
 

High level assessment of 
flood storage options in 
Debenham:  
Phase 2 - Upstream flood 
storage 

Final Report 

 

April 2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                  

Environment Agency - Anglian Region 

Iceni House 

Cobham Road 

IPSWICH 

Suffolk 

IP3 9JD



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx i 
 

JBA Office 
JBA Consulting 
South Barn 
Broughton Hall 
SKIPTON 
North Yorkshire 
BD23 3AE 
 

JBA Project Manager 
Colin Riggs BSc MSc MCIWEM C.WEM 

Revision History 

Revision Ref / Date Issued Amendments Issued to 

Draft Report / February 
2016 

 Lucy Osborn / Will Todd 

Final Report / March 2016 
Additional information on 
FSA modelling results.  
Other minor amendments 

Lucy Osborn / Will Todd 

Final Report v2 / April 2016 Minor amendments Lucy Osborn / Will Todd 

Final Report v2.1 / April 
2016 

Additional reservoir 
diagrams 

Lucy Osborn / Will Todd 

Contract 
This report describes work commissioned by the Environment Agency by reference IMAN002449.  
The Environment Agency’s representative for the contract was Rebecca Brown.  Kevin Haseldine, 
Colin Riggs and Alex Siddaway of JBA Consulting carried out this work. 

 

Prepared by  .................................................. Kevin Haseldine BSc MSc MCIWEM 

Analyst 

 

Reviewed by  ................................................. Colin Riggs BSc MSc MCIWEM C.WEM 

Chartered Senior Analyst 

Purpose 
This document was prepared as a report for the Environment Agency.  JBA Consulting accepts no 
responsibility or liability for any use that is made of this document other than by the Client for the 
purposes for which it was originally commissioned and prepared. 

  



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx ii 
 

Acknowledgements 
We are indebted to Rebecca Brown and Will Todd at the Environment Agency in Ipswich for their 
help with this project, and the preceding flood mapping studies.  Further thanks go to Trevor Bond 
of the Environment Agency for his advice on the geomorphological aspects of the study.  

Copyright 
© Jeremy Benn Associates Limited 2016 

Carbon Footprint 
A printed copy of the main text in this document will result in a carbon footprint of 91g if 100% post-
consumer recycled paper is used.  These figures assume the report is printed in black and white 
on A4 paper and in duplex. 

JBA is aiming to reduce its per capita carbon emissions. 

 

  



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx iii 
 

Executive Summary 
JBA Consulting was commissioned by the Environment Agency to undertake a flood mapping 
study of the River Deben and its tributaries, in and around Debenham, Suffolk, in early 2014.  This 
project involved the development of a detailed 1D-2D hydraulic model of the three main river 
channels flowing through the village; the model was then used to inform a high level cost benefit 
analysis for a range of possible flood mitigation measures.  A subsequent project (late 2014) saw 
the hydraulic model extended further upstream to fully test the effects of one of the proposed 
options, a FSA on The Gulls tributary.  

Following delivery of these projects, further analysis was required of various alleviation options; 
NFM features in the upper catchments, upstream FSAs and a two stage channel downstream of 
Debenham village.  In order to do so, further mathematical analysis and hydraulic modelling was 
undertaken.  This report outlines the work undertaken to assess the feasibility of the upstream 
FSAs.  

Hydraulic modelling highlighted the potential flood risk benefits which could be obtained if storage 
features were constructed in The Gulls and Derry Brook.   Three FSAs were investigated; two in 
The Gulls catchment and one on Derry Brook.  Each was designed to store all flow over a specified 
pass-on flow rate (until the storage capacity is exceeded the spillway overtopped).  The results of 
the hydraulic modelling allow the following conclusions to be drawn: 

 Reduction in flood water levels at all return periods, resulting in reduced flood extents in 
Debenham village. 

 The biggest reduction in flood risk was seen at moderate magnitude flood events when 
the most water was stored in the FSAs without overtopping occurring. 

 Some attenuation benefit was noted during extreme events (up to the 1,000-year return 
period) even though overtopping of the FSA crests occurred. 

 This water level reduction brings a reduction in the predicted AADs for Debenham; 
£97,000 for the whole study area. 

 By analysing the total economic benefit afforded by the FSAs, the construction and 
maintenance cost of these, and the number of properties protected as a result, it was 
possible to generate a Partnership Funding score of 19%.  This means significant third 
party funding would be required to obtain FDGiA funding for the FSA proposal.  

 The Partnership Funding score would likely be increased if FSAs were considered 
alongside smaller scale mitigation options such as Natural Flood Management or Property 
Level Protection features. 
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1 Introduction 

1.1 Project scope 

JBA Consulting was commissioned by the Environment Agency to undertake a flood mapping 
study of the River Deben and its tributaries, in and around Debenham, Suffolk, in early 20141.  This 
project involved the development of a detailed 1D-2D hydraulic model of the three main river 
channels flowing through the village; the model was then used to inform a high level cost benefit 
analysis for a range of possible flood mitigation measures.  A subsequent project (late 20142) saw 
the hydraulic model extended further upstream to fully test the effects of one of the proposed 
options, a flood storage area (FSA) on The Gulls tributary.  

Following the delivery of these two projects the Environment Agency requested some additional 
analysis of explore the viability of providing various forms of additional storage capacity in the 
upper catchment as a way of mitigating flood risk. These options could be divided into two broad 
categories: 

 Small scale, typically offline, attenuation features designed to provide what is often 
referred to as Natural Flood Management (NFM); 

 Larger scale online flood storage areas (FSAs).  

This report considers the latter of these two options and should be read in conjunction with the 
earlier 2015 report which assessed the potential for NFM features3 and the 2014 reports which 
considered a range of more traditional mitigation options.  

The scope of this project was to consider a range of potential options for the provision of FSAs 
upstream of Debenham.  This was completed at a very high level with the intention of informing 
whether subsequent detailed analysis was warranted. The scope of the study was to undertake a 
single set of hydraulic model simulations (i.e. only one configuration of potential storage options) 
which could be used to provide an indicative cost benefit analysis of upstream storage options. 
The initial part of the study therefore focused on a defining a configuration that would be likely to 
represent good value and inform future studies (for example, how many FSAs to include; where 
they should be located, how large they should be and what pass on flow should be allowed before 
they begin to fill). The second part of the investigation was to modify the existing 1D-2D hydraulic 
model to represent this configuration, simulate a rage of design flood events and ultimately to 
estimate both the cost of and benefit derived from such a scheme.  

1.2 Study area and background 

Debenham is a large village located in central Suffolk, around 20km due north of Ipswich.  In old 
English the word Debenham is derived from "village in a deep valley"; this accurately portrays the 
old portion of the village, on the banks of the River Deben, which flows north to south through the 
settlement.  Newer developments have been located on a spur of high ground running between 
the River Deben and the Cherry Tree Brook tributary.   

A significant confluence is present at the junction of Aspall Road and The Butts; downstream of 
this point the watercourse is referred to as the River Deben.  The naming convention of the 
upstream watercourses differs between various sources, but residents of the village refer to the 
larger watercourse flowing from the north as The Gulls and the smaller watercourse from the west 
as Derry Brook.  The Gulls drains the largest sub-catchment of all the incoming tributaries, this is 
predominantly rural and contains Aspall hamlet, including the apple orchards associated with the 
cider of the same name.   

Please see Figure 3-1 for a map of incoming watercourses and storage area options.  

  

                                                      
1 Environment Agency, 2014. Debenham Village, Flood Mapping Project.  Prepared by JBA Consulting May 2014. 
 
2 Environment Agency, 2014. Debenham Village, Flood Mapping Extension Project.  Prepared by JBA Consulting 
November 2014.  
 
3 Environment Agency, 2014. High level assessment of flood storage options in Debenham: Phase 1 - Natural Flood 
Management.  Prepared by JBA Consulting October 2015. 
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2 Initial evaluation of options  

2.1 Identifying potential storage locations 

The initial phase of our analysis involved identifying locations which have the most potential for 
offering viable flood storage. At this stage we took a high level view of potential constraints and 
economic implications. For example, the Environment Agency engaged local landowners to 
evaluate impacts on access routes and land use whilst JBA considered factors such as catchment 
size, local topography and existing infrastructure. Through this process, we identified five locations 
that warranted a more detailed Geographical Information System (GIS) based analysis. These are 
described in Table 2-1 and presented on a map in Figure 2-1.  

Table 2-1: Potential Flood Storage Areas 

Name Comments 

Aspall Green 
Located to maximise catchment area without crossing the field (and land 
ownership) boundary immediately to the south west.   

Aspall Cyder 1 
(AC1) 

Located in order to maximise potential storage capacity before impacting 
existing infrastructure (New Road).   

Aspall Cyder 2 
(AC2) 

Located adjacent to an existing access bridge.  

Derry Brook 1 Two nearby locations on Derry Brook; the catchment area of both is 
similar however further GIS analysis was undertaken to establish which 
location had the most storage potential for a given size of embankment.  Derry Brook 2 

 

                   Figure 2-1: Location of potential Flood Storage Areas 
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2.2 Determining which options to include in the hydraulic model 

At each of the locations summarised above we considered the following factors to help determine 
which storage options to represent in the hydraulic model:  

 Pass-on flow – the design river flows that will pass through the structure un-
attenuated.  Flow above this will be stored in the reservoir and as such increasing pass-
on flow will significantly reduce the amount of storage required. However, if the pass-on 
flow remains too high the scheme may not mitigate all flooding (it is noted that the most 
efficient solution may be to combine flood storage with some targeted property level 
protection (PLP) to mitigate flood risk at some locations).  

 Dam height – this will affect the amount of storage provided as well as the maximum flood 
extent (and depth) when the structure is full to capacity. It is necessary to consider land 
uses and infrastructure that are at risk of being inundated.  

 Relationship between dam cross sectional area and potential storage capacity – this is 
essentially an analysis of the local terrain. If all other factors are equal then it would be 
preferential to locate the dam in a location where the maximum amount of water can be 
stored for a given dam dimension.  

 Relationship between the potential storage volume and the design flood volume. This 
provides an approximation of the frequency at which dams will reach capacity (design 
standard). At this stage this has only been undertaken approximately (in a spreadsheet) 
using the baseline storm durations. Longer storm durations (which will have greater 
volumes) were investigated during the modelling phase of this project.  

 The characteristics of the downstream flood risk (i.e. the onset of flooding, the locations at 
greatest risk of flooding and the flows which contribute most significantly to the baseline 
annual average damages).  

Table 2-2: Configuration of FSAs to include in the hydraulic model 

Name Considerations  
Dimensions to include in the 

model 

Aspall 
Green 

GIS analysis demonstrated that the greatest 
volume of water could be stored at Aspall 
Green compared to either of the Aspall Cyder 
locations, for a small dam cross sectional 
area.  A 75,000m3 FSA would require a similar 
dam area to a 50,000m3 reservoir at the 
preferred Aspall Cyder location. 

The main disadvantages of this site is the 
smaller catchment area discharging into the 
reservoir and the potential impact on the 
landowners' access route (although it is 
anticipated that this could be improved as a 
result of a scheme here).  

The greater storage potential 
identified at Aspall Green 
(alongside a lack of impacted 
infrastructure) meant a large 
75,000m3 FSA was preferred here. 

Aspall 
Cyder  

Of the two locations considered here the 
downstream one (AC1) is favourable as it has 
a greater capacity before impacting on New 
Road and owing to the local topography has a 
greater storage potential for a given size of 
dam.  However, AC2 is further analysed in 
Appendix B.  

A reservoir of 75,000m3 was initially 
preferred.  Following hydraulic this 
was refined; in combination with the 
Aspall Green FSA a smaller 
reservoir of 60,750m3 does not 
overtop at the 100-year flood event. 

