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1.0 EXECUTIVE SUMMARY 

This assessment has looked at the implications of the proposed new commercial development in 
relation to flood risk including overtopping and breach analysis.  
 
The proposed development site is shown as being in Flood Zone 3a on the Environment Agency 
flood maps. Having undetraken a comparison between the existing flood defences and modelled 
flood levels, the site is actually protected to a minimum of the 1:100 + 20% climate change return 
period. However, as established in the independent condition survey report of the flood defences 
remedial works are recommended subject to Environment Agency agreement. 
 
Flood defences should be improved to provide a minimum condition grade of 2, subject to 
Environment Agency agreement. 
 
Based upon the proposed FFL’s the new development is not at risk of flooding from a flooding 
incident for all events up to the 1:1000 year return, utilsing modelled node 1406. 
 
Safe access and egress has been established via the new proposed access road onto the A5086. 
 
The Environment Agency does not provide a Flood Warning Service for Cleator. 
 
A Surface Water Management Plan (SWMP) has been identified including the levels of treatment 
requirement to ensure the River Ehen water quality remains protected.  
 
Any potential impact of the development can be adequately addressed by good drainage design. 
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2.0 INTRODUCTION 

RWO Associates Ltd (RWO) has been instructed by North Associates on behalf of their client to 
prepare a Flood Risk Assessment to support a planning application for a proposed new 
commercial development at Cleator in Cumbria. This report should be read in conjunction with 
RWO Associates report reference RO/Commercial/13000.1 Drainage Statement.  
 
This site is covered by a Strategic Flood Risk Assessment commissioned by Copeland Borough 
Council. This, more detailed, site specific Flood Risk Assessment supplements the findings of the 
Strategic Flood Risk Assessment. 
 
Mott MacDonald have been utilised to undertake Breach Analysis of the existing flood defences 
located on the North and Eastern boundaries.  
 
The site is Brownfield and client wishes to convert the exitsing Mill into a commercial development; 
location plans are included in Appendix A. 
 

3.0 THE SITE 

The proposed development site is located to the east of Cleator, about 300m to the south of 
Cleator Moor and immediately to the west of the Lake Distract National Park, Figure 1 below 
shows the site location. 
 

 
Figure 1 – Site Location (Red line indicates approxiamte extents) 
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The River Ehen forms the eastern and southern boundary, with residential dwellings located to the 
west and north.  To the immediate north of the proposed development site is the former Kangol 
hat factory, with the building being from the 1960’s. To the south and south east is the original Mill. 
The proposed development will consist 10,000 sqft of new commercial development. The A5086 
is on the far extents of the western boundary of the proposed development site. 

4.0 PROPOSED DEVELOPMENT 

It is proposed to consider the site for conversion to commercial use consisting of circa 10,000sqft 
of commercial space.  Based upon the Copeland Strategic Flood Risk Assessment, the 
development site is located in Flood Zone 3a, an extract of the map can be seen below in Figure 2 
(area south east of the identified development area E8) with the full map included in Appendix B. 
 

 
Figure 2 – Copeland SFRA Extract 

 
As the development site is shown as being located in Flood Zone 3a with annual probability of 
flooding of greater than 1:100 years (>1%). 
 
A proposed site layout is included in Appendix C. 
 

5.0 FLOOD RISK 

River Ehen 

The site is located adjacent the River Ehen, to the west, within flood zone 3a as identified by the 
Copeland Strategic Flood Risk Assessment, map included in Appendix B. Predicted flood levels have 
previously been assessed by RAB Consultants as part of a former planning application. The 
Environment Agency modelled flood levels are included below in table 1. 
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Cross 
Section 

reference 

5 Year 10 Year 25 Year 50 Year 75 Year 100 Year 200 Year 

2006 63.96 64.09 64.28 64.38 64.43 64.47 64.54 

1896 63.63 63.78 63.98 64.07 64.12 64.15 64.21 

1726 62.34 62.44 62.60 62.67 62.71 63.08 63.14 

1606 61.01 61.14 61.34 61.43 61.47 61.50 61.57 

1502 59.90 60.02 60.26 60.40 60.49 60.54 60.97 

1406 59.51 59.63 59.91 60.08 60.19 60.27 60.43 

1299 59.04 59.14 59.33 59.45 59.51 59.54 59.62 

1206 58.53 58.62 58.78 58.87 58.93 58.97 59.04 

Table 1 – Modelled Flood Levels 
 

Figure 3 below shows the positions of the modelled cross sections referenced above; 
 

 
Figure 3 – Modelled Node Locations 
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A site walkover has been undertaken to review the flood defences and gain an understanding of the 
locations and risks associated with the defences. Flood protection is provided along the river 
reaches adjacent to the development site. At the most vulnerable point, on the northern boundary 
with the River Ehen hard defences are located on the right boundary located between modelled 
node points 1896 and 1726, as can be seen in Figure 3. The Environment Agency data shows 
these hard defences are at a 1:100 year standard. Photo 1 below of existing hard defences 
between 1896 and 1726 modelled nodes; 
 

 
Photo 1 – Hard flood defences between 1896 & 1726 
 
Downstream of the hard defences, soft earth defences exist continuing north to the extents of the 
Kangol Factory/premises. The Environment Agency notes these defences as being to the 1:25 
year return period standard. The location of the modelled reference points has been cross-
references against a topographical survey undertaken by Site Scan on behalf of North Associates; 
this is included in Appendix D. 
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An exercise of comparing modelled flood levels in table 1 with the levels from the topographical 
survey has been undertaken, included in Appendix D. Right bank crest levels have been interpolated, 
these are included in Table 2 below. 
 

