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1 EXECUTIVE SUMMARY 

A detailed odour impact assessment of the sludge treatment facility (STF) at Hull 
WwTW has been undertaken to assess the odour impact of the existing STF and 
the predicted impact of the refurbished and upgraded STF at the works site 
boundary (the STF permit boundary is located within the works).  

The following scenarios have been examined to assess the potential change to 
the sites odour impact due to the delivery of the new STF scheme only. 

 Baseline Scenario – Assesses the odour impact of the existing STF. 

 Future Scenario – As per baseline scenario with the inclusion of the 
changes introduced by the STF upgrades. 

This model has been produced in support of the permit variation for the STF. It 
does not extend to the Waste Water Treatment Works. As the STF is associated 
with sludge processing and storage, odour impact has been evaluated using the 
criteria detailed in the Environment Agency (EA) Horizontal Guidance Note 4 (H4). 

The key finding of the odour dispersion model is that the upgrade to the STF is 
making an improvement to the odour impact from the STF.  The lack of 
complaints currently shows the STF poses a low risk in terms of odour on 
sensitive receptors.  In the future scenario, a reduction is observed in the overall 
impact in terms of total STF odour emissions, odour impacted area around the 
treatment works and odour concentration at discrete receptors when compared 
with baseline STF scenario. 

However, the modelling results for baseline and future scenarios highlight that the 
1.5 ouE/m3 isopleth extends beyond the site boundary to the residential properties 
located north-east and south-west; and to the Songbirds Nursery/kids club and 
industrial/commercial area to the east and south of the treatment works. This 
results in 3No. discrete receptors exceeding the 1.5 ouE/m3 benchmark level. 
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2 INTRODUCTION 

2.1 Site Description 

Hull WwTW is a large waste water treatment works located in Salt End to the east 
of Hull.  The works was required as a result of the Urban Waste Water Treatment 
Directive and was granted planning approval in October 1997.  It became fully 
operational in 2002.  It provides primary and secondary biological treatment of 
sewage from Hull and the surrounding areas including Hedon and Preston.   

The WwTW is located in an area of mixed rural, residential and commercial use. 
To the immediate north is an agricultural area.  To the south is a combination of 
industrial and commercial land use with the Humber Estuary beyond.  To the west 
is Hull and the east is Preston and Hedon. 

The STF is located within the wastewater treatment works site boundary.  Figure 3 
shows the boundary of the WwTW and the STF. 

 

 

Figure 1 Location Map 

 

 

 

 

Hull 
WwTW 



Hull WwTW - Sludge Treatment Facility                                             
Odour Dispersion Modelling  

 
  

 Page 3 of 28 July 2019 

 

Figure 2 Hull WwTW 

 

 

Figure 3 Hull WwTW and STF Boundary 
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2.2 Existing Works Sludge Treatment Facility (STF) Overview 

Primary and secondary sludges from Hull wastewater treatment processes are 
blended with imported liquid sewage sludge and thickened by Gravity Belt 
Thickeners. Thickened sludge is then passed forward and blended with re-wetted 
imported raw sludge cake before being fed into Anaerobic Digesters. Digested 
sludge is stored in the digested sludge holding tanks and then dosed with lime 
and polymer prior to being dewatered in temporary mobile centrifuges.  The limed 
sludge cake is then stored in the cake export barn for up to 3 days prior to being 
removed via wagon off site. 
 

2.3 Overview of odour Complaint History at Hull WwTW 

A total of 599 complaints were reported in year 2013 to 2019 that have been 
verified and attributed to Hull WwTW. A summary of odour complaint frequency 
per year is presented in Figure 4 below.  

 

Figure 4 Number of Odour Complaints Attributed to Hull WwTW in the Year 2013 
to 2019 

A large number of complaints (372) were received in 2015 in which the majority 
of the odour complaints were received in the summer period.  During the summer 
there is a trader who discharges pea processing effluent to the WwTW which has 
contributed to significant increased site odour emissions and subsequent odour 
complaints.  The locations with the most complaints were located in Hedon and 
Preston. Hedon and Preston are residential areas east and north east of the works 
respectively, this corresponds with a prevailing wind direction from the south and 
west.  

Due to the history of complaints YW has invested £18m at Hull WwTW to reduce 
odours which has had a significant improvement and a reduction in the number of 
complaints can be observed following 2015 with only 1 No. odour complaint for 
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2016.  This trend has seen a further reduction in complaints with 1 No. and 2 No. 
complaints in the years 2017 and 2019 to date respectively, with no complaints in 
the year 2018 and YW wishes to maintain or improve on this level of 
performance.  

In summary historic odour complaints are generally related to the operation of 
the WwTW and not the STF. However, Hull remains a sensitive site for odour. 

