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1. Introduction 

1.1 MJCA is commissioned by Augean South Limited (Augean) to prepare a 

Surface Water Management Plan for the restored East Northants Resource 

Management Facility (ENRMF) to include the proposed western extension to 

the site.  The western extension to the site and alterations to the existing 

ENRMF are the subject of an application for a Development Consent Order 

(DCO) with PINS project reference WS010005.  This Surface Water 

Management Plan comprises an update to the current approved surface water 

management plan for the site dated May 2007 (2007 SWMP).  A copy of the 

2007 SWMP is provided at Appendix A to this report.  This Surface Water 

Management Plan (2021 SWMP) has been prepared in support of the 

application for the DCO.  The purpose of the 2021 SWMP is to demonstrate 

that surface water can be managed as part of the restored site such that there 

is no significant change in drainage or increase in flood risk downstream of 

the site.   

1.2 Operational surface water management is regulated by the Environment 

Agency through Environmental Permit reference EPR TP3430GW for the site.  

The principles of the operational surface water management are presented in 

this surface water management plan. 

1.3 The 2021 SWMP is based on the agreed 2007 SWMP and relies on 

information presented in the 2007 SWMP hence no amendments to the 

calculations or design works presented in the 2007 SWMP have been carried 

out as part of this surface water management plan.  Consistent with guidance 

calculations have been carried out to demonstrate that surface water runoff 

from a 1 in 100 year rainfall event with an allowance for climate change can 

be managed on site with discharge at the pre-development greenfield runoff 

rate or 2l/s/ha whichever is greater or at the permitted discharge rate.   

1.4 Schematic plans of the proposed surface water drainage ditchcourses are 

presented in this report.  The principles for the detailed designs of the 

ditchcourses presented in the 2007 SWMP will be used when the final designs 
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are prepared prior to restoration of each phase of the site.  It is concluded that 

surface water runoff from a 1 in 100 year rainfall event with an allowance for 

climate change can be managed on site.  It is anticipated that the precise 

locations of the ditches and surface water attenuation basins or detention 

basins presented in this report may change following further investigations in 

the central area of the site where a proposed ditchcourse will convey water 

from west to east across the site to discharge into a swallow hole consistent 

with current routes of surface water flow.  Any changes will be subject to final 

design and approval from the relevant planning authority as part of the final 

detailed designs prepared prior to restoration of each phase of the site. 
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2. Principles of surface water management in the operational areas of the 
site 

2.1 As there will be continuity of operation between the existing ENRMF site and 

the proposed western extension area the scheme for managing surface water 

during the operational period in the western extension is based generally on 

the current surface water management practices at the site.  The management 

of surface water in the operational areas of the site is the subject of specific 

Augean site management procedures implemented through Augean’s 

Environmental Management Systems and regulated by the Environment 

Agency through the Environmental Permit.  The general principles of the 

operational surface water management procedures are explained in this 

report. 

2.2 Surface water runoff from the restored areas in the existing ENRMF site is 

managed by a system of drains and ponds broadly in accordance with the 

existing 2007 SWMP.  Part of the current surface water management systems 

on the site comprises a series of drainage channels (cut off ditches) which are 

located across the landfill and round the site boundary generally.  The water 

from the channels discharges to a series of ponds which are located 

strategically at points near the boundary to manage flow.   

2.3 The status of each area on the site changes over time as the site operations 

progress, for the purposes of operational surface water management the 

operational site at any given time is spilt into the following conceptual 

catchment areas and surface water management systems: 

 Excavation and landfill cell construction areas - Incident rainfall and runoff 

to these areas either infiltrates into the ground, evaporates, or is contained 

within the excavation which is then dewatered to allow the cell construction 

works to progress. 

 Operational landfill cells - Incident rainfall and runoff to these areas is 

collected in the cell and absorbed into the waste mass and becomes part of 

the waste and leachate within the cell. 
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 Uncapped or uncovered areas of completed cells with waste exposed at 
the surface - These areas are limited to the small area of the most recently 

completed landfill cell and rainfall and runoff is managed as for operational 

landfill cells.  Given the availability of site derived low permeability clays these 

areas are temporarily capped quickly with capping and restoration to follow.   

 Capped and restored areas, including temporarily capped and areas with 
clean stockpiled materials (site derived overburden and clays) - Once 

temporarily capped, or capped and restored, a ditch system is developed 

following the principles of the 2007 SWMP to allow the separate collection of 

clean surface water runoff so that it can be directed to clean surface water 

ponds for discharge from site.  These areas continue to change due to 

stockpiling needs and the principles of the 2007 SWMP are progressively 

implemented.  The ongoing development of the site will allow further capped 

and restored areas to be completed and allow connection of the surface water 

systems to the permitted discharge point in the south east of the site. 

 Soil treatment plant (STP) - The STP comprises a sealed surface area.  

Specific design calculations for the STP show that the storage volume in the 

tanks and on the soil processing pad area is capable of providing sufficient 

surface water storage for a 1 in 100 year event.  The surface water runoff 

control procedures and requirements of the STP are monitored and reviewed 

and where necessary updated to reflect future changes.  The site development 

assumes that in the operational life of the site the STP will be removed and 

the area will be excavated and developed as a landfill cell and then restored 

following the principles of the 2007 SWMP. 

 Dredging waste lagoon - Incident rainfall and runoff to this area is collected 

within the dredging waste lagoon and the collected water is used in the STP 

processes.  The site development assumes that in the operational life of the 

site the dredging waste lagoon will be removed and the area excavated and 

developed as a landfill cell and then restored following the principles of the 

2007 SWMP. 

 Haul roads - Incident rainfall and runoff to the haul roads is collected within 

the ditches constructed adjacent to the haul roads and directed to dedicated 
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surface water lagoons or collection points.  Given the potential for waste 

residues to accumulate on the haul roads, the collection of surface water 

runoff from the haul roads within the same ditches, lagoons and ponds as 

clean water is avoided. Potentially ‘dirty’ water runoff from haul roads is used 

in dust suppression, in wheel washes and managed through the STP surface 

water system. 

 Ditches and ponds – The ditch and pond system is being developed as areas 

of the site are restored following the principles of the 2007 SWMP to allow the 

separate collection of clean surface water runoff so that it can be directed to 

clean surface water ponds or discharged from site. 

2.4 In summary the collection of clean water runoff from capped and restored 

areas is separate from the collection of runoff from haul roads comprising 

potentially contaminated water.  The generation of potentially contaminated 

water is reduced by constructing separate bunded ditches along haul roads 

with separate dedicated clean and potentially polluted surface water collection 

lagoons. 

2.5 The principles of the operational surface water management procedures will 

continue in the proposed western extension with the installation of a system 

of drains and attenuation basins following the principles of the 2007 SWMP 

and the restoration proposals presented in this report. 
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3. Current site catchments 

3.1 The hydrology at and in the vicinity of the site is described in detail in the 

Environmental Statement submitted in support of the DCO application.  The 

site is located in the catchment of the River Nene which flows generally 

eastwards and is located approximately 6km east south east of the existing 

ENRMF site at the closest point. 

3.2 Information on the surface water catchments at the site on the Environment 

Agency catchment data explorer website indicates that the proposed western 

extension is partially within the catchment of the Wittering Brook and is 

partially within the catchment of the Willow Brook consistent with the existing 

ENRMF site.  The catchments of the Wittering Brook and the Willow Brook are 

shown on Figure 1. 

3.3 A drainage ditch runs along the western and southern boundaries of 

Collyweston Great Wood to the east of the proposed western extension and 

north of the existing ENRMF site.  It is understood that the drainage ditch 

continues eastwards from the site joining a tributary of the Wittering Brook 

where it issues approximately 2.0km north east of the existing ENRMF site.  

The Wittering Brook joins the River Nene approximately 7.5km east of the 

existing ENRMF site. 

3.4 The ditch to which site runoff is discharged via the permitted discharge point 

in the south east of the existing ENRMF site flows generally to the south and 

joins a drainage ditch running west to east on the west side of Stamford Road 

approximately 450m south south east of the existing ENRMF site.  The west 

to east drainage ditch runs along the northern boundary of Little Wood 

approximately 50m south of the western extension and continues eastwards 

to the east of Stamford Road and then south eastwards to where it joins a 

tributary of Willow Brook.  The tributary outfalls to the Willow Brook 

approximately 2.5km south of the existing ENRMF site.  The Willow Brook 

joins the River Nene approximately 9km south east of the existing ENRMF 

site.   
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 Permitted ENRMF site 

3.5 The existing ENRMF site comprises a northern and a southern catchment 

area.  The details of the catchment areas and the currently approved surface 

water management scheme for these areas is presented in the 2007 SWMP 

(Appendix A).   

 Proposed western extension 

3.6 Consistent with the existing ENRMF site, the proposed western extension is 

on a surface water divide.  The north eastern half of the northern area of the 

proposed western extension drains to the east to the drainage ditch which 

runs along the western and southern boundaries of Collyweston Great Wood 

eventually joining a tributary of the Wittering Brook.  The remainder of the 

northern section and the central area of the proposed western extension to 

the landfill drains via field drains and drainage ditches to a swallow hole 

located approximately 10m to the north of the north western corner of the 

existing ENRMF site boundary.  Surface water entering the swallow hole at 

the site enters groundwater beneath the site which it is likely feeds tributaries 

of the Willow Brook and the Willow Brook to the south.  The southern section 

of the proposed western extension area drains to the south and south east to 

the drainage ditch that runs from west to east approximately 50m south of the 

site and continues eastwards to the east of Stamford Road and then south 

eastwards to where it joins a tributary of Willow Brook.   

3.7 The current catchments at the site have been determined from the available 

Light Detection and Ranging (LIDAR) data at and in the vicinity of the site from 

the Environment Agency National LIDAR Programme digital terrain model 

(DTM).  The topography at and in the vicinity of the site comprising the 

available LIDAR data are shown on Figure 2.  A topographical survey of the 

proposed western extension is presented at Appendix B.  The LIDAR data is 

consistent with the topographical survey of the site as can be seen from a 

comparison of the survey (Appendix B) and the LIDAR data (Figure 2).  The 

site catchments have been delineated based on the LIDAR data and the 
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catchments are presented on Figure 3.  The approximate areas of the pre-

development catchment areas across the western extension are presented in 

Table 1. 

 Surface water entering the site from upstream 

3.8 A number of drainage ditches from land to the west of the extension area drain 

into the perimeter drainage ditches round the proposed western extension 

area with a drainage ditch from the south culverted under the central part of 

the extension area towards the swallow hole.  A second culvert approximately 

175m north of the southern culvert is located under the central part of the 

extension area draining from the west towards the swallow hole.  The entrance 

to the southern culvert was partially filled with soil debris during a site visit in 

June 2021 with the exit in the southern valley feature near the swallow hole 

buried.  Surface water from the perimeter ditch was observed entering a clay 

pipe close to the culvert entrance.  The pipe was orientated along the 

boundary between the northern and southern part of the proposed western 

extension.  The outfall of the pipe could not be located.  It is known that 

drainage along this boundary is routed to flow towards the swallow hole 

entering the swallow hole from the south. 

3.9 Based on the available LIDAR data for topography to the west of the site, 

areas to the north west of the site drain towards the northern part of the 

northern area of the site and towards the south of the northern area as well as 

to the central area of the site.  Areas to the south west of the site drain towards 

the central area of the site.  There are areas to the north west, west and south 

west of the site that drain towards depressions located to the west of the 

central area of the site.  Based on observations made during site visits in 

February and June 2021 these comprise dolines with water draining into the 

depressions infiltrating the ground in the base of the depressions.  At the time 

of the site visits there was little evidence of surface water flowing from these 

depressions onto the site or entering the culverts under the central part of the 

extension area.  
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3.10 A small area to the west of the south western corner of the site will drain to the 

southern area of the site.  The upstream catchments in the vicinity of the site 

are shown on Figure 3. 

3.11 The approximate areas of the upstream catchments draining to the western 

extension are presented in Table 2.  

 Flood risk 

3.12 Flood risk at and in the vicinity of the site is described in detail in the 

Environmental Statement submitted in support of the DCO application.  The 

site is located in Flood Zone 1 comprising land having a less than 1 in 1,000 

annual probability of river or sea flooding.  Hazardous waste landfill sites 

comprise ‘more vulnerable development’ as defined in the National Planning 

Policy Framework (NPPF) technical guidance on flood risk (reference 1) and 

they are considered appropriate development in Flood Zone 1.  The flood risk 

maps show that the majority of the site is shown as at very low to low risk of 

flooding from surface water with limited areas of medium to high risk in the 

central area of the proposed western extension at the extremities of the 

culverts and in the vicinity of the swallow hole. 
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4. Principles of the surface water management plan 

4.1 The Wittering Brook and the tributary of the Willow Brook to which the 

drainage ditches collecting runoff from the site discharge are ordinary 

watercourses.  Lead local flood authorities, district councils and internal 

drainage boards carry out flood risk management work on ordinary 

watercourses.  North Northamptonshire Council is the Lead local Flood 

Authority (LLFA) for the ordinary watercourses in the vicinity of the site and is 

a statutory consultee to the planning process to assess the surface water 

drainage implications of proposed developments. 