Cross Section 
Reference 

Interpolated Right 
Bank Crest Level 

Modelled 100 Year 
Flood Level 

Modelled 100 Year + 
20% Flood Level 

2006 n/a 64.47 64.55 

1896 64.45 64.15 64.22 

1726 63.49 63.08 62.80 

1606 62.65 61.50 61.58 

1502 61.52 60.54 60.70 

1406 60.54 60.27 60.45 

1299 60.45 59.54 59.63 

1206 59.48 58.97 59.05 

Table 2 – Flood levels compared to Bank levels 
 
Table 2 above demonstrates that the site is actually protected against the 1:100 + 20% climate 
change return period. As such the risk of flooding from the River Ehen is deemed low. Flood 
defence breach needs to be considered. It is noted that node reference 1406 is the most relevant 
for the proposed development site. 
 

Climate Change 

In making an assessment of the impact of climate change, NPPF Technical Guidance recommends 
20% increase on the 1:100 (1%) year return period. As this has been modelled these figures have 
been utilised to establish the risk of flooding to the site based upon the flood defence levels. 
 

Flood History 

The fact flood defences have been formed along the boundary with the River Ehen suggest a 
historic flooding problem. It is understood the flood defences in their current form were 
constructed in 1978 by English Industrial Estates. 
 
It is noted that the Copeland SFRA states there was some flooding form the River Ehen that 
caused damage to the factory in autumn of 2000. A previously prepared FRA noted that the site 
warden had been interviewed and could not recall any flooding in his 15 years, this was in March 
2010. As such if any flooding did occur or to what extents it is unknown. It was noted during our 
site walkover that outfalls to the River Ehen did not have tidal flaps/non-return valves installed and 
as such is may have been possible for waters to back up the onsite drainage system 
 
Having reviewed available data and previously prepared reports, it is understood during the 
extensive flooding in Cumbria during 2008 & 20009 this site was not affected. 
 

Flood Defence Overtopping 

There are flood defences affording the site protection from the risk of flooding. Table 2 has 
reviewed model flood levels. In order to ensure the level of protection afforded the site is 
maintained the condition of the flood defences must be maintained. The hard flood defences are 
substantial and appear to be in operational condition which is supported by the Environment 
Agencies grade 3 ‘fair’, on the Environment Agencies asset condition criteria. The soft defences 
and the river bank do not appear to be adequately maintained to the required standard to ensure 
effective operation, the Environment Agency have graded these 4 ‘poor’. 
 
A previous report assessing the condition of the embankment was commissioned by Hampton 
Investment Properties Ltd and undertaken by Dr John Chatterton, this is included in Appendix E. 
RWO Associates Ltd have undertaken a site walkover and note that the defences do not appear to 
have varied in condition since the survey in 2008. 
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The summary of the asset survey report are that “...the current condition of the flood defences is at 
best grade 3 but at worst grade 4. Therefore, priority remedial work is strongly recommended on 
the three NFCDD defence lengths”. 
 
It is recommended that at the locations identified within Dr John Chatterton’s survey remedial 
works be undertaken either by the developer or by agreement with the Environment Agency 
involving a commuted sum. No development should be undertaken until the flood defences are 
improved. 
 
The 1000 year modelled flood levels have been utilised to ascertain the level of protection the flood 
defences afford for the 1:1000 year return period, in table 3 below. 
 

Cross Section 
Reference 

Interpolated Right 
Bank Crest Level 

Modelled 100 
Year Flood Level 

Modelled 
100+20% Year 

Flood Level 

Modelled 
1000 Year 

level 

2006 n/a 64.47 64.55 64.70 

1896 64.45 64.15 64.22 64.39 

1726 63.49 63.08 62.80 62.93 

1606 62.65 61.50 61.58 61.73 

1502 61.52 60.54 60.70 60.97 

1406 60.55 60.27 60.45 60.68 

1299 60.45 59.54 59.63 59.87 

1206 59.48 58.97 59.05 59.25 

Table 3 – 1000 year levels 
 
Analysis of the risk to life from either overtopping or breach can be carried out utilising a ‘simple 
assessment’ methodology as outlined in Flood Risk Guidance for new development Technical 
Report FD2320/TR2. 
 

Cross  Section 
Reference 

Distance from 
Defence 

1000 Year 
Flood Level 

Defence 
Height 

Head Above 
Crest Level 

Comment 

1896 65 64.42 64.56 n/a ‘very low hazard’ 

1726 100 62.94 63.27 n/a ‘very low hazard’ 

1606 120 61.75 62.70 n/a ‘very low hazard’ 

1406 90 60.71 60.55 0.16 ‘danger to some’ 

Table 4 – Risk of flood defence overtopping to people 
 
The findings in Table 2 from overtopping scenario, shows that all but one of the cross sections have 
been classified as a ‘very low hazard’. Cross section 1406 classifies the risk as ‘danger to some’, 
this includes children and elderly. 
 