2.4 Report Objective 

The objective of this odour model is to assess the odour impact of the existing 
STF and the predicted impact of the refurbished and upgraded STF at the works 
site boundary  and local receptors against the indicative odour benchmark levels 
stated in the H4 Environment Agency’s Horizontal Guidance Document. 
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3 ODOUR REGULATION & ASSESSMENT 

The legislation under which odours are currently controlled in the UK is as follows: 

 Environmental Protection Act, (EPA); 

 Town & Country Planning Act, (TCPA); 

 Environmental Permitting Regulations (EPR) and Industrial Emissions 
Directive (IED) 

Odour Emissions from WwTW are governed by the regulations relating to 
statutory nuisance law, and the DEFRA Code of Practice.  Historically, ensuring 
background odour levels do not exceed 5.0 ouE/m3 at receptors has been 
regarded as good practice.    

 ‘Numerical odour consents’ are being applied to sites which operate under the 
Industrial Emission Directive (IED) (formerly Pollution Prevention and Control 
(PPC)) regulations).  Such sites/activities are regulated by the Environment 
Agency, who have released Horizontal Guidance Note 4 (H4), which covers the 
regulatory requirements with regard to odour, and in particular provides 
benchmark exposure levels with respect to odour emissions/impact at receptors. 

The current STF at Hull falls under a waste operation permit.  However, as the 
STF is associated with sludge processing and storage, odour impact has been 
evaluated using the criteria detailed in the Environment Agency (EA) Horizontal 
Guidance Note 4 (H4). 

The H4 benchmarks are based on 98%ile of hourly averaged odour concentration 
modelled over a year at the site/STF boundary.  In the case of Hull, the STF is 
within the works boundary thus the odour impact is investigated beyond the STF 
at the works site boundary. 

The benchmarks are: 

 1.5 odour units for the most offensive odours. 

 3.0 odour units for moderately offensive odours. 

 6.0 odour units for less offensive odours. 

The examples of sources/processes/activities that are considered ‘most offensive’ 
odours include septic effluent or sludge and biological landfill odours.   

These benchmarks are indicative, and for guidance only, and less stringent 
criteria may be applicable where there is no, or low risk of adverse impact on 
sensitive receptors. 

 



Hull WwTW - Sludge Treatment Facility                                             
Odour Dispersion Modelling  

 
  

 Page 7 of 28 July 2019 

4 CLASSIFYING AN ODOUR NUISANCE 

One of the main problems in controlling odours is in defining what exactly a 
nuisance odour is. A particular odour can be offensive to one person but not to 
another or a mixture of non-offensive smells can become an offensive odour. To 
simplify matters, in this report odours are not defined as good or bad, but simply 
quantified as odour. 

The odour dispersion models used in the production of this report uses this 
principal, in order to remove personal bias from the results obtained. 

4.1 Odour Modelling 

The model used in this assessment is the AERMOD 7.10 advanced atmospheric 
dispersion model, that has been developed and validated by the US EPA, and 
which is widely used throughout the world.  This model has been used extensively 
throughout the UK for regulatory compliance purposes and is accepted as an 
appropriate air quality modelling tool by the Environment Agency and local 
authorities. 

A range of input parameters is required including, amongst others, data 
describing the local area, meteorological measurements and emissions data.  The 
data used in modelling the plant emissions are given in section 5. 

4.2 Model Limitations 

Any modelling exercise is an approximation of the true behaviours of odours in 
the environment. It is impossible to account for every variation in atmospheric 
conditions and keep the model within the bounds of practicability. The major 
limitations on the results are as follows: 

 The only variation considered is in the meteorological conditions; a fixed 
emission rate is used for the odour sources in the model. In reality the 
emission rates can be variable. The model ignores ‘short term’ hourly 
variations and only allows for seasonal effects i.e. summer emission peaking 
factors. 

 Output is based on hourly averaged data. When monitoring, it is possible that 
odour levels much higher than the average could occur for short periods of 
time (i.e. even for a few minutes).  If compliance is based on instantaneous 
readings (over a period of minutes), then apparent failures could be recorded 
even though the overall hourly averaged data could show that no failure had 
occurred.  

 Emission rates used in the model are generated from olfactometry, which by 
its nature can have an associated margin of error and published levels of 
uncertainty (Odour Control in Wastewater Treatment - A Technical Reference 
Document, 2002). 

Despite the limitations, dispersion modelling is a useful tool in plume footprint 
visualisation and prediction of ground level concentrations. The use of dispersion 
models has been widely used in the UK for both regulatory and compliance 
purposes for a number of years and is an accepted approach for this type of 
assessment. 
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5 METHODOLOGY AND MODEL INPUT DATA 

5.1 Modelled Domain and Receptors 

A receptor grid of approximately 1.0 km by 0.8 km surrounding the WwTW, and 
nearby receptors, was generated using a 50m by 50m grid in each direction and a 
receptor height of 1.5 m was used.  An additional receptor grid of 5.3 km by 3.4 
km was generated using a 100m by 100m grid in each direction encompassing 
the surrounding land beyond the works and a receptor height of 1.5 m was used.  