4.2 LLFA guidance (reference 2 and 3), Department for Environment, Food and 

Rural Affairs (DEFRA), Sustainable Drainage Systems guidance (reference 4) 

and Industry Code of Practice guidance on surface water management 

systems at landfill sites (reference 5) has been used together with guidance 

presented on the Environment Agency website (reference 6) and included in 

the technical guidance to the NPPF in respect of flood risk (reference 1) to 

inform the 2021 SWMP.   

4.3 The proposed restoration concept scheme for the whole of the ENRMF site 

including the existing ENRMF site and the proposed western extension area 

is presented on the plan presented at Appendix C.  The restoration 

topographic contours together with the indicative surface water features that 

will be present at the site following restoration are shown on Figure 4.  The 

proposed restoration does not include any areas of hardstanding and 

comprises a domed restoration profile compared with the relatively flat pre-

development topography.  Soil stripped during excavations at the site will be 

retained on site and used in the restoration.  The restoration soils will comprise 

clay loam and clay soils. 

4.4 The 2021 SWMP is based on sustainable drainage principles consistent with 

guidance.  Sustainable drainage systems typically control runoff rates and 

volumes hence reduce the risk of downstream flooding, encourage infiltration 

rather than direct conveyance of surface water where possible, reduce 
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concentrations of suspended solids in runoff and where possible provide 

habitat for wildlife and enhanced aesthetic and amenity value.  As the surface 

water management plan has been developed to be consistent with the 

principles of sustainable drainage the components of the scheme form part of 

a system of integrated water management features which will contribute to the 

sustainable management of surface water at the restored ENRMF by 

controlling runoff as close to the source where feasible and managing water 

on a site wide basis taking into consideration the potential for impacts on 

surface water flows and quality locally and in the wider hydrological 

environment. 

4.5 The design principles on which the 2021 SWMP is based are summarised 

below: 

 A series of surface water attenuation basins or detention basins will be 

created in the restored areas of the site.   

 Shallow ditches will direct runoff to the basins and ditches will convey water 

between the basins and the point of discharge from the site where 

discharge is not directly from the basins.   

 The rate at which water can leave each attenuation basin will be controlled 

so that during extreme rainfall events a proportion of runoff will be held back 

to attenuate the runoff peak.   

 The function of the basins is for surface water attenuation only.  Should the 

basins be developed such that water is maintained in the basins for other 

purposes such as ecology a freeboard will be maintained to accommodate 

the necessary surface water attenuation.   

 The current outlet for the discharge of water from the surface water 

management system will be maintained so that water can drain by gravity 

and in a controlled manner to the permitted discharge point at the southern 

east corner of the existing ENRMF site.  Suitable outlets for the discharge 
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of water from the surface water management system will be created so that 

water can drain by gravity and in a controlled manner to the swallow hole, 

to the eastern drainage ditch round Collyweston Great Wood which joins a 

tributary of the Wittering Brook and to the southern drainage ditch which 

joins a tributary of the Willow Brook.   

 The rate at which water will leave the surface water management system 

will be constrained to a rate equivalent to the greenfield runoff rate or 

2l/s/ha, whichever is larger, consistent with guidance so the risk of flooding 

downstream is minimised.  

 The design rainfall event assumed for the purpose of the calculations 

presented in this report is the 1 in 30 year rainfall event plus a 20% 

allowance for climate change.  The 20% central allowance for climate 

change is the potential increase in peak rainfall intensity specified in 

Environment Agency guidance for design allowances (reference 6) 

resulting from anticipated climate change during the period 2085 to 2115.  

The extreme rainfall event assumed for the purpose of the calculations 

presented in this report is the 1 in 100 year rainfall event plus a 40% 

allowance for climate change.  The 40% upper end allowance for climate 

change is the potential increase in peak rainfall intensity specified in 

Environment Agency guidance for design allowances (reference 6) 

resulting from anticipated climate change during the period 2085 to 2115.   

 A portion of the surface water discharge from the restored landform will be 

routed to the swallow hole consistent with pre-development conditions at 

the site.  It is assumed that further infiltration based approaches for surface 

water attenuation in other areas of the site generally will not be appropriate 

following restoration due to the significant thickness of low permeability 

strata above the underlying aquifer.   

4.6 Further information on the parameters and assumptions affecting the 

operation of the surface water management system are presented in Section 

5.  The results of calculations to estimate the attenuation capacities necessary 



AUGEAN SOUTH LTD  ENRMF
 

 
AU/KCW/JRC/20032/01SWMP  13 
July 2021  
 
AU_KCWg26831 FV 

in the individual basins is presented in Section 6.  The results of calculations 

of the dimensions of perimeter ditches which will need to convey water from 

discharge points from the detention basins to the west to east crossing are 

presented in Section 7. 
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5. Restored site catchments and drainage constraints 

5.1 The proposed restored site has been divided into seven catchments 

delineated based on the topographic restoration contours and the surface 

water drainage ditches draining the restored land to basins at the low point in 

each catchment as shown on Figure 4.  The seven catchments are shown on 

Figure 5.  The point of discharge of each of the seven catchments in 

summarised in the table below.  The approximate areas of the catchments are 

presented in Table 1. 

Catchments 

Catchment 1 Drains to basin C1 in the south east discharging to the 
permitted discharge point 

Catchment 2 Drains to basin C2 in the north west of the existing ENRMF 
site discharging to the swallow hole 

Catchment 3 
Drains to basin C3 in the west discharging to the western 
drainage ditch which in turn discharges to the swallow hole 
via the west to east crossing 

Catchment 4 
Drains to basin C4 in the west discharging to the western 
drainage ditch which in turn discharges to the swallow hole 
via the west to east crossing 

Catchment 5 Drains to basin C5 in the south west discharging to the 
drainage ditch to the south of the site 

Catchment 6 Drains to basin C6 in the north discharging to the drainage 
ditch to the east of the site 

Catchment 7 Drains to basin C7 in the west discharging to the swallow 
hole via the west to east crossing 

5.2 The design of the proposed ditchcourse which will convey water from west to 

east across the proposed western extension to discharge into the swallow hole 

at the north western corner of the existing ENRMF site will be the subject of 

the results of further investigation.  The ditchcourse will be constructed and 

will be designed to convey flows at the greenfield runoff rate for a 1 in 100 

year event with an allowance for climate change as a minimum.  The detail of 

the watercourse design will be agreed with the relevant planning authority 

following confirmation of the design of the crossing from the results of further 

investigation.  
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 Pre-development greenfield runoff rates 

5.3 The indicative surface water catchment of the site including areas which are 

external to the site and which may drain to the site has been delineated based 

on available topographical information as presented in Section 3.  Calculations 

to determine the current greenfield surface water runoff rate from the 

catchments in the western extension have been carried out using the method 

presented in The Institute of Hydrology (IOH) document entitled “Flood 

estimation for small catchments” report number 124 dated 1994 (reference 7, 

the IOH 124 method).  Consistent with guidance the Flood Estimation 

Handbook (FEH) rainfall intensity data has been used in the calculations.  The 

greenfield surface water runoff rate for the mean annual flood (Qbar) has been 

calculated with a growth factor applied to calculated the 1 in 30year and the 1 

in 100year greenfield runoff rates.  The calculations are presented at Appendix 

D.  The greenfield run off rates for the existing ENRMF are presented in the 

2007 SWMP.   

5.4 The calculated Qbar using the IOH 124 method are all less than 2l/s/ha.  For 

the purpose of the calculations a discharge limit of 2l/s/ha is assumed.  Qbar 

calculations using the FEH statistical method have been carried out using the 

UKSUDS online tool for comparison with the IOH 124 results and the 2l/s/ha 

limit assumed.  A HOST class number of 22 (Till, compacted head) has been 

selected for the site in the calculations.  The results of the IOH 124 method 

and the FEH statistical method for the Qbar calculations using the UKSUDS 

online tool are presented at Appendix D together with a summary table of the 

results (Table D4).  The 2l/s/ha limit has been selected as a conservative 

assumption given the known limitations of both the IOH 124 method and the 

FEH statistical method in respect of small catchments. 

 Permitted discharge 

5.5 The permitted discharge from the site is an outfall from the south east pond 

(2007 SWMP) comprising a 225mm diameter pipe which discharges to the 

upstream point of a road culvert.  It is calculated in the 2007 SWMP that with 
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no orifice control an outflow rate from the site for the critical 1 in 100 year 

return period storm would be approximately 110l/s.  It is calculated in the 2007 

SWMP that the downstream highway culvert would have the capacity to 

receive a discharge rate of over 500l/s from the site without being at risk of 

flooding.  This is significantly greater than the 1 in 100 year return period storm 

outflow rate with no orifice control reported in the 2007 SWMP with a 40% 

upper end allowance for climate change of approximately 150l/s.  The design 

of the permitted discharge point in the 2007 SWMP is such that the permitted 

discharge rate from the site is 50l/s. 

 Comparison of pre-development and restored catchments 

5.6 As can be seen from the comparison in Table 1 similar areas of the pre-

development catchments and restored catchments discharge to the permitted 

discharge point, the eastern ditch, the swallow hole and the southern ditch. 
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6. Attenuation storage 

6.1 The discharges from the restored catchment areas will be controlled at the 

pre-development greenfield runoff rates or at 2l/s/ha, whichever is larger, 

consistent with guidance or at the permitted discharge rates such that there 

will be no increased flood risk downstream of the site as a result of the 

proposed development.  The basins at the low point in each of the restored 

site catchments have been sized such that the capacity of the basins can store 

the amount of water it is necessary to attenuate so that the discharge from the 

basins is managed to the pre-development discharge rates or at the permitted 

discharge rate.  Consistent with guidance FEH rainfall intensity data has been 

used in the calculations.  Calculations to estimate the attenuation storage that 

will be created as a result of the construction of the attenuation basins as part 

of the restoration are presented at Appendix E.   

6.2 The detention basins have been sized to accommodate the calculated 1 in 30 

year return period storm with a 20% allowance for climate change with an 

additional 300mm freeboard based on the permitted discharge rate from 

catchment 1 and the 2l/s/ha discharge rate from all other catchments.  The 

indicative capacity of the detention basins are presented on Figure 5.  The 

detail of the detention basins in each area will be designed and agreed with 

the relevant planning authority before the development of each phase of the 

landfill.  The calculated maximum attenuation storage needed in each 

catchment for a 1 in 100 year return period storm with a 40% allowance for 

climate change is presented in Table E15 at Appendix E.  It is proposed that 

low bunding is formed round the attenuation basins such that the additional 

attenuation storage needed for the 1 in 100 year return period storm with a 

40% allowance for climate change can be accommodated.  The indicative 

bund round attenuation basin C1 is shown on Figure 5.  The indicative height 

of the perimeter bunds needed round the attenuation basins is presented in 

Table E15 at Appendix E.   
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7. Calculation of the capacity of the proposed ditches for the conveyance 
of surface water 

7.1 Consistent with the 2007 SWMP surface water ditches will be excavated into 

the restoration soils of the landfill to direct runoff to the attenuation basins with 

the indicative ditch section profile presented on Drawing 1621.SWM.10 of the 

2007 SWMP (Appendix A).  Intermediate ditches will be provided on the batter 

slopes to intercept and slow the rate of run off to reduce ravelling and the risk 

of erosion of the restoration soils and underlying cap. 

