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Figure 5 Leeds Bradford Airport Windrose Plot (2017) 

 

 

 

2.4 Process Description  

Liquid sludge and sludge cake treated within the STF originates from several sources:  

• Indigenous sewage sludges, including indigenous primary sludge and indigenous surplus activated 
sludge (SAS) arising from sewage treatment processes operated within the wider Esholt WwTW are 
piped directly to the STF. 

• Liquid sludges generated by other, smaller YW sewage works (with lower capacity or capability for 
treating sludges on-site) are imported to Esholt STF for additional treatment.  These sludges may be 
received in the form of liquid sludge or sludge cake. 

Imported liquid sludge and indigenous primary sludge 

Imported liquid sludge is delivered to site by tanker.  The tanker unloads at the dedicated sludge import area 
and sludge is pumped (using vehicle mounted pumps) into the sludge screen feed tank (655 m3 concrete 
tank) where it is mixed with indigenous primary sludge pumped directly via underground pipework from 
Esholt WwTW.  Headspace air from this tank is routed to a local Odour Control Unit (referred to as OCU 1).  
This is currently operated as a dispersion only stack.  The sludge is screened using two Huber enclosed 
rotating screens.  Screenings drop into a skip and are disposed of off-site. 

After screening, sludge is pumped via a sub-surface pipework, to Consolidation Tank 5 (2,500 m3 uncovered 
concrete tank) (referred to on site as ‘Consol 5’) where sludge is blended and mixed using air injection.   

Indigenous SAS 

Liquid surplus activated sludge (SAS) is pumped directly from the co-located Esholt WwTW to two SAS 
storage tanks (2 x 2000 m3 uncovered concrete tanks).  These tanks are air mixed and operate on a fill/draw 
basis over a 24 hour period. 

Sludge from the SAS tanks is transferred to the drum thickener building, via above and below ground 
pipework.  There are four individual drum thickeners (with separate pipes feeding them) located within the 
building, these are operated manually as and when the process requires.  Polymer solution is injected into 
the sludge stream within the flocculation tank to encourage separation of water from the sludge as the 
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sludge is rotated in the drum.  The thickener liquors are returned via the liquor return supernatant pumping 
station (uncovered below ground sump) to Esholt WwTW for full treatment.   

Air is extracted from the drum thickeners and treated in a carbon filter OCU (referred to as OCU 4) prior to 
dispersal via twin dispersal stacks, approximately 7 m high and located to the north end of the SAS thickener 
building.  Ambient air from the building is passively dispersed via louvre vents; ambient building air is not 
odorous under normal operating conditions due to the direct drum extraction. 

The thickened sludge is then transferred to the SAS transfer tanks (2 x 400 m3 uncovered concrete tanks).  
Thickened sludge tanks is mixed via pumps.  

From the SAS transfer tanks the thickened SAS is then pumped to the mixed sludge tanks where it is mixed 
with indigenous primary and imported liquid sludges which are pumped from Consol tank 5.  There are two 
covered concrete mixed sludge tanks with a capacity of 1,200 and 1,130 m3 respectively.  The mixed sludge 
tanks have an air mixing system to prevent settlement and septicity.  Air from these tanks is extracted and 
routed to a local OCU (OCU 2).  This is currently operated as a dispersion only stack.   

Sludge dewatering 

From the mixed sludge tanks, sludge is transferred to three dewatering centrifuges.  A polymer solution is 
introduced to the sludge stream to encourage separation of water and sludge within the centrifuges.  This 
polymer is stored as a dry powder within a silo (15 tonne storage capacity) and is mixed with towns (potable) 
water within the polymer mixing tank (25 m3 capacity) located adjacent to the centrifuges. The liquid centrate 
is transferred via the liquor pumping station and returned for full treatment within Esholt WwTW. 

Imported sludge cake 

Imported sludge cake is tipped from an enclosed wagon to the dedicated sludge cake reception unit which is 
enclosed when tipping operations are not taking place.  Sludge is moved from the sludge cake hopper and is 
rewetted with final treated effluent (to target ~21% dry solids) and pumped to the Thermal Hydrolysis 
Process (THP) feed silos.  The sludge cake is rewetted to provide feedstock consistency and mobility. 
Transfer lines are trace heated and insulated to reduce the risk of freezing and pipe rupture.   

Dewatered sludge is passed forward to the THP feed silos (2 no. 210 m3 steel tanks) where it is combined 
with re-wetted imported sludge cake.  Feedstock from THP feed silos is then transferred to the THP feed 
hopper (16.2 m3 steel tank).  Headspace air from the THP feed silos and feed hopper is extracted and routed 
to a local OCU (OCU 3).  This is currently operated as a dispersion only stack.   
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Thermal Hydrolysis Plant (THP) 

At Esholt STF, thermal hydrolysis technology is used prior to anaerobic digestion to enhance sludge 
treatment; the process acts to make the sludge more biodegradable, increasing biogas production within the 
digesters and assisting with pathogen kill in the final product.  The THP at Esholt comprises 6 no. 22.7 m3 
reactor vessels, which operate in pairs.  Each pair of reactors operates a batch process as follows: a reactor 
pair is filled with dewatered sludge and heated to around 165 °C using steam generated by boilers.  The 
reactors are held at this temperature for 30 mins and act like a pressure cooker to break down organic 
matter in the sludge making it more digestible for the microbes in the anaerobic digester.  After 30 minutes 
the steam is flashed out to the next pair of reactors (as a pre-heat stage) and the reactor tanks are emptied.  
Activity within each pair of reactors is staggered with one pair being filled, one pair undergoing active 
reaction and the final pair being emptied at any one time.  Steam is transferred from one pair of reactors to 
the next to supplement boiler steam supply and maximise operational efficiencies.  The plant is equipped 
with safety features including pressure relief vents to allow emergency venting of steam and prevent damage 
to equipment. 

The THP achieves 96% pathogen kill, in combination with the normal anaerobic digestion process, this 
eliminates the need for post-digester liming or cake storage and maturation prior to landspreading.   

There is a facility to extract sludge, at approximately 21% dry solids, from process pipework prior to the THP.  
This is undertaken as a contingency in the event that there are operational problems within the THP that 
limits its processing capacity.  Due to constant generation of sewage sludge by the WwTW, if needed 
dewatered sludge can be removed from pipework prior to the THP and stored temporarily on the conditioning 
pad (description of this area is provided below).  The dewatered sludge is then fed back into the process 
when processing capacity is restored. 

Sludge digestion 

Following THP, sludge is transferred to a steel buffer tank (39.5 m3) and from there is passed forward via 
digester feed lines to the digesters.  Heat exchangers are located within the digester feed lines to reduce 
sludge temperature to the optimal temperature range for mesophilic anaerobic digestion activity (37-43 °C).  
Cooling water is discharged to the WwTW for treatment.  There are 4 no. aluminium-clad and insulated 
concrete digester tanks located on site, each with a capacity of 3,533 m3.  The anaerobic digesters operate 
as a continuous process with sludge being continually fed into the base of the digester and treated sludge 
being displaced from the top.  Digester retention time is determined by the feed rate (which is dependent on 
other site operations such as the THP and sludge import activities) but is typically 10-11 days.  The digesters 
are mixed by gas mixing systems, which utilise biogas from the headspace of each digester; the gas is 
compressed and then reintroduced using an array of mixing nozzles on the floor of the digester.  The 
digesters do not require any supplementary heating due to the temperature of the sludge being passed 
forward from the THP. 