The model allows for assessment from additional, specified, locations such as 
existing and potential future residents or odour sensitive facilities (sensitive 
receptors).  Several discrete receptors have been included to indicate the 
locations of key receptors in the surrounding area.  These receptors consist of the 
nearest residential properties, industrial/commercial area, mixed rural area, other 
sensitive properties like nursery, and also the WwTW site boundary, and are listed 
in Table 1 and shown on a map in Figure 5. 

Table 1 Modelled Discrete Receptors 

Location Map Ref. Easting (m) Northing (m) 
Receptor 

Height (m) 

Falkland Rd DR01 515503.1 429886.2 1.5 

Staithes Road DR02 517299.9 429962.8 1.5 

Songbirds Nursery/Kids Club DR03 516801.5 429223.2 1.5 

Skirlaugh Rugby Club DR04 516700.4 428905.8 1.5 

Kingstown Hotel DR05 517612.0 428691.2 1.5 

Hull Road DR06 517067.5 428781.6 1.5 

Hull Road DR07 515996.3 428980.3 1.5 

Work Boundary NW DR08 516193.2 429521.2 1.5 

Work Boundary NE DR09 516622.4 429411.2 1.5 

Work Boundary SE DR10 516441.5 428905.8 1.5 

Work Boundary SW DR11 516115.1 428959.0 1.5 

Tarantula 4*4 DR12 516754.0 430471.1 1.5 

Staithes Road DR13 517113.7 429962.8 1.5 

Staithes Road DR14 516882.9 429565.7 1.5 

Near Mill Well, Preston DR15 517508.9 429888.1 1.5 

5 Helms Ave DR16 518816.0 430017.9 1.5 

60 Chestnut Avenue DR17 518643.2 429019.1 1.5 

30 Church Ln, Hedon DR18 518723.5 428679.1 1.5 

4 New Road, Hedon DR19 518818.8 428438.0 1.5 

Yew Tree Villa DR20 518412.4 428495.0 1.5 

The Co-operative Food-Petrol 
Hedon DR21 518076.1 428516.5 1.5 
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Location Map Ref. Easting (m) Northing (m) 
Receptor 

Height (m) 

10 Red House Farm, Hedon DR22 517906.9 428671.6 1.5 

Astley Cl DR23 518153.6 428791.2 1.5 
 

 

Figure 5 Modelled Discrete Receptors 

5.2 Odour Sources  

The model uses emission data from the Hull WwTW Odour Survey conducted by 
H&M Environmental in May and September 2015. Where no site-specific data 
exists, emission rates were obtained from Stantec odour data base and industry 
references (UKWIR Technical Reference Document). The odour sources modelled 
and the emission rate data source used for modelled sources are given in Table 2. 
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Table 2 Odour Sources Modelled in Baseline and Future Scenarios 
 

 
Odour Sources Modelled Summary of Changes 

Emission Data 
Source 

Baseline Scenario Future Scenario 
 

1 2No. Primary Sludge 
Tanks 

2No. Primary Sludge 
Tanks 

 

H&M Odour 
Survey 

September 2015 

2 2No. SAS tanks 2No. SAS tanks  

3 2No. Thickened 
Sludge Storage Tanks 

2No. Thickened 
Sludge Storage Tanks 

 

4 Import Cake Hopper - Exclusion of existing import 
cake hopper  

5 Import Cake Wagon Import Cake Wagon Changes to import cake 
wagon operation 

6 Gravity Belt 
Thickeners (GBTs) 

- GBTs will be fully contained 
in the future 

7 Existing Liquid Import 
Sludge Tank 

New Liquid Import 
Sludge Tank 

Exclusion of existing liquid 
import facility. A new 
covered and odour 
controlled liquid sludge 
import facility including a 
liquid sludge import tank 
with sludge screen  

8 - New Cake Reception 
Building 

A new covered and odour 
controlled cake reception 
building   

9 2No. Digested Sludge 
Storage Tanks 

2No. Digested Sludge 
Storage Tanks 

 Stantec 
database 

10 Liquid Import Sludge 
Screen 

-  Site data 

11 OCU2 OCU2 Changes to OCU2 air flow Site data and 
standard stack 

outlet 
concentration 

12 Cake Export Facility Cake Export Facility  H&M Odour 
Survey May 

2015 
 

The details of these modelled odour sources are described as below: 

1) Even though the ambient temperature during the main survey period in 
September 2015 was 14-17 deg.C and dry and sunny a seasonal multiplier 
was applied to the survey data to account for the pea picking season which is 
before this time in the summer months which corresponds to the majority of 
complaints. Therefore, a summer multiplier of two was used for all fugitive 
and area sources for the months June through to August.  

However, a summer multiplier was not applied to odour sources which use 
May 2015 cake odour survey data as time varying sources were applied to 
account for disturbance of the cake. 
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Odour Control Units (OCU) stacks continuously release treated emissions and 
not subject to seasonal variation.  

