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1.0 EXECUTIVE SUMMARY 

This assessment has looked at the implications of the proposed Residential developments 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 undertaken a comparison between the existing flood defences and modelled flood 
levels, the site is protected to a minimum of the 1:1000-year 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. 
 
A proposed minimum FFL of 61.658m AOD has been recommended based upon the 1:100 plus 
climate change year return period plus 600mm freeboard.  
 
Careful grading of the land and establishing the FFL will ensure that the surface water runoff passes 
through the site without risk of damage to property. 
 
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 Gleeson Regeneration client to prepare a Flood 
Risk Assessment to support a planning application for a proposed residential development at 
Cleator in Cumbria.  
 
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. 
 
Envireau Water have been utilised to undertake Breach Analysis of the existing flood defences 
located on the North and Eastern boundaries. The proposed development site has previously been 
granted outline planning permission for residential use, with RWO Associates Flood Risk assessment 
reference RO/FRA/RES/13000.3 utilised as part of the previous planning application. 
 
The site is currently Greenfield in nature and client wishes to create residential 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) 

The River Ehen forms the eastern and southern boundary, with residential dwellings located to the 
west and north. To the immediate south of the proposed development site is the former Kangol hat 
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factory, with the building varying in age between the early 19th Century and the 1960’s. The original 
building was a linen mill in the 19th Century. The eastern portion of the site has a derelict factory 
located on it, currently owned by Gates.  The A5086 is on the north-western boundary of the 
proposed development site. 

4.0 PROPOSED DEVELOPMENT 

It is proposed to consider the site for residential development, with circa 115 dwellings to be 
constructed.  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 identified as 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%), it will therefore be subject to the sequential and exception test 
in accordance with NPPF Technical Guidance. 
 
A 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. Modelled flood levels have 
been reviewed based upon the Environment Agency hydraulic modelling with further breach analysis 
undertaken by Envireau Water on behalf of the developer. The Environment Agency modelled flood 
levels are included below in table 1. 
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Cross 
Section 

reference 

10 Year 25 Year 50 Year 75 Year 100 
Year 

100+CC 
Year 

200 
Year 

1000 
Year 

1896 63.74 63.852 63.898 63.941 63.972 64.029 64.7 64.939 
1726 62.013 62.223 62.32 62.42 62.472 62.692 63.383 63.685 
1806 63.052 63.284 63.418 63.553 63.621 63.823 63.779 64.135 
1606 60.846 61.066 61.219 61.368 61.442 61.658 61.61 62.193 
1502 60.275 60.504 60.626 60.744 60.808 61.001 60.953 61.398 
1406 59.892 60.118 60.224 60.379 60.451 60.559 60.56 61.039 
1299 59.379 59.549 59.64 59.733 59.775 59.912 60.56 61.039 
1206 58.826 58.938 58.992 59.044 59.056 59.075 59.071 59.234 

Table 1 – Modelled Flood Levels (defended) 
 

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

 

 
Figure 3 – Modelled Node Locations 

 
 
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; 
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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-referenced 
against a topographical survey undertaken by Site; this is included in Appendix D; this includes 
sections showing the flood levels against the existing ground levels. 
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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 from 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 it may 
have been possible for waters to back up the onsite drainage system causing localised flooding. 
 
Having reviewed available data and previously prepared reports it is understood during the extensive 
flooding in Cumbria during 2008 & 2009 this site was not affected. 
 

Flood Defence Overtopping 

There are flood defences affording the site protection from the risk of flooding, as identified in 
Appendix D. 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 riverbank do not appear to be adequately maintained to 
the required standard to ensure effective operation; the Environment Agency have graded these 4 
‘poor’. It is understood that further work has been undertaken on the flood defences, but this needs 
to be assessed as to suitability and graded accordingly. It is recommended that a full site walkover 
and grading of the defences be undertaken, subject to planning being granted. 
 
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. 
 
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 and 
formally surveyed. 
 
The 1000 year flood levels at several modelled flood points have been utilised to ascertain the level 
of protection the flood defences afford for the 1:1000 year return period, in table 3 below. 
 
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 64.939 64.56 n/a ‘very low hazard’ 
1726 100 63.685 63.27 n/a ‘very low hazard’ 
1606 120 62.193 62.70 n/a ‘very low hazard’ 
1406 90 61.039 60.73 n/a ‘very low hazard’ 

Table 2 – Risk of flood defence overtopping to people 
 
The findings in Table 2 from overtopping scenario shows that all cross sections have been 
classified as a ‘very low hazard’.  
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As the site is protected to the 1:100 plus climate change year return period, this risk could be 
reduced by raising of ground levels within the residential. No flood storage compensation would be 
required given the ground level is significantly greater than the 1:100 year return period. 
 

Flood Defence Breaching 

A detailed breach analysis has been prepared by Envireau Water based upon the requirements of 
the Environment Agency have been undertaken. 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 
climate change as required under NPPF Technical Guidance. Figure 4 below shows the two breach 
locations which have been utilised and previously agreed with the Environment Agency. 
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Figure 4 –Modelled Breach Locations 
 
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 location of the breach event is indictated in Figure 4. 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 proposed residential development site.  
 