An automatic anti-foam dosing system is in place to control digester foaming.  This system uses a radar level 
probe in the digester headspace and compares this to the pressure level sensor at the bottom of the digester 
to determine the depth of foam. Upon detection of foam, final treated effluent is sprayed into the digester 
head space through nozzles in the digester roof.  If this is not effective in breaking up the foam, a chemical 
anti-foam is mixed with final treated effluent and dosed into the headspace of the digester via the same 
spray nozzles.  This system includes operator-adjustable dosing setpoints and failsafe systems; if the foam 
level continues to increase mixing systems are inhibited and if this continues the digester feed will be 
inhibited.  Antifoam is stored in an 1m3 IBC located on a bunded spill pallet.  

Sludge extracted from the digesters is fed to the degassing tanks (2 no. 685 m3 GRP coated concrete tanks) 
prior to onward processing.  These tanks are equipped with air mixing to introduce oxygen and prevent the 
anaerobic generation of methane.  The tanks are covered and headspace air is extracted and discharged via 
a stack, approximately 5 m high.   
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Biogas storage and use 

Biogas generated by the digester is piped to one of two double membrane biogas holders on site, one of 
these has a capacity of 2,380m3 and the other a capacity of 1,040m3.  The biogas holders provide gas 
buffering capability in order to allow for fluctuations in gas production.  Each gasholder has an ultrasonic 
level detector to monitor the level of the inner membrane and hence the volume of gas stored.  The level 
detectors are used to control the start and stop of the CHP, composite boilers and waste gas burner.  There 
is a methane gas detector fitted between the two membranes to detect any leaks in the system and alert the 
plant operators.   

Pressure relief valves (PRVs) are located on the inlet biogas pipeline serving each biogas holder as well as 
outer membrane vent valves on each holder.  PRVs are also located at the digesters (2 no. at each 
digester).  These valves are an essential safety mechanism and will release gas to atmosphere in the event 
of a build of pressure preventing damage to equipment.  The digester valves are also an ‘anti-vacuum’ 

design to prevent tank damage from negative pressures.  Additional gas release valves are installed at 
various points, for instance between the degassing tanks and centrifuge feed tanks.  The primary purpose of 
these is to prevent air-locking within pipework and subsequent loss of pumping. 

Excess liquids within the biogas system are removed via condensate traps.  These are located at various 
points in the system including on pipework between the digesters and biogas holders, prior to the waste gas 
burner, and prior to the CHPs and boilers. These collected liquids are transferred to the WwTW for 
treatment. 

Biogas, via a gas booster, is currently used as the sole fuel source for the CHP units operating at Esholt 
STF; no natural gas or other alternative fuel is available.  The CHP facility comprises four reciprocating 
engine generator sets.  Two of these engines (referred to as CHP 1 and 2) have a thermal input of 1.53MW 
and two (referred to as CHP 3 and 4) have a thermal input of 3.63MW each.  The CHPs generate electricity 
which is used to power essential site processes.  Heat from the combustion process is used in waste heat 
recovery boiler stages, with any excess being discharged using air cooled radiators. 

There are two 6.2MW Cochran Low NOx composite steam raising boilers on site which generate steam for 
the THP as well as hot water which feeds the low temperature hot water (LTHW) ring main.  These 
composite boilers combine direct firing of gas oil and the capability to receive waste heat from the exhaust 
gases fed from CHPs 3 and 4. The combined heat input is used for steam raising.  The primary fuel for the 
boiler direct firing stage is currently low sulphur gas oil, with biogas as a backup fuel source.  When 
operating at full capacity the digesters are able to generate sufficient biogas to fuel all four CHPs.  The 
boilers may be fired by biogas in the event that one or more the CHPs is unavailable. 

Gas oil for the boilers is stored in a 108 m3 steel tank.  This tank includes an integral bund providing 
secondary containment for the main tank and its fill point.  Tertiary containment is provided around the tank 
filling area in the form of a low roll over bund with drain gully inside. The arrangement is compliant with the 
Oil Storage Regulations (2001).  In addition to the two composite boilers a waste heat recovery (WHR) boiler 
operates on site.  This has no direct firing capacity but recovers heat from CHP 1 and 2 exhaust gases to 
generate steam for the THP as well as hot water which also feeds the LTHW ring main.   

The LTHW ring main receives recovered heat from the engine systems via heat exchangers.  This is 
exported to provide space heating for the adjacent Esholt Hall conference centre owned and operated by 
YW as well as pre-heating biogas feed to the CHPs.  Each engine is fitted with an air-cooled radiator to allow 
excess heat not required by the LTHW system. This allows the engines to run at full load independently of 
the demand of the LTHW system and steam generating plant, if necessary.  

CHP engine and boiler combustion products are discharged via a 15 m high stack located adjacent to the 
boilerhouse.  Contained within a single windshield are 6 exhaust stacks.  These are: CHPs 1 and 2 (via 
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waste heat boiler), CHP 3 and 4 (via or bypassing boiler 1 and 2 economisers) and exhaust stacks for boilers 
1 and 2. 

In periods where biogas generation exceeds CHP engine and boiler capacity (e.g. in the event of multiple 
plant shutdown/failures) biogas is directed to the waste gas burner.  Since there are four CHP engines and 
two steam boilers with biogas firing capability, flaring rarely occurs.  The flare facility comprises a 3,400m³/hr 
enclosed thermal combustor with 7.5m high exhaust stack and is located at a safe distance from the 
digesters and other biogas handling and treatment activities.  Flare stack operation is automated based on 
gas level.  If the gas level is high then the flare will operate, however utilisation of the gas is preferred over 
flaring.  The flare provides 0.3 second retention time at 1,000 °C. 

The areas around the digesters and gas storage and use are classified as a potentially explosive 
atmosphere, with strict provisions on the control of potential ignition sources in line with requirements of the 
Dangerous Substances and Explosive Atmospheres Regulations (DSEAR). 

 

Digested sludge treatment, handling and disposal 

Digested sludge is pumped from the degassing tanks located adjacent to the anaerobic digesters to the 
digested sludge dewatering facility via a combination of above and below ground pipes, including a short 
section crossing the River Aire.  The pipe crosses the river alongside the STF access roadway and is located 
at road level, on the far side and downstream of the road bridge barrier.  The height above the river and 
roadside barrier provides protection for the pipe in the event of serious flooding which may bring large debris 
down river. 