Derry 
Brook  

Derry Brook runs alongside an extended ford 
and through a deeply incised gully.  Two 
locations were considered here, one towards 
the upper extent of the gully and one towards 
the downstream extent. Within this 
constrained gorge a relatively small dam 
provides exceptionally good value in terms of 
the volume of water it can store.  

The downstream location (Derry 
Brook 2) was considered more 
favourable as it maximised storage 
potential of the valley. A capacity of 
75,000m3 is considered to 
represent a good compromise at 
this location.  

 



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx 6 
 

3 Detailed hydraulic modelling 

3.1 Inflows 

The inflows to the hydraulic model are based upon hydrological analysis undertaken in 2013-4 
when the only source of hydrometric data in the catchments was a short period of water level 
record.  These data were used alongside nearby rainfall data to estimate time to peak on each 
watercourse and apply this to the Revitalised Flood Hydrograph (ReFH) method to generate 
design inflows.  If further hydrometric data were to become available in future these could offer 
greater confidence in flow estimates. 

Critical storm durations used in the FSA modelling were re-estimated using the hydraulic model 
(including each FSA feature).  By adding an attenuation effect to The Gulls and Derry Brook, the 
length of storm resulting in the highest water levels in Debenham increased from 7.75 hours to 
9.75 hours.  This is a minor increase given the size of the FSA features, but much additional 
volume associated with longer storm occurs at flows below the pass-on flows allowed from each 
feature.   Therefore increasing storm length beyond 9.75 hours does not notably increase FSA, or 
downstream, water levels.  

3.2 Flood storage areas and dimensions 

Following the analysis discussed above, and landowner engagement regarding positioning of both 
FSAs and NFM features, the various FSA were represented in the hydraulic model of the 
watercourses at Debenham.  The final locations are highlighted in Figure 3-1 below.   

                   Figure 3-1: Debenham storage areas 
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The modelled dimensions of each FSA are discussed below and a graphical representation of 
each is provided in Figure 3-2.  The pass-on flows were specified with the intention that the 
available storage capacity was only used once flow in the channel had reached a level that would 
results in significant downstream flooding.  The choice of flow rate is a careful balance between 
the reduction in downstream flood risk and the available storage volume in each feature; the more 
flow allowed to pass through, the higher the flows in Debenham, but the greater storage available 
in the FSA at flows above the pass-on rate.  Conversely, if less water passes through the structure 
more storage is taken up prior to the arrival of a flood peak.  

Based on the results from the past project, it was decided to set reservoir discharges a little below 
the estimated 2-year flood flows in the village, therefore offering some protection at all modelled 
flood return periods.  Some attenuation is therefore present at all return periods, although once 
the crest is overtopped this effect is lessened.   

                   Figure 3-2: Debenham FSA dimensions 

Aspall Green: Located in the 
headwaters of The Gulls 
catchment around 500m upstream 
of the B1077 road crossing at 
Valley Cottage.  The crest of the 
feature is set to 51.26mAOD and 
pass-on flows of 1.0m3/s are 
permitted.  The crest level allows 
75,000m3 of storage before 
overtopping. 

 

Aspall Cyder: Located in a similar 
position to the previously modelled 
FSA in the 2014 project, occupying 
land around the Aspall Cyder 
orchards.  The crest of the feature 
is set to 43.56mAOD and pass on 
flows of 2.8m3/s are permitted.  
The crest level allows 60,750m3 of 
storage before overtopping.  

 

Derry Brook: The topography of 
Derry Brook lends itself to an FSA, 
given the narrow and deep valley.  
This watercourse was originally 
discounted due to the presence of 
a road adjacent to the 
watercourse, but following 
discussion with the Environment 
Agency and Suffolk County 
Council, this is now included.  The 
proposed feature is located near 
Derry Brook Farm, with a crest 
height of 42.23mAOD and a 
discharge of 1.5m3/s.  This would 
allow storage of 75,000m3. 
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It was not considered appropriate to combine the new FSA features alongside NFM features for 
the model simulations.  Firstly, uncertainty associated with pluvial modelling (used to assess the 
NFM features) is such that we would be very cautious about using the resulting flows to design 
downstream flood mitigation measures (such as FSAs or raised defences). 

Secondly, when FSA features are in place, the length of storm which results in the greatest water 
levels increases from that used in the baseline scenario when no attenuation features are present.  
NFM features are of much smaller scale, meaning they are most efficient at shorter duration storm 
events; if used in the long duration event each NFM area would be at capacity long before the 
peak flow and therefore attenuation would be limited.  It is not possible to combine both and short 
and long duration rainfall event in the same hydraulic model simulation.   

3.2.1 Cherry Tree Brook 

Although the 2014 project tested the placement of an FSA on Cherry Tree Brook, this option was 
never taken forward due to the presence of Low Road within the storage area.  Therefore, flows 
on this watercourse remain un-attenuated when the new FSAs are present.  This catchment will 
therefore be susceptible to shorter duration storms than those with the FSAs.  As with the NFM 
features, it is not appropriate to represent both the short and longer duration storms in a single 
hydraulic model simulation, and when the longer duration is used, the modelled storm on Cherry 
Tree Brook no longer represents the critical duration for this watercourse (therefore reducing flood 
flows). This gives the appearance of the FSAs offering a benefit to Cherry Tree Brook, which is 
not the case.  Therefore post processing is required to merge the baseline model results for Cherry 
Tree Brook with the results from the storage area model.  This approach assumes baseline AADs 
will occur on Cherry Tree Brook alongside the attenuated flood event on The Gulls and Derry 
Brook.  
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4 Modelling Results 
Provision of additional storage in the upper catchments significantly reduces water levels, and 
ultimately flood risk within Debenham compared to the baseline model results.  This section 
provides an overview of the reduction in flood risk; please refer to the preceding reports completed 
by JBA for a full analysis of the baseline flood risk.  Figure 4-1 and Figure 4-2 show the impact of 
the storage areas on flood outlines in Debenham for the 20 and 100-year flood events.  

                   Figure 4-1: Baseline and storage area outlines (20-year) 
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                   Figure 4-2: Baseline and storage area outlines (100-year) 

 
 

It is clear from Figure 4-1 and Figure 4-2 that the use of upstream FSAs has a significant impact 
on flood outlines at both the lower magnitude 20-year event and higher 100-year event.  This 
finding is as expected as neither Aspall Green nor Aspall Cyder FSAs overtop at the 100-year 
event (although Derry Brook does).  The difference in baseline and storage outlines is less 
significant at the 1,000-year event due to overtopping of all FSA crests.    

The following Table 4-1 shows the reduction in water level for a selection of modelled return 
periods as a result of the FSA construction in the upper catchments.  The relatively small 
reductions seen at the 2-year event are appropriate given the storage areas are designed to allow 
significant pass-on flows.  The greatest reduction is seen at the 20 and 100-year events; during 
these events most of the flood volume is stored in the FSAs.  At the 1,000-year event all three 
FSAs are overtopping and therefore there is less reduction in water levels downstream; Aspall 
Green only overtops after the inflow peak hence storing a significantly proportion of flood volume 
at this return period.  Both Aspall Cyder and Derry Brook overtop prior to the peak.  
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Table 4-1: Water level reductions 

Location 

2-year 
water level 
reduction 

(m) 

20-year 
water level 
reduction 

(m) 

100-year 
water level 
reduction 

(m) 

1,000-year 
water level 
reduction 

(m) 

The Gulls/Derry Brook confluence 0.15 0.48 0.51 0.18 

Market Square 0.16 0.48 0.48 0.17 

Priory Lane 0.17 0.41 0.38 0.09 

River Deben/Cherry Tree confluence 0.06 0.09 0.12 0.09 

 

Flood outlines in the FSAs are increased from the baseline outlines given the storage of additional 
water.  There is no appreciable change in outlines at the 2-year flood event given the ability of the 
new structures to allow pass-on flows.  The FSA flood outlines and cross sections of reservoir 
water level, are shown in Figure 4-3 below. 

Figure 4-3: FSA flood outlines and cross sections 

 

 



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx 12 
 

 

 

 

48

49

50

51

52

53

0 50 100 150

E
le

v
a
ti
o
n
s
 (

m
A

O
D

)

Distance along embankment cross section (m)

Aspall Green (A)

LIDAR Elevations

5-year

20-year

100-year

1,000-year

48

49

50

51

52

53

0 50 100 150 200

E
le

v
a
ti
o
n
s
 (

m
A

O
D

)

Distance across valley (m)

Aspall Green (B)

LIDAR Elevations

5-year

20-year

100-year

1,000-year

50

51

52

53

54

0 50 100 150 200

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance across valley (m)

Aspall Green (C)

LIDAR Elevations

100-year

1,000-year



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx 13 
 

 

 

 

38

40

42

44

46

48

50

52

54

56

0 50 100 150 200 250

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance along embankment cross section (m)

Aspall Cyder (A)

LIDAR Elevations

5-year

20-year

100-year

1,000-year

39

41

43

45

47

0 50 100 150 200

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance across valley (m)

Aspall Cyder (B)

LIDAR Elevations

5-year

20-year

100-year

1,000-year

41

43

45

47

49

0 50 100 150 200

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance across valley (m)

Aspall Cyder (C)

LIDAR
Elevations

100-year

1,000-year

B1077 road 



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx 14 
 

 

 

 

35

37

39

41

43

45

0 50 100 150 200

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance along embankment cross section (m)

Derry Brook (A)

LIDAR Elevations

5-year

20-year

100-year

1,000-year

36

38

40

42

44

46

48

50

0 50 100 150 200

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance across valley (m)

Derry Brook (B)

LIDAR Elevations

5-year

20-year

100-year

1,000-year

38

40

42

44

46

48

0 50 100 150 200

E
le

v
a

ti
o

n
s
 (

m
A

O
D

)

Distance across valley (m)

Derry Brook (C)

LIDAR Elevations

5-year

20-year

100-year

1,000-year



 

 
 

2014s2122 - Debenham Storage - Final Report_v2.1.docx 15 
 

Figure 4-3 shows the flood outlines associated with Aspall Cyder (1).  The model which includes 
all FSAs results in a reduced water level at New Road (as shown in Figure 4-4), although this is 
overtopped at the 1,000-year event anyway.  Water levels immediately upstream of the road are 
therefore not increased by the presence of the downstream FSA; in fact levels here are reduced 
given the attenuation influence of the upstream Aspall Green FSA. 

Figure 4-4: 1,000-year water levels at New Road 

 

 

In addition to those presented above, Table 4-2 summarises some further results obtained via the 
FSA modelling.  This includes information on the flooded area and depth within each FSA, length 
of inundated area upstream of the embankments, and time for which water is held in each feature.  

The amount of time water is impounded was calculated using inflow and outflow from each FSA.  
When the flow discharging from the FSA is less than that entering the feature, water is being 
stored; subsequently the outflow will exceed the inflow as water drains from the FSA.  Eventually 
the inflow and outflow once again match one another and at this point no water remains in storage 
(i.e. there is no further attenuation).  This is demonstrated in Figure 4-5. 
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Figure 4-5: FSA duration of impoundment (Apsall Green, 100-year flows) 

 

 

 Table 4-2: Additional reservoir results 

FSA 

20-year 100-year 

Area* 
(m2) 

Depth* 
(m) 

Impoundment 
length (m) 

Duration 
(hrs) 

Area 
(m2) 

Depth 
(m) 

Impoundment 
length (m) 

Duration 
(hrs) 

Aspall 
Green 

41210 2.7 570 23 62680 3.2 620 49 

Aspall 
Cyder 1 

25530 4.3 570 16 47780 5.2 690 27 

Derry 
Brook 

32660 4.0 800 23 49560 4.8 850 35 

*Area equates to flooded area. Depth results calculated from a cross section of LIDAR at FSA embankment.   
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5 Economic damages 
To assess the economic impact of the proposed scheme, economic damages were compared 
between the baseline scenario (using the November 2014 hydraulic model results) and the storage 
scenario.  To achieve this, JBA's Flood Risk Metrics (FRISM) toolkit was used; a GIS based impact 
analysis software that computes a range of flood risk metrics, including property damages, based 
on the techniques outlined in the Multi-Coloured Manual (MCM)4 (2013). 