As the site is protected to the 1:100 + 20% year return period this risk could be reduced by 
raising of ground levels within the residential area to that greater than the estimated 1000 year 
flood level. No flood storage compensation would be required given the flood level is significantly 
greater than the 1:100 year return period. 
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Flood Defence Breaching 

A detailed breach analysis has been prepared by Mott MacDonald based upon the historic 
requests of Gary Clark and utilising the latest data set. The purpose of the breach analysis was to 
determine flood extents, depths, velocities and hazard ratings for the site for the 1:100 year return 
period with 20% climate change as required under NPPF Technical Guidance. Figure 4 below 
shows the two breach locations which have been utilised and previously agreed with Gary Clark. 

 
Figure 4 –Modelled Breach Locations 
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Breach 1 
 
A breach in the gabion baskets north of the site has been considered for the 1:100 year plus 
climate change return period. The approximate lcoation of the breach event if indictaed in Figure 4 
above. During the breach flood waters reach the site at the 1.5 hour mark, with the existing Kangol 
factory being flooded first and then flows head to the west reaching the propsoed residential 
development site. Mott Macdonald have identified the hazard rating as being generally low with a 
rating of between 0 to 0.75, with exception of the existing Kangol factory (1960’s) which does not 
form part of this application. The flood waters which impact upon the development site have been 
classifed as low in terms of risk by Mott MacDonald.  
 

 
Figure 5 – Extract from Mott MacDonald of Breach 1 
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Breach 2 
 
A breach in the earth embankment to the east of the site has been considered for the 1:100 year 
plus climate change return period. The approximate location of the breach event if indictated in 
Figure 4 above. During this breach event the only building impacted upon is the Kangol Factory 
which does not form part of this application. As such the risk of the site flooding from a breach at 
this location is deemed low. 
 

 
Figure 6 – Extract from Mott MacDonald of Breach 2 

 
The Mott MacDonald report ‘Updated Flood Risk Modelling – Cleator Mills Site’ is included in 
Appendix F. 
 

6.0 RECOMMENDED FINISHED FLOOR LEVELS 

In order to afford future development a level of protection against future flooding it is our normal 
recommendation to increase Finished Floor Levels (FFL) by 600mm over the 1:100 year return 
period plus climate change. As there is no climate change information the 1:200 year flood level 
will be utilised for the appropriate modelled node in relation to the development site. 
 
The most appropriate deemed model node point is 1406 which has a 1:200 year return period 
flood level of 60.37m AOD. Applying a 600mm freeboard to this modelled flood level gives a 
proposed minimum FFL of 60.97m AOD.  
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7.0 SAFE ACCESS AND EGRESS 

As the proposed development site will be serviced by a new access onto the A5086 located to the 
west of the development site, safe access and egress will achievable at all times. In the event of a 
breach occurring in the northern flood defences the extents of flooding do no impact upon the 
proposed access. 
 
Should a breach occur occupants should be evacuated from the building, it is the responsibility of 
the management company to ensure all occupants are aware of an evacuation plan. Buildings 
users could leave the building and safely evacuate to the A5086, taking into consideration the 
breach waters would take circa 2.0hrs to reach the Mill. 
 
It is noted that the Environment Agency does not provide a Flood Warning service for the Cleator 
community. However, taking into consideration the access/egress location and the proposed FFL’s 
the risk of access/egress being unachievable is deemed low. 
 
The surface water management plan associated with this development site has been considered 
utilising the following documentation; 
 

 Building Regulations Part H, 

 Sewers for Adoption, 

 CIRIA C697 
 

8.0 SURFACE WATER RUNOFF 

The proposed development site is currently Brownfield in nature and as such has limited discharge 
to watercourse. The drainage philosophy has been established in RWO Associates report 
reference RO/Commercial/13000.1, which is included in Appendix G. The Drainage Statement 
establishes a principle for utilising soil infiltration techniques in accordance with CIRIA C697. 
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9.0 CONCLUSIONS 

This assessment has looked at the implications of the proposed new commercial development in 
relation to flood risk, including overtopping and breach analysis.  
 
The proposed development site is shown as being in Flood Zone 3a on the Environment Agency 
flood maps. Having undetraken a comparison between the existing flood defences and modelled 
flood levels, the site is actually protected to a minimum of the 1:100 + 20% climate change return 
period. However, as established in the independent condition survey report of the flood defences 
remedial works are recommended subject to Environment Agency agreement. 
 
Flood defences should be improved to provide a minimum condition grade of 2, subject to 
Environment Agency agreement. 
 
Based upon the proposed FFL’s the new development is not at risk of flooding from a flooding 
incident for all events up to the 1:1000 year return, utilsing modelled node 1406. 
 
Safe access and egress has been established via the new proposed access road onto the A5086. 
 
The Environment Agency does not provide a Flood Warning Service for Cleator. 
 
A Surface Water Management Plan (SWMP) has been identified including the levels of treatment 
requirement to ensure the River Ehen water quality remains protected.  
 
Any potential impact of the development can be adequately addressed by good drainage design. 
 
 

 
Ross Oakley 

For and behalf of RWO Associates Limited 
April 2014 
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Appendix A Site Location Plan 
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Appendix B Flood Map 
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Appendix C Landscaped Site Layout 
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Appendix D Topographical Survey 
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Appendix E Flood Defence Survey 

































Proposed Development 

Cleator Mill 

 
 

13000 – Flood Risk Assessment (New Commercial) Cleator Mill    

 
Appendix F   Mott MacDonald Breach Analysis 
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1.1 Background and Objectives 

Mott MacDonald has been commissioned by RWO Associates to undertake a flood defence breach 

analysis in the River Ehen catchment, near the Cleator Mills site at Cleator in Cumbria. This work follows 

on from the previous breach analysis work, which Mott MacDonald carried out for a proposed 

redevelopment of land on the Cleator Mills site in 2010. 

