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i.

Background and Executive Summary

Following initial audits by the Environment Agency (EA) in 2019 that examined the primary, secondary, and
tertiary containment provisions for Severn Trent’s anaerobic digestion (AD) process and associated tanks, the EA
reported “there is no provision of secondary containment for the AD process at any of Severn Trent’s sites.
Catastrophic tank failure may impact nearby receptors and the operation of adjacent sewage treatment
activities”. Jacobs were appointed to assess site risks and outline the options available for providing remote
secondary containment of a catastrophic tank or digester failure across 33 Severn Trent sites. Based on CIRIA
C736 and ABDA risk assessment tools this containment report addresses the site-specific risks at Roundhill and
outlines the options available for providing remote secondary containment in the event of a catastrophic tank or
digester failure.
Roundhill Sewage Treatment Works is at the western border of the West Midlands; Stourbridge lies
approximately 1 km away to the east of the site and the River Stour lies approximately 1 km away to the west.
The boundary of the site has fields on the north, east, and south sides with woodland to the west side. For clarity
it should be noted that there is a 3rd party food waste digestion plant located adjacent to Severn Trent’s
wastewater and sludge treatment facility. Figure i shows an aerial view of the site in the context of its nearby
surroundings. An initial visit to Roundhill Sewage Treatment Works occurred for the purpose of site assessment
and data collection.

Figure i Satellite view of Roundhill Sewage Treatment Works
This document should be read in conjunction with; Roundhill Digesters and Sludge Tanks, IED Containment
Assessment-Risk Report, revision 1.3 dated 24/05/2022. This report outlines the impact of an uncontained spill
and the risk assessment completed.
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Chapter 1 provides an overview of the differing options for containment as outlined in CIRIA guidance document
C736 (Containment systems for the prevention of pollution – Secondary, tertiary, and other measures for
industrial and commercial premises, 2014) and the importance of this work at Roundhill.
Chapter 2 details the recommended options to provide remote secondary containment considering containment
and transfer areas for each area investigated and discusses the optimal option at the Roundhill site.
Chapter 3 evaluates the surface water site drainage. Automated isolation valves linked to level indicators in the
tanks are discussed to prevent shock loadings from being returned to the head of the works or sludge
discharging into the river in the event of sludge tank failure.
Chapter 4 addresses the site-specific risks identified in Roundhill IED Containment Assessment- Risk
Identification Report, namely jetting and fluvial flooding.
Chapter 5 presents the main conclusions of the containment assessment.
Chapter 6 ( Appendix 1 ) presents the ABDA site hazard risk assessment completed for this site.
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1. Proposed Containment at Roundhill
1.1

CIRIA C736

This containment option report has been prepared using CIRIA C736 as the basis of design and guidelines. Where
a deviation from C736 has been recommended it is highlighted in the text.
CIRIA guidance document C736 (Containment systems for the prevention of pollution – Secondary, tertiary, and
other measures for industrial and commercial premises, 2014) describes various options for containment of
spillages from a credible failure scenario. It makes reference to a key plan, reproduced below;

Figure 1.1 Diagram of primary, secondary and tertiary containment examples
-Primary containment is provided by the actual tank or vessel [1]
-Secondary containment is provided by a bund immediately surrounding the primary vessel e.g. [3] and [4], or
by a lagoon [5] or tank [6]. If containment is provided away from the primary vessels this is known as remote
containment and may be considered as either remote secondary or tertiary containment.
-Tertiary containment can be provided by a number of means including lagoons [5], or impermeable areas such
car parks [8]. Roadways with high kerbing of sufficient height [9] can also form part of a tertiary containment
system, or the transfer system to the remote containment.
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-The distinction between remote secondary and tertiary containment is not always clear but, if properly designed,
a combined system can be provided that is capable of providing the necessary degree of environmental protection.
The overriding concern is not the terminology but the robustness and reliability of the system which depends on
a number of factors such as;


Its complexity – the more there is to go wrong, the greater the risk. Passive systems relying solely on
gravity are more reliable than pumped.



Whether manual intervention is relied on to make the system work or whether the system can be
automated to include fail-safes and interlocks.



The ease of maintenance and monitoring of the system’s integrity, and repair of any defects.