 
Figure 5 – Extract from Envireau Water of Breach 1 

 
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 lcoation of the breach event is indictated in 
Figure 4. 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. 
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Figure 6 – Extract from Envireau Water of Breach 2 

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

Surface Water Flooding 

The surface water flood map available on the Environment Agency website (see Figure 7) indicated 
that part of the site is at risk of flooding due to surface water. The commercial developments are at 
highest risk with the residential areas being at a medium risk. The surface water runoff is from the 
direction of the unnamed watercourse located on the northern side of Main Street which ultimately 
discharges to the River Ehen. It is understood that this is the predicted surface water flood route in 
the event of a blockage at the culvert under Main Street. Following various discussions was no known 
incidents of this occurring. 
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Figure 7 – Environment Agency Surface Water Flood Map 

 
Flood risk from surface water can be mitigated by creating a flow route along the access road and 
through the multifunctional open space. Careful grading of the land and establishing the FFL will 
ensure that the flood water passes through the site without risk of damage to property. 
 
Based upon the Environment Agency surface water flood map surface water runoff enters the River 
Ehen to the South West of the development site. Ground levels should be maintained to ensure this 
flood route can be utilised in the event of a surface water flooding incident. 
 

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.  
 
The most appropriate deemed model node point is 1606 which has a 1:100 plus climate change 
year return period flood level of 61.658m AOD. Applying a 600mm freeboard to this modelled flood 
level gives a proposed minimum FFL of 62.258m AOD. 
 
This proposed FFL has been checked against the and in the event of a breach occurring in the 
northern flood defence, the proposed residential dwellings would remain protected from flooding. 
 
 

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 always be achievable. In the event of a 
breach occurring in the northern flood defences, the extents of flooding do not impact upon the 
proposed access. 
 
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. 
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The surface water management plan associated with this development site has been considered 
utilising the following documentation; 
 

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

 

8.0 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. 
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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. 
 
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 G. 

9.0 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. It has been reported that the water quality within the River Ehen has been found to be Quality A 
in the past. 
 
There is also a small issue located in the western boundary, which discharges into the River Ehen. A 
further small watercourse is shown flowing south west before sinking or being culverted 
approximately 75m from the northern end of the site. 
 
The critical issue relating to the surface water run-off from 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 has been deemed 
as unacceptable, based upon this it is proposed to utilise infiltration to dispose of surface water as 
stated in section 8.0 of this report. 
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10.0 SURFACE WATER MANAGEMENT PLAN 

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

x Building Regulations Part H, 
x Sewers for Adoption, 
x 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. 
 
Based upon the soil infiltration test results the use of soakaways to accommodate the surface 
water runoff is deemed as viable. It is recommended that further water monitoring be undertaken 
to ascertain the water level across the proposed development. 
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11.0 CONCLUSIONS 

This assessment has looked at the implications of the proposed Residential developments 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 undertaken a comparison between the existing flood defences and modelled flood 
levels, the site is protected to a minimum of the 1:1000-year 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. 
 
A proposed minimum FFL of 61.658m AOD has been recommended based upon the 1:100 plus 
climate change year return period plus 600mm freeboard.  
 
Careful grading of the land and establishing the FFL will ensure that the surface water runoff passes 
through the site without risk of damage to property. 
 
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 
November 2020 
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Appendix A Site Location Plan 
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Appendix B Flood Map 
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Appendix D Topographical Survey and Site Sections 
 

  