There are two separate sets of facilities for digested sludge dewatering.  The first of these, which is used 
preferentially, is known as the sludge export facility.  Sludge is transferred from the degassing tanks to two 
export dewatering feed tanks, each of which is of steel construction and 1,604 m3 capacity.  These tanks are 
not covered and have air mixing systems to prevent settlement and inhibit generation of methane.  Polymer 
solution is injected into the sludge stream and taken to one of two export centrifuges where the sludge 
coagulates and supernatant liquor is removed by centrifugal forces.  Dewatered liquor drops from the 
centrifuges into the export centrate sump and is pumped back to the WwTW for treatment. 

The final digested and dewatered sludge cake is transferred via conveyers from the centrifuges up over a 
push-wall and into the covered sludge cake export barn. The whole area under the conveyer and sludge 
cake barn is an engineered impermeable surface, with water runoff draining to the WwTW for treatment.   

In addition to the export dewatering facility there is a second dewatering area, which provides additional 
capacity for digested sludge treatment and handling.  This takes place in what is known as the conditioning 
area.  When the THP/digestion plant are running at full capacity, sludge would typically be diverted to this 
second dewatering facility for approximately 5-10 minutes in each hour.  During these periods, sludge is 
transferred from the degassing tanks to two conditioning feed tanks, each of which is of concrete 
construction and have a capacity of 1,200 and 1,130 m3.  These tanks are not covered and have air mixing 
both to prevent settlement and inhibit generation of methane.   

Polymer solution is injected into the sludge stream and taken to one of three centrifuges where the sludge 
coagulates and supernatant liquor is removed by centrifugal forces.  Dewatered liquor drops from the 
centrifuges into the centrate sump and is pumped back to WwTW for treatment. 

The final digested and dewatered sludge cake is transferred via conveyers on to the cake pad. The area 
under the conveyer and cake pad is an engineered impermeable surface, with water runoff draining the head 
of the works for treatment.   
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The digested sludge cake produced by this facility does not require liming or storage to ensure adequate 
pathogen kill and is suitable for immediate despatch from site to be landspread for agricultural benefit.  The 
THP stage increases destruction of volatile sludge components within the digester, meaning that the final 
sludge cake has reduced odour generation potential. 

The conditioning cake pad also serves certain contingency functions, both for operations at Esholt and for 
the wider strategic regional sludge treatment infrastructure operated by YW.  The cake pad may on a 
temporary basis be used for interim storage of digested sludge cake produced at other YW sites, in 
circumstances such as the failure of assets or non-availability of normal disposal routes. It may also be used 
for interim storage of raw undigested sludge cake from Esholt or from other YW sites before being treated at 
Esholt STF, treated at another YW STF or sent off site to an alternative treatment/disposal route (subject to 
all applicable regulatory constraints).   

A diagram of the Esholt STF process is shown in Figure 6 below.  The location of odour sources is provided 
in Figures 7 and 8 below. 
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Figure 6 Esholt STF Process Flow Diagram 
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2.6 Odour Control Units  

There are four odour control systems on site that treat odorous emissions from the sludge treatment facility. 
The four odour control systems are summarised as: 

• OCU 1 – Single stage activated carbon unit extracting and treating odorous air from the sludge import 
tank 

• OCU 2 – Single stage activated carbon unit extracting and treating odorous air from the sludge mixing 
tanks 

• OCU 3 – Single stage activated carbon unit extracting and treating odorous air from the THP feed silos 
• OCU 4 – Single stage activated carbon unit extracting and treating odorous air from the drum 

thickeners  

OCUs 1, 2 and 3 are currently being operated as extraction and stack dispersion units. YW is committed to 
undertake works necessary to refurbish these OCUs to ensure they operate to effectively treat odours.  This 
work will be completed no later than December 2024.  The key process performance parameters for each 
OCU are highlighted below: 
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Di-methyl Sulphide (ppm) TBC TBC TBC 

Mercaptans (ppm) TBC TBC TBC 

VOCs (ppm) TBC TBC TBC 

Ammonia (ppm) TBC TBC TBC 

Humidity (RH%) NA < 100% 100% 

Gas Temperature (°C) NA 15 (Ambient) NA 

Stack Outlet Performance 
Odour Concentration (ouE/m3) 1,000 

Hydrogen Sulphide (ppm) < 0.5 
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3 Odour Critical Plant Operation 

3.1 Odour Critical Sources  

Given the control measures that are in place during operation of the facility, these contributions (if any) are 
unlikely to increase the odour impact on the receptors outside of the site boundary. 

Management of releases includes reducing turbulence, containment and abatement. Where odorous gasses 
are finally released, controlling the height of release through a stack or the timing of releases through 
management of activities can influence dispersion before there is an impact on people. Potential on site odour 
releases associated with Esholt STF are given in Table 9 below. 
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3.2 OCU Performance Investigation 

The OCU shall be monitored and maintained by site operations. Whereby there is an issue with an OCU’s 

operability or treatability that cannot be resolved by site operations, a 3rd party specialist shall be engaged 
immediately to arrange for support. In the event that the 3rd party specialist cannot directly mobilise to site, the 
product and process engineer shall manage the OCU’s operation to reduce the risk of compromised 

performance.  

The 3rd party specialist shall be commissioned to undertake an asset condition and performance assessment. 
The assessment shall include as a minimum the tasks outlined in Appendix 3 but shall extend to any additional 
tasks to include the highlighted issues by operations.  

As part of the assessment, the 3rd party specialist with support from YW operational staff shall work to resolve 
any issues to ensure the OCU is returned to normal operating conditions. Any issues that cannot be resolved 
on the day or requires additional parts shall be raised as an action to be managed by operational staff.  

At the end of the asset condition and performance assessment the 3rd party specialist shall provide a summary 
report that documents findings and associated actions / recommendations to return the OCU to normal 
operating conditions.  

3.3 Protocol for Dosing Odour Control Chemical  

In the event that there is failure of process mitigation measures that could lead to increased risk of elevated 
odours, chemical can be dosed directly into the sludge to mitigate this risk. 
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4.5 BAT Conclusions  

BAT Conclusion 14 describes specific measures which may be appropriate for the prevention or reduction of 
diffuse emissions to air.  BAT Section 14d is associated with the “containment, collection and treatment of 
diffuse emissions” and includes techniques such as:  

• Storing, treating, and handling waste and materials that may generate diffuse emissions in enclosed 
buildings and/or enclosed equipment (e.g., conveyor belts); 

• Maintaining the enclosed equipment or buildings under adequate negative pressure; 

• Collecting and directing emissions to an appropriate abatement system via an air extraction system 
and/or air suction systems close to the emission sources.  

In terms of the applicability of this technique it is noted that: “The use of enclosed equipment or buildings may 

be restricted by safety considerations such as the risk of explosion or oxygen depletion. The use of enclosed 
equipment or buildings may also be constrained by the volume of waste.” 

An assessment of STF processes carried out at Esholt has been undertaken against BAT 14d.  Table 13 
provides a summary of compliance for diffuse and untreated odour sources.  Abnormal / fugitive only release 
(associated with failure of the OCU or off gas collection system) have not been considered here. 
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5 Monitoring and Control of Odours  

All monitoring should clearly relate to the assessment of odour control and complete records must be kept in 
an auditable format. The only way to determine whether the processes on site are under control, and to keep 
them under control, is to do appropriate monitoring. 