During and after an incident any rainfall runoff from the remote secondary storage areas, from the spillage
catchment areas and from the transfer systems must also be prevented from reaching any outfall(s) to surface
water by closure of control valve(s).

1.2

Site specific risks at Roundhill

Based on the use of the ABDA risk assessment, considering the source, pathway and receptor risk Roundhill site
hazard rating is deemed to be High. When considering the mitigated likelihood as low a class 2 secondary
containment is required.
Source Risk

Pathway Risk

Receptor Risk

Site Hazard
Rating

Likelihood

Overall Site
Risk Rating

High

High

High

High

Low

Medium (Class
2)

The detailed ABDA risk assessment tool is attached in Appendix 1.

1.3

Objectives of remote secondary containment

The objectives of the remote secondary containment measures proposed in this report are to safely contain
spillages from credible failure scenarios and prevent them from:


escaping off site



entering surface waters



percolating into groundwater



being pumped back to the inlet of the sewage works in an uncontrolled manner.

The remote secondary containment will be provided by maximising the use of existing impermeable surfaced
areas to provide a fail-safe passive system that relies on gravity rather than pumps. A means of leak detection
that will automatically trigger isolation valves at key locations in the drainage system is also proposed.
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1.4

Roundhill STW Spill Volume Summary

There are two components that contribute to the required capacity of secondary containment, the source spill
volume requiring containment and rainfall. Section 4 of CIRIA 736 forms the basis of this assessment. Section
4.2 reviews current industry practice relating to source spill volume, section 4.2.8 then summarises current
industry practice relating to source spill volume in a tabular form. It can be seen from section 4.2.8 that sewage
sludges and associated regulations / guidance are not listed.
Within section 4.2.1 there is detailed reference to the use of 110% of the largest tank or 25% of the total tank
inventory volume, whichever is greater, and the rationale for this. CIRIA recognises that this approach is not
quantitative or based on a risk assessment and are arbitrary methods. Section 4.3 and 4.4 provide guidance on a
quantitative risk assessment methodology and this is what is being used for the calculation of the required
capacity for containment in this report.

1.4.1 Design allowance for rainfall
In addition to the maximum volume arising from a credible failure scenario, extra allowance for rainfall that may
accumulate within the contained area before and after an incident has been made. The CIRIA guidance
recommends that the containment volume should include an allowance for the total rainfall accumulated in
response to a 1 in 10-year return period events for the 24 hours preceding an incident and for an eight-day
period following an incident, or other time periods as dictated by a site-specific assessment. Given that Roundhill
is a large, manned sewage works with ready access to pumps and tankers, and with a (controlled) disposal route
via the sewage treatment system being available, it is considered unlikely that even a catastrophic spillage would
take more than 48 hours to be pumped and drained away, therefore a 2-day post-event period has been
selected. The average 48 hours rainfall depths for a 1 in 10-year storm for Roundhill is 58.7 mm. It should be
noted that the rainfall depths for Roundhill have been estimated using the depth-duration-frequency rainfall
model contained on the Flood Estimation Handbook (FEH), which provides location specific rainfall totals for
given durations and return periods.

1.4.2 Total Spill Volumes
For Option 1 and 3 a 64,034 m2 catchment area for the Digester Area with 58.7 mm rainwater depth, the total
design containment volume comprises 4,402 m3 from catastrophic tank failure, and 3,759 m3 from 48-hr rainfall
event, giving a total volume of 8,161 m3. This volume equates to 185% of the largest tank spill volume on site.
For Option 2 a 36,065 m2 catchment area for the Digester Area with 58.7 mm rainwater depth, the total design
containment volume comprises 4,402 m3 from catastrophic tank failure, and 2,117 m3 from 48-hr rainfall event,
giving a total volume of 6,519 m3. This volume equates to 148% of the largest tank spill volume on site.
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2. Remote Secondary Containment
The constituent parts of remote secondary containment are;


The contained area itself.



The transfer system.



Isolation of the drainage from both the contained area and from the transfer system.