7.2 It is proposed that surface water from detention basin C1 will discharge to the 

permitted discharge location in the south east of the site at the permitted 

discharge rate.  It is proposed that surface water from detention basin C2 will 

discharge to the swallow hole at the 2l/s/ha discharge rate.  It is proposed that 

surface water from detention basins C3 and C4 will discharge to the perimeter 

ditch at the 2l/s/ha discharge rate.  Water in the perimeter ditch will convey 

water northwards to the west to east crossing in the central area of the site 

where it will eventually discharge to the swallow hole.  It is proposed that 

surface water from detention basin C5 will discharge to the perimeter ditch at 

the 2l/s/ha discharge rate.  Water in the perimeter ditch will convey water 

southwards and will discharge to the drainage ditch to the south of the site.  It 

is proposed that surface water from detention basin C6 will discharge from the 

site to the drainage ditch along the eastern boundary of the western extension 

at the 2l/s/ha discharge rate.  It is proposed that surface water from detention 

basin C7 will discharge at the 2l/s/ha discharge rate to the west to east 

crossing in the central area of the site where it will discharge to the swallow 

hole.  The discharge from each of the catchment areas will be controlled in a 

similar manner to that set out in the 2007 SWMP with suitable flow control 

apparatus such as discharge pipes of an appropriate diameter at the outlet 

from the attenuation basins such that the rate at which water leaves the basins 

does not exceed the flow rate assumed in the calculations.   
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7.3 The western perimeter ditch which currently conveys water from off site to the 

southern culvert across the central area of the proposed extension and then 

to the swallow hole will also convey water from catchments 3 and 4 following 

restoration to the proposed watercourse crossing the site from west to east to 

discharge to the swallow hole.  Prior to any development at the site these 

areas of the site drained directly to the area of the swallow hole from the site 

via field drains or drainage ditches internal to the existing ENRMF site as well 

as the western extension site.  The western perimeter ditch which conveys 

water from off site to the southern drainage ditch will also convey water from 

catchment 5 following restoration to the southern drainage ditch.  Pre-

development these areas of the site drain directly to the southern drainage 

ditch from the site via field drains.  Indicative calculations of the capacity of the 

western perimeter ditch to convey water to the west to east crossing and to 

the southern drainage ditch are presented at Appendix F and are described in 

this section.  All other perimeter drainage ditches will convey water from 

similar drainage routes and at similar rates pre and post development. 

7.4 The capacity of a drain to convey surface water has been calculated based on 

Manning’s resistance equation which takes into account the dimensions, 

geometry and other characteristics of the drain.  For the purposes of the 

calculations it is assumed that the drain will comprise an open ditch generally.  

Calculations of the flow capacity in the drain using Manning’s resistance 

equations are presented in Table F1 at Appendix F.  The calculation of the 

relevant Manning’s roughness coefficient is presented in Table F2 at Appendix 

F. 

7.5 Based on the calculations presented at Appendix F the perimeter ditch will 

have a flow capacity sufficient to convey the necessary quantity of surface 

water during the 1 in 100 year rainfall event plus a 40% allowance for climate 

change to the west to east crossing and to convey the necessary quantity of 

surface water during the 1 in 100 year rainfall event plus a 40% allowance for 

climate change to the southern drainage ditch.  Suitable flow control apparatus 

will be constructed at the outlets from the detention basins in the restored 
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catchment areas such that the rate at which water enters the receiving 

drainage ditches from the site during the design storm event does not exceed 

the flow rates assumed in the calculations.  It is anticipated that the locations 

of the ditches and surface water attenuation basins or detention basins may 

be refined following further investigations in the central area of the site where 

a proposed watercourse will convey water from west to east across the site to 

discharge into the swallow hole consistent with current routes of surface water 

flow.   

7.6 The western perimeter drain discharges to a culvert beneath the southern 

track thence into the southern drain.  The culvert comprises a 200mm 

diameter plastic pipe.  Making assumptions about the fall of the pipe across 

the track based on the topographical survey and observations during a surface 

water features survey of the site in October 2019, the pipe has the capacity to 

convey at least twice the necessary quantity of surface water during the 1 in 

100 year rainfall event plus a 40% allowance for climate change. 
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8. The maintenance and management of the surface water drainage system  

8.1 Consistent with the LLFA guidance the drainage system in the restored areas 

shall be subject to regular maintenance to secure its efficient operation and 

the effective management of water.   

8.2 During the operational period of the site including restoration operations 

Augean will maintain and manage the drainage system in the areas of the site 

where the operations being carried out affect the drainage system.  In the parts 

of the extension area where landfill development has not yet commenced and 

where agricultural activities continue the responsibility for maintenance and 

management of the surface water drainage system will remain with the farmer 

until the landfill development commences and normal agricultural activities no 

longer are practicable. 

8.3 Following restoration an agreed aftercare scheme will be in place which will 

include the maintenance and management of the surface water drainage 

system for an agreed period. 

8.4 The principles on which maintenance and management will be based are set 

out below: 

 Regular inspections of the surface water drainage system will be 

undertaken.  The purpose of the inspections will be to confirm the adequate 

performance of the drainage system, to identify operational problems and 

to facilitate planning of maintenance actions as necessary. 

 Insofar as it is practicable inspections of the surface water drainage system 

will be carried out in a range of weather conditions including during rainfall 

events. 

 Maintenance actions will be planned and implemented as necessary to 

facilitate the proper functioning of the drainage system. 
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 The planning and implementation of maintenance actions will take into 

account the protection of habitats and ecosystems as necessary. 

8.5 Specific maintenance and management actions are likely to include but may 

not be limited to: 

 Removal of litter and debris from attenuation basins and ditches at the site 

as necessary. 

 Sediment management such as the removal of accumulated sediment in 

attenuation basins and the ditches as necessary.  

 Inspection and remedial maintenance of the flow control structures at the 

outlet of attenuation basins as necessary.  

 Grass cutting and other vegetation management such as pruning as 

necessary.  

 Control of weeds and invasive plants as necessary.  

 Repairing damage to ditches caused by erosion or other processes. 

Management in support of the wider nature conservation objectives of the 

restored site are included in the ecological assessments presented in the 

Environmental Statement and associated schemes submitted in support of the 

DCO application. 

8.6 The management regime will be updated as necessary as the operations and 

restoration works the subject of the approved aftercare scheme progress.  
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9. Conclusions 

9.1 The post restoration 2021 SWMP is designed based on the principle that there 

will be no significant increase in surface water discharges from the site 

compared with the pre-development situation, hence no increased flood risk 

downstream of the site following restoration including during a 1 in 100 year 

rainfall event when a potential 40% increase in rainfall intensity as a result of 

climate change is taken into account. 

9.2 The proposed restoration design incorporates areas designed to function as 

attenuation basins.  The rate at which water will leave the attenuation basins 

will be controlled so that during extreme rainfall events a significant proportion 

of runoff will be retained to attenuate the runoff peak.  On this basis the surface 

water attenuation function of the 2021 SWMP will be accomplished primarily 

by allowing water to accumulate in the basin areas temporarily during storm 

events and to be released from the basin areas in a controlled manner. 

9.3 It is demonstrated in the 2021 SWMP that surface water can be managed on 

site without increased flood risk downstream of the site.  The final details of 

the design of the drainage ditches and associated surface water attenuation 

basins will be agreed with the relevant planning authority prior to development 

of each landfill area. 

9.4 The management and maintenance of the 2021 SWMP and the plan’s 

capacity to facilitate water quality improvements is generally consistent with 

the existing surface water management plan.   
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Table 1 
 

Surface water catchment areas 
 

Catchment 
Area draining 

to eastern 
drainage 

ditch1 (m2) 

Area draining 
to the 

swallow hole 
(m2) 

Area draining 
to southern 

drainage 
ditch2 (m2) 

Area draining 
to permitted 
discharge 
point (m2) 

Predevelopment catchment 
Western extension     
North and eastern 
margin of the 
northern area 

49,650 
      

South and western 
margin of the 
northern area and 
the central area   

155,100 

    
Southern area     64,100   
Permitted ENRMF3     
Northern catchment   67,000     
Southern catchment       257,200 
TOTAL 49,650 222,100 64,100 257,200 
Restored site 
Catchment 1       201,970 
Catchment 2   60,945     
Catchment 3   82,230     
Catchment 4   27,750     
Catchment 5     59,080   
Catchment 6 41,075       
Catchment 7   32,930     
Additional areas4 3,400 42,715 3,035 24,180 
TOTAL 44,475 249,055 62,115 226,150 

 
1 Eastern drainage ditch round Collyweston Great Wood draining eastwards 

joining a tributary of the Wittering Brook. 
2 Southern drainage ditch draining eastwards and then south eastwards joining 

a tributary of Willow Brook 
3 Permitted ENRMF areas are taken from 2007 SWMP giving a total area of the 

existing ENRMF site of 324,200m2.  The updated area for the permitted ENRMF 
site is 317,600m2 hence the slight discrepancy between the predevelopment 
and restored site catchments. 

4 Restored site additional areas comprise managed grassland standoff areas 
round the perimeter of the site and in the pipeline corridors and perimeter 
boundary areas.  In general, these areas are at shallow topographical gradients 
with drainage ditches upgradient from these areas collecting the majority of 
surface water runoff from the site.  
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Table 2 
 

Upstream catchment areas 
 

Catchment upstream of the 
western extension Area (m2) Location to which the 

catchment area drains  
Area to the north west drains to the 
northern part of the northern area 43,900 To the eastern drainage ditch 

Area to the north west drains to 
south of the northern area and the 
central area 

41,000 To the swallow hole 

Area to the south west drains to the 
central area 207,050 To the swallow hole 

Areas to the north west, west and 
south west drains to the west of the 
site 

233,200 Drains to dolines to the west of site  

Area to the south west drains to 
southern area 7,750 To southern drainage ditch 
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Basin C3: 2.5m deep at centre,
1: 1.5 - 1:4 side slopes, volume
capacity c. 4,550cu.m, allowing
for a 300mm freeboard

Basin C5: 2m deep at centre,
1:3.5 side slopes, volume
capacity c. 4,100cu.m, allowing
for a 300mm freeboard

Basin C7: 2m deep at centre,
1:4 side slopes, volume
capacity c. 2,000cu.m, allowing
for a 300mm freeboard

Basin C6: 2.5m deep at centre,
1: 1.5 - 1:3 side slopes, volume
capacity c. 1,950cu.m, allowing
for a 300mm freeboard

Basin C4: 2m deep at
centre, 1:3 - 1:6 side
slopes, volume capacity c.
1,775cu.m, allowing for a
300mm freeboard

Basin C2

Basin C4

Basin C5

Basin C7

Basin C3

Basin C6

Basin C1

Basin C1 with edge level c. 83.5m AOD and surrounding
bund with crest level 84m AOD. Pond extends to a depth
of c. 79m AOD in middle but volume capacity only
relevant from 82m AOD due to fixed road drainage outlet
level. Volume capacity of pond c. 8,500cu.m, allowing for
a 300mm freeboard. Volume capacity of pond plus bund
c. 14,900cu.m

Basin C2: 2.0m deep at centre,
1:4 side slopes, volume capacity
c. 3,360cu.m, allowing for a
300mm freeboard
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Key / Notes

Technical advisers on environmental issues

Baddesley Colliery Offices,
Main Road, Baxterley, Atherstone,
Warwickshire, CV9 2LE.
Telephone : 01827 717891
Fax : 01827 718507

Reproduced scale mapping by permission of Ordnance
Survey    on behalf of The Controller of Her Majesty's
Stationery Office.     Crown copyright 2017. All rights reserved.
Licence number 100017818.
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Restored surface water catchments
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1:5,000@A3
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Client

EAST NORTHANTS RESOURCE
MANAGEMENT FACILITY

Augean
SOUTH LTD

Final KR JRC

Approximate boundary of the area
the subject of the application for
the Development Consent Order

N
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Note:
Based on file reference
210520_008.006_ENORTH25_Final Rest
Plan_Dft5.dwg dated May 2021

Proposed scrub/natural
regeneration broadleaved
woodland within grassland areas

Proposed locally native broadleaved
woodland

Existing hedgerow reinforced  with
trees/shrubs
Proposed hedgerow

Proposed hedgerow with trees

Existing species-rich neutral/
calcareous grassland to be retained

Proposed neutral/calcareous
grassland (depending on soil type)

Existing pond to be retained

Proposed individual tree or small
tree group

Proposed attenuation feature
(lowest areas to act as ephemeral
ponds to enhance biodiversity)

Existing agricultural land to remain
as undisturbed standoff, to provide
a number of ecological functions

Proposed restoration contours
(at 1m intervals)85

Approx. 0.5m high bund around
attenuation pond 1 to contain 1 in
100 year event. bund to be planted
with scrubby species

Public car park area accessed from
existing main site entrance.
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SURFACE WATER MANAGEMENT PLAN DATED MAY 2007 
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TOPOGRAPHICAL SURVEY OF THE PROPOSED WESTERN EXTENSION 
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Fax : 01827 718507Technical advisers on environmental issues
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Figure ES18.1 1:2,500@A1

The current topography at the proposed western
extension based on the topographical survey undertaken
in January 2021 and the proposed phase boundaries

Reproduced scale mapping by permission of Ordnance Survey
on behalf of The Controller of Her Majesty's Stationery Office.
   Crown copyright 2017. All rights reserved. Licence number
100017818.
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Notes:
Drawing based on LSS model reference
'AU-US-15845.LSS' and 'FULL SITE SURVEY UPDATE
24.05.2005.lss' provided by Egniol in 2005

The survey data is based on the ENRMF site control
'KINGSCONTROL' created using the co-ordinates of 6
survey points supplied by Augean PLC. The co-ordinate
system was established and transformed via a OneStep
transformation using a Leica GPS system in February
2007.
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Final

Approximate boundary of the area
the subject of the application for the
Development Consent Order

Approximate phase boundary in the
existing ENRMF

Approximate phase boundary in the
proposed western extension

PINS document reference 5.3.18.1

LH 26/07/21

Overhead electricity cabe (to be
diverted)



AUGEAN SOUTH LTD  ENRMF
 

 
 
AU/KCW/JRC/20032/01SWMP   
July 2021  
 
AU_KCWg26831 FV 

APPENDIX C  
 

PROPOSED RESTORATION CONCEPT SCHEME 

 



Drawing No.