As far as possible, Esholt STF is operated to minimise odour generation and release. As long as the treatment 
process satisfies the normal design criteria, odour should be minimal. To minimise odour nuisance, it is 
important to ensure that Esholt STF is operating at its optimum. Covers and hatches should always be replaced 
to maintain the integrity of enclosures provided to collect odorous air. 

5.1 Sniff Testing 

Sniff testing is recognised by Yorkshire Water as a useful technique to build up a picture of the impact the 
odour has on the surrounding environment over time. Sniff testing shall be used to support profiling site odour 
impact, investigate odour complaints and to introduce temporary odour mitigation measures.  

Sniff testing shall be undertaken on site on a weekly basis by site operational staff. It is accepted that 
operational staff may not be ideal for sniff testing of site odours as they have adapted to odours from the site. 
However, this will provide a baseline for routine observations. The weekly operator sniff tests shall assess the 
site boundary and focus on the detection of any odours that could potentially be leaving site.  

Monthly sniff tests shall be carried out by non-site-based staff (Technically Competent Manager) who are not 
adapted to site odours. The monthly sniff test shall be carried out at additional test locations local to source to 
profile the location of any fugitive emission sources.  

In the event of increased odour complaints being received (and being potentially attributed to the STF 
operations), site operators shall undertake a sniff test including off-site sniff testing local to the complaint 
location(s). In the occurrence of a significant odour event or repeated complaints, a third-party shall be 
engaged for an additional odour investigation including on and off-site sniff testing.  

A third-party odour sniff test is scheduled to be undertaken twice a year for comparison with Yorkshire Water 
(operator and monthly tester) observations. The third-party sniff test shall include both on and off-site locations 
based on surrounding sensitive receptors and complaint locations. The off-site locations shall be reviewed 
prior to any third-party testing to ensure any recent changes to sensitive receptors are considered.  

The location of weekly and monthly on-site sniff testing locations has been included in Figures 10 and 11, 
respectively.  
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Figure 10 Esholt STF Weekly On-Site Sniff Testing Locations  
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Figure 11 Esholt STF Monthly On-Site Sniff Testing Locations  
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5.2 Channelled Emissions  

Ammonia is not anticipated to be present in the OCU inlet and therefore, no continuous monitoring is proposed.  

The OCU stack outlet shall be subject to third party sampling every 6 months to sample for odour, hydrogen 
sulphide and ammonia.  

The full monitoring and sampling for the OCU is included in Appendix 3.  

Third party specialist support shall be sought if operations cannot determine the root cause of OCU failure.  

 

5.3 Imports/Exports 

The Site Operating Procedures include instructions on how sludge must be imported. The YW Safe Loading 
& Discharging of Sludge Road Tankers is available in Appendix 6. Tankers shall be filled and emptied in a way 
that minimises odour discharge. 

5.4 Sludge Treatment and Disposal  

Raw or co-settled sludges always smell objectionable, but the odour becomes stronger during storage, as 
anaerobic decomposition occurs, leading to high concentrations of malodorous compounds in sludges and 
sludge liquors. Digested sludges are less odorous, particularly after they have cooled. To minimise the 
generation of odours, where possible, fresh sludge shall be processed and sent to digestion as quickly as 
possible before further treatment and removal from site. Raw sludges stored upstream of digestion would 
never be stored for more than 2 days in normal plant operation. 

5.5 Sludge Thickening and Storage 

Accumulation of sludge in the system can cause increased odour release in storage tanks, as well as from 
sludges and liquors when thickening takes place. To minimise odours from the Esholt STF, the works should 
be operated as follows: 

• Minimise retention prior to thickening, dewatering or digestion; 
• Prevention of sludge accumulation in off-line tanks; and 
• Proactive identification of potential problems and tankering of sludges to other sites with odour 

abatement. 

5.6 Anaerobic Digestion  

The digestion process breaks down a wide range of odorous compounds, which may be released if care is not 
taken to avoid turbulence of the sludge after digestion. Odour problems may be caused by: 

• Saline intrusion (or industrial wastes) leading to elevated sulphate concentrations of raw sludge, giving a 
greater sulphide potential; 

• Emissions of biogas resulting in significant odour problems; and 
• Incomplete digestion leading to odour release from secondary digestion tanks. 

Suggested remedial measures include: 

• Check seals and valves to prevent the release of biogas; 
• Ensure gas handling system is balanced and that pressure relief valves do not operate prematurely; 
• Ensure all excess gas is flared and that flare stack ignition is immediate and reliable; 
• Addition of iron salts or other chemicals to precipitate or inhibit the formation of sulphide. 
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There are odour checklists for both YW Operators and Team Leaders in Appendix 2. 

5.7 Site Operation and Management Procedures  

• All operating practices should be compliant with the site O&M manuals. The Integrated Management 
System (IMS) developed by YW to cover Environmental, Health & Safety and Quality elements of all 
aspects of YW activities will also apply. 

• The IMS identifies the environmental aspects and impacts of all YW plants, including the facility at Esholt. 
The facility will operate under the IMS which shall include: 
• Quality management procedures for operational aspects, for example: preventative electrical and 

mechanical maintenance, safe working procedures, accident / incident response and emergencies; 
• Specialist contractors shall be employed by YW to undertake any non-routine or specialised 

maintenance tasks; 
• Use of only YW approved contractors. YW maintain an approved contractors list which is used for 

appointment of all YW contractors. This requires contractors to achieve a high level of environmental 
competence / performance. YWS Framework Contractors are required to operate an EMS in 
accordance with ISO 14001; 

• Preparation/issue of risk assessments and method statements by all contractors before starting 
work. These risk assessments and method statements will include consideration of odour and 
measures in place to control odour releases. These are prepared as part of the ‘hand - over’ and 

‘hand – back’ certificate or ‘permit to work’; and 
• Regular environmental and quality audits to be carried out. These shall include a review of potential 

odour and identify any additional control measures which may be required. 

5.7.1 Procedures for Operation Plant  

All operating practices should be compliant with the site O&M manuals, YW company practice and the OMP. 

5.7.2 Routine Inspection and Recording  

Visual inspection of facility processes will be carried out on regular basis as part of staff duties. In addition, 
regular checks of the OCU performance as described in Appendix 3 shall be carried out. If abnormal odour is 
witnessed, YW staff shall record details in the Odour Log Spreadsheet of the observation and immediately 
investigate. During any such recording carried out as part of this OMP, it is important to document any potential 
contribution from other off-site sources of potential odour nuisance located outside of the facility boundary. An 
odour monitoring record sheet to be used in the event of site odours is included in Appendix 4. 

5.7.3 Maintenance by Engineering Reliability Staff 

Engineering Reliability staff (Mechanical Fitters, Electricians and ICA Technicians) carry out routine 
maintenance of plant and equipment. There is also proactive maintenance of the OCU. This includes odour 
abatement equipment. 

Routine maintenance requirements are included within YW’s Work Management System (WMS) task lists for 

the site and are forwarded to members of this team via their Toughbook. Feedback on planned maintenance 
carried out is recorded in WMS by the Engineering Reliability staff member via their Toughbook and transferred 
to SAP for storage. 