2) The temperature of all sources was set to ambient. 

3) Primary sludge is mixed with SAS and stored together. As the emission rates 
from each source are individually comparable then mixing the sludges 
together will not significantly change the emission rates. Therefore, an 
average emission rate of the two sources has been adopted in both scenarios. 

4) Gravity Belt Thickeners (GBTs) inside the GBT building are modelled in 
baseline scenario as open assets as the condition of GBT building roof is poor. 
Though not all the emissions are likely to escape the GBT building, GBTs are 
included as open area sources as a conservative modelling approach. Primary 
sludge mixed with SAS and liquid imports is thickened in the GBTs. In future 
operation, there will be a new roof for GBT building and GBTs will be fully 
contained. Thus, GBTs are not modelled in the future scenario. 

5) The existing liquid imported sludge screen and import cake hopper are open 
and not odour controlled. Thus, it is modelled in baseline scenario. The import 
cake wagon is modelled as per existing import facility operations. 

6) A new liquid import sludge facility including import sludge tank and import 
screen and a new import cake reception building will be provided in the future 
operation. The new import screen will be fully contained and odour 
controlled, thus not included in the future model. Only the liquid import 
sludge tank and cake reception building are modelled in the future scenario. 
The Import cake wagon is modelled with changes in operation as per new 
import facility. 

7) In both scenarios, the dewatered limed cake is modelled with 3 days storage 
as it is stored in the cake export barn for up to 3 days. The odour sources in 
this cake export facility include the cake conveyor, the cake discharge onto 
the slab from the conveyor and the storage of cake on the slab in the barn. 
The centrifuges are fully contained thus are not included in the model.    

All open sources are modelled as area sources.  Vents and odour control units are 
modelled as point sources. The cake export barn is naturally ventilated – the east 
elevation is open, as is the northernmost bay of the west elevation and is 
therefore modelled as a volume source.  

Source parameters for the area sources, point sources and volume sources are 
shown in Table 4, Table 5 and Table 6, respectively. 

Fugitive emissions are defined as escaped emissions from covered process units. 
All sludge tanks are covered.  Containment capture efficiencies for these process 
units have been derived from differential pressure measurements taken on site as 
part of the odour survey.  For a given static pressure, capture efficiency is 
assumed from the table below (Ref. ‘Odour Containment and Ventilation at 
Perth’s Major WwTPs, K. Cadee and I. Wallis, March 2007’ – Table 3).  It has 
been considered that all covered processes hold no discernible negative pressure 
and thus are limited to 80% odour containment with the exception of the 
digested sludge tanks where the covers are in better condition and thus assumed 
95% containment. It is likely that these processes hold in excess of 80% odour 
containment and therefore, the model represents a conservative assessment.  
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In the future model, the new cake reception building is modelled for 50% 
containment during import cake wagon operation (import cake off-loading) and 
80% containment during non-operational times. 

 Table 3 Capture Efficiency for Covers 

Static Negative Pressure 
(-Pa) 

Assumed capture efficiency (%) 
(Ref. Wallis and Cadee paper) 

Minimal/simple covering 80 

<5 95  

5 – 10 95 -99 

10 – 15 99 – 99.9 

15 - 30 99.9 - 100 
 

5.2.1 Time Varying Sources 

Due to variability of operation, the following sources have been broken down into 
the following time varying sources; 

Baseline Scenario 

 Liquid Sludge Import Tank - modelled as 24 hours a day, Monday to 
Friday   

 Import Cake Wagon and Hopper - modelled as 24 hours a day, Monday to 
Friday 

Future Scenario 

 Import cake Wagon - 4 No. import cake wagon movements per day for 5 
days a week (Monday to Friday) have been included in the model. The 
cake tipping takes approximately 30 minutes and the operating times are 
between 7am to 7.30am, 11am to 11.30am, 3pm to 3.30pm and 6pm to 
6.30pm. Thus, the import cake wagon has been modelled for 2 hours per 
day, Monday to Friday. 

 The new cake reception building is modelled with emission rates during 
wagon operational (2 hours per day, Monday to Friday) as well as non-
operational times. The emission rates used are 153.1 ouE/m2/s and 15.3 
ouE/m2/s during wagon operational and non-operational time, 
respectively. 

Cake Export Facility 

The cake export facility has been included in the baseline and future model. It 
uses emission data from an odour survey of the cake export facility conducted by 
H&M Environmental in May 2015.  
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The limed and dewatered sludge is stored in the cake export barn for up to 3 
days. Due to variability of operation, this source has been broken down into the 
following sources and modelled as a time varying source.  

 Digested fresh cake discharged continually from conveyor - A cake pile is 
inclined at 45 degrees and maximum cake pile height is 1.8 m. The 
surface area of cake being disturbed during centrifuge operation, due to 
discharge of the cake from the conveyor on to cake slab, is approximately 
10m2. Thus, it is modelled as continuous disturbance. 