The final estimated damages per property are provided alongside this report in shapefile format. 

5.1 Methodology 

The method used for estimating economic damages to property is broadly consistent with that 
used in the 2014 JBA report2, although since this analysis an updated version of FRISM was 
released.  A property is counted as flooded when the flood outline intersects the building boundary.  
Damages are only incurred once a threshold is exceeded, calculated as a function of the depth of 
water, type of property and floor area.   

Building polygons were obtained from the National Receptor Dataset (version NRD 2011 - the 
latest available from the Environment Agency's Geostore datasets).  Any changes to properties 
which post-date this dataset are therefore not accounted for in damage calculations.  The damage 
estimates undertaken for this study use the NRD 2011 dataset; this is consistent with damage 
estates undertaken for previous studies but could underestimate damage if recent development 
has increased financial exposure to flood risk. It is therefore recommended that subsequent 
economic damage analysis in Debenham would benefit from updating this to include any recent 
developments (for example the conversion of a vehicle repair garage at the junction of Low Road 
and the B1077 to residential dwellings). Any revised threshold data should also be included 
incorporated so that the implications both to the onset of flooding and property type are updated 
in unison.   

In addition to providing costs per flood event, we have also estimated annual average damages 
(AADs), the estimated damage incurred per year.  The damages associated with each return 
period are simply multiplied by the probability of this event occurring and summed together to 
obtain this value.  For further details on the calculation of damages please see the previous 
reporting.  

Table 5-1 illustrates the baseline flooded property counts between the current study and the 
November 2014 study.  It is evident that fewer properties are counted as flooded in the updated 
calculations, due to the improved manner in which FRISM queries non-residential buildings.  

Table 5-1: Changes to FRISM: flooded property counts 

Baseline flooded property count 

Return period (years) November 2014 Current study 

2 9 5 

5 35 27 

10 63 52 

20 83 76 

75 117 112 

100 124 117 

1,000 183 177 

5.2 Accounting for other damages 

As well as property damages, the potential cost of flooding to both roads and agricultural land has 
been considered; in both cases the methods employed are proportional to type of study.  

The MCM provides sufficient detail to undertake detailed damage analysis for various other land 
uses and infrastructure, but highlights the need for proportionality (Chapter 6).  In order to assess 

                                                      
4 Penning-Rowsell, E. et al., 2013. Flood and Coastal Erosion Risk Management: A Manual for Economic Appraisal (The 

Multi-Coloured Manual). Flood Hazard Research Centre. 
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the losses associated with utilities, telecommunications, hospitals, schools, rail services etc., a 
prioritised approach is recommended: 

 Identify those assets at risk of flooding; 

 Determine the likelihood of flooding; 

 Determine the criticality of assets to flooding; 

 Utilise a risk matrix; 

 Assess the impact of resistance and resilience. 

A similar approach is required for assessing agricultural damage, as outlined below: 

 At a broad scale, appraisals will at least require information of categories of land use, and 
the extent to which they may be affected by floods; 

 At a detailed scale, there is a need to collect primary data associated with farming systems. 

Much of the information required to undertake such detailed analysis was not available for the 
current study, such as the number of properties impacted by failure of a water treatment works, 
the cost of alternative classroom accommodation for schools or the repair costs for given 
infrastructure.  However, the analysis undertaken here does address the first two points from the 
above lists, in addition to providing an indicative damage cost based on depth-damage curves.    

5.2.1 Roads 

The total length of road flooded was calculated from hydraulic modelling results.  The MCM 
highlights the costs of road reconstruction following flooding, with variable costs incurred 
depending on the type of road; typically £15/m2 for local, quiet roads and £50/m2 for more major, 
busy roads.  However, assuming all roads require re-surfacing after every flood event is unrealistic.  

Relatively frequent flooding of some roads in Debenham does occur, including areas of Water 
Lane, High Street and Low Road. However, in order to provide a more detailed assessment of 
economic damage associated with roads, further information such as traffic data and potential 
diversion routes is required.    Moreover, flood durations are typically short and it is not anticipated 
that major diversion routes would be required.   These considerations, along with a lack of traffic 
survey data, makes estimation of damages associated with road flooding outside of the current 
scope.  If further data are made available from Suffolk County Council, economic damages can be 
estimated.  This is recommended for future work.  

As such, results for flooding of roads are presented as flooded lengths of carriageway only.  For 
the purposes of analysing the results of this study, flooded road length can be used as a proxy for 
damages to roads. 

5.2.2 Emergency services 

The MCM highlights research undertaken by Penning-Roswell et al. (2002)5 that identified the UK 
flooding experienced in 2000 was accompanied by significant emergency costs, including those 
associated with police, fire and ambulance call outs, Local Authority costs and Environment 
Agency costs.  These costs were quantified at 10.7% of all property damages and therefore it is 
recommended total economic damages are multiplied by 1.107 for a given study.  This approach 
was followed in Debenham.  

5.2.3 Agriculture 

As outlined in the NFM report, economic damages associated with agricultural land can be 
calculated based on MCM guidance.  Agricultural damages occur throughout the study area during 
a flood event.  However, it is difficult to provide a comparison between the flooded area of farmland 
in the baseline and FSA results; in order to store water fields must be inundated, hence the storage 
model shows greater agricultural flooding and damage in places.   It is also likely that if landowners 
knew certain fields would be used for flood storage, the land use associated with these areas 
would be altered.  Therefore it is not considered appropriate to estimate economic damages 
associated with agricultural land in the current study.  

                                                      
5 Penning-Rowsell, E. et al., 2002. Autumn 2000 flood in England and Wales: Assessment of national economic and 

financial losses. Flood Hazard Research Centre. 
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5.3 Economic damage results  

This section outlines the economic damages to each flood receptor type, comparing baseline and 
FSA scenarios.  These results quantify the economic benefit of the FSA scheme on flood risk in 
Debenham.  

The FSA features may provide wider benefits, such as environmental improvements and habitat 
creation; these functions may also provide an additional economic benefit which has not been 
quantified by this study.   

5.3.1 Property 

Table 5-2 contains the flooded property counts for both model scenarios, as well as a consideration 
of the magnitude of change.  The reductions seen here are all associated with property flooded 
from the River Deben, The Gulls or Derry Brook, it is assumed the degree of property flooding on 
Cherry Tree Brook remains unchanged from the baseline scenario.  

Table 5-2: Impact of storage features on cumulative flooded property counts 

Return period 
(years) 

Baseline Storage Reduction Reduction (%) 

2 5 4 1 20 

5 27 10 17 63 

10 52 19 33 63 

20 76 30 46 61 

75 112 49 63 56 

100 117 54 63 54 

1,000 177 151 26 15 

 

The change in flood extents (Figure 4-1 and Figure 4-2) results in reduced numbers of flooded 
properties at all return periods, particularly notable beyond the 2-year event.  It is clear that the 
biggest reduction is associated at the 5, 10, 20 and 75-year events much of the flood volume is 
stored in each FSA prior to overtopping of the crest.  This is reflected in the gradual reduction in 
protected properties at the 100 and 1,000-year events when the FSAs begin to overtop.   

The change in total property damages for each modelled return period are presented in Table 5-3.  
The model results indicate some differences at all return periods, with significant benefits afforded 
by the FSAs at all modelled return periods. 
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Table 5-3: Impact of storage features on total property damages 

Return period 
(years)  

Baseline (£k) Storage (£k) Reduction (£k) Reduction (%) 

2 45.9 38.2 7.7 17 

5 191.3 97.3 94.0 49 

10 385.0 159.2 225.8 59 

20 751.8 240.8 511.0 68 

75 1,763.8 690.5 1,073.3 61 

100 2,006.0 801.7 1,258.3 61 

1,000 4,977.8 3,678.9 1,298.9 26 

 

The results closely reflect the flooded property results, with the greatest damage reductions (68%) 
seen at the 20-year event, when the all storage areas are nearing capacity but not yet overtopping.  

5.4 Annual average damages 

In addition to simply assessing overall damage per return period, AADs were estimated for each 
property in the study area.  The impact of the FSAs on overall AADs is summarised in Table 5-4. 

Table 5-4: Impact of storage features on annual average damages 

Type 
AADs 

Baseline (£k) Storage (£k) Reduction (£k) Reduction (%) 

Total AADs 193.1 96.1 97.0 50.2 

 

The total baseline AAD for Debenham (excluding agricultural damage) is £193,100 compared to 
a total of £96,100 when the FSAs are in place, a reduction of just over half.   The 50% reduction 
in AADs is significant.  This is a reflection of the effectiveness of storage features in attenuating 
flows across the range of return periods, although the biggest impact on AADs is associated with 
the higher probability short return period events.  Greater benefits could be obtained if these 
features were combined with PLP features.   

Table 5-5 provides a breakdown of total AADs for a number of different property types throughout 
Debenham (based on the Ordnance Survey feature class); only those properties with associated 
damages are included below.  It is clear that the majority of economic damages (and the greatest 
reductions) are associated with residential properties, although a greater percentage reduction is 
seen at the factory units north of Cross Green.  No change in damage is seen at either the police 
station or fire station given their location adjacent to Cherry Tree Brook.  

Table 5-5: AAD breakdown for property types 

Property type 
AADs 

Baseline (£k) Storage (£k) Reduction (£k) Reduction (%) 

Dwelling 92.4 46.0 46.4 50.2 

Fire Station 2.3 2.3 0.0 0.0 

Factory/Works 11.2 2.2 9.0 80.4 

Garage (residential and 
commercial) 

59.1 39.0 20.1 34.0 

Police Station 0.1 0.1 0.0 0.0 

 

Figure 5-1 illustrates the AADs per property when the FSA features are in place; it is clear little 
damage in seen in the centre of Debenham with the schemes in place, with the greatest AADs at 
Fen Street and on Cherry Tree Brook (flow on which are unaltered from the baseline scenario).  
The reduction in AAD at a property level is illustrated in Figure 5-2.  This demonstrates that the 
greatest reductions are seen in the centre of the village, at the industrial units near Cross Green, 
and at Fen Street. The greatest reductions are seen around the Derry Brook - Gulls confluence, 
at the industrial area near Cross Green and at Fen Street. 
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Figure 5-1: Storage area AADs 
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Figure 5-2: Reductions in property damages 
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5.4.1 Roads 

Table 5-6 contains the change in total flooded road length as a result of FSA placement in the 
upper catchments.  Length of flooded roads is reduced across the full range of return periods; the 
reductions are particularly significant for medium return periods.   

Table 5-6: Impact of storage features on total road damages 

Return period 
(years) 

Total flooded road length 

Baseline (m) Storage (m) Reduction (m) Reduction (%) 

2 1,377 1,304 73 5.3 

5 2,656 1,974 682 25.7 

10 3,868 2,460 1,409 36.4 

20 4,503 3,087 1,416 31.4 

75 5,574 4,052 1,521 27.3 

100 5,870 4,289 1,571 26.9 

1,000 8,429 7,533 896 10.6 
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6 Scheme cost and benefits 
Cost estimates for the three reservoirs were estimated for the previous 2014 projects using rates 
from the Civil Engineering Standard Method of Measurement (CESMM4)6 Carbon and Price Book 
2013.  The costs provided here do not represent any final design and costs should be considered 
indicative.   