65.515
R
ID
G
E

63.592

EAVES

66.835
R
ID
G
E63.723

EAVES
63.479
R
ID
G
E61.253

EAVES

63.735

EAVES

66.851

63.790

R
ID
G
E

R
ID
G
E

69.015

67.544

63.822

R
ID
G
E

R
ID
G
E

R
ID
G
E

61.906

EAVES

63.609
R
ID
G
E

66.711

83.038

64.547

67.557

R
ID
G
E

R
ID
G
E

R
ID
G
E

R
ID
G
E

64.161

63.818

EAVES

EAVES
63.645

68.479

R
ID
G
E

R
ID
G
E

64.874

EAVES

67.696
R
ID
G
E

65.792

EAVES

66.625

71.318

R
ID
G
E

R
ID
G
E

64.345

EAVES

69.439
R
ID
G
E

66.146

EAVES

68.511
R
ID
G
E

66.500

EAVES

66.313
R
ID
G
E

63.862

EAVES

68.905
R
ID
G
E

64.050

EAVES

70.030
R
ID
G
E

66.885

EAVES

65.611
64.786

73.052

R
ID
G
E

R
ID
G
E

R
ID
G
E

67.940

EAVES

70.680
R
ID
G
E

S1

S2

75.360
R
ID
G
E

71.525

EAVES

76.299
R
ID
G
E

73.169

EAVES

73.095
R
ID
G
E

70.990

70.779

EAVES

EAVES

72.994
R
ID
G
E

70.967

EAVES

71.416

EAVES

60.850

M
O

D
ELLED

N
O

D
E 2

0
0

6
M

O
D

ELLED
N

O
D

E 1
8

0
6

M
O

D
ELLED

N
O

D
E 1

7
2

6

M
O

D
ELLED

N
O

D
E 1

6
0

6

M
O

D
ELLED

N
O

D
E 1

5
0

2

M
O

D
ELLED

N
O

D
E 1

4
0

6

M
O

D
ELLED

N
O

D
E 1

2
9

9

M
O

D
ELLED

N
O

D
E 1

2
0

6

0+000

0+010

0+020

0+030

0+040

0+050

0+060

0+070

0+080 0+085

0
+

0
0

0

0
+

0
1

0

0
+

0
2

0

0
+

0
2

8

0
+

0
0

0

0
+

0
1

0

0
+

0
2

0

0
+

0
3

0

0
+

0
4

0

0
+

0
5

0

0
+

0
6

0

0
+

0
7

0

0
+

0
8

0

0
+

0
9

0

0
+

1
0

0

0
+

1
1

0

0
+

1
2

0

0
+

1
3

0

0
+

1
4

0

0
+

1
5

0

0
+

1
5

6

0
+

0
0

0

0
+

0
1

0

0
+

0
2

0

0
+

0
3

0

0
+

0
4

0

0
+

0
5

0

0
+

0
6

0

0
+

0
7

0

0
+

0
8

0
0

+
0

8
1

0
+

0
0

0

0
+

0
1

0

0
+

0
2

0

0
+

0
3

0

0
+

0
4

0

0
+

0
5

0

0
+

0
6

0

0
+

0
7

0

0
+

0
8

0

0
+

0
9

0

0
+

1
0

0

0
+

1
1

0

0
+

1
2

0
0

+
1

2
4

0+000

0+010

0+020

0+030

0+040

0+050

0+060

0+070
0+072

0+000
0+010

0+020
0+030

R
W

O
 A

ssociates LTD
6

A
 U

nion Q
uay

N
orth S

hields
Tyne &

 W
ear

N
E3

0
 1

H
J

w
w

w
.rw

oassociatesuk.com

D
ate

R
evisions

D
raw

n
R

ev.

C
lient

P
roject

Title

D
ate

D
raw

n
S

cale                     
C

hecked

R
evision

Job N
o.

D
raw

ing N
o.

A
1

 - D
o N

ot S
cale.