 Digested fresh cake disturbed during operational hours –  20% of the 
cake bay is modelled as being disturbed up to four times a day (at 8am, 
10am, 12pm and 2pm) for a one hour period each time to allow for 
general movement of cake around the barn and for tipper wagon loading 
to export off site. 

 3 days stored cake is undisturbed. 
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Table 4 Area Source Parameters included in the Model 
 

No. of 

Units 
Source Description 

Co-ordinates (X,Y) Odour Emission Rate ouE/m2/s  

Capture Efficiency 

(%) 

Diameter/ Length 
(m) 

Summer 
Multiplier 

Width 
(m) 

Total Surface Area 
(m2) 

Release Height 
(m) X Y Uncontained Corrected for 

containment 

Baseline Scenario 
1 Primary Sludge  Tank 1 516363 429206 71.8 14.4 80 17.7 2 - 246.6 10.0 
1 Primary Sludge  Tank 2 516384 429202 71.8 14.4 80 17.7 2 - 246.6 10.0 
1 SAS Tank 1 516359 429184 71.8 14.4 80 17.7 2 - 246.6 10.0 
1 SAS Tank 2 516380 429181 71.8 14.4 80 17.7 2 - 246.6 10.0 
1 Thickened Sludge Storage Tank 1 516380 429149 73.1 14.6 80 17.0 2 - 227.0 10.0 
1 Thickened Sludge Storage Tank 2 516395 429166 73.1 14.6 80 17.0 2 - 227.0 10.0 
1 Digested Sludge Storage Tank 1 516407 429123 3.5 0.2 95 22.0 2 - 381.5 10.0 
1 Digested Sludge Storage Tank 2 516402 429091 3.5 0.2 95 22.0 2 - 381.5 10.0 
1 Import Cake Hopper* 516364 429099 306.1 306.1 - 4.3 2 2.5 10.8 0.5 
1 Import Cake Wagon* 516371 429103 306.1 306.1 - 7.2 2 2.5 17.8 2.0 
5 Gravity Belt Thickeners (GBTs) 516351 429147 14.4 14.4 - 7.5 2 4.0 30.0 1.0 
1 Liquid Import Sludge Screen 516342 429199.7 5.0 5.0 - 3.5 2 1.3 4.4 1.8 

 
Future Scenario (as per baseline scenario with the new liquid sludge import tank and cake reception building, changes to wagon operation and exclusion of import cake hopper, liquid import sludge screen, GBTs) 
 

1 New liquid Import Sludge Tank 516439.4 429180.7 306.1 15.3 95 10.3 2 - 82.5 5.7 
1 New Cake Reception Building (for Wagon 

operational time)* 
516436.2 429198.3 306.1 153.1 50 9.0 2 5.0 45.0 4.0 

1 New Cake Reception Building (for Wagon 
non-operational time)* 

516436.2 429198.3 76.5 15.3 80 9.0 2 5.0 45.0 4.0 

*Time varying sources 

 

 

Table 5 Point Source Parameters included in the Model 
 

Point Source 
Stack Height 

(m) 
Stack Diameter 

(m) 
Odour Concentration 

(ouE/m3) 

Airflow Rate 

(m3/h) 

Emission Rate 

(ouE/S) 

Efflux Velocity 
(m/s) 

 

Summer Multiplier 
Coordinates (X,Y) 

X Y 

Baseline Scenario 
Liquid Sludge Import Tank* 8 0.8 56,496 120 1,883.2 0.1 2 516348 429204 
OCU2 25 1.1 1,000 64,000 17,777.8 18.7 - 516399 429206 
Future Scenario (as per baseline scenario with changed air flow for OCU2 and exclusion of liquid sludge import tank) 
OCU2** 25 0.9 1,000 31,272 8,686.7 15.0 - 516399 429206 
*Time varying sources 
 
** OCU2 air flow rate changes in the future assessment. It is reduced to 31,272 m3/hr.  This is due to rebalance of the air flow to the OCU2. Despite the fact that new assets will be connected to the same OCU the rebalance leads to 
reduction of the total airflow as odour from redundant assets will no longer be required to be treated. 
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Table 6 Volume Source Parameters included in the Model 
 

Volume Source 
Total Surface Area 

(m2) 

Release Height 

(m) 

Initial Lateral Dimensions 

(m) 

Initial Vertical Dimensions 

(m) 

Emission Rate 

(ouE/s) 

Coordinates (X,Y) 

X Y 

Baseline Scenario 
Cake Conveyor 3.0 1.5 0.4 2.8 1,247 516347 429055.8 
Fresh Cake continually discharged from conveyor 10.2 0.9 0.7 2.8 4,231 516335 429061.2 
Fresh Cake disturbed during operational hours* 18.7 0.9 1.0 2.8 643 516335 429054.2 
Stored Cake undisturbed- up to 1 day 64.5 0.9 1.9 2.8 2,221 516335 429055.8 
Stored Cake undisturbed- up to 2 days 93.3 0.9 2.2 2.8 3,214 516323 429054.2 
Stored Cake undisturbed- up to 3 days 93.3 0.9 2.2 2.8 3,214 516323 429046.4 
Future Scenario (Same as baseline scenario) 
*Time Varying sources 
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5.3 Surface Characteristics 

The predominant surface characteristics and land use in a model domain have an 
important influence in determining turbulent fluxes and hence, the stability of the 
boundary layer and atmospheric dispersion. Factors pertinent to this 
determination are detailed below. 