The main objectives of the new study are: 

 Set up and run a two-dimensional TUFLOW model with new ground survey now available; 

 To map the spatial variation of depth, velocity and hazard rating across the floodplain resulting 

from failure of defences in two alternative locations for a fluvial flood with a return period of 100 

year plus climate change.  

This report describes the methodology and results of two-dimensional modelling and mapping of the River 

Ehen breach scenarios.  

1.2 Study Area and Model Extent 

The breach analyses cover an area situated to the south-east of Cleator Village, adjacent to the River 

Ehen. The location is shown on the map included in Appendix A. The River Ehen is located to the north 

and east of the Cleator Mills site. The site is divided into three sections, including the existing Kangol 

premises, a disused Kangol factory and a car park area. 

1.3 Scope of Work 

The scope of work for this study is summarised below: 

 Use of the existing 2D model of the Cleator Mills site which was developed by Mott MacDonald in 

2010; 

 Update the model with new topographic survey information provided by RWO Associates; 

 Use breach hydrographs as developed for the 2010 modelling and apply these at the same 

locations as for the 2010 modelling; 

 Prediction of the flooding extent, flood depth, velocities and hazard ratings for the 1 in 100 year 

plus climate change fluvial event; 

 Reporting. 
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2 Breach Analysis 
The initial locations of defence breaches to be assessed were agreed with the Environment Agency in 

March 2010. Output from the existing ISIS model, developed by JBA in 2004, was used by Mott 

MacDonald in the 2010 study to generate breach scenario hydrographs. Hydrology and boundary inputs 

that form the basis of this assessment are based on the 2010 study.  

2.1 Breach Constraints and Inputs 

The following breach locations were used in the 2010 study: 

Table 2.1: Breach Locations and Details 

The following additional requirements were also agreed with the Environment Agency at the time: 

 One design event to be considered: 1 in 100 year plus climate change return period; 

 All of the breach locations are on a fluvial river, and therefore the following breach width and time 

to closure details were to be used: 

Earth bank: 40m width; 36 hours to closure. 

Combination of hard defence and earth bank: 40m width; 36 hours to closure. 

 The start of the breach is the bank-full condition or at the peak water level if lower. 

2.2 Breach Methodology 

The following gives details of the method used in 2010 to model the breach hydrographs in the 1D ISIS 

model. 

 The existing hydraulic model covers the entire reach of River Ehen, including the breaches 

identified in Table 2.1. The objective of the assessment was to determine a flow hydrograph 

through each of the breach locations. These hydrographs identified the flows leaving the main 

channel at these points and was then used as an input to a 2D model of the surrounding area to 

establish a flood extent and rate of inundation from the breach event. 

 In the existing ISIS model of River Ehen, floodplains were represented by ISIS RESERVOIR units 

which model the rate of water accumulation in a storage pond/lake and made the assumption of a 

water level surface in the storage. Exchange of flow between river channel and flood cells was 

characterised by SPILL units representing side weir flow over the river banks.  

Breach Location Defence Type Breach Width 
(m) 

Point X Point Y Elevation 
(mAOD) 

Bank 

Breach 1 North of 
the site 

Combination of gabion lined 
baskets and earth 

embankment 

40 302196 513947 64.52 Right 
bank 

Breach 2 East of 
the site 

Earth embankment 40 302202 513840 62.49 Right 
bank 
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 The breach locations were identified on the model network. Where necessary an interpolated 

channel cross-section was added 40m downstream to ensure the breach width of 40m was 

maintained. The interpolated channel cross-sections were also connected to the RESERVOIR 

units to ensure any excess water was spilled from the main channel onto the flood cells. This 

prevented any downstream water level increase, any backwater effect through the breach and also 

stabilised free flow conditions.  

 The breaches were assumed to be formed over a single one second time step in the model runs. 

The breaches were assumed to form to the full extent of 40m width, thereby providing a ‘worst-

case’ assessment for the development of the breach. The breach was taken as occurring through 

the full height of the embankment to the level of the surrounding land. This was represented by 

lowering the elevation of the right bank spill from embankment level to the elevation of the 

surrounding floodplain. This lower level was obtained from the LiDAR data available for the 

catchment (See Table 2.2). 

Table 2.2: Embankment and Floodplain Levels 

Breach Nr. Embankment Elevation (mAOD) Floodplain Elevation (mAOD) 

Breach 1 64.52 62.5 

Breach 2 62.49 61.0 
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3 2D Hydrodynamic Modelling 

3.1 Introduction 

The main purpose of this study was to assess the flood extent in the event of flood defence breach for the 

100 year plus climate change fluvial event.  

The approach to hydraulic modelling has comprised the following stages: 

 Step 1: constructing a two-dimensional hydraulic model incorporating the new topographic data 

made available by RWO Associates; 

 Step 2: breach analysis using the breach hydrographs generated in 2010 study; 

Step 3: predicting flood extent for the specified fluvial return period (1 in 100 year plus climate 

change); 

Step 4: producing flood extent, depth, velocity and hazard maps. 