D
w

g S
tatus

R
W

O
A

 S
 S

 O
 C

 I A
 T

 E
 S

C
O

N
S

U
LTIN

G
 EN

G
IN

EER
S

C
LEA

TO
R

 M
ILL

C
U

M
B

R
IA

P
LA

N
 O

N
 N

O
D

E S
EC

TIO
N

 LO
C

A
TIO

N
S

1
9

0
0

2
9

5
0

-

1
:1

0
0

0
N

N
R

W
O

0
5

.1
1

.2
0

G
LEES

O
N

 H
O

M
ES

P
R

ELIM
IN

A
R

Y



TO
P

 O
F B

A
N

K
5

9
.4

8
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

5
9

.0
7

5

1
0

0
yr

FLO
O

D
 LEV

EL
5

9
.0

5
6

TO
P

 O
F B

A
N

K
6

0
.4

5
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

5
9

.9
1

2

1
0

0
yr

FLO
O

D
 LEV

EL
5

9
.7

7
5

TO
P

 O
F B

A
N

K
              6

0
.7

3
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

6
0

.5
5

9

1
0

0
yr

FLO
O

D
 LEV

EL
6

0
.4

5
1

TO
P

 O
F B

A
N

K
6

1
.5

2
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

6
1

.0
0

1

1
0

0
yr

FLO
O

D
 LEV

EL
6

0
.8

0
8

TO
P

 O
F B

A
N

K
6

2
.6

5
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

6
1

.5
8

0

1
0

0
yr

FLO
O

D
 LEV

EL
6

1
.5

0
0

TO
P

 O
F B

A
N

K
6

3
.4

9
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

6
2

.6
9

2

1
0

0
yr

FLO
O

D
 LEV

EL
6

2
.4

7
2

TO
P

 O
F B

A
N

K
6

4
.4

5
0

1
0

0
yr +

 2
0

%
FLO

O
D

 LEV
EL

6
3

.8
2

3

1
0

0
yr

FLO
O

D
 LEV

EL
6

3
.6

2
1

1
2

0
6

 N
O

D
E P

R
O

FILE
0

+
0

0
0

0
+

0
1

0
0

+
0

2
0 58.085

0
+

0
3

0 58.933

0
+

0
4

0 59.122

0
+

0
5

0 59.355

0
+

0
6

0 59.459

0
+

0
7

0 59.411

0
+

0
8

0 59.661

0
+

0
9

0

EXISTING
GROUND

LEVEL1
2

9
9

 N
O

D
E P

R
O

FILE
0

+
0

0
0

0
+

0
1

0
0

+
0

2
0

0
+

0
3

0

EXISTING
GROUND

LEVEL

5
7 6
1

6
0

5
9

5
8

6
2

5
7 6
1

6
0

5
9

5
8

6
21

4
0

6
 N

O
D

E P
R

O
FILE

0
+

0
0

0
0

+
0

1
0

0
+

0
2

0 60.096

0
+

0
3

0 60.896

0
+

0
4

0 60.698

0
+

0
5

0 60.778

0
+

0
6

0 60.846

0
+

0
7

0 60.681

0
+

0
8

0 60.690

0
+

0
9

0 60.829

0
+

1
0

0 60.761

0
+

1
1

0 60.618

0
+

1
2

0 60.569

0
+

1
3

0 60.559

0
+

1
4

0 60.545

0
+

1
5

0 60.535

0
+

1
6

0

EXISTING
GROUND

LEVEL

6
1

6
0

5
9

6
2

6
31

5
0

2
 N

O
D

E P
R

O
FILE

0
+

0
0

0
0

+
0

1
0

0
+

0
2

0
0

+
0

3
0 61.494

0
+

0
4

0 61.187

0
+

0
5

0 61.236

0
+

0
6

0 61.201

0
+

0
7

0 60.946
0

+
0

8
0 61.163

EXISTING
GROUND

LEVEL

6
1

6
0

6
2

6
31

6
0

6
 N

O
D

E P
R

O
FILE

0
+

0
0

0
0

+
0

1
0

0
+

0
2

0
0

+
0

3
0 62.356

0
+

0
4

0 62.054

0
+

0
5

0 62.196

0
+

0
6

0 62.319

0
+

0
7

0 62.324

0
+

0
8

0 62.286

0
+

0
9

0 62.248
0

+
1

0
0 62.280

0
+

1
1

0 62.345

0
+

1
2

0 62.350

0
+

1
3

0

EXISTING
GROUND

LEVEL

6
1

6
2

6
3

6
4

6
01

7
2

6
 N

O
D

E P
R

O
FILE

0
+

0
0

0
0

+
0

1
0

0
+

0
2

0 63.516

0
+

0
3

0 62.402

0
+

0
4

0 62.291

0
+

0
5

0 62.288

0
+

0
6

0 62.264

0
+

0
7

0 62.227

0
+

0
8

0

1
8

0
6

 N
O

D
E P

R
O

FILE
0

+
0

0
0

0
+

0
1

0
0

+
0

2
0 63.619

0
+

0
3

0
0

+
0

4
0

EXISTING
GROUND

LEVEL

EXISTING
GROUND

LEVEL

6
2

6
3

6
4

6
56
1

6
2

6
3

6
4

6
5

6
6

6
7

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

EX
IS

TIN
G

 G
R

O
U

N
D

P
R

O
FILE

R
W

O
 A

ssociates LTD
6

A
 U

nion Q
uay

N
orth S

hields
Tyne &

 W
ear

N
E3

0
 1

H
J

w
w

w
.rw

oassociatesuk.com

D
ate

R
evisions

D
raw

n
R

ev.

C
lient

P
roject

Title

D
ate

D
raw

n
S

cale                     
C

hecked

R
evision

Job N
o.

D
raw

ing N
o.

A
1

 - D
o N

ot S
cale.

D
w

g S
tatus

R
W

O
A

 S
 S

 O
 C

 I A
 T

 E
 S

C
O

N
S

U
LTIN

G
 EN

G
IN

EER
S

C
LEA

TO
R

 M
ILL

C
U

M
B

R
IA

S
EC

TIO
N

S
 TH

R
O

U
G

H
 N

O
D

ES

1
9

0
0

2
9

5
1

-

2
5

0
H

 5
0

0
V

N
N

R
W

O
0

5
.1

1
.2

0

G
LEES

O
N

 H
O

M
ES

P
R

ELIM
IN

A
R

Y



Proposed Development 
Cleator Mill 

 
 

  
   

 
Appendix E Flood Defence Survey 
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UPDATED FLOOD RISK MODELLING REPORT 
 

CLEATOR MILLS 
 
1 INTRODUCTION 
 
1.1 Background  
 
Envireau Water has been commissioned to provide an updated flood defence breach analysis at Cleator Mills, 
Cleator, Cumbria, CA23 3DU. This work follows on from a previous flood defence breach analysis undertaken 
by Mott MacDonald based on the Environment Agency hydraulic model produced in 2010. The previous 
modelling report is provided in Appendix A. 
 
This report describes the methodology and results of the two-dimensional modelling and mapping of the 
flood defence breach scenarios.  
 
1.2 Location and Setting 
 
Cleator Mills (the “Site”) is located to the south-east of Cleator Moor Village (Figure 1). The Site is centred on 
National Grid Reference NY 02067 13818. The River Ehen located adjacent to the north and eastern 
boundaries of the Site. The Site is split into three areas, the existing Kangol factory, a disused Kangol factory 
and a car park area. The flood defences are located between the river and Site. 
 
1.3 Scope of Breach Analysis 
 
The scope of the flood defence breach analysis is summarised below: 
 

x Build a 2D model of the Site to replace the previous model developed by Mott MacDonald in 2013 
which is not available. 

x Obtain and apply new topographic survey information provided by RWO Associates (Appendix B) 
and LiDAR 1m Digital Terrain Model (DTM) from the Environment Agency dated 2013 (Ref. 1).  

x Develop breach hydrographs using the updated 2016 Environment Agency hydraulic model for the 
River Ehen. The model was built and run using linked Flood modeller TUFLOW simulations. 

x Prediction of flood extent, depth, velocities and hazard ratings for the 1 in 100 year plus climate 
change flood defence breach at two locations. 
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2 BREACH ANALYSIS 
 
2.1 Breach Scenarios 
 
Two breach scenarios are analysed in the updated assessment. The locations for the flood defence breaches 
were agreed with the Environment Agency in March 2010 and remain unchanged. Details of the two 
scenarios are provided in Table 1 below and shown on Figure 2. 
 