Development of the scheme is primarily an earthworks project, this together with the construction 
of the emergency spillway is where much of the cost arises.  As part of the scheme, permanent 
access tracks and loading/storage areas will be installed for use during construction and for 
maintenance activities post construction.  No information was available for this study regarding the 
route, size, depth, level, condition or ownership of any utilities.  The location of utilities could pose 
major constraints to the feasibility of the reservoirs and therefore impact construction costs.  

The cost of the scheme includes the price of the land based on agricultural rates for the area of 
land, the embankment footprint and the area of land expected to be flooded.  To do so agricultural 
damage costs per flooded hectare were taken from the MCM (see NFM report for details) and 
multiplied by the flood footprint area, and the events' probability.  This effectively provide an 
agricultural AAD estimate for the flooded footprint based on the existing land use; these values 
were used to inform the payments made to landowners for siting the FSA on their land. 

Discounted maintenance and inspection costs were included for a 75 year lifespan of the FSAs 
using Treasury Green Book discount rates7.  Maintenance costs included regular seasonal grass 
cutting, weed and vermin control, and an annual visual walkover inspection.  Costs were included 
for a thorough inspection by a senior or panel engineer accompanied by a delegated engineer 
every 5 years and an annual visual inspection of the outlet culvert, emergency overflow weir and 
exercising of the outfall structure. 

The development of costs for FSAs was completed at a high level, with no detailed or optimised 
design considered.  Costs are subject to the following assumptions and limitations: 

 Rates based on those presented in the CESMM4 Price Book 2013 and may not reflect 
current market prices (an inherent problem with any cost estimate post 2013). 

 Preliminary costs are set to 15% at outline design stage.  These include costs that do not 
form any part of a work package but are required, such as utilities, insurance, traffic 
management, security staff etc.  A further 15% cost is included for design, management 
and supervision. 

 An optimism bias of 60% is included to compensate for the widely recognised tendency 
for appraisers to be overly optimistic in their early assessment of project costs.  This 
percentage follows best practice guidance8 and reflects the current view of average cost 
uplift from pre-feasibility stage to final account in flood and coastal defence. 

 Diversion of utilities can have a major impact on the engineering feasibility and financial 
viability of any scheme.  No plans showing services or statutory utilities were available, 
therefore engineering judgement was used to estimate a cost of service diversion. 

 No ground investigations were undertaken, therefore the soil types and ground conditions 
at the site are not known.  This could have a major bearing on the feasibility and design of 
the earth embankments, with accompanying impact on costs. 

 Ground levels across the valley have been estimated from LIDAR data.   

 The estimated quantities of material required for the embankments were based on 
simplified geometrical shapes.  In particular the cross-sectional areas were split into 
simplified sections which assume a flat base.  In reality the geometry of the dam will vary.  
This method is very crude and should only be used for preliminary costing of the scheme. 

 It is assumed that all material to construct the dam (clay, sub-soil, topsoil) are imported to 
site.  However, it is anticipated that it is possible to re-use material excavated from the 
site.  Therefore, double handling, rather than disposal, of the material is included in the 

                                                      
6 Institution of Civil Engineers., 2012. CESMM4: Civil engineering standard method of measurement.  
 
7 HM Treasury, 2003, The Green Book, Appraisal and Evaluation in central Government. 
 
8 Defra, 2003, Flood and Coastal Defence Project Appraisal Guidance, FCDPAG3 Economic Appraisal, Supplementary 
Note to Operating Authorities March 2003, Revisions to economic appraisal procedures arising from new treasury "Green 
Book".) 
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costs.  If ground investigations show that this re-use is not possible then the additional 
cost of disposal will be incurred on the scheme. 

 It is assumed that no excavation will be required other than that associated with the 
construction of the embankment. 

 To allow for small quantities the built-up costs of the earth embankments are subjected to 
a multiplication factor based on engineering judgement.  The embankments are subjected 
to a multiplication factor of two whilst a smaller scheme may use a factor of three.  

 Purchase of land may be required for the FSA embankment locations; for the purposes of 
these calculations it is assumed the agricultural land is Grade 1 (highest productivity).  This 
is the conservative approach and thought appropriate for this level of analysis.  

 An emergency spillway is required for each reservoir to ensure that overtopping flows are 
conveyed safely.  In the costing the assumption is made that a reinforced concrete spillway 
will be installed; there are other options available which should be considered at the 
detailed design stage.  

 It is assumed that onward flow at lower return periods is maintained by a 450mm diameter 
culvert for each reservoir.  Hydro brakes would be required to allow a constant discharge 
as represented in the hydraulic model, although the costs associated with this are not yet 
considered. 

6.1 Partnership Funding 

6.1.1 Flood Defence Grant-in-Aid funding 

In England, Local Authorities, Internal Drainage Boards (IDBs), the Environment Agency and other 
government organisations are entitled to bid for Flood Defence Grant-in-Aid (FDGiA) funding from 
Department for Environment Food and Rural Affairs (Defra) (administered by the Environment 
Agency) to assist with the delivery of Flood and Coastal Risk Management (FCRM) schemes.  

The funding regime encourages stakeholders to contribute towards the cost of flood relief 
schemes, such as those proposed for Debenham.  The greater the proportion of stakeholder 
contribution, the higher the Partnership Funding (PF) score, and therefore the greater chance of 
securing FDGiA funding for the project.  The Environment Agency ranks all bids nationally in 
descending order of PF score and will allocate the available funding accordingly until all the 
available budget is allocated.  It is uncertain from year to year how much capital funding is available 
and therefore what PF score is required to secure GiA.  

6.1.2 Partnership Funding score - cost benefit analysis 

PF was calculated using the PF Calculator, a spreadsheet tool which follows the FDGiA 
procedures outlined in the Environment Agency's guidance document9.   

From 2012/3, the funding available to any scheme is scored using Outcome Measures (OMs) 
which relate to the economic damages avoided (OM1), the number of households protected 
(OM2), coastal erosion benefits (OM3) and wider benefits of the scheme (OM4); these are 
assessed against the capital cost of the scheme, ongoing post-construction costs and also the 
funding from other sources to produce the final PF score.  

Outcome Measure 1 

The economic benefits of the three FSAs were calculated using AAD estimates from JBA's FRISM 
software; the reduction in damages between the baseline and alleviation options provides the 
present day annual benefit (£97,000).  However, given the scheme in question is designed to last 
into the future, it is necessary to calculate the "Whole-Life Benefit".  For the purposes of the 
Debenham project it is assumed that the expected design life of all schemes is 75-years.  In order 
to project economic benefits an HM Treasury Green Book discount rate of 3.5% is applied each 
year; this effectively ensures £1 today is worth more than £1 in the future as a result of inflation.  
The sum of 75-years discounted benefits produces the Whole-Life Benefit. 

The engineering costs for each FSA were calculated and are recorded in Appendix A.  For the 
purpose of the cost calculations it is assumed that the construction of each FSA would be 
undertaken within the current financial year and therefore discounting of costs is not required.  The 

                                                      
9 Environment Agency., 2011. Estimating Outcome Measure contributions and using the FSGiA Funding calculator for 

Flood and Coastal Erosion Risk Management project. Environment Agency Operating Instruction.  
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ongoing maintenance costs associated with each FSA, known as the "Post-Construction Costs" 
have been discounted assuming a 75-year life.  The combined costs of all three storage areas are 
used at the Whole-Life Costs. 

Outcome Measure 2 

OM2 incorporates the properties at risk into the PF calculation, categorised into very significant 
risk (20-year return period), significant risk (75-year return period) and moderate risk (200-year 
return period).  For this project, moderate risk is taken as the 1,000-year event given the lack of a 
200-year model version. 

It is assumed that all properties in Debenham are located in the 60% least economically deprived 
area.   

Outcome Measures 3 and 4 

Debenham is not located on the coast and therefore OM3 is not relevant.  At this stage OM4 is not 
considered as it falls outside the scope of the current commission.  

6.2 Partnership Funding results 

The results below record the scheme costs, benefits and final PF score.  It should be considered 
that "houses protected" represents the changes from the baseline model results.  Where a 
negative result is recorded this reflects the movement of properties originally in a higher risk 
category to a lower risk category.  

The construction costs of all three FSAs are combined for the purposes of PF scores.  These costs 
include a 60% optimism bias, reflecting the tendency for the designer of a scheme to be overly 
optimistic when pricing these.  Use of such a high percentages influences the PF scores (for 
example 60% of the cost of the Aspall Cyder reservoir is approximately £200,000).  PF scores are 
presented below that both include and exclude this assumption.  

   Table 6-1: Partnership Funding results (with optimism bias)  

 

Number of 
houses protected 

Very Significant Risk 46 

Significant Risk 17 

Moderate Risk -37 

Design and construction cost (£) 1,970,000 

Future maintenance costs (£) 283,600 

Estimated Whole Life Cost (£) 2,253,600 

Estimated Whole Life Benefit (£) 2,727,616 

PF Score (%) 19 

Comments The results above indicative that significant third party funding would be required 
to construct the three FSA features in The Gulls and Derry Brook catchments.  
Whilst these features offer a significant reduction in flood risk, the cost of 
constructing and maintaining these is very high. 

One option would be to combine these with NFM features in the upper 
catchment, or PLP features at individual properties, which together would 
protect against both low and moderate magnitude flood events.  These would 
significantly increase the Estimated Whole Life Benefit and therefore likely 
increase the PF score.  Further possibilities could include the construction of a 
single FSA (or a combination of those modelled) alongside NFM or PLP.  Fewer 
FSAs would reduce cost but would result in a lower reduction in water levels 
(the breakdown of FSA costs are recorded in Appendix A).  
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Table 6-2: Partnership Funding results (excluding optimism bias)  

 

Number of 
houses protected 

Very Significant Risk 46 

Significant Risk 17 

Moderate Risk -37 

Design and construction cost (£) 1,230,000 

Future maintenance costs (£) 283,600 

Estimated Whole Life Cost (£) 1,513,600 

Estimated Whole Life Benefit (£) 2,727,616 

PF Score (%) 28 

Comments Removing the 60% optimism bias from the construction costs increases the PF 
score from 19% to 28%, although a significant third party contribution is still 
required.  This adds further weight to the recommendation of combining storage 
features with NFM or PLP features.  
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7 Conclusions and recommendations 

7.1 Conclusions 

This study has highlighted the potential flood risk benefits which could be obtained if storage 
features were constructed in The Gulls and Derry Brook catchments upstream of Debenham 
village.   Three FSAs were investigated; two in The Gulls catchment and one on Derry Brook.  
Each was able to allow pass-on flows whilst storing water during flood events (overtopping occurs 
at the 75-year event and beyond).  The use of such features provides the following benefits: 

 Reduction in flood water levels at all return periods, resulting in reduced flood extents in 
Debenham village. 

 The biggest reduction in flood risk was seen at moderate magnitude flood events when 
the most water was stored in the FSAs without overtopping occurring. 

 Some attenuation benefit was noted during extreme events (up to the 1,000-year return 
period) even though overtopping of the FSA crests occurred. 

 This water level reduction brings a reduction in the predicted AADs for Debenham; 
£97,000 for the whole study area. 

 By analysing the total economic benefit afforded by the FSAs, the construction and 
maintenance cost of these, and the number of properties protected as a result, it was 
possible to generate a Partnership Funding score of 19%.  This means significant third 
party funding would be required to obtain FDGiA funding for the FSA proposal.  

 The Partnership Funding score would likely be increased if FSAs were considered 
alongside smaller scale mitigation options such as Natural Flood Management or Property 
Level Protection features. 

7.2 Recommendations 

It is strongly recommended that the conclusions of this report are re-visited if additional local 
hydrometric data become available.  The inflows to the hydraulic model are based upon 
hydrological analysis undertaken in 2013-4 when the only source of hydrometric data in the 
catchments was a short period of water level record, used alongside rainfall data to estimate time 
to peak on each watercourse.  Further data could offer greater confidence in flow estimates and 
therefore alter the Partnership Funding scores provided here.  

