10.68 8.60 16.73 13.21 9.64 11.77 16.73

4 359524 437800 12.28 10.24 18.80 15.15 11.69 13.63 18.80

5 359548 437722 5.70 5.28 10.38 10.92 6.07 7.67 10.92

6 359565 437657 4.07 3.40 6.70 6.53 3.40 4.82 6.70

Run 2: Scenario 3

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 13.43 13.15 21.44 21.65 13.23 16.58 21.65

2 359553 437800 16.04 14.46 23.44 23.80 15.61 18.67 23.80

3 359520 437788 11.76 10.14 17.53 14.53 10.93 12.98 17.53

4 359524 437800 13.65 11.51 19.46 16.74 13.15 14.90 19.46

5 359548 437722 6.00 5.88 11.22 11.94 6.48 8.31 11.94

6 359565 437657 4.31 3.69 6.95 7.11 3.63 5.14 7.11
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APPENDIX 2 SENSITIVITY ANALYSIS

Run 1: Sensitivity Analysis, Scenario 1 – Calms Module in ADMS

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 18.95 18.96 26.00 30.78 21.69 23.3 30.78

2 359553 437800 20.74 21.81 29.91 31.52 24.24 25.6 31.52

3 359520 437788 16.56 16.56 21.77 20.71 17.41 18.6 21.77

4 359524 437800 18.54 18.55 24.89 23.19 20.89 21.2 24.89

5 359548 437722 10.20 10.91 14.04 18.17 11.23 12.9 18.17

6 359565 437657 7.38 7.38 10.31 10.36 8.30 8.7 10.36

Run 2: Sensitivity Analysis, Scenario 1 – Calms Module in ADMS

Rec

No
X (m) Y (m)

Annual 98th Percentile Hourly Mean Odour Concentration (ouE/m3)

2016 2017 2018 2019 2020 Average Max

1 359554 437790 13.28 13.28 18.21 21.59 15.21 16.3 21.59

2 359553 437800 14.53 15.28 20.97 22.08 16.98 18.0 22.08

3 359520 437788 11.60 11.60 15.25 14.51 12.19 13.0 15.25

4 359524 437800 12.99 13.00 17.44 16.25 14.65 14.9 17.44

5 359548 437722 7.14 7.64 9.85 12.73 7.87 9.0 12.73

6 359565 437657 5.17 5.17 7.22 7.26 5.82 6.1 7.26
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APPENDIX 3 SUMMARY OF EMISSIONS RESEARCH PAPER

This Appendix reproduces a summary of the findings from the measurements made in buildings of a

similar type as part of the MAFF (now Defra) research project WA0601 ‘Measurement of Odour and

Ammonia Emissions from Livestock Buildings’ (Peirson and Nicholson, 1995).



MANURE MANAGEMENT TO REDUCE ODOUR AND

AMMONIA EMISSIONS

Steve Peirson, Engineering Specialist, ADAS Northern

Introduction

Odour emissions from pig buildings are responsible for a substantial proportion of all

agricultural odour complaints to local authority Environmental Health Departments

and odour is often a central issue in planning consents for new pig buildings.  In

addition to these “localised” problems with odour there is also national and global
concern about ammonia emissions from agriculture. Ammonia emissions to

atmosphere are one of the main causes of “acid rain”.  Housed livestock are estimated
to cause approximately 30% of all agricultural emissions of ammonia in England and

Wales and pigs account for about 27% of this total.  There is likely to be increasing

regulatory pressure, both nationally and across Europe, to reduce gaseous emissions

from livestock.

This may not all be bad news for producers.  It is widely believed that high ammonia

concentrations in buildings contribute to respiratory disease problems in pigs.

Technology and management practices which reduce ammonia emissions may,

therefore, also benefit pig health and productivity.

Aims

MAFF funded research work has been aimed at quantifying odour and ammonia

emissions from different types of buildings and assessing means of reducing

emissions.  Much of this work has been focused on the influence of manure and slurry

systems and their management.

Techniques have been developed to measure odour concentrations.  Ammonia and

odour concentration measurements can be combined with ventilation rate

measurements to calculate emission rates.  It is then possible to compare emissions

from different types of buildings and management systems and to evaluate possible

means of reducing odour emissions.

Initially odour and ammonia emissions were surveyed on commercial pig units  The

objectives were to help prioritise future work aimed at controlling or reducing

emissions, to assist in estimating total ammonia emissions from pigs and to provide

data for evaluation of the environmental impact of proposed new livestock buildings,

for example for planning purposes.