Table 1  Breach Location and Details 

Breach 
Scenari

o 

Locatio
n 

Defence Type 
Breach 

Width (m) 
Point X Point Y 

Elevation 
(mAOD)` 

Bank 

Breach 1 
North of 

Site 

Combination of gabion 
lined baskets and 

earth embankment 
40 302196 513947 64.52 

Right 
Bank 

Breach 2 
East of 

Site 
Earth Embankment 40 302202 513840 62.49 

Right 
Bank 

 
The following criteria was agreed with the Environment Agency for the previous assessment and maintained 
for this update: 
 

x One design event to be assessed – 1 in 100 year plus climate change. 
x As both breach locations are on a fluvial river, the following breach width and time apply: 

x Combination of hard defence and earth bank: 40m width, 36 hours to closure. 
x Earth banks: 40m width, 36 hours to closure. 

x The start of the breach is the bank-full condition or at the peak water level if lower. 
 
2.2 Breach Methodology 
 
The method used to assess the flood defence breach has been maintained from the previous assessment to 
ensure consistency between the two results. The method applied is summarised below. 
 

x Review the updated Environment Agency hydraulic model which covers the entire River Ehen, 
including the two breach locations. 

x Spill units representing the breach locations within the Environment Agency model were identified. 
Where necessary an interpolated channel cross section was added 40m downstream of the breach 
to ensure a breach width of 40m was achieved. Spill units that represent the breaches floodplains 
within the Environment Agency model are represented by 1D reservoir units with water exchanged 
between the river and floodplain via spill units.  

x Where an interpolation was required a spill unit to connect it to the 1D reservoir unit was added to 
ensure all flood water from the main channel was captured.  
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x The breach was assumed to develop within a single one second timestep in the model run across 
the full 40m width. This represents a worst case scenario for the breach assessment.  

x The breach was assumed to occur through the full embankment height to the surrounding ground 
level. This was represented within the Environment Agency model by lowering the elevation of the 
right bank spill at the breach location from the embankment level to the level of the surrounding 
floodplain.  

x The level of the surrounding flood plain was obtained from the topographical survey provided by 
RWO Associates and 2013 Environment Agency LiDAR data. Table 2 identifies the embankment and 
floodplain elevation used within the model for each Breach. The floodplain elevations are above 
those used in the previous model due to the updated topographical survey and Environment 
Agency LiDAR data differing from that used in the previous model. 

 
Table 2  Flood Defence and Floodplain Elevations 

Breach Number Flood Defence Elevation (mAOD) Floodplain Elevation (mAOD) 

Breach 1 64.52 62.6 
Breach 2 62.49 61.5 

 
x The hydrographs for the spill units representing the breach locations were used as an input to a 2D 

model of the Site to establish the flood depth, extent, velocity and hazard rating from each breach 
event. 

 
3 2D HYDRODYNAMIC MODELLING 
 
3.1 Approach 
 
The 2D modelling approach is outlined below for assessing the two flood defence breaches for the 
1 in 100 year plus climate change event: 
 

1. Construct a 2D hydraulic model incorporating topographic data provided by RWO Associates and 
Environment Agency 1m LiDAR data dated 2013; 

2. Insert the breach hydrographs for each scenario extracted from the updated Environment Agency 
River Ehen model; 

3. Predict flood extents at the site for the specified return period of 1 in 100 year plus climate change; 
4. Produce flood extent, depth, velocity and hazard maps. 

 
The model was built and run within Flood Modeller v4.6. 
 
3.2 Model Build 
 
The model extent has been iteratively adjusted to cover a sufficient length of the River Ehen and the 
maximum flood plain extent which is flooded during the breach assessments. The same model extent was 
used for both breach scenario. 
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3.2.1 Digital Terrain Model 
 
The DTM for the Site was produced using 1m resolution LiDAR dated 2013. To make sure flood water from 
the breach was no underestimated the DTM was edited to raise the channel elevation to the bank elevation. 
This ensured the watercourse channel was not available for storage or conveyance of the ‘breached flows’. 
This is in accordance with the breach occurring at the same time as bank full conditions with the River Ehen. 
 
Details of the grid used within the model is summarised in Table 3, each cell within the grid is assigned a z 
value, which is the elevation in mAOD. The previous assessment used a grid size of 7m, for this assessment a 
grid size of 5m was determined to provide sufficient detail for flood mapping, whilst not creating onerous 
model run times. 
 
Table 3  2D Model Grid Details 

Grid Information  

Grid Size (spacing) 5 m 
Origin 301,135N 512,883E (British National Grid) 
Orientation 0 degrees 
Width of grid (in the east direction) 1260 m 
Height of grid (in the north direction 1051 m 

 
3.2.2 Boundary Conditions 
 
The inflow (upstream) boundary is a flow-time boundary assigned to the breach location via a polyline 
shapefile. The breach hydrograph extracted from the updated Environment Agency model was assigned to 
the polyline to simulate the flood defence breach. The breach hydrographs are shown in Figure 3. 
 
The peak flow for Breach 2 is greater than the peak flow for Breach 1. We have assumed this is different from 
the previous model due to the inclusion of flow re-entering the River Ehen from the floodplain between 
Breach 1 and Breach 2 in the updated Environment Agency model. However, we would naturally expect to 
see a higher flow at Breach 2 than at Breach 1. 
 