It is expected that the Partnership Funding scores derived in this study could be improved through 
optimisation of the reservoir configuration and inclusion of targeted property level protection. 
However, it remains highly uncertain whether the scores could be improved sufficiently to results 
in a viable scheme without significant third party contributions.  

Any additional storage capacity within the system (such as NFM features) is likely to further reduce 
flood risk in the village beyond that estimated in this report.  However, quantifying this is complex 
for a number of reasons (not least the differing storm characteristics at which such different 
features are likely to be most effective) and is certainly beyond the scope of this study.  In any 
case the uncertainty associated with pluvial modelling (used to assess the NFM features) is such 
that we would be very cautious about using the resulting flows to design downstream flood 
mitigation measures (such as storage or raised defences).  
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2014s2122 - Debenham Extension (no. 2)

Aspall Green Reservoir

Aspall Green Reservoir

Costs Summary

Preliminaries 15%

Design, Management & Supervision 15%

Return Period (Years) 100 + CC

Earth Embankment Class E: Earthworks 107,656£             Built-up cost x 2 to allow for small quantities

Access track and temporary site compound Class R: Permanent access track 24,250£               

Outfall Structure Class I: Pipeworks: Pipes 322£                   

Class L: Pipeworks - Supports and protection, ancilliaries to laying and excavation 10,294£               

Emergency Structures Class X: Miscellaneous work 55,000£               

Other costs Class X: Miscellaneous work 52,574£               

Basic Construction Subtotal 250,097£             

Preliminaries 37,515£               

Construction Total 287,611£             

Design, Management & Supervision (including Topographical Survey) 43,142£               

Compensation Claims 31,884£               

Site Investigation 10,000£               

Sub Total 372,637£             

Optimism bias (60%) 223,582£             

Grand Total 596,219£             

2014s2122 - Debenham Extension (no. 2)

Debenham Flood Storage Scheme - Preliminary Cost Estimate 20/01/2016
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2014s2122 - Debenham Extension (no. 2)

Debenham Flood Storage Scheme - Preliminary Cost Estimate 20/01/2016

Rates Summary

Class A: General Items Unit Rate £ Comment

A900.01 Preliminaries % 15 Engineering judgement

A900.02 Design, Management & Supervision % 15 Engineering judgement

Class E: Earthworks Unit Rate £ Comment

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 2.65£                    CESMM4 Price Book 2013

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key 

trench)
m3 4.90£                    CESMM4 Price Book 2013

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key 

trench (store on site for re use, distance to place of disposal 30m)
m3 4.90£                    CESMM4 Price Book 2013

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 2.51£                    CESMM4 Price Book 2013

E900.01 Import and place clay core m3 30.00£                  Estimated from prvious FAS (Lustrum Beck FAS)

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 2.65£                    CESMM4 Price Book 2013

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either 

side of clay core)
m3 4.90£                    CESMM4 Price Book 2013

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 2.51£                    CESMM4 Price Book 2013

E622.01 Import and fill topsoil to embankment m3 19.18£                  CESMM4 Price Book 2013

E621.02 Filling of excavated material stored on site to earth dam m3 1.31£                    CESMM4 Price Book 2013

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 2.62£                    CESMM4 Price Book 2013

E830.02 Grass seeding (earth embankment) m2 2.61£                    CESMM4 Price Book 2013

Class I: Pipework - Pipes Unit Rate £ Comment

I232.04 Pipe laying (Max depth: 1.5m) 450mm dia pipe m 46.06£                  CESMM4 Price Book 2013

Class L: Pipework - Supports and protection, ancilliaries to laying and excavation Unit Rate £ Comment

L900.01 Head walls and wingwalls of outlet pipe (reinforced concrete) nr 5,000.00£             Engineering judgement

L533.04 Imported granular bed and 360 degree surround  to 300mm dia pipe under embankment m 41.98£                  CESMM4 Price Book 2013

L900.02 Headwall and wingwalls nr 5,000.00£             Engineering judgement

L900.03 Connection to NWL Sewer nr 10,000.00£           Engineering judgement

Class R: Roads and pavings Unit Rate £ Comment

R117.01 Permanent access track (Type 1 unbound mixtures, 4m wide, 300mm thick) levelling and compacting m2 12.50£                  CESMM4 Price Book 2013

Class X: Miscellaneous work Unit Rate £ Comment

X900.01 Reinforced Concrete Emergency Overflow Spillway Sum 30,000.0 Engineering judgement

X900.02 Scour Protection Sum 5,000.0 Engineering judgement

X900.03 Emergency drawdown culvert and penstock nr 20,000.00£           Engineering judgement

X900.04 Service diversions nr 25,000.00£           Engineering judgement

X900.05 Telemetry/CCTV nr 10,000.00£           Engineering judgement

X111.01 Fencing (cleft chestnut pale fencing BS1722, height not exceeding 1m) m 18.92£                  CESMM4 Price Book 2013

X900.07 Planting and general reinstatement Sum 5,000.00£             Engineering judgement

X900.08 Ecological investigations and impact assessment Sum 5,000.00£             Engineering judgement

X900.09 Land purchase - new access track and embankment footprint Hectare 25,000.00£           KP Sherwood & Sons (assumed Grade 1 agricultural 

land)

N:\2014\Projects\2014s2122 - EA A - Debenham extension (No. 2)\Calculations\Cost Estimate\2014s2122 Preliminary cost estimate\Revised embankment levels (10-02-16)\2014s2122 -Aspall Green Reservoir_RevEmb- Cost Estimate_v2.1.xlsx



Earth Embankment

Code Item Unit Quantity Rate Cost

Section A (length 55m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 145 2.65£                  384£                   

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 35 4.90£                  172£                   

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on site for re use, distance to place of disposal 30m)m3 110 4.90£                  539£                   

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 320 2.51£                  803£                   

E900.01 Import and place clay core m3 170 30.00£                5,100£                

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 30 2.65£                  80£                     

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core)m3 30 4.90£                  147£                   

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 135 2.51£                  339£                   

E622.01 Import and fill topsoil to embankment m3 75 19.18£                1,439£                

E621.02 Filling of excavated material stored on site to earth dam m3 110 1.31£                  144£                   

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 400 2.62£                  1,048£                

E830.02 Grass seeding (earth embankment) m2 400 2.61£                  1,044£                

Section A: Total 11,238£              

Code Item Unit Quantity Rate Cost

Section B (length 100m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 418 2.65£                  1,108£                

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 105 4.90£                  515£                   

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on site for re use, distance to place of disposal 30m)m3 314 4.90£                  1,539£                

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 745 2.51£                  1,870£                

E900.01 Import and place clay core m3 640 30.00£                19,200£              

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 90 2.65£                  239£                   

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core)m3 90 4.90£                  441£                   

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 395 2.51£                  991£                   

E622.01 Import and fill topsoil to embankment m3 520 19.18£                9,974£                

E621.02 Filling of excavated material stored on site to earth dam m3 315 1.31£                  413£                   

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 1205 2.62£                  3,157£                

E830.02 Grass seeding (earth embankment) m2 1205 2.61£                  3,145£                

Section B: Total 42,590£              

Grand Total 53,828£              
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Access track and temporary site compound

Code Item Unit Quantity Rate Cost

R117.01 Permanent access track (Type 1 unbound mixtures, 4m wide, 

300mm thick) levelling and compacting
m

2 1940 12.50£               24,250£              

Sub-Total 24,250£              



Outfall Structure

Code Item Unit Quantity Rate Cost

I232.04 Pipe laying (Max depth: 1.5m) 450mm dia pipe m 7 46.06£      322£           

L900.01 Head walls and wingwalls of outlet pipe (reinforced concrete) nr 2 5,000£      10,000£      

L533.04 Imported granular bed and 360 degree surround  to 300mm dia pipe under embankmentm 7 41.98£      294£           

Class I total £322

Class L total £10,294

Sub-Total 10,616£      

Emergency Structures 

Item Unit Quantity Rate Cost

X900.01 Reinforced Concrete Emergency Overflow Spillway Sum 1 30,000£    30,000£      

X900.02 Scour Protection Sum 1 5,000£      5,000£        

X900.03 Emergency drawdown culvert and penstock nr 1 £20,000 20,000£      

Sub-Total 55,000£      

Total 65,616£      



Other Costs

Code Item Unit Quantity Rate Cost

X900.04 Service diversions nr 1 £25,000 25,000£             

X900.05 Telemetry/CCTV nr 1 £10,000 10,000£             

X111.01 Fencing (cleft chestnut pale fencing BS1722, height not exceeding 1m)m 70 £19 1,324£               

X900.07 Planting and general reinstatement Sum 1 £5,000 5,000£               

X900.08 Ecological investigations and impact assessment Sum 1 £5,000 5,000£               

X900.09 Land purchase - new access track and embankment footprint Hectare 0.3 £25,000 6,250£               

Total 52,574£             
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2014s2122 - Debenham Extension (no. 2)

Aspall Cyder Reservoir

Aspall Cyder Reservoir

Costs Summary

Preliminaries 15%

Design, Management & Supervision 15%

Return Period (Years) 100 + CC

Earth Embankment Class E: Earthworks 132,514.38£        Built-up cost x 2 to allow for small quantities

Access track and temporary site compound Class R: Permanent access track 25,125£               

Outfall Structure Class I: Pipeworks: Pipes 691£                   

Class L: Pipeworks - Supports and protection, ancilliaries to laying and excavation 10,630£               

Emergency Structures Class X: Miscellaneous work 55,000£               

Other costs Class X: Miscellaneous work 56,324£               

Basic Construction Subtotal 280,284£             

Preliminaries 42,042.66£          

Construction Total 322,327£             

Design, Management & Supervision (including Topographical Survey) 48,349£               

Compensation Claims 23,720£               

Site Investigation 10,000£               

Sub Total 404,396£             

Optimism bias (60%) 242,638£             

Grand Total 647,034£             

2014s2122 - Debenham Extension (no. 2)

Debenham Flood Storage Scheme - Preliminary Cost Estimate 20/01/2016
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2014s2122 - Debenham Extension (no. 2)

Debenham Flood Storage Scheme - Preliminary Cost Estimate 20/01/2016

Rates Summary

Class A: General Items Unit Rate £ Comment

A900.01 Preliminaries % 15 Engineering judgement

A900.02 Design, Management & Supervision % 15 Engineering judgement

Class E: Earthworks Unit Rate £ Comment

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 2.65£                    CESMM4 Price Book 2013

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key 

trench)
m3 4.90£                    CESMM4 Price Book 2013

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key 

trench (store on site for re use, distance to place of disposal 30m)
m3 4.90£                    CESMM4 Price Book 2013

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 2.51£                    CESMM4 Price Book 2013

E900.01 Import and place clay core m3 30.00£                  Estimated from prvious FAS (Lustrum Beck FAS)

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 2.65£                    CESMM4 Price Book 2013

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core)m3 4.90£                    CESMM4 Price Book 2013

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 2.51£                    CESMM4 Price Book 2013

E622.01 Import and fill topsoil to embankment m3 19.18£                  CESMM4 Price Book 2013

E621.02 Filling of excavated material stored on site to earth dam m3 1.31£                    CESMM4 Price Book 2013

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 2.62£                    CESMM4 Price Book 2013

E830.02 Grass seeding (earth embankment) m2 2.61£                    CESMM4 Price Book 2013

Class I: Pipework - Pipes Unit Rate £ Comment

I232.04 Pipe laying (Max depth: 1.5m) 450mm dia pipe m 46.06£                  CESMM4 Price Book 2013

Class L: Pipework - Supports and protection, ancilliaries to laying and excavation Unit Rate £ Comment