Site

Project

Drawing Title

Client

Revision 0

Date

Scale

EAST NORTHANTS RESOURCE MANAGEMENT FACILITY

PROPOSED WESTERN EXTENSION

1:2,500 @ A1 ENORTH028

Client

File Ref Revision
T: 01344 624 709
M: 07736 083 383

david@dblc.co.uk
www.dblc.co.uk

KEY

PROPOSED SCRUB/NATURAL
REGENERATION BROADLEAVED
WOODLAND WITHIN GRASSLAND AREAS

EXISTING FOOTPATH

PROPOSED FOOTPATH

PROPOSED LOCALLY NATIVE
BROADLEAVED WOODLAND

EXISTING HEDGEROW (TO BE REINFORCED
WITH TREES/SHRUBS WHERE CONSIDERED
NECESSARY/DESIRABLE)

PROPOSED NATIVE HEDGEROW

PROPOSED NATIVE HEDGEROW
WITH OCCASIONAL TREES

EXISTING SPECIES-RICH
NEUTRAL/CALCAREOUS
GRASSLAND TO BE RETAINED

PROPOSED NEUTRAL/CALCAREOUS
GRASSLAND (Depending on soil type)

EXISTING POND OUTSIDE THE
APPLICATION BOUNDARY

PROPOSED INDIVIDUAL TREE
OR SMALL TREE GROUP

PROPOSED ATTENUATION FEATURE

PROPOSED 4m WIDE TRACK FOR
SITE AFTERCARE/MAINTENANCE

0 5040302010 60 70 100 METRES9080

SCALE 1:2500

INDICATIVE CROSS SECTIONS
(Refer to Drawing No. ENORTH029)

APPLICATION BOUNDARY

PROPOSED RESTORATION
CONTOURS (At 1m AOD intervals)

Proposed Tree and Shrub Planting Palette
The proposed planting blocks across the restored site
landscape would be planted with a selection of the
following tree and shrub species which are
characteristic of the surrounding landscape:

Trees:
Fraxinus excelsior

Field Maple - Acer Campestre
Pedunculate Oak - Quercus robur
Silver Birch - Betula pendula
Small leaved lime - Tilia cordata
Wild Service Tree - Sorbus torminalis
Wych elm - Ulmus glabra

Shrubs/Scrub/Climbers:
Black bryony - Tamus communis
Blackthorn - Prunus spinosa
Bramble - 
Buckthorn - 
Dewberry - Rubus caesius
Dog-rose - Rosa canina
Dogwood - Cornus sanguinea
Elder - Sambucus nigra
Goat willow - Salix caprea
Gorse - Ulex europaeus
Grey willow  - Salix cinerea
Hawthorn - Crataegus monogyna
Hazel - Corylus avellana
Ivy - Hedera helix
Spindle - Euonymus europaea
Spurge laurel - Daphne laureola
Traveller's joy - 
Wayfaring tree - Viburnum lantana
White bryony - Bryonia dioica
Wild privet - Ligustrum vulgare

APPROX. 0.5m HIGH BUND AROUND
ATTENUATION BASIN C1 TO CONTAIN 1 IN
100 YEAR EVENT. BUND TO BE PLANTED
WITH SCRUBBY SPECIES

PUBLIC CAR PARK AREA ACCESSED FROM
EXISTING MAIN SITE ENTRANCE

PROPOSED POND FOR THE PURPOSE OF
ENHANCING BIODIVERSITY AND ATTRACTING
NEWTS. EXACT LOCATIONS TO BE
DETERMINED DURING RESTORATION WORKS

HIBERNACULA TO BE CONSTRUCTED IN
CLOSE PROXIMITY TO PROPOSED PONDS

POSSIBLE NEW PATH ROUTE TO LINK
WITH EXISTING PUBLIC RIGHT OF WAY,
SUBJECT TO DISCUSSION & AGREEMENT

RESTORATION CONCEPT SCHEME

FORMER AGRICULTURAL LAND DEVELOPED 
AS MANAGED GRASSLAND AREA

Rubus fruticosus
Rhamnus cathartica

Clematis vitalba

Ash (Cultivar resistant to dieback)

JULY 2021

2107_008.006_ENORTH028_Restoration Plan
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AUGEAN SOUTH LTD ENRMF

Parameter (units) Units Source/Justification

Area of catchment km² 0.05 Table 1 and as shown on Figure 3.

Area of catchment in 
SOIL class 1

km² 0.05 Soil type at and in the vicinity of the site prior to extraction based on the 
soil maps presented in the Flood Studies Report published by the The 
Institute of Hydrology dated 1993.

Area of catchment in 
SOIL class 2

km² 0.00

Area of catchment in 
SOIL class 3

km² 0.00

Area of catchment in 
SOIL class 4

km² 0.00

Area of catchment in 
SOIL class 5 

km² 0.00

Soil index (SOIL) n/a 0.1 Calculated from the weighted sum of the fractions of the surface areas 
within the catchment which have different soil types 

Standard average 
annual rainfall (SAAR)

mm 575 FEH catchment descriptor

Greenfield surface water 
run-off rate for 50ha site 
(Q50ha) m³/s 0.007
Correction m³/s 0.0993
Greenfield surface water 
run-off rate (Qbarrural)

m³/s 0.001 Calculated.

Greenfield surface water 
run-off rate (Qbarrural)

m³/day 57 Calculated.

1 in 1 year surface water 
runoff for rainfall 

m³/s 0.001 Calculated assuming a 1 year growth curve factor of 0.87. The 1 in 1 year
growth curve factor was determined using information obtained using the
greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 1 year surface water 
runoff for rainfall 

m³/day 50 Calculated.

1 in 30 year surface 
water runoff for rainfall

m³/s 0.002 Calculated assuming a 30 year growth curve factor of 2.55. The 1 in 30
year growth curve factor was determined using information obtained using
the greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 30 year surface 
water runoff for rainfall

m³/day 146 Calculated.

1 in 100 year surface 
water runoff for rainfall

m³/s 0.002 Calculated assuming a 100 year growth curve factor of 3.56. The 1 in 100
year growth curve factor was determined using information obtained using
the greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 100 year surface 
water runoff for rainfall

m³/day 204 Calculated.

1 in 100 year surface 
water runoff for rainfall 
plus 40%

m³/s 0.003 Calculated assuming a 100 year growth curve factor of 3.56 and a 40%
allowance for increased rainfall intensity as a result of climate change.
The 1 in 100 year growth curve factor was determined using information
obtained using the greenfield runoff estimation tool presented on the UK
Sustainable Drainage website
(http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 100 year surface 
water runoff for rainfall 
plus 40%

m³/day 285 Calculated.

Table D1

Calculation of the greenfield surface water runoff rate for the catchment draining to the east based on the method 
presented in The Institute of Hydrology, 1994. Flood estimation for small catchments. Report number 124.

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix D Qbar
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AUGEAN SOUTH LTD ENRMF

Parameter (units) Units Source/Justification

Area of catchment km² 0.16 Table 1 and as shown on Figure 3.

Area of catchment in 
SOIL class 1

km² 0.16 Soil type at and in the vicinity of the site prior to extraction based on the 
soil maps presented in the Flood Studies Report published by the The 
Institute of Hydrology dated 1993.

Area of catchment in 
SOIL class 2

km² 0.00

Area of catchment in 
SOIL class 3

km² 0.00

Area of catchment in 
SOIL class 4

km² 0.00

Area of catchment in 
SOIL class 5 

km² 0.00

Soil index (SOIL) n/a 0.1 Calculated from the weighted sum of the fractions of the surface areas 
within the catchment which have different soil types 

Standard average 
annual rainfall (SAAR)

mm 575 FEH catchment descriptor

Greenfield surface water 
run-off rate for 50ha site 
(Q50ha) m³/s 0.007
Correction m³/s 0.3102
Greenfield surface water 
run-off rate (Qbarrural)

m³/s 0.002 Calculated.

Greenfield surface water 
run-off rate (Qbarrural)

m³/day 179 Calculated.

1 in 1 year surface water 
runoff for rainfall 

m³/s 0.002 Calculated assuming a 1 year growth curve factor of 0.87. The 1 in 1 year
growth curve factor was determined using information obtained using the
greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 1 year surface water 
runoff for rainfall 

m³/day 156 Calculated.

1 in 30 year surface 
water runoff for rainfall

m³/s 0.005 Calculated assuming a 30 year growth curve factor of 2.55. The 1 in 30
year growth curve factor was determined using information obtained using
the greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 30 year surface 
water runoff for rainfall

m³/day 456 Calculated.

1 in 100 year surface 
water runoff for rainfall

m³/s 0.007 Calculated assuming a 100 year growth curve factor of 3.56. The 1 in 100
year growth curve factor was determined using information obtained using
the greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 100 year surface 
water runoff for rainfall

m³/day 637 Calculated.

1 in 100 year surface 
water runoff for rainfall 
plus 40%

m³/s 0.010 Calculated assuming a 100 year growth curve factor of 3.56 and a 40%
allowance for increased rainfall intensity as a result of climate change.
The 1 in 100 year growth curve factor was determined using information
obtained using the greenfield runoff estimation tool presented on the UK
Sustainable Drainage website
(http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 100 year surface 
water runoff for rainfall 
plus 40%

m³/day 891 Calculated.

Table D2

Calculation of the greenfield surface water runoff rate for the catchment draining to the swallow hole based on the 
method presented in The Institute of Hydrology, 1994. Flood estimation for small catchments. Report number 124.

AU/KCW/JRC/20032/01SWMP
July 2021
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AUGEAN SOUTH LTD ENRMF

Parameter (units) Units Source/Justification

Area of catchment km² 0.06 Table 1 and as shown on Figure 3.

Area of catchment in 
SOIL class 1

km² 0.06 Soil type at and in the vicinity of the site prior to extraction based on the 
soil maps presented in the Flood Studies Report published by the The 
Institute of Hydrology dated 1993.

Area of catchment in 
SOIL class 2

km² 0.00

Area of catchment in 
SOIL class 3

km² 0.00

Area of catchment in 
SOIL class 4

km² 0.00

Area of catchment in 
SOIL class 5 

km² 0.00

Soil index (SOIL) n/a 0.1 Calculated from the weighted sum of the fractions of the surface areas 
within the catchment which have different soil types 

Standard average 
annual rainfall (SAAR)

mm 575 FEH catchment descriptor

Greenfield surface water 
run-off rate for 50ha site 
(Q50ha) m³/s 0.007
Correction m³/s 0.1282
Greenfield surface water 
run-off rate (Qbarrural)

m³/s 0.001 Calculated.

Greenfield surface water 
run-off rate (Qbarrural)

m³/day 74 Calculated.

1 in 1 year surface water 
runoff for rainfall 

m³/s 0.001 Calculated assuming a 1 year growth curve factor of 0.87. The 1 in 1 year
growth curve factor was determined using information obtained using the
greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 1 year surface water 
runoff for rainfall 

m³/day 64 Calculated.

1 in 30 year surface 
water runoff for rainfall

m³/s 0.002 Calculated assuming a 30 year growth curve factor of 2.55. The 1 in 30
year growth curve factor was determined using information obtained using
the greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 30 year surface 
water runoff for rainfall

m³/day 188 Calculated.

1 in 100 year surface 
water runoff for rainfall

m³/s 0.003 Calculated assuming a 100 year growth curve factor of 3.56. The 1 in 100
year growth curve factor was determined using information obtained using
the greenfield runoff estimation tool presented on the UK Sustainable
Drainage website (http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 100 year surface 
water runoff for rainfall

m³/day 263 Calculated.