3.2 Model Build 

The proposed development site is located to the south-east of the village of Cleator adjacent to the River 

Ehen. The extent of the model was estimated so that the model would include a sufficient length of the 

River Ehen within the model, whilst also including the Cleator Mills site that has a theoretical chance of 

flooding. Two breach locations are identified in the study area, as described in Table 2.1.  

3.2.1 Digital Terrain Model 

The Digital Terrain Model (DTM) for the Cleator Mills area was produced using 1m resolution LiDAR and 

ground based topographic survey data.  In order to ensure that channel volume was not available to flood 

waters (since during a breach scenario channels are assumed to be full to bank-top) the DTM along 

channel lengths was raised to bank-top levels. 

The topographic survey (North Associates - Kangol Factory,Cleater_topo.dwg) was provided by RWO 

Associates. The survey data was recorded in local coordinate system, therefore the first step was to 

transform it to the national coordinate system. After the transformation the 2d_zsh feature of TUFLOW was 

used to incorporate the survey into the DTM. 

The TUFLOW model comprises of a grid of the Cleator Mills area, with grid points (z points) assigned 

elevations from the above mentioned sources. Details of the grid used for modelling the River Ehen at 

Cleator Mills are summarised in Table 3.1 below.  

Table 3.1: Cleator Mills TUFLOW Model Grid Details 

Grid Information  

Grid size (spacing) 7m 

Origin 301,135N, 512,883E (British National Grid) 

Orientation 0 degrees 

Width of grid (in the east direction) 2.16km 

Height of grid (in the north direction) 2.15km 
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A grid size of 7m was used as this is of sufficient detail for flood mapping, whilst not being so small as to 

result in unacceptably long model run times.  

3.2.2 Boundary Conditions 

The upstream boundary of the model is a flow-time boundary condition. Breach hydrographs were 

extracted at SPILL units connected to the model river cross-sections at each breach location for the 100 

year plus climate change fluvial event. The breach hydrographs were developed in the 2010 modelling 

study and have been used in this updated study without modification. The breach hydrographs are shown 

on Figure 3.1 

 

Figure 3.1 – Breach hydrographs 

 

3.2.3 Manning’s n 

Land classification within the TUFLOW model determines the roughness values (Manning’s n) of each land 

type, and therefore the resistance that is provided by the land to the flood water. For this study, a detailed 

land classification was used, as outlined in Table 3.2.  

Table 3.2: Summary of Manning's n Values Used in the Model 

Terrain Type Roughness 

Water 0.035 

Grassed floodplain 0.055 

Buildings 0.300 

Woodland 0.120 

Roads and railways 0.020 
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3.3 Flood Hazard Classification 

Hazard rating has been defined in the Supplementary Note on Flood Hazard ratings and Thresholds for 

Development Planning and Control Purpose – Classification of the Table 13.1 of FD2320/TR2 and Figure 

3.2 of FD2321/TR1 (Defra 2008). Hazard rating is calculated from depth, velocity and a debris factor at 

each time step in the model using the following equation: 

   HR = d (v + 0.5) + DF 

  where, HR = (flood) hazard rating; 

   d = depth of flooding (m); 

   v = velocity of floodwaters (m/s); and  

DF = debris factor (0, 0.5, 1 depending on probability that debris will lead to a 

hazard).  

The debris factor was based on the conservative land use classification. It varies with depth and velocity of 

flooding as shown in Table 3.3.  

Table 3.3: Guidance on debris factors for different flood depths, velocities and dominant land use (from Table 4.2 in 

Flood Risks to People) 

Depth (d)/Velocity (v) Debris Factor based on Conservative Land Use 

d = 0 to 0.25m 0.5 

d = 0.25 to 0.75m 1.0 

d > 0.75 and/or v > 2m/s  1.0 

Hazard rating has been classified into four categories in the Supplementary Note on Flood Hazard ratings 

and Thresholds for Development Planning and Control Purpose – Clarification of the Table 13.1 of 

FD2320/TR2 and Figure 3.2 of FD2321/TR1 (Defra, 2008) for emergency planning purposes.  

Table 3.4 summarises the four categories. This classification has been used in the description of the 

results.  

Table 3.4: Hazard to People as a Function of Velocity and Depth  

Hazard Rating Degree of Flood 
Hazard 

Elevation (m AOD) Bank 

<0.75  Low Caution “Flood zone with shallow flowing water or 

deep standing water” 

0.75 – 1.25  

 

Moderate Dangerous for some (e.g. children) “Danger: 

Flood zone with deep or fast flowing water” 

 

1.25 – 2.0  

 

Significant Dangerous for most people “Danger: flood zone 

with deep fast flowing water” 

 

>2.0  

 

Extreme Dangerous for all “Extreme danger: flood zone 

with deep fast flowing water” 
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3.4 Scenarios Modelled 

Two scenarios using the above methodology have been modelled for the 1 in 100 year plus climate 

change event.  These scenarios are listed in Table 3.5 below: 

Table 3.5: Scenarios Modelled 

Breach Nr. Design Event 

Breach 1 100 year plus climate change 

Breach 2 100 year plus climate change 

Appendix A shows the location of breaches. 