L900.01 Head walls and wingwalls of outlet pipe (reinforced concrete) nr 5,000.00£             Engineering judgement

L533.04 Imported granular bed and 360 degree surround  to 300mm dia pipe under embankment m 41.98£                  CESMM4 Price Book 2013

L900.02 Headwall and wingwalls nr 5,000.00£             Engineering judgement

L900.03 Connection to NWL Sewer nr 10,000.00£           Engineering judgement

Class R: Roads and pavings Unit Rate £ Comment

R117.01 Permanent access track (Type 1 unbound mixtures, 4m wide, 300mm thick) levelling and compacting m2 12.50£                  CESMM4 Price Book 2013

Class X: Miscellaneous work Unit Rate £ Comment

X900.01 Reinforced Concrete Emergency Overflow Spillway Sum 30,000.00£           Engineering judgement

X900.02 Scour Protection Sum 5,000.00£             Engineering judgement

X900.03 Emergency drawdown culvert and penstock nr 20,000.00£           Engineering judgement

X900.04 Service diversions nr 25,000.00£           Engineering judgement

X900.05 Telemetry/CCTV nr 10,000.00£           Engineering judgement

X111.01 Fencing (cleft chestnut pale fencing BS1722, height not exceeding 1m) m 18.92£                  CESMM4 Price Book 2013

X900.07 Planting and general reinstatement Sum 5,000.00£             Engineering judgement

X900.08 Ecological investigations and impact assessment Sum 5,000.00£             Engineering judgement

X900.09 Land purchase - new access track and embankment footprint Hectare 25,000.00£           KP Sherwood & Sons (assumed Grade 1 agricultural 

land)
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Earth Embankment

Code Item Unit Quantity Rate Cost

Section A (length 40m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 134 2.65£                 355£       

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 35 4.90£                 172£       

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on 

site for re use, distance to place of disposal 30m)

m3 100 4.90£                 490£       

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 275 2.51£                 690£       

E900.01 Import and place clay core m3 175 30.00£               5,250£    

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 30 2.65£                 80£         

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core) m3 30 4.90£                 147£       

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 124 2.51£                 311£       

E622.01 Import and fill topsoil to embankment m3 105 19.18£               2,014£    

E621.02 Filling of excavated material stored on site to earth dam m3 100 1.31£                 131£       

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 375 2.62£                 983£       

E830.02 Grass seeding (earth embankment) m2 375 2.61£                 979£       

Section A: Total 11,601£  

Code Item Unit Quantity Rate Cost

Section B (length 45m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 275 2.65£                 729£       

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 70 4.90£                 343£       

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on 

site for re use, distance to place of disposal 30m)

m3 205 4.90£                 1,005£    

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 440 2.51£                 1,104£    

E900.01 Import and place clay core m3 560 30.00£               16,800£  

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 65 2.65£                 172£       

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core) m3 65 4.90£                 319£       

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 260 2.51£                 653£       

E622.01 Import and fill topsoil to embankment m3 630 19.18£               12,083£  

E621.02 Filling of excavated material stored on site to earth dam m3 205 1.31£                 269£       

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 810 2.62£                 2,122£    

E830.02 Grass seeding (earth embankment) m2 810 2.61£                 2,114£    

Section B: Total 37,712£  

Code Item Unit Quantity Rate Cost

Section C (length 55m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 190 2.65£                 504£       

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 50 4.90£                 245£       

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on 

site for re use, distance to place of disposal 30m)

m3 145 4.90£                 711£       

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 375 2.51£                 941£       

E900.01 Import and place clay core m3 255 30.00£               7,650£    

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 40 2.65£                 106£       

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core) m3 40 4.90£                 196£       

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 175 2.51£                 439£       

E622.01 Import and fill topsoil to embankment m3 165 19.18£               3,165£    

E621.02 Filling of excavated material stored on site to earth dam m3 145 1.31£                 190£       

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 535 2.62£                 1,402£    

E830.02 Grass seeding (earth embankment) m2 535 2.61£                 1,396£    

Section C: Total 16,944£  

Grand Total 66,257£  
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Access track and temporary site compound

Code Item Unit Quantity Rate Cost

R117.01 Permanent access track (Type 1 unbound mixtures, 4m wide, 

300mm thick) levelling and compacting
m

2 2010 12.50£               25,125£              

Sub-Total 25,125£              



Outfall Structure

Code Item Unit Quantity Rate Cost

I232.04 Pipe laying (Max depth: 1.5m) 450mm dia pipe m 15 46.06£      691£           

L900.01 Head walls and wingwalls of outlet pipe (reinforced concrete) nr 2 5,000£      10,000£      

L533.04 Imported granular bed and 360 degree surround  to 300mm dia pipe under embankmentm 15 41.98£      630£           

Class I total £691

Class L total £10,630

Sub-Total 11,321£      

Emergency Structures 

Item Unit Quantity Rate Cost

X900.01 Reinforced Concrete Emergency Overflow Spillway Sum 1 30,000£    30,000£      

X900.02 Scour Protection Sum 1 5,000£      5,000£        

X900.03 Emergency drawdown culvert and penstock nr 1 £20,000 20,000£      

Sub-Total 55,000£      

Total 66,321£      



Other Costs

Code Item Unit Quantity Rate Cost

X900.04 Service diversions nr 1 £25,000 25,000£             

X900.05 Telemetry/CCTV nr 1 £10,000 10,000£             

X111.01 Fencing (cleft chestnut pale fencing BS1722, height not exceeding 1m)m 70 £19 1,324£               

X900.07 Planting and general reinstatement Sum 1 £5,000 5,000£               

X900.08 Ecological investigations and impact assessment Sum 1 £5,000 5,000£               

X900.09 Land purchase - new access track and embankment footprint Hectare 0.4 £25,000 10,000£             

Total 56,324£             
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2014s2122 - Debenham Extension (no. 2)

Derry Brook Reservoir

Derry Brook Reservoir

Costs Summary

Preliminaries 15%

Design, Management & Supervision 15%

Return Period (Years) 100 + CC

Earth Embankment Class E: Earthworks 169,808£          Built-up cost x 2 to allow for small quantities

Access track and temporary site compound Class R: Permanent access track 29,438£            

Outfall Structure Class I: Pipeworks: Pipes 1,382£              

Class L: Pipeworks - Supports and protection, ancilliaries to laying and excavation 11,259£            

Emergency Structures Class X: Miscellaneous work 55,000£            

Other costs Class X: Miscellaneous work 53,824£            

Basic Construction Subtotal 320,711£          

Preliminaries 48,107£            

Construction Total 368,817£          

Design, Management & Supervision (including Topographical Survey) 55,323£            

Compensation Claims 22,181£            

Site Investigation 10,000£            

Sub Total 456,321£          

Optimism bias (60%) 273,793£          

Grand Total 730,113£          

2014s2122 - Debenham Extension (no. 2)

Debenham Flood Storage Scheme - Preliminary Cost Estimate 20/01/2016
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2014s2122 - Debenham Extension (no. 2)

Debenham Flood Storage Scheme - Preliminary Cost Estimate 20/01/2016

Rates Summary

Class A: General Items Unit Rate £ Comment

A900.01 Preliminaries % 15 Engineering judgement

A900.02 Design, Management & Supervision % 15 Engineering judgement

Class E: Earthworks Unit Rate £ Comment

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 2.65£                    CESMM4 Price Book 2013

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key 

trench)
m3 4.90£                    CESMM4 Price Book 2013

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key 

trench (store on site for re use, distance to place of disposal 30m)
m3 4.90£                    CESMM4 Price Book 2013

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 2.51£                    CESMM4 Price Book 2013

E900.01 Import and place clay core m3 30.00£                  Estimated from prvious FAS (Lustrum Beck FAS)

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 2.65£                    CESMM4 Price Book 2013

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either 

side of clay core)
m3 4.90£                    CESMM4 Price Book 2013

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 2.51£                    CESMM4 Price Book 2013

E622.01 Import and fill topsoil to embankment m3 19.18£                  CESMM4 Price Book 2013

E621.02 Filling of excavated material stored on site to earth dam m3 1.31£                    CESMM4 Price Book 2013

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 2.62£                    CESMM4 Price Book 2013

E830.02 Grass seeding (earth embankment) m2 2.61£                    CESMM4 Price Book 2013

Class I: Pipework - Pipes Unit Rate £ Comment

I232.04 Pipe laying (Max depth: 1.5m) 450mm dia pipe m 46.06£                  CESMM4 Price Book 2013

Class L: Pipework - Supports and protection, ancilliaries to laying and excavation Unit Rate £ Comment

L900.01 Head walls and wingwalls of outlet pipe (reinforced concrete) nr 5,000.00£             Engineering judgement

L533.04 Imported granular bed and 360 degree surround  to 300mm dia pipe under embankment m 41.98£                  CESMM4 Price Book 2013

L900.02 Headwall and wingwalls nr 5,000.00£             Engineering judgement

L900.03 Connection to NWL Sewer nr 10,000.00£           Engineering judgement

Class R: Roads and pavings Unit Rate £ Comment

R117.01 Permanent access track (Type 1 unbound mixtures, 4m wide, 300mm thick) levelling and compacting m2 12.50£                  CESMM4 Price Book 2013

Class X: Miscellaneous work Unit Rate £ Comment

X900.01 Reinforced Concrete Emergency Overflow Spillway Sum 30,000.00£           Engineering judgement

X900.02 Scour Protection Sum 5,000.00£             Engineering judgement

X900.03 Emergency drawdown culvert and penstock nr 20,000.00£           Engineering judgement

X900.04 Service diversions nr 25,000.00£           Engineering judgement

X900.05 Telemetry/CCTV nr 10,000.00£           Engineering judgement

X111.01 Fencing (cleft chestnut pale fencing BS1722, height not exceeding 1m) m 18.92£                  CESMM4 Price Book 2013

X900.07 Planting and general reinstatement Sum 5,000.00£             Engineering judgement

X900.08 Ecological investigations and impact assessment Sum 5,000.00£             Engineering judgement

X900.09 Land purchase - new access track and embankment footprint Hectare 25,000.00£           KP Sherwood & Sons (assumed Grade 1 agricultural 

land)

N:\2014\Projects\2014s2122 - EA A - Debenham extension (No. 2)\Calculations\Cost Estimate\2014s2122 Preliminary cost estimate\Revised embankment levels (10-02-16)\2014s2122 -Derry Brook_RevEmb- Cost Estimate_v2.1.xlsx



Earth Embankment

Code Item Unit Quantity Rate Cost

Section A (length 30m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 85 2.65£                 225£       

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 20 4.90£                 98£         

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on 

site for re use, distance to place of disposal 30m)

m3 65 4.90£                 319£       

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 180 2.51£                 452£       

E900.01 Import and place clay core m3 105 30.00£               3,150£    

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 20 2.65£                 53£         

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core) m3 20 4.90£                 98£         

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 80 2.51£                 201£       

E622.01 Import and fill topsoil to embankment m3 55 19.18£               1,055£    

E621.02 Filling of excavated material stored on site to earth dam m3 65 1.31£                 85£         

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 235 2.62£                 616£       

E830.02 Grass seeding (earth embankment) m2 235 2.61£                 613£       

Section A: Total 6,964£    

Code Item Unit Quantity Rate Cost

Section B (length 15m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 160 2.65£                 424£       

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 40 4.90£                 196£       

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on 

site for re use, distance to place of disposal 30m)

m3 120 4.90£                 588£       

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 265 2.51£                 665£       

E900.01 Import and place clay core m3 565 30.00£               16,950£  

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 40 2.65£                 106£       

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core) m3 40 4.90£                 196£       

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 120 2.51£                 301£       

E622.01 Import and fill topsoil to embankment m3 845 19.18£               16,207£  

E621.02 Filling of excavated material stored on site to earth dam m3 120 1.31£                 157£       