For Roundhill, where possible, existing features of the site (e.g., building structures and impermeable surfaces)
are used as much as possible to provide the remote secondary containment to reduce cost. The options
considered, modifications and their functionality at Roundhill STW are listed below:


Impermeable linings to prevent percolation into groundwater on permeable surfaces. Existing
Impermeable surfaces will be utilised preferentially to provide secondary containment. The lining
material could be concrete or bituminous material, bentonite matting, clay or a flexible membrane such
as HDPE or Geosynthetic Clay Liner (GCL).



Bund/walls to contain liquid. The heights of bund/walls given in Section 2.1 are the minimum heights
required such that that top of the bund/wall is equal to the top water level plus a 250mm freeboard
consideration. This includes 100mm freeboard in accordance with CIRIA and 150mm to account for
LiIDAR software vertical accuracy. As the topography of the area varies, the minimum required height
along each bund/wall varies. Practicalities of their installation and use on site is at Severn Trent’s
discretion. In accordance with CIRIA, An allowance of 750mm freeboard for surge will be considered
where appropriate.



Containment ramps provide a barrier for the liquid on roads that still need to be accessible to vehicles
for site operation. Their heights also include a 250mm freeboard allowance. Obvious practicalities exist
for containment ramps over 0.3m. Self-closing flood barriers provide an alternative if containment
ramps are deemed impractical on site.



Local infill of concrete to raise the elevation and re-direct the spill.



Raised kerbs on roadways to channel spill to the remote containment area.



All buildings within the containment and transfer areas must either have doors that lie above the top
water levels detailed in Section 2.1 or any equipment inside must be raised off the ground to level above
the top water level.
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2.1
2.1.1

The Containment Area

Digester area topography

The topography of the Digester Sludge Tank area slopes from a North to South direction with the highest
elevation on the North side around 77.0mAOD with the elevation generally decreasing towards the South side
and the cake pad with a height at the cake pad lip of 74.0mAOD, 71.6mAOD on the cake pad. The contouring
shows the lowest regions in blue. The topography also slopes from both West and East boundaries inwards to the
centre of the site, although the gradient is gentle in this direction with the exception of the embankment to the
secondary ( PKT ) tanks.

Figure 2.1 Contouring map of Roundhill sludge area
2.1.2

Cake Pad Assessment

Should the entire cake pad be used as shown in option 1 and 3, an assessment of the Cake Pad capacity has been
carried out to determine how full the Cake Pad can be for a given containment height. The calculation was split
into two areas where, the access road and the area between the bays was classed as free area fully able to
contain a spillage, and the Cake Pad was considered a variable area that was reduced by the percentage of
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surface area taken up by cake. A freeboard allowance of 250mm has also been considered on top of the
predicted wall height. The wall height for the cake pad area is approximately 2m.
Table 2.1 Cake Pad Assessment (Option 1 & 3)
Scenario

Containment
Volume (cu.m)

Depth of spill (m)

Freeboard
Allowance (m)

Containment
depth required

Empty slab

8,161

0.38

0.25

0.63

33% cake storage

8,161

0.47

0.25

0.72

67% cake storage

8,161

0.64

0.25

0.89

100% cake storage

8,161

0.97

0.25

1.22

Based on historical data and cake storage retention periods, an allowance for sludge cake covering 33% of the
pad has been allowed for in this options report.
2.1.3

Containment Option 1

This option utilises the whole of the existing cake storage and processing facility as remote secondary
containment, including rainfall, to provide sufficient secondary containment for the Digester area, a total design
containment volume of 8,161 m3 needs to be provided. LiDAR spill modelling predicted the top water level
(TWL) when 8,161 m3 is contained in this area to be at 72.07 mAOD. Figure 2. below shows the physical works
necessary to the Digester area to enable the transfer of sludge to the Cake Pad area, acting as an effective secure
remote secondary containment facility.
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Figure 2.2 Recommended site modifications to provide remote secondary containment for Digester area
(Option 1)
This solution requires a variety of materials including impermeable lining on all grass sections, sufficient kerbing
on roadways and a containment ramp at the access point for the Cake Pad are proposed as part of the
containment solution. It should be noted that the minimum height of the containment ramp is 0.72 m (including
250 mm freeboard allowance). The existing walls at the Cake Pad provides containment all sides except for the
access road. The grass area and wall that acts as the north boundary to the Cake Pad should be assessed to
ensure spillages can be directed onto the cake pad without being directed down the roadways to the east and
west.
2.1.4