1 in 100 year surface 
water runoff for rainfall 
plus 40%

m³/s 0.004 Calculated assuming a 100 year growth curve factor of 3.56 and a 40%
allowance for increased rainfall intensity as a result of climate change.
The 1 in 100 year growth curve factor was determined using information
obtained using the greenfield runoff estimation tool presented on the UK
Sustainable Drainage website
(http://www.uksuds.com/greenfieldrunoff_js.htm).

1 in 100 year surface 
water runoff for rainfall 
plus 40%

m³/day 368 Calculated.

Table D3

Calculation of the greenfield surface water runoff rate for the catchment draining to the south based on the method 
presented in The Institute of Hydrology, 1994. Flood estimation for small catchments. Report number 124.

AU/KCW/JRC/20032/01SWMP
July 2021
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AUGEAN SOUTH LTD ENRMF

Catchment Area (m2)  Qbar IOH124 (l/s)
Qbar UKSUDS 
FEH STAT (l/s)

2l/s/ha (l/s)

Catchment draining to the east
49,650 0.66 13.14 9.93

Catchment draining to the
swallow hole 155,100 2.07 41.06 31.02

Catchment draining to the south
64,100 0.86 16.97 12.82

Table D4

Comparison of Qbar calculations with 2l/s/ha

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix D Qbar
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Greenfield runoff rate
estimation for sites

www.uksuds.com | Greenfield runoff tool

Calculated by: Jo Congo

Site name: ENRMF W Ext - Wittering

Site location: Northants

Site Details

Latitude: 52.58852° N

Longitude: 0.51857° W
This is an estimation of the greenfield runoff rates that are used to meet normal best  
practice criteria in line with Environment Agency guidance “Rainfall runoff management  
for developments”, SC030219 (2013) , the SuDS Manual C753 (Ciria, 2015) and 
the non-statutory standards for SuDS (Defra, 2015). This information on greenfield runoff rates may
be 
the basis for setting consents for the drainage of surface water runoff from sites.

Reference: 3062305219

Date: Jul 09 2021 12:15

Runoff estimation approach FEH Statistical

Site characteristics

Total site area (ha): 4.965

Methodology

Q  estimation method: Calculate from BFI and SAAR
BFI and SPR method: Calculate from dominant HOST
HOST class: 22
BFI / BFIHOST: 0.374
Q  (l/s): 11.69
Q  / Q  factor: 1.12

Hydrological characteristics
Default Edited

SAAR (mm): 579 579
Hydrological region: 5 5
Growth curve factor 1 year: 0.87 0.87
Growth curve factor 30 years: 2.45 2.45
Growth curve factor 100 years: 3.56 3.56
Growth curve factor 200 years: 4.21 4.21

Notes

(1) Is Q  < 2.0 l/s/ha?

When Q  is < 2.0 l/s/ha then limiting discharge rates are set at
2.0 l/s/ha.

(2) Are flow rates < 5.0 l/s?

Where flow rates are less than 5.0 l/s consent for discharge is
usually set at 5.0 l/s if blockage from vegetation and other
materials is possible. Lower consent flow rates may be set where
the blockage risk is addressed by using appropriate drainage
elements.

(3) Is SPR/SPRHOST ≤ 0.3?

Where groundwater levels are low enough the use of soakaways
to avoid discharge offsite would normally be preferred for
disposal of surface water runoff.

Greenfield runoff rates
Default Edited

Q  (l/s): 13.14 13.14
1 in 1 year (l/s): 11.43 11.43
1 in 30 years (l/s): 32.2 32.2
1 in 100 year (l/s): 46.79 46.79
1 in 200 years (l/s): 55.33 55.33
This report was produced using the greenfield runoff tool developed by HR Wallingford and available at www.uksuds.com. The use of this tool is subject to the UK SuDS terms and conditions and
licence agreement , which can both be found at www.uksuds.com/terms-and-conditions.htm. The outputs from this tool are estimates of greenfield runoff rates. The use of these results is the
responsibility of the users of this tool. No liability will be accepted by HR Wallingford, the Environment Agency, CEH, Hydrosolutions or any other organisation for the use of this data in the design or
operational characteristics of any drainage scheme.

MED

MED

BAR MED

BAR

BAR

BAR



Greenfield runoff rate
estimation for sites

www.uksuds.com | Greenfield runoff tool

Calculated by: Jo Congo

Site name: ENRMF W Ext - Swallow hole

Site location: Northants

Site Details

Latitude: 52.58852° N

Longitude: 0.51857° W
This is an estimation of the greenfield runoff rates that are used to meet normal best  
practice criteria in line with Environment Agency guidance “Rainfall runoff management  
for developments”, SC030219 (2013) , the SuDS Manual C753 (Ciria, 2015) and 
the non-statutory standards for SuDS (Defra, 2015). This information on greenfield runoff rates may
be 
the basis for setting consents for the drainage of surface water runoff from sites.

Reference: 3040132544

Date: Jul 09 2021 12:19

Runoff estimation approach FEH Statistical

Site characteristics

Total site area (ha): 15.51

Methodology

Q  estimation method: Calculate from BFI and SAAR
BFI and SPR method: Calculate from dominant HOST
HOST class: 22
BFI / BFIHOST: 0.374
Q  (l/s): 36.53
Q  / Q  factor: 1.12

Hydrological characteristics
Default Edited

SAAR (mm): 579 579
Hydrological region: 5 5
Growth curve factor 1 year: 0.87 0.87
Growth curve factor 30 years: 2.45 2.45
Growth curve factor 100 years: 3.56 3.56
Growth curve factor 200 years: 4.21 4.21

Notes

(1) Is Q  < 2.0 l/s/ha?

When Q  is < 2.0 l/s/ha then limiting discharge rates are set at
2.0 l/s/ha.

(2) Are flow rates < 5.0 l/s?

Where flow rates are less than 5.0 l/s consent for discharge is
usually set at 5.0 l/s if blockage from vegetation and other
materials is possible. Lower consent flow rates may be set where
the blockage risk is addressed by using appropriate drainage
elements.

(3) Is SPR/SPRHOST ≤ 0.3?

Where groundwater levels are low enough the use of soakaways
to avoid discharge offsite would normally be preferred for
disposal of surface water runoff.

Greenfield runoff rates
Default Edited

Q  (l/s): 41.06 41.06
1 in 1 year (l/s): 35.72 35.72
1 in 30 years (l/s): 100.59 100.59
1 in 100 year (l/s): 146.16 146.16
1 in 200 years (l/s): 172.85 172.85
This report was produced using the greenfield runoff tool developed by HR Wallingford and available at www.uksuds.com. The use of this tool is subject to the UK SuDS terms and conditions and
licence agreement , which can both be found at www.uksuds.com/terms-and-conditions.htm. The outputs from this tool are estimates of greenfield runoff rates. The use of these results is the
responsibility of the users of this tool. No liability will be accepted by HR Wallingford, the Environment Agency, CEH, Hydrosolutions or any other organisation for the use of this data in the design or
operational characteristics of any drainage scheme.
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Greenfield runoff rate
estimation for sites

www.uksuds.com | Greenfield runoff tool

Calculated by: Jo Congo

Site name: ENRMF W Ext - Willow

Site location: Northants

Site Details

Latitude: 52.58852° N

Longitude: 0.51857° W
This is an estimation of the greenfield runoff rates that are used to meet normal best  
practice criteria in line with Environment Agency guidance “Rainfall runoff management  
for developments”, SC030219 (2013) , the SuDS Manual C753 (Ciria, 2015) and 
the non-statutory standards for SuDS (Defra, 2015). This information on greenfield runoff rates may
be 
the basis for setting consents for the drainage of surface water runoff from sites.

Reference: 3241136926

Date: Jul 09 2021 12:22

Runoff estimation approach FEH Statistical

Site characteristics

Total site area (ha): 6.41

Methodology

Q  estimation method: Calculate from BFI and SAAR
BFI and SPR method: Calculate from dominant HOST
HOST class: 22
BFI / BFIHOST: 0.374
Q  (l/s): 15.1
Q  / Q  factor: 1.12

Hydrological characteristics
Default Edited

SAAR (mm): 579 579
Hydrological region: 5 5
Growth curve factor 1 year: 0.87 0.87
Growth curve factor 30 years: 2.45 2.45
Growth curve factor 100 years: 3.56 3.56
Growth curve factor 200 years: 4.21 4.21

Notes

(1) Is Q  < 2.0 l/s/ha?

When Q  is < 2.0 l/s/ha then limiting discharge rates are set at
2.0 l/s/ha.

(2) Are flow rates < 5.0 l/s?

Where flow rates are less than 5.0 l/s consent for discharge is
usually set at 5.0 l/s if blockage from vegetation and other
materials is possible. Lower consent flow rates may be set where
the blockage risk is addressed by using appropriate drainage
elements.

(3) Is SPR/SPRHOST ≤ 0.3?

Where groundwater levels are low enough the use of soakaways
to avoid discharge offsite would normally be preferred for
disposal of surface water runoff.

Greenfield runoff rates
Default Edited

Q  (l/s): 16.97 16.97
1 in 1 year (l/s): 14.76 14.76
1 in 30 years (l/s): 41.57 41.57
1 in 100 year (l/s): 60.41 60.41
1 in 200 years (l/s): 71.44 71.44
This report was produced using the greenfield runoff tool developed by HR Wallingford and available at www.uksuds.com. The use of this tool is subject to the UK SuDS terms and conditions and
licence agreement , which can both be found at www.uksuds.com/terms-and-conditions.htm. The outputs from this tool are estimates of greenfield runoff rates. The use of these results is the
responsibility of the users of this tool. No liability will be accepted by HR Wallingford, the Environment Agency, CEH, Hydrosolutions or any other organisation for the use of this data in the design or
operational characteristics of any drainage scheme.

MED

MED

BAR MED

BAR

BAR

BAR



AUGEAN SOUTH LTD  ENRMF
 

 
 
AU/KCW/JRC/20032/01SWMP   
July 2021  
 
AU_KCWg26831 FV 

APPENDIX E  
 

ATTENUATION STORAGE CALCULATIONS 

 



AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 20 ha

Discharge rate 4320 m3/day

Runoff coefficient 0.62 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 5208.98 45.00 5164

0.5 38.79 108.61 6805.54 90.00 6716
0.75 44.39 82.86 7788.03 135.00 7653

1 48.39 67.75 8489.82 180.00 8310
1.5 54.55 50.91 9570.56 270.00 9301

2 59.39 41.57 10419.72 360.00 10060
3 67.22 31.37 11793.46 540.00 11253
4 73.3 25.66 12860.17 720.00 12140
5 78.18 21.89 13716.34 900.00 12816
6 82.2 19.18 14421.63 1080.00 13342
7 85.57 17.11 15012.89 1260.00 13753
8 88.42 15.47 15512.91 1440.00 14073
9 90.88 14.14 15944.50 1620.00 14325

10 93.02 13.02 16319.96 1800.00 14520
15 100.66 9.39 17660.36 2700.00 14960

15.25 100.94 9.27 17709.49 2745.00 14964
15.5 101.22 9.14 17758.61 2790.00 14969

15.75 101.5 9.02 17807.74 2835.00 14973
16 101.76 8.90 17853.35 2880.00 14973

16.25 102.02 8.79 17898.97 2925.00 14974
16.5 102.28 8.68 17944.58 2970.00 14975

16.75 102.52 8.57 17986.69 3015.00 14972
17 102.77 8.46 18030.55 3060.00 14971
18 103.69 8.06 18191.96 3240.00 14952
19 104.52 7.70 18337.58 3420.00 14918
20 105.28 7.37 18470.92 3600.00 14871
24 107.8 6.29 18913.04 4320.00 14593
30 110.48 5.16 19383.24 5400.00 13983
40 113.5 3.97 19913.08 7200.00 12713
50 115.52 3.23 20267.48 9000.00 11267
60 116.92 2.73 20513.11 10800.00 9713
70 118.12 2.36 20723.64 12600.00 8124
80 119.18 2.09 20909.62 14400.00 6510
90 120.15 1.87 21079.80 16200.00 4880
96 120.71 1.76 21178.05 17280.00 3898

14975 m3

16.5 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Permitted discharge limit (2007 SWMP)

Table E1

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C1 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

Maximum storage volume

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-allowances#peak-rainfall-
intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix E Attenuation storage
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 20 ha

Discharge rate 4320 m3/day

Runoff coefficient 0.62 unitless

Climate change 
factor

20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 3311.41 45.00 3266

0.5 28.64 68.74 4306.94 90.00 4217
0.75 32.51 52.02 4888.92 135.00 4754

1 35.48 42.58 5335.55 180.00 5156
1.5 39.85 31.88 5992.72 270.00 5723

2 43.22 25.93 6499.51 360.00 6140
3 48.66 19.46 7317.59 540.00 6778
4 52.92 15.88 7958.22 720.00 7238
5 56.41 13.54 8483.05 900.00 7583
6 59.35 11.87 8925.17 1080.00 7845
7 61.91 10.61 9310.15 1260.00 8050
8 64.12 9.62 9642.49 1440.00 8202
9 66.05 8.81 9932.73 1620.00 8313