3.2.3 Manning’s n 
 
A roughness grid was applied to the 2D grid based on land classification. The roughness values (Table 4) 
allows the model to calculate the resistance provided by the land to the flood water. 
 
Table 4  Manning’s n Values for Land Use Classification. 

Land Classification Manning’s n (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 
 
The hazard rating has been defined using the method outlined in Defra’s Flood Risks to People report 
(FD2321/TRA) (Ref 2). The hazard rating is calculated from depth, velocity and debris factor at each time step 
in the model. The equations governing this calculation are provided below: 
 
   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 
 
The debris factor varies with depth and velocity for each land use classification as shown in Table 5. The 
debris factor used within the flood mapping is Urban as the Site is occupied as a factory and used for car 
parking with no extensive woodland coverage. 
 
Table 5  Debris Factor for Land Use and Flood Depths (Table 4.1, FD2321/TRA) 

Depths 
Debris Factor 

Pasture/Arable Woodland Urban 
0 to 0.25 m 0 0 0 

0.25 to 0.75 m 0 0.5 1 
d>0.75m and/or v>2 0.5 1 1 

 
Hazard rating (HR) has been classified into four categories as defined within FD2321/TRA, the catergorise are 
listed in Table 6. 
 
Table 6  Hazard to People as a Function of Depth and Velocity (Table 4.2, FD2321/TRA) 

Hazard Rating Degree of Flood Hazard Description 

<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” 

> 2.5 Extreme Dangerous to all 
“Extreme danger: flood zone with deep fast 
flowing water” 
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4 RESULTS 
 
4.1 Breach 1 
 
During a 1 in 100 year plus climate change event flood defence breach at location 1 flood water flows onto 
the floodplain progressing south flooding the existing factory. Water then flows each side of the existing 
factory flooding the car park area and the disused factory downstream. Flood water re-enters the River Ehen 
near the existing factory site. Figure 4 shows the progression of the flood wave across the Site from the initial 
time at which the flood breaches fail (t = 0 hour) to the maximum flood extent (t = 4.5 hour).  
 
Flood depths in the vicinity of the existing factory building are significant reaching up to 1.46m near the 
existing factory building. In the wider area surrounding the existing factory and land around the disused 
factory water depths reach up to 0.6m. Water depths in the car parking area reach 0.45m. The remainder of 
the floodplain flood depth typically reaching 0.26m. 
 
The velocity reaches a maximum of 3.2m3/s at the Site. The highest velocities are located close to the breach 
location and along the eastern edge of the Site adjacent to the River Ehen. 
 
The hazard rating for the Site is typically Low (<0.75), however the hazard increased in areas with deeper 
flooding or higher velocities. These areas are located adjacent to the eastern edge of the existing factory and 
along the banks of the River Ehen. The hazard level of these areas are moderate to significant indicating that 
it would be dangerous to people during a flood defence breach.  
 
Compared to the previous assessment the maximum flood depth has increased from 0.9m to 1.46m in the 
vicinity of the existing factory, this in turn has increased the hazard rating in these areas of the Site. However 
the maximum flood extent at the Site remains the same. The velocities experienced on site are slightly 
increased from those predicted in the previous breach due to the higher peak in the breach hydrograph. 
 
4.2 Breach 2 
 
During a 1 in 100 year plus climate change event flood defence breach at location 2, flood water flow onto 
the floodplain encountering the existing factory where is it deflected south through the car park towards the 
disused factory. As the breach progresses water flows towards the disused factory with some water re-
entering the River Ehen downstream of the breach location. Water builds around the existing factory and 
begins to flow north adjacent to the River Ehen, while water flows around the disused building to the west 
before flowing south and back into the River Ehen south of the Site. Figure 5 shows the progression of the 
flood wave across the Site from the initial time at which the flood defence fails (t = 0 hour) to the maximum 
flood extent (t = 5 hour). 
 
Flood depths in the vicinity of the existing factory are significant reaching up to 1.21m in depth along the 
eastern wall of the factory. Flood depths at the car park reach 0.55m. Flood depths at the disused factory 
reach 0.64m with the remainder of the floodplain typically reaching 0.27m. 
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The velocity reaches a maximum of 3.2m/s at the Site, high velocities are experienced on the eastern edge 
of the existing factory and to the south of the disused factory. 
 
The hazard rating for the Site during Breach 2 is typically Low (<0.75), however like Breach 1 there are areas 
of higher hazards associated with deeper flooding or higher velocities. These areas are located adjacent to 
the eastern edge of the existing factory and along the bank of the River Ehen. The hazard level of these areas 
are moderate to significant indicating that it would be dangerous to people during a flood defence breach. 
 
In comparison to the previous assessment the maximum flood extent has increased due to the updated 
Environment Agency hydraulic model incorporating flow back into the River Ehen from the floodplain 
upstream. This has resulted in a higher peak in Breach 2’s hydrograph compared to Breach 1’s. 
 
The flood depth has also increased under Breach 2 scenario from 0.5m to 1.21m in the vicinity of the existing 
factory. This has increased velocities and hazard ratings at the site as a result of the increased volume and 
peak in the flood defence breach hydrograph. Therefore, although the hazard rating for the Site is typically 
Low, the area small areas with a hazard rating rising to moderate or significant.. 
 