Containment Option 2

This option is to provide a dedicated cake free area of the existing cake storage and processing facility as remote
secondary containment, including rainfall, to provide sufficient secondary containment for the Digester area, a
total design containment volume of 6,519 m3 needs to be provided. LiDAR spill modelling calculated the top
water level (TWL) when 6,519 m3 is contained in this area to be at 73.33 mAOD.
Figure 2. below shows the physical works necessary to the Digester area to enable the transfer of sludge to the
Cake Pad area, acting as an effective secure remote secondary containment facility.
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Figure 2.3 Recommended site modifications to provide remote secondary containment for Digester area
(Option 2)
This solution includes impermeable lining on all grass sections, sufficient kerbing on roadways, and containment
walls in between the selected bays in the cake pad area (all walls in the containment area are to be built above
73.58 mAOD). The existing walls at the Cake Pad provide containment on the remaining sides. Drainage from
this enclosed area should be considered to ensure rainwater is able to flow out under normal operation. The
grass area and wall that acts as the north boundary to the Cake Pad should be assessed to ensure spillages can
be collected here without being directed down the roadways to the east and west.
2.1.5

Containment Option 3

This option was developed by Severn Trent and utilises the whole of the existing cake storage and processing
facility as remote secondary containment, including rainfall, to provide sufficient secondary containment for the
Digester area, a total design containment volume of 8,161 m3 needs to be provided. Figure 2. below shows the
physical works necessary to the Digester area to enable the transfer of sludge to the Cake Pad area, acting as an
effective secure remote secondary containment facility.
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The solution is very similar to Option1 with one notable difference, the height of the containment ramp at the
entrance to the cake pad area. Option 1 has a passive containment ramp with a height of 0.72m for containment
of the spill with 33% cake on the pad. Option 3 has a passive containment ramp of 0.20m and the additional
installation of the hardware necessary to slot temporary flood defence barrier sections into to raise the ramp
height to 0.72m. In the event of an alarm from one of the rise and fall instruments installed on the tanks within
the IED permit area, an operator will be called out as a priority to install these barriers.

Figure 2.4 Recommended site modifications to provide remote secondary containment for Digester area
(Option 3)
This solution requires a variety of materials including impermeable lining on all grass sections, sufficient kerbing
on roadways and a containment ramp at the access point for the Cake Pad are proposed as part of the
containment solution. The existing walls at the Cake Pad provides containment on all sides except for the access
road. The grass area and wall that acts as the north boundary to the Cake Pad should be assessed to ensure
spillages can be directed onto the cake pad without being directed down the roadways to the east and west.
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2.1.6

Secondary Digester Area

The secondary ( PKT ) tanks were constructed in such a manner that they are below ground or have an
embankment on one side of them, the TWL of these tanks is at or below ground level. It is highly unlikely that a
catastrophic collapse would occur to these tanks due to the surrounding ground providing lateral restraint and
support. A more likely failure scenario would be minor cracking and a gradual loss of contents to the surrounding
ground.

Figure 2.5 Roundhill secondary ( PKT ) and ground levels
To ensure any loss of contents through cracking is dedicated it is recommended that a number of strategically
placed groundwater monitoring boreholes are installed to act as a leak detection system. These boreholes can
either be sampled regularly, or equipment installed to permanently monitor the groundwater quality.

2.2

The Transfer System

Due to the topography of the site, the transfer of liquid to the remote secondary containment occurs under
gravity. For the Digester area, the gradient of the roadway should be sufficient to allow direction of sludge from
the Digesters and Sludge Thickening Tanks to the Cake Pad, however, the height of the kerbing should be
assessed to make sure it can do this without spilling on the grass areas. The grass areas around the transfer
system and tanks should be lined for the eventuality of sludge collecting on them, either through jetting from
the tanks or pipework, or spillages over the kerbing.
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2.3

Remote Secondary Containment Summary

Summary of the recommended containment for Sludge Import and Digestion areas are listed in the tables below.
Table 2.2 Recommended containment for Option 1

Transfer System

Impermeable
Lining /m2

Walls/ Barriers

Ramps*

Other (Isolation
Valves/Building
Protection/ local infill)

9 areas of
impermeable
lining (Total
area of 7,759
m2)

Kerbing to be raised to
400 mm above road
level to direct and
contain spillages and
protect buildings.