5.7.4 Reporting Faults and Identifying Maintenance Needs  

For faults requiring immediate attention, the Product and Process Engineer raises a SAP notification and calls 
it through to the Scheduling & Planning Team. If it meets a high priority according to the Risk Assessment 
Matrix (RAM), it will be attended as a scheduling buster for the relevant YW Engineer to attend site. 
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6 Emergency and Incident Response  

This section addresses the issue of appropriate response to odour incidents caused by process failure or 
equipment breakdown. These emergency procedures include the: 

• Foreseeable situation that may compromise the ability to prevent and minimise odorous releases from the 
process; 

• Actions to be taken to minimise the impact; and 
• Person responsible for initiating the action.  

Where abnormally high odour levels are observed – indicating odour pollution a PPE will be required to take 
appropriate contingency measures. These measures should include:  

• Investigating the odour incident and its cause(s); 
• Bringing the process back under control; and 
• Minimising exposure or annoyance effects. 

Table 16 below summarises incident / emergency control measures in place.  The YW odour emergency 
contact details for Esholt STF are available in Appendix 1.  
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8 Customer Communications 

8.1 External Complaints 

External odour complaints are received by Loop, which is the external company YW uses for all customer 
contacts. The call handler will work with the caller to understand the source of the issue. They will explore 
where the caller experienced the odour, whether it is a repeat or a singular issue, when and where it’s most 
noticeable, what site the odour may be coming from, a description of the smell and if it’s the first time it’s been 
noticed. Loop record all complaints on the ICE system and contact the appropriate site owner, via the YW 
Control Room, to manage the complaint. The complaint will be passed to the Site Manager within 30 minutes 
or next working day if out of hours. The issue will be dealt with as a matter of priority. ICE is a computer 
program used to record and manage customer contact. The complainant may or may not request feedback of 
the cause and resolution of the issue. The odour contact form is included in Appendix 8.  

 
When a complaint has been received, Site will undertake an investigation using the Site Checklist and record 
details of the investigation in the Odour Investigation Form (Appendix 9). 

Odour complaints will be investigated at this site on the same working day (where practicable) and ideally 
within 2 working days of being aware of the issue. The investigation must not be carried out any later than 5 
working days after being aware of the issue.  

The Technical Optimiser should then put a note in the site diary and odour diary to record the complaint and 
inform the TCM and Site Manager of their findings. 

Any actions will be resolved as a matter of priority. If immediate resolution of the odour issue can’t be carried 
out, and where reasonably practicable, mitigation measures will be undertaken. Actions will be recorded on 
the investigation form. Feedback of the issue and the actions undertaken will be sent to the Customer Case 
Manager to communicate to the Complainant (if requested).  

In the event of multiple complaints, and / or the potential for multiple complaints to occur, the Duty Manager 
will be informed and an incident response will be instigated.   

8.2 Internal Complaints  

If the PPE or any YW staff identify an abnormal odour release, the PPE will undertake an investigation using 
the Operator Site Checklist and complete any actions the investigation suggests. The PPE should then put a 
note in the site diary and the odour site dairy and inform the Technical Optimiser and Site Manager of their 
findings. 

The odour complaint process is included in Appendix 7.  

8.3 Community Engagement  

Customers are at the heart of what we do at Yorkshire Water. In the event of an odour issue affecting multiple 
customers within the community, Yorkshire Water’s communication team will decide the level of response that 

is required. This could include, but not be restricted to, stakeholder liaison (communication through local 
councillors, MPs and affected businesses), local media liaison and/or community meetings to discuss the 
issues and actions that will be undertaken to rectify the issue. Customer engagement events would be held if 
the odour severity dictated this level of response. Customers may be encouraged to keep an odour diary to 
record when odour is perceived to be a greater issue.  
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Appendix 2 Odour Checklist  
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Appendix 4 Odour Monitoring Record Sheet  
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Appendix 5 Sniff Testing Record Sheet 

Test by  Start Time  

Date   End Time  

Weather Condition  Temperature  

Wind Strength   Wind Direction  

 

Location No.  / 
Name 

Nearest Receptor 
Sensitivity  

Intensity What does it smell 
like?   

Frequency of 
odour? 

Is the source 
evident?  

Other comments / 
observations 

1. Dewatering 
Liquors Balance 
Tank 

Low / Medium / High 

 

0 No odour  

1 Very faint 

2 Faint odour 

3 Distinct odour 

4 Strong odour 

5 Very strong odour 

6 Extremely strong 
odour.  

 Constant / 
Intermittent  

Yes / No  

Source area / name 
to be provide. Might 
be that maintenance 
work if occurring 
and you can detect 
increased odours 
due to that activity, 
or call smell cake 
import wagon etc 

Are there odours 
detected from other 
sources? Farm / 
Landfill / other 
industry etc 

2. Sludge 
Thickening Building 

      

3. Boiler House       

4. Flare Compound       
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5. Cake Import 
Facility  

      

6. Screen Feed 
Tank 

      

7. Thickener Feed 
Tank 

      

8. Cake Pad North       

9. Cake Pad North-
East 

      

10. Cake Pad 
South-East 

      

11. Digested Sludge 
Storage 

      

12. Final Settlement 
Tanks 

      

13. Primary 
Settlement Tanks 

      

14. Storm Tanks       
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Appendix 6 Safe Loading and Discharge of Sludge Road Tankers  
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Appendix 7 Odour Complaint Process 
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Appendix 8 STF Odour Complaint Form  

 

Loop handle customer complaints being reported to Yorkshire Water. The call Handler will work with the 
complainant to try and locate the odour. Loop uses a software system called ICE to record the issue. If the 
issue is believed to be arising from a sewage works, the call handler will work through the following forms to 
pinpoint the issue.   

Customer’s details (name and address, if 
provided) 

 

When did the odour occur  

Time when the odour occurred  

Where was the location of the odour  

Is the odour happening now or was it in the past  

Does the customer know what is causing the 
smell 

 

What is a description of the odour (sewage / 
drains / eggy / sweet composting) 

 

Is this the first time the odour has been noticed   

Where is the odour at its worst (inside/outside 
house/boundary) 

 

Any other comment  
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Appendix 9 Odour Investigation Form  

The following investigation form will be used by Operational staff in the event of an odour complaint being 
received.  

Date of odour complaint  
Time of odour (if known)  
Name of YW colleague investigating 
issue 

 

Postcode where the issue was 
identified (if known) 

 

Weather at the time of odour complaint 
(including temperature) 
 

 

Wind Direction (from onsite wind 
monitor) and strength (no wind, light, 
gusty, heavy) 

 

Description of smell from Complainant 
(if known) 

 
 
 
 

Is this linked with other complaints  
Do you know what asset is causing the 
issue 

 

Can the asset be identified through 
sniff testing (follow sniff testing 
monitoring programme in the odour 
management plan) 

 

Can the issue be resolved immediately  
If no, what actions are needed to 
resolve the issue 

 
 
 
 
 
 
 

If the issue is going to take >2 days to 
resolve, can the issue be mitigated to 
reduce the odour effect 

 
 
 

Does the odour management plan 
need updating to discuss the 
cause/action/mitigation 

 
 
 
 
 

Date when resolved  
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1 Introduction 

As part of the Industrial Emissions Directive (IED) permit application for Esholt Sludge Treatment 
Facility (STF), Yorkshire Water (YW) has undertaken an assessment of the significance and potential 
environmental risks associated with a loss of containment of process vessels. YW has also reviewed 
existing provisions and potential improvement options against Best Available Techniques (BAT) 
principles, in alignment with CIRIA 7361. 