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 485 2.62£                 1,271£    

E830.02 Grass seeding (earth embankment) m2 485 2.61£                 1,266£    

Section B: Total 38,327£  

Code Item Unit Quantity Rate Cost

Section C (length 95m )

E423.01 Excavate key trench for clay core (for earth embankment) - Max depth 0.5 - 1m m3 390 2.65£                 1,034£    

E541..01 Double handling of excavated material (distance to place of disposal 30m)(turf layer from key trench) m3 95 4.90£                 466£       

E542.01 Double handling of excavated material other than topsoil, rock or artificial hard material from key trench (store on 

site for re use, distance to place of disposal 30m)

m3 290 4.90£                 1,421£    

E522.02 Preparation of excavated surfaces (key trench) (inclined at an angle 10-45 degrees) m2 695 2.51£                 1,744£    

E900.01 Import and place clay core m3 595 30.00£               17,850£  

E421.01 Excavation of turf layer either side of clay core (max depth not exceeding 0.25m) m3 85 2.65£                 225£       

E541.01 Double handling of excavated material, distance to place of disposal 30m (turf layer from either side of clay core) m3 85 4.90£                 417£       

E522.02 Preparation of excavated surfaces (either side of clay core) (inclined at an angle 10-45 degrees) m2 365 2.51£                 916£       

E622.01 Import and fill topsoil to embankment m3 485 19.18£               9,302£    

E621.02 Filling of excavated material stored on site to earth dam m3 290 1.31£                 380£       

E521.02 Preparation of filled surfaces (for seeding) - Topsoil - Inclined 10-45 degress m2 1120 2.62£                 2,934£    

E830.02 Grass seeding (earth embankment) m2 1120 2.61£                 2,923£    

Section C: Total 39,612£  

Grand Total 84,904£  
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Access track and temporary site compound

Code Item Unit Quantity Rate Cost

R117.01 Permanent access track (Type 1 unbound mixtures, 4m wide, 

300mm thick) levelling and compacting
m

2 2355 12.50£               29,438£              

Sub-Total 29,438£              



Outfall Structure

Code Item Unit Quantity Rate Cost

I232.04 Pipe laying (Max depth: 1.5m) 450mm dia pipe m 30 46.06£           1,382£        

L900.01 Head walls and wingwalls of outlet pipe (reinforced concrete) nr 2 5,000£           10,000£      

L533.04 Imported granular bed and 360 degree surround  to 300mm dia pipe under embankmentm 30 41.98£           1,259£        

Class I total £1,382

Class L total £11,259

Sub-Total 12,641£      

Emergency Structures 

Item Unit Quantity Rate Cost

X900.01 Reinforced Concrete Emergency Overflow Spillway Sum 1 30,000£         30,000£      

X900.02 Scour Protection Sum 1 5,000£           5,000£        

X900.03 Emergency drawdown culvert and penstock nr 1 £20,000 20,000£      

Sub-Total 55,000£      

Total 67,641£      



Other Costs

Code Item Unit Quantity Rate Cost

X900.04 Service diversions nr 1 £25,000 25,000£             

X900.05 Telemetry/CCTV nr 1 £10,000 10,000£             

X111.01 Fencing (cleft chestnut pale fencing BS1722, height not exceeding 1m)m 70 £19 1,324£               

X900.07 Planting and general reinstatement Sum 1 £5,000 5,000£               

X900.08 Ecological investigations and impact assessment Sum 1 £5,000 5,000£               

X900.09 Land purchase - new access track and embankment footprint Hectare 0.3 £25,000 7,500£               

Total 53,824£             



2014s2122 - Debenham Reservoirs - Discounting Maintenance Costs.xls

Treasury Green Book Discount Rates

Year Rate applied Index

Estimated Maintenance 

Cost Per Annum Discounted Cost

0 3.50% 1.0000 £3,000.00 £3,000.00

1 3.50% 0.9662 £3,000.00 £2,898.55

2 3.50% 0.9335 £3,000.00 £2,800.53

3 3.50% 0.9019 £3,000.00 £2,705.83

4 3.50% 0.8714 £3,000.00 £2,614.33

5 3.50% 0.8420 £5,000.00 £4,209.87

6 3.50% 0.8135 £3,000.00 £2,440.50

7 3.50% 0.7860 £3,000.00 £2,357.97

8 3.50% 0.7594 £3,000.00 £2,278.23

9 3.50% 0.7337 £3,000.00 £2,201.19

10 3.50% 0.7089 £5,000.00 £3,544.59

11 3.50% 0.6849 £3,000.00 £2,054.84

12 3.50% 0.6618 £3,000.00 £1,985.35

13 3.50% 0.6394 £3,000.00 £1,918.21

14 3.50% 0.6178 £3,000.00 £1,853.35

15 3.50% 0.5969 £5,000.00 £2,984.45

16 3.50% 0.5767 £3,000.00 £1,730.12

17 3.50% 0.5572 £3,000.00 £1,671.61

18 3.50% 0.5384 £3,000.00 £1,615.08

19 3.50% 0.5202 £3,000.00 £1,560.47

20 3.50% 0.5026 £5,000.00 £2,512.83

21 3.50% 0.4856 £3,000.00 £1,456.71

22 3.50% 0.4692 £3,000.00 £1,407.45

23 3.50% 0.4533 £3,000.00 £1,359.86

24 3.50% 0.4380 £3,000.00 £1,313.87

25 3.50% 0.4231 £5,000.00 £2,115.73

26 3.50% 0.4088 £3,000.00 £1,226.51

27 3.50% 0.3950 £3,000.00 £1,185.04

28 3.50% 0.3817 £3,000.00 £1,144.96

29 3.50% 0.3687 £3,000.00 £1,106.24

30 3.50% 0.3563 £5,000.00 £1,781.39

31 3.00% 0.3459 £3,000.00 £1,037.70

32 3.00% 0.3358 £3,000.00 £1,007.48

33 3.00% 0.3260 £3,000.00 £978.14

34 3.00% 0.3165 £3,000.00 £949.65

35 3.00% 0.3073 £5,000.00 £1,536.64

36 3.00% 0.2984 £3,000.00 £895.13

37 3.00% 0.2897 £3,000.00 £869.06

38 3.00% 0.2812 £3,000.00 £843.75

Aspall Green Reservoir



2014s2122 - Debenham Reservoirs - Discounting Maintenance Costs.xls

39 3.00% 0.2731 £3,000.00 £819.17

40 3.00% 0.2651 £5,000.00 £1,325.52

41 3.00% 0.2574 £3,000.00 £772.15

42 3.00% 0.2499 £3,000.00 £749.66

43 3.00% 0.2426 £3,000.00 £727.82

44 3.00% 0.2355 £3,000.00 £706.63

45 3.00% 0.2287 £5,000.00 £1,143.41

46 3.00% 0.2220 £3,000.00 £666.06

47 3.00% 0.2156 £3,000.00 £646.66

48 3.00% 0.2093 £3,000.00 £627.83

49 3.00% 0.2032 £3,000.00 £609.54

50 3.00% 0.1973 £5,000.00 £986.31

51 3.00% 0.1915 £3,000.00 £574.55

52 3.00% 0.1859 £3,000.00 £557.82

53 3.00% 0.1805 £3,000.00 £541.57

54 3.00% 0.1753 £3,000.00 £525.80

55 3.00% 0.1702 £5,000.00 £850.80

56 3.00% 0.1652 £3,000.00 £495.61

57 3.00% 0.1604 £3,000.00 £481.18

58 3.00% 0.1557 £3,000.00 £467.16

59 3.00% 0.1512 £3,000.00 £453.56

60 3.00% 0.1468 £5,000.00 £733.91

61 3.00% 0.1425 £3,000.00 £427.52

62 3.00% 0.1384 £3,000.00 £415.07

63 3.00% 0.1343 £3,000.00 £402.98

64 3.00% 0.1304 £3,000.00 £391.24

65 3.00% 0.1266 £5,000.00 £633.08

66 3.00% 0.1229 £3,000.00 £368.78

67 3.00% 0.1193 £3,000.00 £358.04

68 3.00% 0.1159 £3,000.00 £347.61

69 3.00% 0.1125 £3,000.00 £337.49

70 3.00% 0.1092 £5,000.00 £546.10

71 3.00% 0.1060 £3,000.00 £318.12

72 3.00% 0.1029 £3,000.00 £308.85

73 3.00% 0.1000 £3,000.00 £299.85

74 3.00% 0.0970 £3,000.00 £291.12

75 3.00% 0.0942 £5,000.00 £471.07

Total £94,532.89

Notes:

1. Flood Storage Area maintenance costs include; regular seasonal grass cutting, weed and vermin control and an annual visual walkover inspection. 

A more thorough inspection has been included every five years (e.g. Senior/Panel Engineer accompanied by Delegated Engineer).

2. Costs include for an annual visual inspection of outlet culvert (and associated structures), emergency overflow weir and for exercising of the penstock. 