10 67.76 8.13 10189.88 1800.00 8390
11 69.28 7.56 10418.47 1980.00 8438
12 70.63 7.06 10621.48 2160.00 8461

12.25 70.95 6.95 10669.60 2205.00 8465
12.5 71.25 6.84 10714.72 2250.00 8465

12.75 71.55 6.73 10759.83 2295.00 8465
13 71.84 6.63 10803.44 2340.00 8463

13.25 72.12 6.53 10845.55 2385.00 8461
13.5 72.39 6.43 10886.15 2430.00 8456

13.75 72.66 6.34 10926.76 2475.00 8452
14 72.92 6.25 10965.86 2520.00 8446
15 73.91 5.91 11114.73 2700.00 8415
20 77.72 4.66 11687.69 3600.00 8088
30 82.24 3.29 12367.42 5400.00 6967
35 83.8 2.87 12602.01 6300.00 6302
40 85.11 2.55 12799.01 7200.00 5599
50 87.23 2.09 13117.82 9000.00 4118
60 88.87 1.78 13364.45 10800.00 2564
70 90.33 1.55 13584.01 12600.00 984
80 91.69 1.38 13788.53 14400.00 -611
85 92.34 1.30 13886.27 15300.00 -1414
86 92.47 1.29 13905.82 15480.00 -1574
87 92.6 1.28 13925.37 15660.00 -1735

87.25 92.63 1.27 13929.88 15705.00 -1775

8465 m3

12.75 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E2

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C1 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

Permitted discharge limit (2007 SWMP)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-allowances#peak-rainfall-
intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix E Attenuation storage
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference

Catchment area 6 ha

Discharge rate 1053 m3/day

Runoff coefficient 0.66 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 1668.60 10.97 1658

0.5 38.79 108.61 2180.03 21.94 2158
0.75 44.39 82.86 2494.75 32.91 2462

1 48.39 67.75 2719.56 43.88 2676
1.5 54.55 50.91 3065.75 65.82 3000

2 59.39 41.57 3337.76 87.76 3250
3 67.22 31.37 3777.82 131.64 3646
4 73.3 25.66 4119.52 175.52 3944
5 78.18 21.89 4393.78 219.40 4174
6 82.2 19.18 4619.70 263.28 4356
7 85.57 17.11 4809.10 307.16 4502
8 88.42 15.47 4969.27 351.04 4618
9 90.88 14.14 5107.53 394.92 4713

10 93.02 13.02 5227.80 438.80 4789
15 100.66 9.39 5657.17 658.21 4999
16 101.76 8.90 5718.99 702.09 5017
17 102.77 8.46 5775.75 745.97 5030
18 103.69 8.06 5827.46 789.85 5038
19 104.52 7.70 5874.10 833.73 5040

19.25 104.71 7.62 5884.78 844.70 5040
19.5 104.9 7.53 5895.46 855.67 5040

19.75 105.09 7.45 5906.14 866.64 5040
20 105.28 7.37 5916.82 877.61 5039

20.25 105.46 7.29 5926.93 888.58 5038
20.5 105.63 7.21 5936.49 899.55 5037

20.75 105.81 7.14 5946.60 910.52 5036
21 105.98 7.07 5956.16 921.49 5035
22 106.63 6.79 5992.69 965.37 5027
23 107.23 6.53 6026.41 1009.25 5017
24 107.8 6.29 6058.44 1053.13 5005
25 108.31 6.07 6087.11 1097.01 4990
30 110.48 5.16 6209.06 1316.41 4893
35 112.15 4.49 6302.92 1535.81 4767
40 113.5 3.97 6378.79 1755.22 4624
50 115.52 3.23 6492.31 2194.02 4298
60 116.92 2.73 6570.99 2632.82 3938
70 118.12 2.36 6638.43 3071.63 3567
80 119.18 2.09 6698.01 3510.43 3188
90 120.15 1.87 6752.52 3949.24 2803
96 120.71 1.76 6783.99 4212.52 2571

5040 m3

19 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E3

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C2 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type 
of clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-allowances#peak-rainfall-
intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix E Attenuation storage
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 6 ha

Discharge rate 1053 m3/day

Runoff coefficient 0.66 unitless

Climate change 
factor

20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 1060.75 10.97 1050

0.5 28.64 68.74 1379.65 21.94 1358
0.75 32.51 52.02 1566.07 32.91 1533

1 35.48 42.58 1709.15 43.88 1665
1.5 39.85 31.88 1919.66 65.82 1854

2 43.22 25.93 2082.00 87.76 1994
3 48.66 19.46 2344.05 131.64 2212
4 52.92 15.88 2549.27 175.52 2374
5 56.41 13.54 2717.39 219.40 2498
6 59.35 11.87 2859.01 263.28 2596
7 61.91 10.61 2982.33 307.16 2675
8 64.12 9.62 3088.79 351.04 2738
9 66.05 8.81 3181.77 394.92 2787

10 67.76 8.13 3264.14 438.80 2825
15 73.91 5.91 3560.40 658.21 2902

15.25 74.14 5.83 3571.48 669.18 2902
15.5 74.37 5.76 3582.56 680.15 2902

15.75 74.59 5.68 3593.16 691.12 2902
16 74.81 5.61 3603.75 702.09 2902

16.25 75.02 5.54 3613.87 713.06 2901
16.5 75.23 5.47 3623.99 724.03 2900

16.75 75.43 5.40 3633.62 735.00 2899
17 75.63 5.34 3643.25 745.97 2897
18 76.39 5.09 3679.87 789.85 2890
19 77.08 4.87 3713.10 833.73 2879
20 77.72 4.66 3743.93 877.61 2866
30 82.24 3.29 3961.67 1316.41 2645
40 85.11 2.55 4099.93 1755.22 2345
50 87.23 2.09 4202.05 2194.02 2008
60 88.87 1.78 4281.05 2632.82 1648
70 90.33 1.55 4351.38 3071.63 1280
80 91.69 1.38 4416.90 3510.43 906
90 92.98 1.24 4479.04 3949.24 530
96 93.73 1.17 4515.17 4212.52 303

2902 m3

15.5 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E4

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C2 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix E Attenuation storage
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 8 ha

Discharge rate 1421 m3/day

Runoff coefficient 0.64 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 2199.74 14.80 2185

0.5 38.79 108.61 2873.96 29.60 2844
0.75 44.39 82.86 3288.87 44.40 3244

1 48.39 67.75 3585.23 59.21 3526
1.5 54.55 50.91 4041.63 88.81 3953

2 59.39 41.57 4400.22 118.41 4282
3 67.22 31.37 4980.35 177.62 4803
4 73.3 25.66 5430.82 236.82 5194
5 78.18 21.89 5792.38 296.03 5496
6 82.2 19.18 6090.22 355.23 5735
7 85.57 17.11 6339.91 414.44 5925
8 88.42 15.47 6551.06 473.64 6077
9 90.88 14.14 6733.33 532.85 6200

10 93.02 13.02 6891.88 592.06 6300
15 100.66 9.39 7457.93 888.08 6570
16 101.76 8.90 7539.43 947.29 6592
17 102.77 8.46 7614.26 1006.50 6608
18 103.69 8.06 7682.42 1065.70 6617

18.5 104.11 7.88 7713.54 1095.30 6618
19 104.52 7.70 7743.92 1124.91 6619

19.25 104.71 7.62 7758.00 1139.71 6618
19.5 104.9 7.53 7772.07 1154.51 6618

19.75 105.09 7.45 7786.15 1169.31 6617
20 105.28 7.37 7800.23 1184.11 6616
25 108.31 6.07 8024.72 1480.14 6545
30 110.48 5.16 8185.50 1776.17 6409
40 113.5 3.97 8409.25 2368.22 6041
50 115.52 3.23 8558.91 2960.28 5599
60 116.92 2.73 8662.64 3552.34 5110
70 118.12 2.36 8751.55 4144.39 4607
80 119.18 2.09 8830.08 4736.45 4094
90 120.15 1.87 8901.95 5328.50 3573
96 120.71 1.76 8943.44 5683.74 3260

6619 m3

19 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E5

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C3 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix E Attenuation storage
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 8 ha

Discharge rate 1421 m3/day

Runoff coefficient 0.64 unitless

Climate change 
factor

20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 1398.40 14.80 1384

0.5 28.64 68.74 1818.81 29.60 1789
0.75 32.51 52.02 2064.58 44.40 2020

1 35.48 42.58 2253.19 59.21 2194
1.5 39.85 31.88 2530.71 88.81 2442

2 43.22 25.93 2744.73 118.41 2626
3 48.66 19.46 3090.20 177.62 2913
4 52.92 15.88 3360.74 236.82 3124
5 56.41 13.54 3582.37 296.03 3286
6 59.35 11.87 3769.08 355.23 3414
7 61.91 10.61 3931.65 414.44 3517
8 64.12 9.62 4072.00 473.64 3598
9 66.05 8.81 4194.57 532.85 3662

10 67.76 8.13 4303.16 592.06 3711
11 69.28 7.56 4399.69 651.26 3748
12 70.63 7.06 4485.43 710.47 3775
13 71.84 6.63 4562.27 769.67 3793
14 72.92 6.25 4630.86 828.88 3802

14.5 73.42 6.08 4662.61 858.48 3804
14.75 73.67 5.99 4678.49 873.28 3805

15 73.91 5.91 4693.73 888.08 3806
15.5 74.37 5.76 4722.94 917.69 3805

16 74.81 5.61 4750.88 947.29 3804
17 75.63 5.34 4802.96 1006.50 3796
18 76.39 5.09 4851.22 1065.70 3786
19 77.08 4.87 4895.04 1124.91 3770
20 77.72 4.66 4935.68 1184.11 3752
30 82.24 3.29 5222.73 1776.17 3447
40 85.11 2.55 5404.99 2368.22 3037
50 87.23 2.09 5539.63 2960.28 2579
60 88.87 1.78 5643.78 3552.34 2091
70 90.33 1.55 5736.49 4144.39 1592
80 91.69 1.38 5822.86 4736.45 1086
90 92.98 1.24 5904.79 5328.50 576
96 93.73 1.17 5952.41 5683.74 269

3806 m3

15 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E6

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C3 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 3 ha

Discharge rate 480 m3/day

Runoff coefficient 0.66 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 756.64 5.00 752

0.5 38.79 108.61 988.55 9.99 979
0.75 44.39 82.86 1131.27 14.99 1116

1 48.39 67.75 1233.21 19.98 1213
1.5 54.55 50.91 1390.19 29.97 1360

2 59.39 41.57 1513.54 39.96 1474
3 67.22 31.37 1713.09 59.94 1653
4 73.3 25.66 1868.03 79.92 1788
5 78.18 21.89 1992.40 99.90 1892
6 82.2 19.18 2094.85 119.88 1975
7 85.57 17.11 2180.73 139.86 2041
8 88.42 15.47 2253.36 159.84 2094
9 90.88 14.14 2316.06 179.82 2136

10 93.02 13.02 2370.59 199.80 2171
15 100.66 9.39 2565.30 299.70 2266
16 101.76 8.90 2593.33 319.68 2274
17 102.77 8.46 2619.07 339.66 2279
18 103.69 8.06 2642.52 359.64 2283

18.5 104.11 7.88 2653.22 369.63 2284
19 104.52 7.70 2663.67 379.62 2284

19.5 104.9 7.53 2673.35 389.61 2284
20 105.28 7.37 2683.04 399.60 2283
21 105.98 7.07 2700.88 419.58 2281
22 106.63 6.79 2717.44 439.56 2278
23 107.23 6.53 2732.73 459.54 2273
24 107.8 6.29 2747.26 479.52 2268
25 108.31 6.07 2760.25 499.50 2261
30 110.48 5.16 2815.56 599.40 2216
40 113.5 3.97 2892.52 799.20 2093
50 115.52 3.23 2944.00 999.00 1945
60 116.92 2.73 2979.68 1198.80 1781
70 118.12 2.36 3010.26 1398.60 1612
80 119.18 2.09 3037.27 1598.40 1439
90 120.15 1.87 3061.99 1798.20 1264
96 120.71 1.76 3076.27 1918.08 1158

2284 m3

19 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E7

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C4 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference
Catchment area 3 ha