Esholt STF falls under the IED as a Part A(1) installation by virtue of exceeding the 100t/d capacity limit 
for anaerobic digestion (AD). The permit will cover sludge import, sludge screening, sludge dewatering, 
the thermal hydrolysis plant (THP), sludge digestion, biogas processing and utilisation, liquor balancing, 
and cake management. This document focuses on the secondary containment aspects of the permit 
requirements, in particular the application of BAT, and should be viewed in parallel with the main permit 
application document, in particular Section II: Technical Description, Section III: Accident Risk 
Assessment and Section V: Site Condition Report. 

1.1 Site details 

Figure 1 shows an aerial view of Esholt STF. Esholt is a large STF and is situated to the northeast of 
Bradford, England. The site treats indigenous sludge from the co-located wastewater treatment works 
which serves a population equivalent of 427,210 from Bradford and surrounding Leeds area, it also 
receives imports of sludge from other YW sites. Figure 2 indicates the key activities at Esholt STF via 
a process flow diagram. The key activities are the sludge reception and screening, sludge dewatering 
plant, THP, anaerobic digestion, biogas handling and combustion, dewatering, and associated routes 
of gaseous, liquid, and solid materials and energy. These processes are further discussed in Section 
3.2.1. 

  
Figure 1. Esholt STF aerial view. Permit boundary in green.   © Google, 2021 

 
1 CIRIA (2014) Containment systems for the prevention of pollution: Secondary, tertiary, and other measures for 
industrial and commercial premises (C736; 2014) 
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Figure 2. Process flow diagram Esholt STF. 
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2 ADBA risk assessment tool findings 

The ADBA Risk Assessment Tool is based on CIRIA 736 requirements for the prevention of pollution: 
including secondary and tertiary containment, and other measures for industrial and commercial 
premises. An assessment is presented in Appendix 1 and the findings are summarised in this chapter.  

2.1 Class of required secondary containment for Esholt 

To identify the class of containment deemed to provide sufficient environmental protection in the ADBA 
Risk Assessment, the tool uses a source, pathway, receptor model. This identifies hazards posed to 
the environment and assigns a class of containment based on the site hazard rating and likelihood of 
loss of primary containment. The approach is summarised in Figure 4 below. 

 

Figure 4. ADBA risk assessment classification flowchart.  
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The ADBA Risk Assessment Tool scored the source element as ‘High risk’, pathway elements as ‘High 
risk’ and the receptor element as ‘High risk’ at Esholt owing to the significant volumes of sewage sludge 

stored onsite and due to the surface runoff and site drainage pathways to the sensitive receptor, the 
River Aire. Leeds Liverpool canal is not considered as a high-risk receptor as although it is close to the 
STF, it is significantly uphill of all process tanks and will not be affected by potential sludge spills. In 
summary, this assessment approach indicates that Esholt STF has an overall site hazard rating of ‘High 

Risk’. The likelihood of failure was ‘Low Risk’ due to the type of infrastructure involved and the 

mitigations at the site e.g., regular tank inspections and level sensors. 

According to Table 4 within the ADBA tool (box 2.2 CIRIA 736), reproduced in Figure 5 below, the 
combination of a high site hazard rating and a low likelihood rating, gives the overall site risk as medium. 
The indicated class of secondary containment for Esholt STF was therefore deemed as being Class 
2. 

 

Figure 5. ADBA classification matrix. 

The ‘Esholt STF ADBA Secondary Containment Risk Assessment’ outlines the information and data 

utilised in greater detail, as well as the assumptions applied to undertake a secondary containment risk 
assessment. The requirement for ‘Class 2’ type secondary containment within Esholt STF has been 
used to inform the next stage of the risk assessment, spill modelling and the site-specific options 
appraisal carried out by Stantec in 2021 to support the permit application process (See Chapter 3). 
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3.2.1.2 Sludge screen feed tank (1 no.) 

Imported liquid sludge is delivered to site by tanker. The tanker unloads at the dedicated sludge import 
area and sludge is pumped (using vehicle mounted pumps) into the sludge screen feed tank (Figure 9, 
655 m3 concrete tank) where it is mixed with indigenous primary sludge pumped directly via 
underground pipework from Esholt WwTW.  Headspace air from this tank is routed to a local Odour 
Control Unit (referred to as OCU 1).  This is currently operated as a dispersion only stack.  The sludge 
is screened using two Huber enclosed rotating screens.  

 

Figure 9. Sludge screen feed tank. 

 

3.2.1.3 Consolidation tank 5 (1 no.)  

After screening, sludge is pumped via a sub-surface pipework, to consolidation Tank 5 (Figure 10, 2,500 
m3 uncovered concrete tank) (referred to on site as ‘console tank 5’) where sludge is blended and mixed 

using air injection.   

 
Figure 10. Consolidation tank 5. 
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3.2.1.4 Indigenous SAS storage tanks (2 no.), thickening polymer tanks (3 no.) and SAS transfer 

tanks (2 no.). 

Liquid surplus activated sludge (SAS) is pumped directly from the co-located Esholt WwTW to two SAS 
storage tanks (Figure 11, 2 x 2000 m3 uncovered concrete tanks).  These tanks are air mixed and 
operate on a fill/draw basis over a 24-hour period. 

 

Figure 11. SAS storage tanks. 

Sludge from the SAS tanks is transferred to the drum thickener building, via above and below ground 
pipework.  There are four individual drum thickeners (with separate pipes feeding them) located within 
the building, these are operated manually as and when the process requires.   

Liquid polymer is delivered to site either by tanker (bulk delivery) or is delivered in 1 m3 IBCs.  The bulk 
tanker delivery point is located on the eastern side of the building. Bulk polymer deliveries are 
transferred into a 10 m3 bunded GRP bulk storage tank located within the thickener building and from 
there are transferred to the 3 m3 bunded GRP polymer prep tank.  IBC deliveries directly feed the liquid 
polymer prep tank.  Liquid polymer is diluted with potable water within the 3 m3 bunded GRP polymer 
prep tank before being transferred to the adjacent 3 m3 bunded GRP polymer make up tank.  Both the 
make-up and prep tanks are located within a common bund.  A spillage within any of the three polymer 
tanks would be manually removed from the bunds and disposed off outside of the installation site.  From 
the make-up tank the polymer solution is injected into the sludge stream within the flocculation tank 
(one flocculation tank per pair of drum thickeners) with final treated effluent added as a ‘carrier’ before 
being transferred to thickener drums.  The polymer encourages separation of water from the sludge as 
the sludge is rotated in the drum to remove excess liquid.  The thickener liquors are returned via the 
liquor return supernatant pumping station (uncovered below ground sump) to Esholt WwTW for full 
treatment.  The thickened sludge is passed forward to the SAS transfer tanks (see below for further 
detail). 
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The drum thickeners are equipped with automatic spray bars which provide continual self-cleaning.  The 
automatic spray bars operate using treated final effluent.  A manual jet wash is available for additional 
cleaning requirements; this system utilises potable water.  A full drum cloth clean is also carried out 
periodically (approximately every 1-2 months, as required). 