N/A

Isolation of drainage
system to prevent it
heading to the head of
the works.

Ensure north wall
allows for spillages to
pass from the roadway
to the Cake Pad.

Minimum
height 0.72 m,
length 6 m.

Cake Pad

*self-rising flood barriers are an alternative
Table 2.3 Recommended containment for Option 2

Transfer System

Cake Pad

Impermeable
Lining /m2

Walls/ Barriers

Ramps*

Other (Isolation
Valves/Building
Protection/ local infill)

9 areas of
impermeable
lining (Total
area of 7,759
m2)

Kerbing to be raised to
400 mm above road
level to direct and
contain spillages and
protect buildings.

N/A

Isolation of drainage
system to prevent it
heading to the head of
the works.

30m length and 2 m
height. Additional
sealing to precast plank
sections on existing
wall.

N/A

Ensure north wall
allows for spillages to
pass from the roadway
to the Cake Pad.
*self-rising flood barriers are an alternative
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Table 2.4 Recommended containment for Option 3

Transfer System

Cake Pad

Impermeable
Lining /m2

Walls/ Barriers

Ramps*

Other (Isolation
Valves/Building
Protection/ local infill)

9 areas of
impermeable
lining (Total
area of 7,759
m2)

Kerbing to be raised to
400 mm above road
level to direct and
contain spillages and
protect buildings.

N/A

Isolation of drainage
system to prevent it
heading to the head of
the works.

Ensure north wall
allows for spillages to
pass from the roadway
to the Cake Pad.

Height 0.2 m,
length 6 m.

Slot in temporary flood
protection barrier system
stored and available
adjacent to containment
ramp.
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3. Site Drainage
Site drainage assessments are based on Roundhill Sewage Works Layout Plan Drawing Numbers
R795/002/3/4/5.

3.1

Foul, Process and Effluent Drainage

The Sewage Works Layout Plan for Roundhill shows all Foul/ Combined/ Process/ Effluent drainage pipes,
indicated by red lines, either go to the head of the works shown in Figure 3.1. In the event of sludge entering the
head of the works, the shock load could adversely impact the sewage works treatment process. Therefore, in the
event of a catastrophic loss of containment, this line should be isolated or pumping should be inhibited.
The surface water drains, shown as the blue lines, are also mixed with the process drains and go to the head of
the works. As both systems combine, the surface water drains have been reviewed as part of this section.

Figure 3.1 Drainage line to head of works
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Figure 3.2 Drainage line to be isolated
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Figure 3.3 Overall process drain system for the Digester area

3.2

Automatic Isolation Valves

For the catastrophic loss of containment scenarios for Digester area discussed, such a loss could be
automatically detected by the level sensors in the tanks. A catastrophic failure would be identified by the rate of
change in tank level being larger than expected at normal operation. The signal from the sensors would be used
to automatically prevent any adverse impact on sewage treatment. There are two options for this;
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A. Level signal automatically isolates the at-risk pipes. This would prevent large flows of digestate from
entering the drainage lines to the inlet channel or river. This option requires an automatically actuated
isolation valve to be installed on each of these pipes.
B. Level signal automatically inhibits sludge being returned back to the head of the i.e., allow catastrophic
spillages to enter the inlet channel but prevent it from being pumped back to the head of the works. This
option requires no hardware or infrastructure, only software modifications.
Option B is cheaper and easier to implement as it will use current equipment and require only software
modifications only. However, operators on site should be consulted to further understand the surface water
drainage system to explore any automatic isolation solutions that involve software modifications only.
The option of the level sensor signal from an abnormal rate of change triggering an alarm system for an
operator has been considered. However, the response time, particularly for nights and weekends when operators
may not be on site, was deemed too slow to manually close isolation vales in a timely manner to prevent
pollution or sludge entering the head of the works having adverse consequences on its function.
Once the spillage has been stopped and contained, any sludge in the drainage system can be released back into
the head of the work in a controlled manner therefore, not creating adverse effects at the inlet.
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4. Mitigation of Site-Specific Risks
4.1

Jetting and Surge Flows

Due to the location of the tanks and provision of impermeable surfaces and their distance from the boundary of
the containment area, there is no risk of contamination through jetting.
The natural topography of the site and the distance to the North, East and Western boundaries of the
containment area results in a low risk of surge overwhelming the containment. Any surge is likely to be directed
South to the cake pad which has sufficient wall height to absorb this occurrence.