5 FLOOD MAPPING 
 
Flood maps have been produced from the outputs of the 2D model. The maps show the maximum depth, 
velocity, water level and hazard rating for each Breach individually. Flood maps figures for Breach 1 
(Figure 6a – 6d) are provided in Appendix C and flood maps figures for Breach 2 (Figure 7a – 7d) are provided 
in Appendix D. Table 7 summarise the flood maps. 
 
Table 7  Summary of Flood Maps 

Figure Number Parameter Shown Breach Location Return Perion 

6a Depth Breach 1 100 year + Climate Change 

6b Velocity Breach 1 100 year + Climate Change 
6c Water Level Breach 1 100 year + Climate Change 
6d Hazard Rating Breach 1 100 year + Climate Change 
7a Depth Breach 2 100 year + Climate Change 
7b Velocity Breach 2 100 year + Climate Change 
7c Water Level Breach 2 100 year + Climate Change 
7d Hazard Rating Breach 2 100 year + Climate Change 

 
6 ASSUMPTIONS AND LIMITATIONS 
 
The following assumptions were made within the model: 

x The River Ehen is at bank-full levels downstream of the breach. 
x Flood defence and embankment levels within the updated Environment Agency model are correctly 

representing the modelled area. 
x The updated Environment Agency model accounts for surface runoff within the modelled area. 
x The Site is an urban environment with no extensive woodland or pastureland. 
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The following limitations apply to the hydraulic model: 

x LiDAR data has a verified vertical accuracy of +/- 15cm. 
x Models are not calibrated or verified for flood extent due to breaches due to the lack of observed 

historic data. 
x The updated Environment Agency model was only run to peak producing results for 25 hours. To run 

the dam breaches for 36hours to closure, the rising limb has been used as a proxy for the falling limb. 
 
7 CONCLUSIONS 
 
An updated flood defence breach analysis has been undertaken for two breach locations adjacent to Cleator 
Mills. The breach assessment methodology has been maintained from previous assessment to ensure 
consistency between assessments. The breach hydrographs have been updated applying the updated 
Environment Agency 2016 River Ehen hydraulic model results.  
 
A new 2D hydraulic model was constructed using a grid assigned levels from a DTM and flow-time boundary 
conditions representing the inflow from the flood defence breach. The 2D model grid covered an area 
representing the potential for flooding from the breach with a grid size of 5m. 
 
A flood defence breach at location 1 would result in extensive flooding of the Site. The main areas affected 
are the existing factory and car park area and the disused factory downstream of the Site. The hazard rating 
for the majority of the Site was Low, however there were areas that had a Moderate to Significant hazard 
rating where the flood depth was greater. In these areas the breach poses a significant risk to people. 
 
A flood defence breach at location 2 would result in less extensive flooding with flood water covering the 
eastern edge of the existing factory, car parking area and disused factory area. Similar to Breach, 1 the hazard 
rating for the majority of the Site was Low, with areas experiencing greater flood depths having a Moderate 
to Significant hazard rating. These areas pose a significant risk to people during a flood defence breach at 
location 2. 
 
The extent of flooding experienced in Breach 1 remains similar to that experienced in the previous 
assessment however the flood extent in Breach 2 is increased from that identified in the previous assessment. 
The flood depths for both assessments are increased by 0.56m and 0.71m for Breach 1 and Breach 2 
respectively. The increased depths on Site have resulted in an increase in hazard ratings in these areas, 
however the majority of the Site remains within the Low hazard category. 
 
 
 
Envireau Water  
02/03/2020 
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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: 

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

x 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: 

x Use of the existing 2D model of the Cleator Mills site which was developed by Mott MacDonald in 
2010; 

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

x Use breach hydrographs as developed for the 2010 modelling and apply these at the same 
locations as for the 2010 modelling; 

x Prediction of the flooding extent, flood depth, velocities and hazard ratings for the 1 in 100 year 
plus climate change fluvial event; 

x Reporting. 
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2 

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: 

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

x 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. 

x 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. 

x 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. 

x 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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x 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.  

x 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. 
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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: 

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

x Flood defences and embankment levels used in the existing ISIS model are correctly representing 
the study area.  

x 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: 

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

x 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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Appendix B. Flood Maps 
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RWO ASSOCIATES TOPOGRAPHICAL SURVEY 
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APPENDIX C 

BREACH 1 FLOOD MAPS – FIGURES 6A, 6B, 6C AND 6D 



Breach 1 Maximum Flood Depth

RWO Associates - Cleator Mills

Figure 6a

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 6a B1 Max Depth
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Breach 1 Maximum Velocity

RWO Associates - Cleator Mills

Figure 6b

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 6b B1 Max Velocity
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Breach 1 Maximum Water Level

RWO Associates - Cleator Mills

Figure 6c

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 6c B1 Max Water Level
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Breach 1 Hazard Rating

RWO Associates - Cleator Mills

Figure 6d

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 6d B1 Hazard Rating
Date: 02/03/2020
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APPENDIX C 

BREACH 2 FLOOD MAPS – FIGURES 7A, 7B, 7C AND 7D 
 



Breach 2 Maximum Flood Depth

RWO Associates - Cleator Mills

Figure 7a

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 7a B2 Max Depth
Date: 02/03/2020
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Breach 2 Maximum Velocity