 

 



 

 
 

Updated Flood Risk Modelling - Cleator Mills Site 
Modelling Report 

  

314553/EVN/FRMS/GA01/A 15 October 2013  
Cleator Mills Report_01.doc 

8 

4 Results 

4.1 Breach 1 

A breach in the gabion lined baskets north of the site has been considered for the 1 in 100 year plus 

climate change event. The approximate location of the breached defence is indicated on the Appendix A. A 

breach of the flood defence was assumed to occur when the river was at bank-full downstream.  During a 

breach for the 100 year plus climate change event, floodwaters flow onto the floodplain (see Figure 4.1), 

flooding the existing premises, car park area and the disused factory building downstream of the site. 

Some of the floodwaters flow back into the River Ehen near the downstream end of the existing Kangol 

premises.  Flood depths in the vicinity of the breach are fairly significant reaching up to 0.90 m near this 

building.  

     
       t = 1.0 hour                                       t = 1.5 hour                                      t = 2.0 hour 

     
       t = 2.5 hour                                       t = 4.5 hour                                      t = 18.5 hour 

Figure 4.1 – Progress of flood wave from Breach 1 

The hazard rating was generally low (0 to 0.75) throughout the site, although this was observed to be 

greater in the areas of deeper waters. There are areas, in the vicinity of the Kangol Building where the 

hazard rating is significant (1.25 to 2) implying that it is dangerous for most people. 

4.2 Breach 2 

A breach in the earth flood embankment east of the site was considered for the 100 year plus climate 

change event. The approximate location of the breached flood embankment is shown on Appendix A. For 

this analysis it has been assumed that the River Ehen was bank-full downstream of the breached 
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embankment. During a breach, floodwaters spread onto the floodplain (see Figure 4.2), inundating the 

Kangol premises, and then flow through parts of the car park area and the disused factory building. Flood 

depths generally remain low (0 to 0.25m) through the site, although there are small areas in the vicinity of 

the Kangol building where there is deeper flooding of up to 0.5m. The flood hazard rating of the breach 

floodwaters is low (0 to 0.75) as the depth of flooding is shallow (less than 0.25m) and the velocities are 

low (less than 0.3m/s) with the exception of a few areas in the vicinity of the existing building (0.8m/s).  

     
       t = 1.0 hour                                       t = 1.5 hour                                      t = 2.0 hour 

     
       t = 2.5 hour                                       t = 3.0 hour                                      t = 3.5 hour 

Figure 4.2 – Progress of flood wave from Breach 2 
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5 Flood Mapping 
Flood maps have been produced from the outputs of the 2D modelling. The maps show maximum water 

level, flood depth, velocities and hazard rating for all of the scenarios which have been modelled. Table 5.1 

summarises the flood maps located in Appendix B and discussed in Section 4.  

Table 5.1: Summary of Flood Maps 

Drawing No.  Parameter Shown Breach Location Return Period 

1.01 Depth Breach 1 100 year + 20% 

2.01 Velocity Breach 1 100 year + 20% 

3.01 Water Level Breach 1 100 year + 20% 

4.01 Hazard Rating Breach 1 100 year + 20% 

1.03 Depth Breach 2 100 year + 20% 

2.03 Velocity Breach 2 100 year + 20% 

3.03 Water Level Breach 2 100 year + 20% 

4.03 Hazard Rating Breach 2 100 year + 20% 
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6 Assumptions and Limitations 
The model and input data are based on the following assumptions: 

 River channel is bank-full downstream of breach locations. 

 Flood defences and embankment levels used in the existing ISIS model are correctly representing 

the study area.  

 The ISIS model accounts for surface runoff in the study area. 

The model has several limitations which should be understood before applying the findings of this report: 

 Models are not calibrated or verified, owing to lack of observed historic data. 

 LiDAR data has verified accuracy of +/- 150mm. 
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7 Conclusions 
The outputs from the updated Cleator Mills FRA Breach Analysis facilitate the assessment of extent and 

severity of flooding in the event of breaches in the fluvial defences. The breach hydrographs used were 

those produced in the previous breach analysis (2010) and are for the 100 year plus climate change event, 

based on best available data at the time. 

Breach hydrographs were input as flow-time boundary conditions into the 2D TUFLOW model. The 2D 

model covered areas adequate to model the full extent of flood waters, using a grid size of 7m.  

It was observed that the extent of flooding south of the breached gabion lined baskets (Breach 1) was 

significant. Areas affected were mainly near the existing Kangol premises, car park area and the disused 

factory building downstream of the site.  Hazard rating was generally low through the site, with the 

exception of a few areas in the vicinity of the existing building. Flood waters were observed to be deeper in 

these areas (up to 0.9 m), and the hazard rating was identified to be significant (1.25 to 2) implying that it is 

dangerous for most people.  

During a breach in the earth embankment east of the site (Breach 2), floodwaters covered the existing 

building and parts of the car park area. Flood depths generally remained low (0 to 0.25m) through the site, 

although there were small areas in the vicinity of the factory building where there was deeper flooding of up 

to 0.5m. The flood hazard rating of the breach floodwaters was low (0 to 0.75) as the depth of flooding was 

shallow (less than 0.25m) and the velocities were low (less than 0.3m/s) with the exception of a few areas 

in the vicinity of the existing building (0.8m/s).  