Discharge rate 480 m3/day

Runoff coefficient 0.66 unitless

Climate change 
factor

20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 481.01 5.00 476

0.5 28.64 68.74 625.61 9.99 616
0.75 32.51 52.02 710.15 14.99 695

1 35.48 42.58 775.03 19.98 755
1.5 39.85 31.88 870.49 29.97 841

2 43.22 25.93 944.10 39.96 904
3 48.66 19.46 1062.93 59.94 1003
4 52.92 15.88 1155.99 79.92 1076
5 56.41 13.54 1232.22 99.90 1132
6 59.35 11.87 1296.45 119.88 1177
7 61.91 10.61 1352.37 139.86 1213
8 64.12 9.62 1400.64 159.84 1241
9 66.05 8.81 1442.80 179.82 1263

10 67.76 8.13 1480.16 199.80 1280
11 69.28 7.56 1513.36 219.78 1294
12 70.63 7.06 1542.85 239.76 1303
13 71.84 6.63 1569.28 259.74 1310
14 72.92 6.25 1592.87 279.72 1313

14.5 73.42 6.08 1603.79 289.71 1314
15 73.91 5.91 1614.50 299.70 1315

15.5 74.37 5.76 1624.54 309.69 1315
16 74.81 5.61 1634.16 319.68 1314

16.5 75.23 5.47 1643.33 329.67 1314
17 75.63 5.34 1652.07 339.66 1312
18 76.39 5.09 1668.67 359.64 1309
19 77.08 4.87 1683.74 379.62 1304
20 77.72 4.66 1697.72 399.60 1298
30 82.24 3.29 1796.46 599.40 1197
40 85.11 2.55 1859.15 799.20 1060
50 87.23 2.09 1905.46 999.00 906
60 88.87 1.78 1941.28 1198.80 742
70 90.33 1.55 1973.18 1398.60 575
80 91.69 1.38 2002.88 1598.40 404
90 92.98 1.24 2031.06 1798.20 233
96 93.73 1.17 2047.45 1918.08 129

1315 m3

15.5 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E8

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C4 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference

Catchment area 6 ha

Discharge rate 1021 m3/day

Runoff coefficient 0.64 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 1565.54 10.63 1555

0.5 38.79 108.61 2045.37 21.27 2024
0.75 44.39 82.86 2340.66 31.90 2309

1 48.39 67.75 2551.58 42.54 2509
1.5 54.55 50.91 2876.39 63.81 2813

2 59.39 41.57 3131.60 85.08 3047
3 67.22 31.37 3544.47 127.61 3417
4 73.3 25.66 3865.07 170.15 3695
5 78.18 21.89 4122.39 212.69 3910
6 82.2 19.18 4334.36 255.23 4079
7 85.57 17.11 4512.06 297.76 4214
8 88.42 15.47 4662.34 340.30 4322
9 90.88 14.14 4792.05 382.84 4409

10 93.02 13.02 4904.89 425.38 4480
15 100.66 9.39 5307.75 638.06 4670
16 101.76 8.90 5365.75 680.60 4685
17 102.77 8.46 5419.00 723.14 4696
18 103.69 8.06 5467.52 765.68 4702
19 104.52 7.70 5511.28 808.21 4703

19.25 104.71 7.62 5521.30 818.85 4702
19.5 104.9 7.53 5531.32 829.48 4702

19.75 105.09 7.45 5541.34 840.12 4701
20 105.28 7.37 5551.36 850.75 4701

20.25 105.46 7.29 5560.85 861.39 4699
20.5 105.63 7.21 5569.81 872.02 4698

21 105.98 7.07 5588.27 893.29 4695
21.5 106.31 6.92 5605.67 914.56 4691

22 106.63 6.79 5622.54 935.83 4687
23 107.23 6.53 5654.18 978.36 4676
24 107.8 6.29 5684.23 1020.90 4663
25 108.31 6.07 5711.13 1063.44 4648
30 110.48 5.16 5825.55 1276.13 4549
40 113.5 3.97 5984.79 1701.50 4283
50 115.52 3.23 6091.30 2126.88 3964
60 116.92 2.73 6165.13 2552.26 3613
70 118.12 2.36 6228.40 2977.63 3251
80 119.18 2.09 6284.29 3403.01 2881
90 120.15 1.87 6335.44 3828.38 2507
96 120.71 1.76 6364.97 4083.61 2281

4703 m3

19 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E9

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C5 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference

Catchment area 6 ha

Discharge rate 1021 m3/day

Runoff coefficient 0.64 unitless

Climate change 
factor

20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 995.23 10.63 985

0.5 28.64 68.74 1294.43 21.27 1273
0.75 32.51 52.02 1469.34 31.90 1437

1 35.48 42.58 1603.58 42.54 1561
1.5 39.85 31.88 1801.09 63.81 1737

2 43.22 25.93 1953.40 85.08 1868
3 48.66 19.46 2199.27 127.61 2072
4 52.92 15.88 2391.81 170.15 2222
5 56.41 13.54 2549.54 212.69 2337
6 59.35 11.87 2682.42 255.23 2427
7 61.91 10.61 2798.13 297.76 2500
8 64.12 9.62 2898.01 340.30 2558
9 66.05 8.81 2985.24 382.84 2602

10 67.76 8.13 3062.53 425.38 2637
11 69.28 7.56 3131.22 467.91 2663
12 70.63 7.06 3192.24 510.45 2682
13 71.84 6.63 3246.93 552.99 2694
14 72.92 6.25 3295.74 595.53 2700

14.5 73.42 6.08 3318.34 616.80 2702
15 73.91 5.91 3340.49 638.06 2702

15.5 74.37 5.76 3361.28 659.33 2702
15.75 74.59 5.68 3371.22 669.97 2701

16 74.81 5.61 3381.16 680.60 2701
16.25 75.02 5.54 3390.65 691.24 2699

16.5 75.23 5.47 3400.14 701.87 2698
16.75 75.43 5.40 3409.18 712.50 2697

17 75.63 5.34 3418.22 723.14 2695
17.5 76.02 5.21 3435.85 744.41 2691

18 76.39 5.09 3452.57 765.68 2687
19 77.08 4.87 3483.76 808.21 2676
20 77.72 4.66 3512.68 850.75 2662
25 80.33 3.86 3630.65 1063.44 2567
30 82.24 3.29 3716.97 1276.13 2441
40 85.11 2.55 3846.69 1701.50 2145
50 87.23 2.09 3942.50 2126.88 1816
60 88.87 1.78 4016.63 2552.26 1464
70 90.33 1.55 4082.61 2977.63 1105
80 91.69 1.38 4144.08 3403.01 741
90 92.98 1.24 4202.39 3828.38 374
96 93.73 1.17 4236.28 4083.61 153

2702 m3

15 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E10

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C5 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference

Catchment area 4 ha

Discharge rate 710 m3/day

Runoff coefficient 0.62 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 1052.03 7.39 1045

0.5 38.79 108.61 1374.47 14.79 1360
0.75 44.39 82.86 1572.90 22.18 1551

1 48.39 67.75 1714.63 29.57 1685
1.5 54.55 50.91 1932.91 44.36 1889

2 59.39 41.57 2104.40 59.15 2045
3 67.22 31.37 2381.85 88.72 2293
4 73.3 25.66 2597.29 118.30 2479
5 78.18 21.89 2770.20 147.87 2622
6 82.2 19.18 2912.65 177.44 2735
7 85.57 17.11 3032.06 207.02 2825
8 88.42 15.47 3133.04 236.59 2896
9 90.88 14.14 3220.21 266.17 2954

10 93.02 13.02 3296.04 295.74 3000
15 100.66 9.39 3566.75 443.61 3123
16 101.76 8.90 3605.73 473.18 3133
17 102.77 8.46 3641.52 502.76 3139

17.5 103.24 8.26 3658.17 517.55 3141
18 103.69 8.06 3674.12 532.33 3142

18.5 104.11 7.88 3689.00 547.12 3142
18.75 104.31 7.79 3696.08 554.51 3142

19 104.52 7.70 3703.53 561.91 3142
19.25 104.71 7.62 3710.26 569.30 3141

19.5 104.9 7.53 3716.99 576.69 3140
20 105.28 7.37 3730.46 591.48 3139
21 105.98 7.07 3755.26 621.05 3134
22 106.63 6.79 3778.29 650.63 3128
23 107.23 6.53 3799.55 680.20 3119
24 107.8 6.29 3819.75 709.78 3110
25 108.31 6.07 3837.82 739.35 3098
30 110.48 5.16 3914.71 887.22 3027
35 112.15 4.49 3973.88 1035.09 2939
40 113.5 3.97 4021.72 1182.96 2839
50 115.52 3.23 4093.30 1478.70 2615
60 116.92 2.73 4142.90 1774.44 2368
70 118.12 2.36 4185.42 2070.18 2115
80 119.18 2.09 4222.98 2365.92 1857
90 120.15 1.87 4257.35 2661.66 1596
96 120.71 1.76 4277.20 2839.10 1438

3142 m3

18.5 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E11

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C6 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type 
of clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
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AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference

Catchment area 4 ha

Discharge rate 710 m3/day

Runoff coefficient 0.62 unitless

Climate change factor 20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 668.78 7.39 661

0.5 28.64 68.74 869.85 14.79 855
0.75 32.51 52.02 987.38 22.18 965

1 35.48 42.58 1077.59 29.57 1048
1.5 39.85 31.88 1210.31 44.36 1166

2 43.22 25.93 1312.67 59.15 1254
3 48.66 19.46 1477.89 88.72 1389
4 52.92 15.88 1607.27 118.30 1489
5 56.41 13.54 1713.27 147.87 1565
6 59.35 11.87 1802.56 177.44 1625
7 61.91 10.61 1880.31 207.02 1673
8 64.12 9.62 1947.43 236.59 1711
9 66.05 8.81 2006.05 266.17 1740

10 67.76 8.13 2057.99 295.74 1762
11 69.28 7.56 2104.15 325.31 1779
12 70.63 7.06 2145.15 354.89 1790
13 71.84 6.63 2181.90 384.46 1797
14 72.92 6.25 2214.70 414.04 1801

14.25 73.18 6.16 2222.60 421.43 1801
14.5 73.42 6.08 2229.89 428.82 1801

14.75 73.67 5.99 2237.48 436.22 1801
15 73.91 5.91 2244.77 443.61 1801

15.5 74.37 5.76 2258.74 458.40 1800
16 74.81 5.61 2272.11 473.18 1799

16.5 75.23 5.47 2284.86 487.97 1797
17 75.63 5.34 2297.01 502.76 1794
18 76.39 5.09 2320.09 532.33 1788
19 77.08 4.87 2341.05 561.91 1779
20 77.72 4.66 2360.49 591.48 1769
25 80.33 3.86 2439.76 739.35 1700
30 82.24 3.29 2497.77 887.22 1611
35 83.8 2.87 2545.15 1035.09 1510
40 85.11 2.55 2584.94 1182.96 1402
50 87.23 2.09 2649.32 1478.70 1171
60 88.87 1.78 2699.13 1774.44 925
70 90.33 1.55 2743.48 2070.18 673
80 91.69 1.38 2784.78 2365.92 419
90 92.98 1.24 2823.96 2661.66 162
91 93.1 1.23 2827.61 2691.23 136
92 93.23 1.22 2831.55 2720.81 111
93 93.36 1.20 2835.50 2750.38 85
94 93.48 1.19 2839.15 2779.96 59
95 93.61 1.18 2843.10 2809.53 34
96 93.73 1.17 2846.74 2839.10 8

1801 m3

14.75 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E12

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C6 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume
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Parameter Value Units Reference

Catchment area 3 ha

Discharge rate 569 m3/day

Runoff coefficient 0.66 unitless

Climate change 
factor

40% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 29.69 166.26 908.01 5.93 902

0.5 38.79 108.61 1186.32 11.85 1174
0.75 44.39 82.86 1357.59 17.78 1340

1 48.39 67.75 1479.92 23.71 1456
1.5 54.55 50.91 1668.31 35.56 1633

2 59.39 41.57 1816.34 47.42 1769
3 67.22 31.37 2055.80 71.13 1985
4 73.3 25.66 2241.75 94.84 2147
5 78.18 21.89 2390.99 118.55 2272
6 82.2 19.18 2513.94 142.26 2372
7 85.57 17.11 2617.00 165.97 2451
8 88.42 15.47 2704.16 189.68 2514
9 90.88 14.14 2779.40 213.39 2566

10 93.02 13.02 2844.85 237.10 2608
15 100.66 9.39 3078.50 355.64 2723
16 101.76 8.90 3112.14 379.35 2733
17 102.77 8.46 3143.03 403.06 2740
18 103.69 8.06 3171.17 426.77 2744

18.25 103.9 7.97 3177.59 432.70 2745
18.5 104.11 7.88 3184.02 438.63 2745

18.75 104.31 7.79 3190.13 444.56 2746
19 104.52 7.70 3196.55 450.48 2746

19.25 104.71 7.62 3202.37 456.41 2746
19.5 104.9 7.53 3208.18 462.34 2746

19.75 105.09 7.45 3213.99 468.26 2746
20 105.28 7.37 3219.80 474.19 2746

20.5 105.63 7.21 3230.50 486.05 2744
21 105.98 7.07 3241.21 497.90 2743
22 106.63 6.79 3261.08 521.61 2739
23 107.23 6.53 3279.43 545.32 2734
24 107.8 6.29 3296.87 569.03 2728
25 108.31 6.07 3312.46 592.74 2720
30 110.48 5.16 3378.83 711.29 2668
35 112.15 4.49 3429.90 829.84 2600
40 113.5 3.97 3471.19 948.38 2523
50 115.52 3.23 3532.97 1185.48 2347
60 116.92 2.73 3575.79 1422.58 2153
70 118.12 2.36 3612.49 1659.67 1953
80 119.18 2.09 3644.90 1896.77 1748
90 120.15 1.87 3674.57 2133.86 1541
96 120.71 1.76 3691.70 2276.12 1416

2746 m3

19 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E13

Calculation of attentuation storage during a 1 in 100 year storm event plus an allowance for climate change for the attenuation basin C7 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type 
of clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended upper end increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3) to test the sensitivity of the design and 
additional mitigation.