5.3.1 Terrain 

A topographical feature such as hills can have significant effect on the dispersion 
of pollutants. Although there is no significant terrain in the surrounding area and 
the surrounding land is relatively flat terrain data was included in the model for 
completeness.   

Terrain data is available to download from the ordnance survey website as digital 
terrain model (DTM) and is available in 20km * 20 km tiles. 

5.3.2 Buildings 

Atmospheric flow is disrupted by aerodynamic forces in the immediate vicinity of 
structures.  These disruptions generate an area of stagnation behind the structure 
known as the building cavity region.  The flow within this region is highly 
turbulent and can be visualised as circulating eddies of air.  The area beyond the 
cavity region is known as the building wake, where air turbulence generated by 
the structure gradually decays to background levels.  The entire area covered by 
the cavity region and turbulent wake is known as the ‘building envelope’.  

This phenomenon can cause a plume to be drawn downwards towards the ground 
in the building envelope resulting in elevated ground level concentrations.  This 
effect is known as building induced downwash. The building envelope is generally 
regarded as extending to a height of three times the height of the structure in the 
vertical plane, and a distance of 5L (where L is the lesser of the building width or 
height) from the foot of the building in the horizontal plane.     

AERMOD only models the effects of aerodynamic downwash due to nearby 
buildings on point source emissions.  However, the following buildings, as detailed 
in Table 7 and shown in Figure 6, have been included in the model due for 
completeness.  

Table 7 Buildings Modelled 
 

Building 

Bottom Left Corner 
/ Centre Point Height 

(m) 

Length / 
Diameter 

(m) 

Width 
(m) 

X (m) Y (m) 

Baseline Scenario 
Inlet Works Building 516192 429057 15.5 30.7 51.4 
Digester 1 516428 429135 13.7 20.7 - 
Digester 2 516451.7 429131.1 13.7 20.7 - 
Digester 3 516421 429107 13.7 20.7 - 
Digester 4 516449 429101 13.7 20.7 - 
Digester 5 516414 429074 13.7 20.7 - 
Digester 6 516445 429067 13.7 20.7 - 
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Biogas Storage West 516396 429056 13.9 18.5 - 
Biogas Storage East 516426 429050 13.9 18.5 - 
Drier Building 516331 429077 13.5 37.5 23.5 
Silo Building 516330 429065 24.5 25.0 11.5 
GBT Building 516340 429123 9.5 33.0 22.5 
Cake Building 516314.5 429021 6.0 36.0 44.0 
Future Scenario (Same as baseline scenario with existing biogas 
storage east and west buildings replaced by 2No. new gas holders) 
New Gas Holder No. 1 516426 429050 13.9 18.5 - 
New Gas Holder No. 2 516419 429012 13.9 18.5 - 

 

 

Figure 6 Buildings Modelled 
 

5.4 Meteorological Data 

The model requires hourly averaged values for wind speed, wind direction and 
height of the mixing layer. The mixing layer height enables the atmospheric 
stability to be classified into one of seven ‘Pasqual’ categories ranging from very 
stable to very unstable. Unstable conditions are the most favourable for 
dispersion of pollutants in the atmosphere.   

For this project, hourly meteorological (met.) data from Humberside Airport was 
used for 2014 to 2018, inclusive. The met station is located south of Hull WwTW 
approximately 12.5 miles from the works. Two meteorological data sites are 
located within 15 miles of the works. However, Humberside Airport was chosen as 
it was the only site with a complete data set. 

The individual met. years were modelled for the existing (baseline) scenario and 
the met year 2018 was found to result in the greatest off site odour impact and 
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the highest odour concentrations at the receptors and was therefore used for 
future scenario assessment. 

The worst conditions for air dispersion occur when the wind speed is low, from 
Figure 7; it can be seen that low wind speeds tend to predominantly occur from a 
south-westerly direction. The wind rose plots for each individual met year 
analysed are located in Appendix A. 

 

 

Figure 7 Wind Rose Plot for Year 2018 (Humberside Airport) 
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6 MODELLED SCENARIOS 

The following scenarios have been examined to assess the potential change to 
the site’s odour impact due to the delivery of the refurbished STF. 