Subsequently two trials at ADAS Terrington have compared ammonia emissions from

flatdeck pens with different slat and slurry arrangements.  Odour samples were also

collected during both trials.

Methods & Materials



For the initial survey odour samples were collected from a range of pig breeding,

rearing and finishing buildings with fully slatted, part slatted and straw bedding

manure systems.  The air samples were sent to an odour laboratory where they were

diluted through an olfactometer and presented to an odour panel of human “sniffers”.
This allows odour strength or concentration to be measured by calculating the number

of times the air sample has to be diluted by clean, odour free air until the odour panel

can only just detect the smell.  This is similar to the mixing effect which occurs down

wind of a piggery, where natural air mixing and dilution eventually disperse the smell

of pigs.

At the same time that odour samples were collected ventilation rates were measured

along with ammonia concentrations in the exhaust air.  Multiplying the odour

concentrations and ammonia concentrations by the ventilation rate gives the overall

emission rates of both odour and ammonia for the building being assessed.

For comparisons between buildings the measured emission rates can be related to the

liveweight of pigs in the building.  Thus odour emission rates can be calculated as

Odour Units per second per kilogramme (of pig weight) or OU/s/kg. Ammonia

emissions are expressed as grammes (of ammonia) per hour per Livestock Unit

(g/hr/LU). A Livestock Unit is 500 kg of pig weight.  The survey was concentrated

on fan ventilated buildings, because of the practicalities of measuring ventilation

rates, but some observations have also been made in naturally ventilated houses.

The results of the survey of commercial buildings, and overseas research work,

suggested that floor type/manure disposal system has an effect on ammonia

emissions.  Trials were initiated at ADAS Terrington to compare ammonia and odour

emissions from different floor types and slurry management systems in

weaning/growing flatdecks.  Treatments compared were:

1. Part slatted floor with slurry stored below the slats and part slatted floors with daily

flushing of the slurry channel with aerated slurry.

2. Part and fully slatted floors with slurry stored below the slats and part slatted floors

with daily flushing of the manure channel with untreated slurry.

Results

More than 100 individual observations were made in the survey of commercial

buildings.  Odour and ammonia emissions were higher from fully slatted than part

slatted and straw bedded buildings. Large variations in emissions were seen between

buildings of the same type on different farms, and even from day to day in individual

buildings.  Typically ammonia emissions from fully slatted finishing buildings were

2.9 g/hr/LU and 2.1 g/hr/LU from part slatted.  Corresponding specific odour emission

rates were around 0.85 and 0.44 Odour Units per second per kg (OU/s/kg).

Odour and ammonia concentrations in fully slatted flatdeck weaner buildings were

usually higher than in finisher pens but, because of lower ventilation rates, typically

emissions were 1.5 g/hr/LU of ammonia and 0.72 OU/s/kg.

Odour Emissions - Commercial Farms Survey
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While specific emission rates are a convenient way of summarising data they should

be used with some caution as emissions appear to increase with increasing ventilation

rates.

In the first trial at Terrington with measurements over three seasons it was shown that

regular flushing of the slurry channel with aerated slurry reduced ammonia emissions

by between 18% and 28% depending on pig age.  There were no significant effects on

odour emissions but, subjectively, farm and experimental staff found the atmosphere

more pleasant in the flushed room.

In the second trial there were no significant benefits from flushing with untreated

slurry over conventional storage in the channel below the slats.  Ammonia emissions

from the fully slatted room were approximately 2.9 times higher than those in the part

slatted room, with slurry storage under the slats in both fully and part slatted pens.

Odour samples suggest that odour emissions were also lower from the part slatted

room.

First Terrington Trial - Ammonia Emissions - Part Slatted Control and Part Slatted

Flushed with Aerated Slurry
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Conclusions

• Both on farm observations and replicated trials suggest that odour and ammonia

emissions are influenced by flooring type and manure management systems.

• Ammonia emissions are appreciably lower from part slatted pens than fully slatted

floors.  Further reductions in emissions can be made with regular manure removal

by flushing of slurry channels with aerated slurry.

• There is some evidence that emissions from straw bedded housing/scraped dunging

passages systems may be similar to those from slurry and slat buildings.

Housing type, manure systems and management affect ammonia emissions.

Regulatory pressures to reduce emissions may impose restrictions on choice of

housing systems if strict emission targets were to be imposed.  There are, however

many other factors which may also be effective in cutting emissions which could be

investigated and may be less restrictive.
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