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-allowances#peak-
rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume

AU/KCW/JRC/20032/01SWMP
July 2021
AU_KCWg26831 Appendix E Attenuation storage

Page 1 of 1



AUGEAN SOUTH LTD ENRMF

Parameter Value Units Reference

Catchment area 3 ha

Discharge rate 569 m3/day

Runoff coefficient 0.66 unitless

Climate change 
factor

20% unitless

Storm Duration
Rainfall for the site 

derived from 
reference 2

Rainfall Intensity 
corrected for climate 

change

Volume of rainfall run 
off in time period

Outflow in time 
period

Storage necessary in time 
period

(hr) (mm) (mm/hr) (m3) (m3) (m3)

0.25 22.02 105.70 577.24 5.93 571

0.5 28.64 68.74 750.77 11.85 739
0.75 32.51 52.02 852.22 17.78 834

1 35.48 42.58 930.08 23.71 906
1.5 39.85 31.88 1044.63 35.56 1009

2 43.22 25.93 1132.98 47.42 1086
3 48.66 19.46 1275.58 71.13 1204
4 52.92 15.88 1387.25 94.84 1292
5 56.41 13.54 1478.74 118.55 1360
6 59.35 11.87 1555.81 142.26 1414
7 61.91 10.61 1622.92 165.97 1457
8 64.12 9.62 1680.85 189.68 1491
9 66.05 8.81 1731.45 213.39 1518

10 67.76 8.13 1776.27 237.10 1539
11 69.28 7.56 1816.12 260.81 1555
12 70.63 7.06 1851.51 284.52 1567
13 71.84 6.63 1883.22 308.22 1575
14 72.92 6.25 1911.54 331.93 1580

14.5 73.42 6.08 1924.64 343.79 1581
15 73.91 5.91 1937.49 355.64 1582

15.25 74.14 5.83 1943.52 361.57 1582
15.5 74.37 5.76 1949.55 367.50 1582

15.75 74.59 5.68 1955.31 373.43 1582
16 74.81 5.61 1961.08 379.35 1582

16.25 75.02 5.54 1966.59 385.28 1581
16.5 75.23 5.47 1972.09 391.21 1581

16.75 75.43 5.40 1977.33 397.14 1580
17 75.63 5.34 1982.58 403.06 1580

17.5 76.02 5.21 1992.80 414.92 1578
18 76.39 5.09 2002.50 426.77 1576

18.5 76.74 4.98 2011.67 438.63 1573
19 77.08 4.87 2020.59 450.48 1570
20 77.72 4.66 2037.36 474.19 1563
21 78.32 4.48 2053.09 497.90 1555
22 78.87 4.30 2067.51 521.61 1546
23 79.39 4.14 2081.14 545.32 1536
24 79.88 3.99 2093.99 569.03 1525
25 80.33 3.86 2105.78 592.74 1513
30 82.24 3.29 2155.85 711.29 1445
35 83.8 2.87 2196.75 829.84 1367
40 85.11 2.55 2231.09 948.38 1283
50 87.23 2.09 2286.66 1185.48 1101
60 88.87 1.78 2329.65 1422.58 907
70 90.33 1.55 2367.92 1659.67 708
80 91.69 1.38 2403.58 1896.77 507
90 92.98 1.24 2437.39 2133.86 304
96 93.73 1.17 2457.05 2276.12 181

1582 m3

15.5 hr

References
Reference 1. National Coal Board, 1982. Technical Management of Water in the Coal Mining Industry.
Reference 2. The Institute of Hydrology, 1999.  Flood Estimation Handbook.
Reference 3.

Table E14

Calculation of attentuation storage during a 1 in 30 year storm event plus an allowance for climate change for the attenuation basin C7 
catchment using the Rational Method (reference 1)

Derived consistent with Section 5 and as shown on Figure 5.

The runoff coefficent has been calculated using the nomogram presented on 
Figure 3 of Reference 1.  In deriving the runoff coefficient a dominant vegetation 
type of cultivated land or short grass has been assumed and dominant soil type of 
clay/loam has been assumed.  The slope is derived based on the catchment.

QBAR (2l/s/ha)

Denotes parameters which are calculated based on other parameters

The recommended precautionary increase in rainfall intensity to allow for climate 
change for 2085 to 2115 (reference 3).

Critical Storm Period

https://www.gov.uk/guidance/flood-and-coastal-risk-projects-schemes-and-strategies-climate-change-
allowances#peak-rainfall-intensity-allowances

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels

Maximum storage volume
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Catchment 

Storage volume 
for 1 in 30 year 
event with 20% 

CC (m3)

Storage volume 
for 1 in 100 year 
event with 40% 

CC (m3)

Area of basin 
designed to hold 

storage volume for 1 
in 30 year event with 

20% CC (m2) 

Additional storage 
needed for 1 in 100 

year event with 

40% CC (m3)

Indicative height of 
bund needed to 

accommodate 1 in 
100 year event with 

40% CC (m)

Catchment 1 – Attenuation basin C1 8,465 14,975 8,900 6,510 0.7
Catchment 2 – Attenuation basin C2 2,902 5,040 3,525 2,138 0.6
Catchment 3 – Attenuation basin C3 3,806 6,619 2,780 2,813 1.0
Catchment 4 – Attenuation basin C4 1,315 2,284 1,575 969 0.6
Catchment 5 – Attenuation basin C5 2,702 4,703 3,310 2,001 0.6
Catchment 6 – Attenuation basin C6 1,801 3,142 1,215 1,341 1.1
Catchment 7 – Attenuation basin C7 1,582 2,746 2,225 1,164 0.5

Table E15

Indicative height of the bunds needed round the proposed attenuation basins to accommodate additional storage needed for 1 in 100 
year event with 40% allowance for climate change (CC) 
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Parameter Value Unit Parameter Value Unit
Flow rate 63 l/s Flow rate 13 l/s

Flow rate for 100 year flood event plus climate change 316 l/s Flow rate for 100 year flood event plus climate change 67 l/s

Elevation of drain bed at upstream end 85.25 mAOD Elevation of drain bed at upstream end 88.39 mAOD

Elevation of bed at downstream end 82.00 mAOD Elevation of bed at downstream end 87.35 mAOD

Length of ditch 163 m Length of ditch 63 m

Manning roughness coefficient 0.12305 Manning roughness coefficient 0.107
Bed width 1 m Bed width 0.6 m

Depth of flow 0.30 m Depth of flow 0.20 m

Channel area 0.3 m2 Channel area 0.12 m2

Wetted perimeter 1.60 m Wetted perimeter 1.00 m
Hydraulic radius 0.19 Hydraulic radius 0.12
Gradient 0.0200 Gradient 0.0166

Discharge 0.11 m3/s Discharge 0.04 m3/s
Discharge 112.89 l/s Discharge 35.17 l/s

Depth of flow 0.70 m Depth of flow 0.40 m

Channel area 0.7 m2 Channel area 0.24 m2

Wetted perimeter 2.40 m Wetted perimeter 1.40 m
Hydraulic radius 0.29 Hydraulic radius 0.17
Gradient 0.0200 Gradient 0.0166

Discharge 0.35 m3/s Discharge 0.09 m3/s
Discharge 354 l/s Discharge 89.24 l/s

References
Reference 1.  Highways Agency.  February 2004.  Drainage of runoff from natural catchments.  Design manual for roads and bridges, Volume 4, Section 2, Part 1.  Report reference HA 106/04

The average depth of the channel.

Calculated.
Calculated.
Calculated.
Calculated.

Calculated.

The average depth of the channel.

Calculated.
Calculated.

Calculated.
Calculated.
Calculated.
Calculated.

Calculated using the Manning Resistance Equation as presented in Reference 1

The elevation of ground at the southern track - 0.75m (depth of ditch from surface water features 
survey in October 2019)

The length of the western perimeter ditch from the area of C5 discharge to the southern track

Calculated based on Table F2.
Ditch dimension from surface water features survey in October 2019

Table F1.  Calculations of the conveyancing capacity of the western drainage ditch northwards and southwards from the proposed discharge locations using the Manning Resistance Equation

The length of the western perimeter ditch from the area of C3 & C4 discharges to the southern 
culvert

Calculated using the Manning Resistance Equation as presented in Reference 1
Calculated.

Denotes parmeters which are specified to achieve the necessary flow in the ditch

Calculated using the Manning Resistance Equation as presented in Reference 1
Calculated.

Denotes parameters which are determined based on the restoration scheme, rainfall data or other constraints on discharge or water levels
Denotes parameters which are calculated based on other parameters

Calculated.
Calculated.
Calculated.

Calculated using the Manning Resistance Equation as presented in Reference 1
Calculated.W
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Greenfield runoff from upstream catchment and catchments 3 & 4 (2l/s/ha)

Calculated.
Calculated.

Calculated.

Justification

The 1 in 100 year plus 40% allowance for climate change rainfall event for upstream catchment and 
catchments 3 & 4 (based on greenfield runoff rate above)
The elevation of the current topography along western boundary at proposed C3 & C4 discharge 
locations - 0.75m (depth of ditch from surface water features survey in October 2019)

The average depth of the channel.

The elevation of ground at the southern crossing - 0.75m (depth of ditch from surface water features 
survey in October 2019)

Calculated based on Table F2.

The average depth of the channel.

Ditch dimension from surface water features survey in October 2019
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Justification
Greenfield runoff from upstream catchment and catchment 5 (2l/s/ha)
The 1 in 100 year plus 40% allowance for climate change rainfall event for upstream catchment and 
catchment 5 (based on greenfield runoff rate above)
The elevation of the current topography along western boundary at proposed C5 discharge location - 
0.75m (depth of ditch from surface water features survey in October 2019)
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n = ( nb + n1 + n2 + n3 + n4)m

Western ditch draining to north
Symbol Value
nb 0.032
n1 0.005
n2 0.005
n3 0.015
n4 0.05
m 1.15

n 0.12305

Western ditch draining to south
Symbol Value
nb 0.032
n1 0.005
n2 0.005
n3 0.015
n4 0.05
m 1

n 0.107

References
Reference 1.  

Irregularity of the channel Upper end of minor iregularities.

Table F2.  Calculation of Manning's Roughness Coefficient, n

Parameter Justification
Base value Upper end of values for straight uniform channel in Firm Soil (ie clay material).

No significant meandering

Cross section Size and shape of channel does not change significantly.  This is the upper end of the alternating occasionally category.
Obstructions Upper end of minor obstructions category.
Vegetation Upper end of large category.

Appreciable meandering - a bend in the ditch course (~35degrees) &  will be followed by a further bend (~20 degrees) Meandering

United States Geological Survey.  1989.  Guide for Selecting Manning's Roughness Coefficients for Natural Catchments and Floodplains.  United States Geological Survey Water-Supply Paper 
2339.

Parameter Justification
Base value Upper end of values for straight uniform channel in Firm Soil (ie clay material).
Irregularity of the channel Upper end of minor iregularities.
Cross section Size and shape of channel does not change significantly.  This is the upper end of the alternating occasionally category.
Obstructions Upper end of minor obstructions category.
Vegetation Upper end of large category.
Meandering
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