 Scenario 1- Baseline STF operation 

 Scenario 2- Future STF operation 

 

Table 8 Emission Rates 
 

Sludge Sources 

Odour Emission Rate (ouE/s)* 

Baseline Scenario Future Scenario 

Area Sources1 30,554 35,229 
Point Sources2 19,661 8,687 
Volume Sources 14,770 14,770 
All Sources 64,985 58,685 

 *Not including summer multipliers and time variance 

1 Change in area sources due to new liquid sludge import tank and cake reception 
building, changes to wagon operation and exclusion of import cake hopper, liquid 
import sludge screen, GBTs. 

2 Change in point sources due exclusion of liquid sludge tank and change in OCU2 
air flow rate in the future assessment. OCU2 has reduced to 31,272 m3/hr.  This 
is due to rebalance of the air flow to the OCU2. Despite the fact that new assets 
will be connected to the same OCU the rebalance leads to reduction of the total 
airflow as odour from redundant assets will no longer be required to be treated. 
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7 MODELLING RESULTS    

7.1 Baseline Scenario 

 

 
Baseline Scenario- Existing STF operation 
 
This scenario considers the odour impact from the existing sludge treatment 
facility with all sludge units under the current operation regime with measured 
average data for all sources except the digested sludge storage tanks where 
Stantec odour database was utilised. It has been considered that all covered 
processes hold no discernible negative pressure and thus 80% odour 
containment, with the exception of the digested sludge tanks where the covers 
are in better condition and assumed 95% containment. It is likely that these 
processes hold in excess of 80% odour containment and therefore, the model 
represents a conservative assessment. 
 
The model highlights that the 1.5 ouE/m3 isopleth extends beyond the site 
boundary approximately 640 m to the residential properties on Staithes Road 
and grassland/agriculture area located north-east; 350-400 m to the Songbirds 
Nursery/kids club and industrial/commercial area to the east and to the 
residential properties on Hull Road and commercial/industrial area located south-
west and south of the treatment works. The majority of the north-east impacted 
area is a grassland/agriculture area. 
 
The highest predicted 98%ile odour concentration at a discrete receptor of 3.2 
ouE/m3 occurs to the east of the site which is a nursery/kid’s club. There are 
3No. discrete sensitive receptors at which odour concertation exceeds 1.5 
ouE/m3 benchmark level. 
 
 
 
 
 

KEY 

1.5 ouE/m3 (98%ile 1hr Ave) 
 
3.0 ouE/m3 (98%ile 1hr Ave) 
 

6.0 ouE/m3 (98%ile 1hr Ave) 
 
Discrete receptors 
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7.2 Future Scenario  

 

 

 

 

Future Scenario- As per baseline scenario with the inclusion of the 
refurbished Sludge Treatment Facility 
 
This scenario considers the odour impact from the refurbished STF with all sludge 
units under new operation regime with measured average data for all sources 
except the digested sludge storage tanks where Stantec odour database was 
utilised.  
 
The changes to the existing operation for refurbished STF include:  

 A new covered and odour controlled liquid sludge import facility including 
a liquid sludge import tank with sludge screen and a cake reception 
building, 

 Changes to import cake wagon operation and OCU2 air flow,  
 Exclusion of existing units which are import cake hopper, liquid import 

sludge screen and Gravity Belt Thickeners (GBTs).  
 
The model highlights that the 1.5 ouE/m3 isopleth extends beyond the site 
boundary approximately 450 m to the residential properties on Staithes Road and 
grassland/agriculture area located north-east; 300-325 m to the Songbirds 
Nursery/kids club and industrial/commercial area to the east and to the 
residential properties on Hull Road and commercial/industrial area located south-
west and south of the treatment works. Majority of the north-east impacted area 
is a grassland/agriculture area. 
 
The highest predicted 98%ile odour concentration at a discrete receptor of 2.8 
ouE/m3 occurs to the south-west of the site which is a residential property on Hull 
Road. There are 3No. discrete sensitive receptors at which odour concertation 
exceeds 1.5 ouE/m3 benchmark level. 
 
This scenario has shown that with the refurbished STF the 1.5 ouE/m3 benchmark 
level extends beyond the site. However, the future scenario gives a reduction in 
the total site emissions of 64,985 ouE/s to 58,685 ouE/s (approximately 10%) 
resulting in a reduced odour impacted area around the treatment works and 
slightly less odour concentrations at discrete receptors when compared to 
baseline scenario. 
 
 

KEY 

1.5 ouE/m3 (98%ile 1hr Ave) 
 
3.0 ouE/m3 (98%ile 1hr Ave) 
 

6.0 ouE/m3 (98%ile 1hr Ave) 
 
Discrete receptors 
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8 CONCLUSIONS 

A detailed odour impact assessment of the sludge treatment facility (STF) at Hull 
WwTW has been undertaken.  This was to assess the odour impact of the existing 
STF and the predicted impact of the refurbished and upgraded STF at the works 
site boundary and local receptors against the indicative odour benchmark levels 
stated in the H4 Environment Agency’s Horizontal Guidance Document. 