The extent and severity of flooding predicted for both breaches is very similar to that predicted in the 2010 

study. The additional ground based topographic data now available indicates that the area to north-west of 

the existing factory are lower than given by LiDAR data used in 2010. This results in greater flood extent in 

this area. However maximum values of flood depth, velocity and hazard around the site has not 

significantly changed. 
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1.0 EXECUTIVE SUMMARY

This assessment has looked at the implications of the proposed Residential developments in
relation to proposed drainage of the site.

A Surface Water Management Plan (SWMP) has been identified including the levels of treatment
requirement to ensure the River Ehen water quality remains protected.

As the proposed surface water drainage system is a Sustainable Drainage System (SuDS) the rate
of runoff from the proposed development site will not increase and as such the loading on the
watercourse will not be impacted upon.

A foul discharge rate has been agreed with United Utilities, with a connection available from
December 2014.

Any potential impact of the development can be adequately addressed by good drainage design.
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2.0 INTRODUCTION

RWO Associates Ltd (RWO) has been instructed by North Associates on behalf of their client to
prepare a Drainage Statement to establish best practice drainage principles relating to the
proposed development site. This report has been prepared to support the planning application.

The sites are all currently Greenfield and client wishes to create residential developments; location
plans are included in Appendix A.

3.0 THE SITE

The proposed development site is located to the east of Cleator, about 300m to the south of
Cleator Moor and immediately to the west of the Lake Distract National Park, Figure 1 below
shows the site location.

Figure 1 – Site Location

The River Ehen forms the eastern and southern boundary, with residential dwellings located to the
west and north. To the immediate north of the proposed development site is a Greenfield area,
which is being considered for use as residential by the land owner. The north eastern portion of the
site has a derelict factory located on it currently owned by Gates.

It is proposed to construct new the Mills. The existing Mill is all one building but has had two infill
buildings constructed in the 1960’s, the 1960’s buildings will be demolished as part of the
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proposed scheme. One of the buildings will be replaced with a glass atrium style link and the other
will have a glass bridge constructed at first floor level to create a link.

4.0 GROUND CONDITIONS

Elliot Environmental have undertaken the Site Investigation associated with the site with Geo
Environmental Engineering undertaking further soil infiltration tests in accordance with BRE365.
Elliot Environmental reported ground conditions to have Sand and Gravels, which prompted the
further investigation works undertaken by Geo Environment Engineering.

Geo Environmental Engineering received instruction to undertake six soil infiltration tests across
the site in accordance with BRE365. Figure 2 below shows the locations of the soil infiltration test
results.

Figure 2 – Soil Infiltration Test Locations

SA01 recorded Topsoil from 0.00 – 0.40m with Sand & Gravel recorded from 0.40 – 2.00m, soil
infiltration test results for this location have been calculated as 6.04665-5 m/s.
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SA02 recorded Topsoil from 0.00 – 0.30m, Sand from 0.30 – 0.70m and 0.70 – 2.00m Sand &
Gravel, soil infiltration test results for this location have been calculated as 4.97347 -5 m/s.

SA03 recorded Topsoil from 0.00 – 0.20m with Sand recorded from 0.20 – 0.80m and Sand &
Gravel from 0.80 – 2.00m, soil infiltration test results for this location have been calculated as
2.39464-5 m/s.

SA04 recorded Topsoil from 0.00 – 0.30m with Sand & Gravel recorded from 0.30 – 1.50m, soil
infiltration test results for this location have been calculated as 2.27591 -5 m/s.

SA05 recorded Topsoil from 0.00 – 0.35m with Sand recorded from 0.35 – 0.60m and Sand &
Gravel from 0.60 – 2.00m, soil infiltration test results for this location have been calculated as
2.24551-5 m/s.

SA06 recorded Topsoil from 0.00 – 0.50m with Sand & Gravel recorded from 0.50 – 0.90m and
Sand & Gravel from 0.90 – 1.50m, soil infiltration test results for this location have been
calculated as 4.22297-5 m/s.

All of the recorded soil infiltration rates are well within the acceptable rates and as such the site
will be suitable to utilise infiltration. Based upon this in accordance with Building Regulations and
the CIRIA SuDS train, surface water should discharge into suitable designed soil infiltration
drainage systems.

Geo Environmental Engineering report is included in Appendix B.

5.0 RECEIVING WATERS

The nearest watercourse is the River Ehen, which generally flows in a south westerly direction. The
Ehen is located on the immediate eastern and southern boundaries of the proposed development
site. Elliot Environmental have reported that the water quality within the River Ehen has been found
to be Quality A in the past.

The critical issue relating to the surface water run-off form the proposed development site relates
to the River Ehen which is classified as a Site of Special Scientific Interest (SSSI) and a Special Area
of Conservation (SAC). It is understood that a direct discharge to the River Ehen was been deemed
as unacceptable, based upon this it is proposed to utilise infiltration to dispose of surface water as
stated in section 4.0 of this report.

It is worth noting that the chemical status of the surface water in the area is not assessed by the
Environment Agency and it is understood that there are no plans to do so by 2015.
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6.0 SURFACE WATER MANAGEMENT PLAN

The surface water management plan associated with this development site has been considered
utilising the following documentation;

 Building Regulations Part H,
 Sewers for Adoption,
 CIRIA C697

Soil Infiltration

Section 4.0 Ground Conditions, includes a summary of the soil infiltration test results which have
been undertaken by Geo Environmental Engineering in accordance with BRE 365. A total of six
tests have been undertaken, a summary of the results is below in table 1.