4.2

Flooding

According to the UK Government’s Flood Map for Planning, Roundhill STW is not within any potential flooding
zone as shown in Figure 4.1 therefore, no modifications need to be made to Roundhill STW to accommodate this
risk.

Figure 4.1 Extent of Fluvial flooding due to extreme weather events
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5. Conclusions
This section summarises the findings of the containment assessment options report for Roundhill Sewage
Treatment Works.
In the Risk Identification Report for Roundhill a containment classification report was carried out. An overall site
risk rating of medium was determined meaning that class 2 containment is needed. The detailed requirements
for class 2 containment have been outlined in the Risk Identification Report in section 1.1.
The assessment focuses on site-specific risks and outlines the options available for providing remote secondary
containment of a catastrophic tank or digester failure. A list of the containment solutions proposed for
containment of spills at the Digestion area are:


Provision of impermeable lining at in the transfer system (Total surface area of 7,759 m2) and none in
the Cake Pad as this is concrete.



Raising of kerbing within the transfer system to a height of 400 mm above road level to direct and
contain any spillages.



Where practicable, raising of the entrance height of doors for buildings nearby the sludge assets and the
personnel buildings nearby to stop sludge from entering, failure to do this could result in significant
damage to these buildings and the equipment within them, in the event of loss of containment.



Isolation of the process drains before it reaches the head of the works activated by a level sensor within
the tanks. This should be implemented either through the addition of an isolation valve or through other
means, as to not destabilise the inlet conditions.



Use of the natural topographical contour as a bund to direct and contain any spillages.



Provision of containment ramps.

The results of the spill mapping show that containment is possible within the Cake Pad as spillages would
naturally gravitate here along the roadways. Minimal modifications would be required as the Cake Pad is already
well suited to containing sludge. There were three identified options for containment and these are listed below:


Option 1 would be to utilize the existing natural topography of the sludge area to channel the spill south
down the central access road towards the cake pad and to install either a ramp or self-raising barrier at
the access road in the southwest corner of the pad. The minimum height for this would be 0.72 m based
on 33% cake storage within the area.



Option 2 would be to provide a dedicated area for containment on the Cake Pad with walls the same
height as currently used, minimum area of 3,725 m2 and being able to contain fluid up to 2.0 m. The
design of this area should remove any internal walls to allow for free flow across the whole area.
Drainage of rainwater from this area should be considered in the design. . The rest of the Cake Pad would
be free to fully utilise for cake storage.



Option 3 would be to utilize the existing natural topography of the sludge area to channel the spill south
towards the central access road towards the cake pad and to install either a ramp or self-raising barrier
at the access road in the southwest corner. The minimum height for this would be 0.20 m. A temp
sectional flood barrier will be available for installation on receipt of a rise and fall alarm.

The effect of jetting and surge flows were also assessed and found to pose no issues in the transfer area when
impermeable lining is extended 10 m away from the tanks plus some extra distance to take into account
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spreading once the sludge has landed. An assessment of the buildings nearby should be undertaken to check
jetting within does not pose any risk.
It is recommended that a number of strategically placed groundwater monitoring boreholes are installed
adjacent to the secondary ( PKT ) tanks to act as a leak detection system. These boreholes can either be sampled
regularly, or equipment installed to permanently monitor the groundwater quality.
Finally, assessment of the risk of flooding at Roundhill Sewage Treatment Works based on the UK Government’s
Flood Map for Planning, showed that the entire site was not at risk of flood therefore, adding no additional risk to
the site.
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6. Appendix 1 ABDA Site Hazard Risk assessment for Roundhill STW
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