The following scenarios have been examined to assess the potential change to 
the sites odour impact due to the delivery of the new STF scheme only. 

 Baseline Scenario – Assesses the odour impact of the existing STF. 

 Future Scenario – As per baseline scenario with the inclusion of the 
changes introduced by the STF 

From the modelling exercise, the 98th percentile 1-hourly average odour 
concentrations for baseline and future scenarios are listed in Table 9 overleaf.  

The key finding of the odour dispersion model is that the upgrade to the STF is 
making an improvement to the odour impact from the STF.  The lack of 
complaints currently shows the STF poses a low risk in terms of odour on 
sensitive receptors.  In the future scenario, a reduction is observed in the overall 
impact in terms of total STF odour emissions, odour impacted area around the 
treatment works and odour concentration at discrete receptors when compared 
with baseline STF scenario. 

However, the modelling results for baseline and future scenarios highlight that the 
1.5 ouE/m3 isopleth extends beyond the site boundary to the residential properties 
located north-east and south-west; and to the Songbirds Nursery/kids club and 
industrial/commercial area to the east and south of the treatment works. This 
results in 3No. discrete receptors exceeding 1.5 ouE/m3 benchmark level. 
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Table 9 98th Percentile Hourly Average Concentrations at Discrete Receptors 

 
 

Discrete 
Receptor 

ID 
Discrete Receptor 

 
 
 

X 

 
 
 

Y 

Baseline 
Scenario 

 
All STF 
Sources 

Future 
Scenario 

 
All STF 
Sources 

 
ouE/m3 

 
ouE/m3 

D01 Falkland Rd 515503.1 429886.2 0.3 0.3 

D02 Staithes Road 517299.9 429962.8 0.9 0.8 

D03 Songbirds Nursery/Kids Club 516801.5 429223.2 3.2 2.5 

D04 Skirlaugh Rugby Club 516700.4 428905.8 1.1 0.9 

D05 Kingstown Hotel 517612.0 428691.2 0.2 0.1 

D06 Hull Road 517067.5 428781.6 0.4 0.3 

D07 Hull Road 515996.3 428980.3 3.1 2.8 

D08 Work Boundary NW 516193.2 429521.2 1.4 1.2 

D09 Work Boundary NE 516622.4 429411.2 6.8 5.1 

D10 Work Boundary SE 516441.5 428905.8 4.0 3.4 

D11 Work Boundary SW 516115.1 428959.0 5.3 4.4 

D12 Tarantula 4*4 516754.0 430471.1 0.6 0.5 

D13 Staithes Road 517113.7 429962.8 1.2 0.9 

D14 Staithes Road 516882.9 429565.7 2.5 2.0 

D15 Near Mill Well, Preston 517508.9 429888.1 0.6 0.5 

D16 5 Helms Ave 518816.0 430017.9 0.2 0.1 

D17 60 Chestnut Avenue 518643.2 429019.1 0.1 0.1 

D18 30 Church Ln, Hedon 518723.5 428679.1 0.1 0.1 

D19 4 New Road, Hedon 518818.8 428438.0 0.1 0.1 

D20 Yew Tree Villa 518412.4 428495.0 0.1 0.1 

D21 The Co-operative Food-Petrol Hedon 518076.1 428516.5 0.1 0.1 

D22 10 Red House Farm, Hedon 517906.9 428671.6 0.2 0.1 

D23 Astley Cl 518153.6 428791.2 0.1 0.1 

MAXIMUM DISCRETE RECEPTOR CONCENTRATION (ouE/m3) 3.2 2.8 

MINIMUM DISCRETE RECEPTOR CONCENTRATION (ouE/m3) 0.1 0.1 

NO. OF DISCRETE RECEPTORS EXCEEDING 1.5 ouE/m3 6 6 

NO. OF DISCRETE RECEPTORS EXCEEDING 3.0 ouE/m3 5 3 

NO. OF DISCRETE RECEPTORS EXCEEDING 6.0 ouE/m3 1 0 

1. Discrete receptors except the works boundary receptors (highlighted orange) are 
mainly potential sensitive receptors in the nearest residential/industrial properties. 



Hull WwTW – Sludge Treatment Facility                                       
Odour Dispersion Modelling  

 

 Page 24 of 28 July 2019 

2. Odour concentrations highlighted bold are the highest odour concentrations amongst 
all discrete receptors. Whereas, the highest odour concentration at discrete receptor 
except the works boundary discrete receptors are highlighted red.   
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Appendix A  
Wind Rose Plots 



Hull WwTW – Sludge Treatment Facility                                       
Odour Dispersion Modelling  

 

 Page 26 of 28 July 2019 

1. Year 2014 Wind Rose Plot 

 

2. Year 2015 Wind Rose Plot 
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3. Year 2016 Wind Rose Plot 

 

4. Year 2017 Wind Rose Plot 
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5. Year 2018 Wind Rose Plot 

 

 
 
 
 