2014s2122 - Debenham Reservoirs - Discounting Maintenance Costs.xls

Treasury Green Book Discount Rates

Year Rate applied Index

Estimated Maintenance 

Cost Per Annum Discounted Cost

0 3.50% 1.0000 £3,000.00 £3,000.00

1 3.50% 0.9662 £3,000.00 £2,898.55

2 3.50% 0.9335 £3,000.00 £2,800.53

3 3.50% 0.9019 £3,000.00 £2,705.83

4 3.50% 0.8714 £3,000.00 £2,614.33

5 3.50% 0.8420 £5,000.00 £4,209.87

6 3.50% 0.8135 £3,000.00 £2,440.50

7 3.50% 0.7860 £3,000.00 £2,357.97

8 3.50% 0.7594 £3,000.00 £2,278.23

9 3.50% 0.7337 £3,000.00 £2,201.19

10 3.50% 0.7089 £5,000.00 £3,544.59

11 3.50% 0.6849 £3,000.00 £2,054.84

12 3.50% 0.6618 £3,000.00 £1,985.35

13 3.50% 0.6394 £3,000.00 £1,918.21

14 3.50% 0.6178 £3,000.00 £1,853.35

15 3.50% 0.5969 £5,000.00 £2,984.45

16 3.50% 0.5767 £3,000.00 £1,730.12

17 3.50% 0.5572 £3,000.00 £1,671.61

18 3.50% 0.5384 £3,000.00 £1,615.08

19 3.50% 0.5202 £3,000.00 £1,560.47

20 3.50% 0.5026 £5,000.00 £2,512.83

21 3.50% 0.4856 £3,000.00 £1,456.71

22 3.50% 0.4692 £3,000.00 £1,407.45

23 3.50% 0.4533 £3,000.00 £1,359.86

24 3.50% 0.4380 £3,000.00 £1,313.87

25 3.50% 0.4231 £5,000.00 £2,115.73

26 3.50% 0.4088 £3,000.00 £1,226.51

27 3.50% 0.3950 £3,000.00 £1,185.04

28 3.50% 0.3817 £3,000.00 £1,144.96

29 3.50% 0.3687 £3,000.00 £1,106.24

30 3.50% 0.3563 £5,000.00 £1,781.39

31 3.00% 0.3459 £3,000.00 £1,037.70

32 3.00% 0.3358 £3,000.00 £1,007.48

33 3.00% 0.3260 £3,000.00 £978.14

34 3.00% 0.3165 £3,000.00 £949.65

35 3.00% 0.3073 £5,000.00 £1,536.64

36 3.00% 0.2984 £3,000.00 £895.13

37 3.00% 0.2897 £3,000.00 £869.06

38 3.00% 0.2812 £3,000.00 £843.75

Aspall Cyder Reservoir



2014s2122 - Debenham Reservoirs - Discounting Maintenance Costs.xls

39 3.00% 0.2731 £3,000.00 £819.17

40 3.00% 0.2651 £5,000.00 £1,325.52

41 3.00% 0.2574 £3,000.00 £772.15

42 3.00% 0.2499 £3,000.00 £749.66

43 3.00% 0.2426 £3,000.00 £727.82

44 3.00% 0.2355 £3,000.00 £706.63

45 3.00% 0.2287 £5,000.00 £1,143.41

46 3.00% 0.2220 £3,000.00 £666.06

47 3.00% 0.2156 £3,000.00 £646.66

48 3.00% 0.2093 £3,000.00 £627.83

49 3.00% 0.2032 £3,000.00 £609.54

50 3.00% 0.1973 £5,000.00 £986.31

51 3.00% 0.1915 £3,000.00 £574.55

52 3.00% 0.1859 £3,000.00 £557.82

53 3.00% 0.1805 £3,000.00 £541.57

54 3.00% 0.1753 £3,000.00 £525.80

55 3.00% 0.1702 £5,000.00 £850.80

56 3.00% 0.1652 £3,000.00 £495.61

57 3.00% 0.1604 £3,000.00 £481.18

58 3.00% 0.1557 £3,000.00 £467.16

59 3.00% 0.1512 £3,000.00 £453.56

60 3.00% 0.1468 £5,000.00 £733.91

61 3.00% 0.1425 £3,000.00 £427.52

62 3.00% 0.1384 £3,000.00 £415.07

63 3.00% 0.1343 £3,000.00 £402.98

64 3.00% 0.1304 £3,000.00 £391.24

65 3.00% 0.1266 £5,000.00 £633.08

66 3.00% 0.1229 £3,000.00 £368.78

67 3.00% 0.1193 £3,000.00 £358.04

68 3.00% 0.1159 £3,000.00 £347.61

69 3.00% 0.1125 £3,000.00 £337.49

70 3.00% 0.1092 £5,000.00 £546.10

71 3.00% 0.1060 £3,000.00 £318.12

72 3.00% 0.1029 £3,000.00 £308.85

73 3.00% 0.1000 £3,000.00 £299.85

74 3.00% 0.0970 £3,000.00 £291.12

75 3.00% 0.0942 £5,000.00 £471.07

Total £94,532.89

Notes:

1. Flood Storage Area maintenance costs include; regular seasonal grass cutting, weed and vermin control and an annual visual walkover inspection. 

A more thorough inspection has been included every five years (e.g. Senior/Panel Engineer accompanied by Delegated Engineer).

2. Costs include for an annual visual inspection of outlet culvert (and associated structures), emergency overflow weir and for exercising of the penstock. 



2014s2122 - Debenham Reservoirs - Discounting Maintenance Costs.xls

Treasury Green Book Discount Rates

Year Rate applied Index

Estimated Maintenance 

Cost Per Annum Discounted Cost

0 3.50% 1.0000 £3,000.00 £3,000.00

1 3.50% 0.9662 £3,000.00 £2,898.55

2 3.50% 0.9335 £3,000.00 £2,800.53

3 3.50% 0.9019 £3,000.00 £2,705.83

4 3.50% 0.8714 £3,000.00 £2,614.33

5 3.50% 0.8420 £5,000.00 £4,209.87

6 3.50% 0.8135 £3,000.00 £2,440.50

7 3.50% 0.7860 £3,000.00 £2,357.97

8 3.50% 0.7594 £3,000.00 £2,278.23

9 3.50% 0.7337 £3,000.00 £2,201.19

10 3.50% 0.7089 £5,000.00 £3,544.59

11 3.50% 0.6849 £3,000.00 £2,054.84

12 3.50% 0.6618 £3,000.00 £1,985.35

13 3.50% 0.6394 £3,000.00 £1,918.21

14 3.50% 0.6178 £3,000.00 £1,853.35

15 3.50% 0.5969 £5,000.00 £2,984.45

16 3.50% 0.5767 £3,000.00 £1,730.12

17 3.50% 0.5572 £3,000.00 £1,671.61

18 3.50% 0.5384 £3,000.00 £1,615.08

19 3.50% 0.5202 £3,000.00 £1,560.47

20 3.50% 0.5026 £5,000.00 £2,512.83

21 3.50% 0.4856 £3,000.00 £1,456.71

22 3.50% 0.4692 £3,000.00 £1,407.45

23 3.50% 0.4533 £3,000.00 £1,359.86

24 3.50% 0.4380 £3,000.00 £1,313.87

25 3.50% 0.4231 £5,000.00 £2,115.73

26 3.50% 0.4088 £3,000.00 £1,226.51

27 3.50% 0.3950 £3,000.00 £1,185.04

28 3.50% 0.3817 £3,000.00 £1,144.96

29 3.50% 0.3687 £3,000.00 £1,106.24

30 3.50% 0.3563 £5,000.00 £1,781.39

31 3.00% 0.3459 £3,000.00 £1,037.70

32 3.00% 0.3358 £3,000.00 £1,007.48

33 3.00% 0.3260 £3,000.00 £978.14

34 3.00% 0.3165 £3,000.00 £949.65

35 3.00% 0.3073 £5,000.00 £1,536.64

36 3.00% 0.2984 £3,000.00 £895.13

37 3.00% 0.2897 £3,000.00 £869.06

38 3.00% 0.2812 £3,000.00 £843.75

Derry Brook Reservoir



2014s2122 - Debenham Reservoirs - Discounting Maintenance Costs.xls

39 3.00% 0.2731 £3,000.00 £819.17

40 3.00% 0.2651 £5,000.00 £1,325.52

41 3.00% 0.2574 £3,000.00 £772.15

42 3.00% 0.2499 £3,000.00 £749.66

43 3.00% 0.2426 £3,000.00 £727.82

44 3.00% 0.2355 £3,000.00 £706.63

45 3.00% 0.2287 £5,000.00 £1,143.41

46 3.00% 0.2220 £3,000.00 £666.06

47 3.00% 0.2156 £3,000.00 £646.66

48 3.00% 0.2093 £3,000.00 £627.83

49 3.00% 0.2032 £3,000.00 £609.54

50 3.00% 0.1973 £5,000.00 £986.31

51 3.00% 0.1915 £3,000.00 £574.55

52 3.00% 0.1859 £3,000.00 £557.82

53 3.00% 0.1805 £3,000.00 £541.57

54 3.00% 0.1753 £3,000.00 £525.80

55 3.00% 0.1702 £5,000.00 £850.80

56 3.00% 0.1652 £3,000.00 £495.61

57 3.00% 0.1604 £3,000.00 £481.18

58 3.00% 0.1557 £3,000.00 £467.16

59 3.00% 0.1512 £3,000.00 £453.56

60 3.00% 0.1468 £5,000.00 £733.91

61 3.00% 0.1425 £3,000.00 £427.52

62 3.00% 0.1384 £3,000.00 £415.07

63 3.00% 0.1343 £3,000.00 £402.98

64 3.00% 0.1304 £3,000.00 £391.24

65 3.00% 0.1266 £5,000.00 £633.08

66 3.00% 0.1229 £3,000.00 £368.78

67 3.00% 0.1193 £3,000.00 £358.04

68 3.00% 0.1159 £3,000.00 £347.61

69 3.00% 0.1125 £3,000.00 £337.49

70 3.00% 0.1092 £5,000.00 £546.10

71 3.00% 0.1060 £3,000.00 £318.12

72 3.00% 0.1029 £3,000.00 £308.85

73 3.00% 0.1000 £3,000.00 £299.85

74 3.00% 0.0970 £3,000.00 £291.12

75 3.00% 0.0942 £5,000.00 £471.07

Total £94,532.89

Notes:

1. Flood Storage Area maintenance costs include; regular seasonal grass cutting, weed and vermin control and an annual visual walkover inspection. 

A more thorough inspection has been included every five years (e.g. Senior/Panel Engineer accompanied by Delegated Engineer).

2. Costs include for an annual visual inspection of outlet culvert (and associated structures), emergency overflow weir and for exercising of the penstock. 
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1 Introduction 

As part of the Debenham extension project JBA Consulting was asked to undertake a Geographical 
Information System (GIS) analysis and hydraulic modelling of potential Flood Storage Areas (FSAs) in the 
catchments upstream of the village.  Three FSAs were identified as the most cost beneficial (based on the 
volume of stored water compared to required embankment dimensions) and were taken forward for 
inclusion in the hydraulic model.  These were: 

 Aspall Green;  

 Aspall Cyder 1 (AC1);  

 Derry Brook. 

In addition to AC1, a second site was considered on land belonging to Aspall Cyder, AC2.  This is located 
around 200m upstream of AC1 as shown in Figure 1.  A range of factors need to be considered when 
choosing between them including landowner considerations, cost, potential food risk benefit and 
implications for existing infrastructure.  From a purely flood risk perspective, there is little to choose between 
the two sites with the catchment area draining into them being near identical.  From a cost perspective it is 
likely that the downstream option would represent better value as the local topography means a smaller 
retaining structure would be required in order to store a given volume of water.  This site is also able to 
store a greater volume of water without increasing the depth of flooding at New Road.  For these reasons 
AC1 was included in the currently modelling study.  
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JBA were also asked to include some analysis of AC2 to provide a comparison with the modelled outputs 
associated with AC1; this work is presented here. However, it is acknowledged that more detailed analysis 
(including ground investigations and stakeholder engagement) will be required in order to select a preferred 
site.  

2 Analysis 

The additional analysis of AC2 was undertaken to estimate the inundation area of this feature, predicted 
depth of water, length of impounded watercourse and duration of inundation.  This information is an 
extension to Table 4-2 (in the main report) which provide this information for the modelled FSAs. 

Inundation area and depths 

Given the FSA is not included in the hydraulic model the following approach was adopted to estimate the 
inundation outline and depth of water in AC2: 

 AC2 is located in very similar valley topography to AC1; 

 Modelled peak water levels and stored volumes were extracted from AC1. 

 The modelled volume was used to estimate the equivalent peak water levels in AC2 (based on the 
elevation – volume curve extracted from LIDAR data).  

 Peak water levels were contoured against LIDAR to produce a flood outline.  

 The minimum AC2 LIDAR elevation was subtracted from peak water levels to obtain depth of flooding.  

Length of impounded watercourse 

The length of impounded watercourse was measured. 

Duration of inundation 

The duration of FSA impoundment was calculated for AC1, Aspall Green and Derry Brook using the 
hydraulic model (as outlined in Figure 4-5 of the main report).  Given the assumption that the stored volume 
within AC2 matches that of AC1 the same duration is assumed here.  

3 Results 

Flood outlines for the AC2 area are shown below in Figure 2.  These outlines only include water impounded 
in the FSA; because the feature was not included in the hydraulic model the flood outlines generated 
upstream and downstream of this are not provided here.  New Road is not shown to overtop at the 20 or 
100-year flood event, although is flooded at the 1,000-year event (the first instance of overtopping is 
therefore between the 100 and 1,000-year events).  Inclusion of AC2 in the hydraulic model would be 
required to add confidence to this conclusion.  
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Figure 2:  Estimated flood outlines at Aspall Cyder 2 
 

In addition to flood outlines, Table 1 includes results for AC2.  This is supplementary to Table 4-2 in the 
main report, which provides the same results for the modelled FSA features.  

Table 1:  Aspall Cyder 2 results 

FSA 

20-year 100-year 

Area 
(m2) 

Depth 
(m) 

Impoundment 
length (m) 

Duration 
(hrs) 

Area 
(m2) 

Depth 
(m) 

Impoundment 
length (m) 

Duration 
(hrs) 

AC2 31,530 3.1 580* 16 52,450 4.0 580* 27 
 

* The impoundment area for the 20 and 100-year results match one another.  The effect of the embankment 
extends up to, but not beyond New Road, in both events. The road is slightly embanked.  
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