The thickened sludge is then transferred to the SAS transfer tanks (Figure 12, 2 x 400 m3 uncovered 
concrete tanks).  The thickened sludge tanks are mixed via pumps.  

 

Figure 12. SAS transfer tanks (side by side images). 

3.2.1.5 Mixed sludge tanks (2. No). 

From the SAS transfer tanks the thickened SAS is then pumped to the mixed sludge tanks where it is 
mixed with indigenous primary and imported liquid sludges which are pumped from consolidation tank 
5. There are two covered concrete mixed sludge tanks with a capacity of 1,200 and 1,130 m3 
respectively (Figure 13).  

 
Figure 13. Mixed sludge tanks. 
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3.2.1.6 Sludge dewatering: (polymer tanks 2 no.) 

From the mixed sludge tanks, sludge is transferred to three dewatering centrifuges.  A polymer solution 
is introduced to the sludge stream to encourage separation of water and sludge within the centrifuges. 
This polymer is stored as a dry powder within a silo (15 tonne storage capacity) and is mixed with towns 
(potable) water within the polymer mixing tank (25 m3 capacity) located adjacent to the centrifuges. The 
liquid centrate is transferred via the liquor pumping station and returned for full treatment within Esholt 
WwTW.   

3.2.1.7 Wetted imported sludge cake: (THP feed silos 2no. and THP feed hopper 1 no.)  

Imported sludge cake is tipped from an enclosed wagon to the dedicated sludge cake reception unit 
which is enclosed when tipping operations are not taking place.  Sludge is moved from the sludge cake 
hopper and is rewetted with final treated effluent (to target ~21% dry solids) and pumped to the Thermal 
Hydrolysis Process (THP) feed silos (refer to description below for further detail of these process tanks 
and the THP itself).  The sludge cake is rewetted to provide feedstock consistency and mobility. Transfer 
lines are trace heated and insulated to reduce the risk of freezing and pipe rupture.   

Dewatered sludge is passed forward to the THP feed silos (2 no. 210 m3 steel tanks, refer to Section 
3.2.1.8 for further detail of this process) where it is combined with re-wetted imported sludge cake.  It is 
rewetted to provide feedstock consistency and mobility. Feedstock from THP feed silos is then 
transferred to the THP feed hopper (16.2 m3 steel tank).   

3.2.1.8 Thermal hydrolysis plant (THP) 

At Esholt STF, thermal hydrolysis technology is used prior to anaerobic digestion to enhance sludge 
treatment; the process acts to make the sludge more biodegradable, increasing biogas production 
within the digesters and assisting with pathogen kill in the final product. The THP at Esholt, as shown 
in Figure 14 and Figure 15, comprises 6 no. 22.7 m3 reactor vessels, which operate in pairs. Each pair 
of reactors operates a batch process as follows: a reactor pair is filled with dewatered sludge and heated 
to around 165°C using steam generated by boilers. The reactors are held at this temperature for 30 
mins and act like a pressure cooker to break down organic matter in the sludge making it more digestible 
for the microbes in the anaerobic digester. After 30 minutes the steam is flashed out to the next pair of 
reactors (as a pre-heat stage) and the reactor tanks are emptied. Activity within each pair of reactors is 
staggered with one pair being filled, one pair undergoing active reaction and the final pair being emptied 
at any one time.   
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Figure 14. Thermal hydrolysis plant (THP). 

Steam is transferred from one pair of reactors to the next to supplement boiler steam supply and 
maximise operational efficiencies. The plant is equipped with safety features including pressure relief 
vents to allow emergency venting of steam and prevent damage to equipment. 

The THP achieves 96% pathogen kill, in combination with the normal anaerobic digestion process, this 
eliminates the need for post-digester liming or cake storage and maturation prior to land spreading.   

3.2.1.9 Sludge digestion: buffer tank (1 no.) and digesters (4 no.) 

Following THP, sludge is transferred to a steel buffer tank (Figure 15, 39.5 m3) and from there is passed 
forward via digester feed lines to the digesters. Heat exchangers are located within the digester feed 
lines to reduce sludge temperature to the optimal temperature range for mesophilic anaerobic digestion 
activity (37-43 °C). Cooling water is discharged to the WwTW for treatment.  

 

Figure 15. Digester steel buffer tank within the THP. 
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There are 4 no. aluminium-clad and insulated concrete digester tanks located on site, each with a 
capacity of 3,533 m3 (Figure 16) The anaerobic digesters operate as a continuous process with sludge 
being continually fed into the base of the digester and treated sludge being displaced from the top. The 
digesters operate independently of each other and have a maximum feed rate of around 127.5 tonnes 
/ day dry solids (at 10% dry solids) or 1,272 m3 /day across the four digesters. Digester retention time 
is determined by the feed rate (which is dependent on other site operations such as the THP and sludge 
import activities) but is typically 10-11 days. The digesters are mixed by gas mixing systems, which 
utilise biogas from the headspace of each digester; the gas is compressed and then reintroduced using 
an array of mixing nozzles on the floor of the digester. The digesters do not require any supplementary 
heating due to the temperature of the sludge being passed forward from the THP. 

Grit build up within digesters is a normal feature of operation, the digesters are cleaned out (including 
accumulated grit) every 10 years as part of the planned periodic inspection which also includes an 
internal and external inspection of tank integrity and replacement of instrumentation and gas mixing 
equipment as required.  The planned hydrocyclone (to be added between the sludge import screens 
and Consolidation Tank 5) will help to reduce future grit build up, although internal cleaning will still be 
required.  

An automatic anti-foam dosing system is in place to control digester foaming.  This system uses a radar 
level probe in the digester headspace and compares this to the pressure level sensor at the bottom of 
the digester to determine the depth of foam. Upon detection of foam, final treated effluent is sprayed 
into the digester head space through nozzles in the digester roof.  If this is not effective in breaking up 
the foam, a chemical anti-foam is mixed with final treated effluent and dosed into the headspace of the 
digester via the same spray nozzles.  This system includes operator-adjustable dosing setpoints and 
failsafe systems; if the foam level continues to increase mixing systems are inhibited and if this 
continues the digester feed will be inhibited.  Antifoam is stored in an 1m3 IBC located on a bunded spill 
pallet.  

 

 

Figure 16. Four digesters. 
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3.2.1.10 Degassing tanks (2 no.) 