Soil Infiltration Test Results
SA01 6.04665-5 m/s
SA02 4.97347-5 m/s
SA03 2.39464-5 m/s
SA04 2.27591-5 m/s
SA05 2.24551-5 m/s
SA06 4.22297-5 m/s

Table 1 – Soil Infiltration Test Results

The above summary of soil infiltration test results demonstrate that soil infiltration can be utilised
across the proposed development site.

Watercourse Protection

Given the classification of the River Ehen there is a requirement to ensure that the watercourse is
protected during construction. There are known outfall points to the River Ehen and these will need
to be blocked off prior to any works commencing on site. This will ensure that the risk of any
contaminants getting washed into the watercourse is limited. All water during the construction
phase should be disposed of to the public sewerage system ensuring treatment prior to discharge.
This will require the contractor to agree a temporary discharge point with United Utilities.

Further consideration will need to be given during the construction phase to the risk of fuel stores
which should be fully bunded ensuring any leakage is contained. In addition the use of vehicles near
to the watercourse should be considered and it is recommended a temporary bund be established
along the line of the River Ehen and monitored with any spillage’s being cleaned.

The contractor undertaking the proposed works will need to ensure they are fully compliant with
PPG6 (Working at construction and demolition sites) Pollution and Prevention Guidelines, which is
the Environment Agencies issued guidance.

PPG6 guidance can be located;

http://www.environment-agency.gov.uk/static/documents/Business/EA-PPG6_-
_03_2012_Final.pdf

PPG6 covers the guidance relating to pollution prevention and management which the contractor
will need to ensure they adhere to during the full program of works.

The existing drainage has been surveyed and is included in Appendix C.
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Surface Water Proposal

The surface water strategy has been designed taking into consideration the SUDS Train. The level
of treatment requirement has been reviewed based upon Table 3.3 of CIRIA C697 show below.

Based upon Table 3.3 of CIRIA C697 a maximum of two levels of treatment are required given the
receiving watercourse’s (River Ehen) catergorisation of SAC and SSSI and proposed development
of residential dwellings.

Table 5.10 of CIRIA C697 (included below) shows the treatment options for achieving the required
levels of treatsment.
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As stated in table 3.3 two levels of treatment are required for parking areas and commercial
zones, parking areas etc and one level of treatment for Roofs only. Utilising table 5.10 above the
roof water will be able to discharge to Infiltration which it is recommended be dealt with via a
central infiltration system, such as a cellular soak away. Car parks and roads will need to discharge
via two levels of treatment as such it is recommended that either permeable paving be utilised or
granular filtering with a discharge to soak away.

As the roof water will discharge via infiltration this ensures one level of treatment as required
under CIRIA C697 guidance. The driveways will discharge via permeable paving providing the first
level of treatment and then onto an infiltration system, ensuring the required second level of
treatment is provided.



Proposed Development
Cleator Mill

Commercial/13000 – Drainage Statement Commercial Units 8

Figure 3 – Typical detail for Permeable Paving (extract from CIRIA C697)

Figure 4 – Typical Soakaway (extract from CIRIA C697)

The roads and car parks will need to utilise two levels of treatment in accordance with Table 3.3 of
CIRIA C697 including a pre-treatment to ensure the proposed Sustainable Urban Drainage System
(SuDS) performs as designed. For the purposes of ensuring an easy maintained road drainage
system it is recommended that the road drainage discharge via granular drains or permeable
surfacing and onto a central soakaway unit. As defined in Table 5.10 of CIRIA C697 the filter drain
will provide the first level of treatment with the infiltration basin providing the second level of
treatment.
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Figure 5 – Typical detail for a Granular Drain

As required under Building Regulations/Sewers for Adoption the surface water drainage system
will need to be designed to;

 No surcharge for the 1 in 2 year event
 No flooding for the 1 in 30 year event
 No building flooding for the 1 in 100 year event with a 30% allowance for climate

Any flooding for the 100 year event with climate change will need to be stored on site to protect
third party land from potential overland flows.

The Surface Water Management Plan (SWMP) as set out above will ensure the River Ehen
receives no direct surface water flows and that the water quality will not be impacted upon by the
proposed residetial development.

Including in Appendix D are the fact sheets regarding each proposed element of the SuDS surface
water drainage system.

7.0 FOUL WATER

Foul water will discharge to the public sewerage system as agreed with United Utilities. A free
discharge for foul flows has been agreed on the basis that a connection is not made before
December 2014.

A copy of the correspondence is included in Appendix E.
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8.0 CONCLUSIONS

This assessment has looked at the implications of the proposed Residential developments in
relation to proposed drainage of the site.

A Surface Water Management Plan (SWMP) has been identified including the levels of treatment
requirement to ensure the River Ehen water quality remains protected.

As the proposed surface water drainage system is a Sustainable Drainage System (SuDS) the rate
of runoff from the proposed development site will not increase and as such the loading on the
watercourse will not be impacted upon.

A foul discharge rate has been agreed with United Utilities, with a connection available from
December 2014.

Any potential impact of the development can be adequately addressed by good drainage design.

Ross Oakley
For and behalf of RWO Associates Limited

January 2013
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Appendix B Geo Environmental Engineering Soil Infiltration Tests
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Appendix C Existing Drainage Survey
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