Sludge extracted from the digesters is fed to the degassing tanks (2 no. 685 m3 GRP coated concrete 
tanks) prior to onward processing. These tanks are equipped with air mixing to introduce oxygen and 
prevent the anaerobic generation of methane. The tanks are covered, and headspace air is extracted 
and discharged via an odour dispersal unit with a stack approximately 5 m high. 

 

Figure 17. Degassing tanks. 

 

3.2.2 Bulk storage vessels (dewatering area) 

A detailed discussion of risk sources and existing control and mitigation measures associated with the 
dewatering area (DW area) is provided below. 

3.2.2.1 Digested sludge treatment, handling and disposal:  

Digested sludge is pumped from the degassing tanks located adjacent to the anaerobic digesters to the 
digested sludge dewatering facility via a combination of above and below ground pipes, including a 
short section crossing the River Aire.  The pipe crosses the river alongside the STF access roadway 
and is located at road level, on the far side and downstream of the road bridge barrier.  The height 
above the river and roadside barrier provides protection for the pipe in the event of serious flooding 
which may bring large debris down river. 

3.2.2.2 Export dewatering feed tanks (2 no.) and cake export barn 

There are two separate sets of facilities for digested sludge dewatering. The first of these, which is used 
preferentially, is known as the sludge export facility. Sludge is transferred from the degassing tanks to 
two export dewatering feed tanks (Figure 18), each of which is of steel construction and 1,604 m3 
capacity. These tanks are not covered and have air mixing systems to prevent settlement and inhibit 
generation of methane. Powdered polymer stored within a 25 m3 storage silo, or liquid polymer stored 
in IBCs located within a GRP kiosk, is mixed with potable water within a polymer mixing tank. The 
polymer solution is injected into the sludge stream and taken to one of two export centrifuges where the 
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sludge coagulates and supernatant liquor is removed by centrifugal forces. Dewatered liquor drops from 
the centrifuges into the export centrate sump and is pumped back to the WwTW for treatment. 

The final digested and dewatered sludge cake is transferred via conveyers from the centrifuges up over 
a push-wall and into the covered sludge cake export barn (Figure 19). The whole area under the 
conveyer and sludge cake barn is an engineered impermeable surface, with water runoff draining to the 
WwTW for treatment.   

 

Figure 18. Export dewatering feed tanks. 

 

 

Figure 19. Export cake barn. 
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3.2.2.3 Conditioning feed tanks (2 no.) 

In addition to the export dewatering facility there is a second dewatering area, which provides additional 
capacity for digested sludge treatment and handling. This takes place in what is known as the 
conditioning area. When the THP/digestion plant are running at full capacity, sludge would typically be 
diverted to this second dewatering facility for approximately 5-10 minutes in each hour.  During these 
periods, sludge is transferred from the degassing tanks to two conditioning feed tanks, each of which is 
of concrete construction and have a capacity of 1,200 and 1,130 m3 (Figure 20).  These tanks are not 
covered and have air mixing both to prevent settlement and inhibit generation of methane.  Powdered 
polymer stored in 750kg bags are suspended over a hopper dosing system which feeds a make-up tank 
where the powdered polymer is mixed with potable water and transferred to an ageing tank and finally 
a storage tank. The polymer solution is injected into the sludge stream and taken to one of three 
centrifuges where the sludge coagulates, and supernatant liquor is removed by centrifugal forces.   

 

Figure 20. Conditioning feed tanks. 

 

3.2.2.4 Centrate balance tanks (2 no.) and cake pad. 

Dewatered liquor drops from the centrifuges into the centrate sump and is pumped back to WwTW, via 
centrate balance tanks, for treatment (Figure 21, capacity of 400 and 600 m3). 

 

Figure 21. Centrate balance tanks. 
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• The model cannot allow for flow to drains and other subsurface features. 
• Surge is not accounted for within the model. Instead, this will be allowed for by ensuring final 

designs consider CIRIA C736 recommendations, while recognising the loss of kinetic energy as 
viscous sludge travels over flat ground. 

• The model assumes that no mitigation measures are put in place following an incident to curtail 
flow. 

• The model assumes that the full modelled volume spills from a single point. 
• Assets are treated as simple flow barriers in the model, which may result in deflections being 

observed where in reality flow would spread out. 

Therefore, the modelled outputs are considered to be a worst-case inundation scenario resulting from 
sludge spills at Esholt. Notwithstanding these limitations, the use of PondSIM is considered appropriate 
for the purpose intended in this study and allows for the rapid screening and assessment of asset risks 
to support prioritisation of risk mitigation.  

To counter these limitations, several worst-case assumptions were selected relating to the potential 
failure events, including spill volumes. 

3.4.2 Spill volumes 

YW has followed CIRIA C736 guidance on spill volumes to be modelled i.e., values equivalent to the 
containment provided by bunded tanks have been used.  For a single tank the volume should be 
calculated on the basis of 110 per cent of the capacity of that tank.  For multi-tank installations, the 
containment volume should be calculated on the basis of 25 per cent of the total capacity of all the tanks 
in a common area (which is based on the assumption that it is unlikely that more than 25 per cent of 
tanks will fail simultaneously), or 110 per cent of the largest tank, whichever is greatest.  

The Esholt sludge treatment processes are installed over a large geographical area.  The topography 
of this area means site spills need to be considered using a number of scenarios and catchment 
locations, listed in Table 2 and described below: 

• AD Area 
o The AD area would require containment sufficient to hold 25 per cent of the total stored 

volume to achieve equivalent protection to a transitional multi-tank installation. 
Consolidation tank 5 has been included in this scenario due to its continuous use within the 
treatment process, additionally a large proportion is contained underground, therefore only 
the above ground volume of this tank has been modelled. 

• DW area - will be modelled using multi-spill containment catchment areas as per Figure 25. 
o DW area 1 – the south conditioning feed tank containment will need to hold 110 percent of 

tank volume. 
o DW area 2 – the export dewatering tanks are hydraulically linked and containment will need 

to hold 110 percent of combined volume. 
o DW area 3 – the centrate balance tanks are hydraulically linked and containment will need 

to hold 110 percent of combined volume. 
o DW area 4 – the north conditioning tank containment will need to hold 110 percent of tank 

volume. 
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This first stage of the modelling assessment considered the effect of a simultaneous loss of containment 
at both AD and DW areas.  

It is important to note that owing to the limitations described in 3.4.1.1, and the specific topography of 
the site, it is not felt that PondSIM outputs at Esholt are representative of the likely impact of a tank 
collapse. The detail of this is discussed in following sections, but common themes are: 

• PondSIM models fluids as having very low viscosity.  This leads to fluids travelling significant 
distances. In practice, pooling is likely to occur i.e., large spread in a small area, rather than 
long ‘streams’ covering significant distances. 

• The aerial survey used to support the modelling is imperfect. At Esholt there are several small 
surface features which would be likely to retain sludge, that were not captured in the aerial 
survey.  See photos in the following section for additional detail. 

• PondSIM cannot model capture of liquid within site drainage system. In practice, the modelled 
flows travel over some areas of ground that has contained drainage which will capture a 
proportion of spilt material. 
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Figure 26. AD area: model showing unmitigated result of spills from existing tanks. 

 