RWO Associates - Cleator Mills

Figure 7b

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 7b B2 Max Velocity
Date: 02/03/2020
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Breach 2 Maximum Water Level

RWO Associates - Cleator Mills

Figure 7c

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 7c B2 Max Water Level
Date: 02/03/2020
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Breach 2 Hazard Rating

RWO Associates - Cleator Mills

Figure 7d

Ref: P19-310 Cleator Mills Breach
Assessment\FIG 7d B2 Hazard Rating
Date: 02/03/2020
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Appendix G Soil Infiltration Test Results 
 

  



 
 

“Without Site Investigation Ground is a Hazard”              Site Investigation Steering Group (SISG), 1993 

 
 

Telephone: 08456 768 895 
Email: info@geoenvironmentalengineering.com 

Website: www.geoenvironmentalengineering.com 
Company No.: 07180338 
VAT No.: GB 986617072 

GEO Environmental Engineering Ltd 
North West (Registered Office):  
4 Culgarth Avenue, Cockermouth, Cumbria CA13 9PL 
North East:  
6A Union Quay, North Shields, Tyne & Wear NE30 1HJ 

 

 
FAO Ross Oakley 
RWO Associates Ltd 

6A 
Union Quay 

North Shields 
NE30 1HJ 
 

**Sent by Email** 
 

21st October 2013 
 

Dear Ross, 
 
Re: Land at Cleator Mills – Soakaway Test Letter Report 

 
Please find attached to this letter the following information: 
 

! Exploratory Hole Location Plan (TP01 to TP06) 
! Trial Pit Logs 
! Soakaway Test Workbook Extracts (SA01 to SA06 inclusive) 

 
From the trial pit logs it can be seen that the ground conditions typically comprised grass and topsoil over sand and 
gravel with many cobbles and boulders to the terminal depths of the trial pits between c.1.50m and c.2.00m below 
current ground levels.  No water ingress was noted within the trial pits, although the sand and gravel materials were 
generally unstable with the materials posing a risk of sidewall collapse. 
 
As requested in-situ soakaway tests were undertaken at the six trial pit locations at depths varying between c.0.50m 
and c.2.00m below ground levels.  All the trial pits successfully drained completely within 2 hours of commencing the 
tests. 
 
I trust the above and attached is to your satisfaction and if you have any questions or then please call or email. 
 
Yours Faithfully 

 
 
………………………………………………… 
Curtis R. Evans B.Sc (Hons) FGS 
Director 
For and On Behalf Of Geo Environmental Engineering Ltd 
 

Visit our NEW Website: www.geoenvironmentalengineering.com  Email: info@geoenvironmentalengineering.com  
 

Tel: 08456 768 895, Mob: 07883 440 186 
 
 
 
 
 



http://www.geoenvironmentaldrillingltd.com/ 
 

 
 

Website: www.geoenvironmentalengineering.com 
Email: info@geoenvironmentalengineering.com 

Telephone: 08456 768 895 

 

GEO2013-776: Exploratory Hole Location Plan (Approximate Locations – Not to 

Scale) 

 

 

TP05/SA05 

TP01/SA01 

TP03/SA03 

TP04/SA04 

TP02/SA02 

TP06/SA06 



 
 

 
 

Website: www.geoenvironmentalengineering.com 
Email: info@geoenvironmentalengineering.com 

Telephone: 08456 768 895 / 07883 440 186 

 

GEO2013-776: TP01 

 

Depth 
From (m) 

Depth 
To (m) 

Strata  
Description 

Legend Testing / 
Samples 

0.00 0.40 TURF over TOPSOIL: Grass over dark brown sandy gravelly 
clayey topsoil with some rootlets. 
 
 

  
 
 
 

0.40 2.00 Medium dense appearing reddish brown SAND and GRAVEL.  
Many cobbles and boulders noted throughout.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 0.50m Soakaway Test (results on 
SA01) 

  End of trial pit  
Trial pit remained dry on completion 
Trial pit noted as unstable below c.1.50m 
Soakaway test completed from c.0.50m to c.1.50m 

  

Site: Land at Cleator Mills 
Client Reference: N/A 
Engineer: CE 
Plant: JCB3CX 

Log Notes: 
Spt = Standard Penetration test (blows per 300mm n300) 
HSV = Hand Shear Vane (result in kN/m2) 
CBR = California Bearing Ratio by Mexe Cone Penetrometer (result as percentage) 
LP = Limited Penetration (HSV/CBR) 
NP = No penetration (HSV/CBR) 
B = Bulk Bag, J = Amber Glass Jar, T = Plastic Tub 
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Telephone: 08456 768 895 / 07883 440 186 

 

GEO2013-776: TP02 

 

Depth 
From (m) 

Depth 
To (m) 

Strata  
Description 

Legend Testing / 
Samples 

0.00 0.30 TURF over TOPSOIL: Grass over dark brown sandy gravelly 
clayey topsoil with some rootlets. 
 

  
 
 

0.30 0.70 Red brown slightly gravelly SAND. 
 
 
 

  

0.70 2.00 Medium dense appearing reddish brown SAND and GRAVEL.  
Many cobbles and boulders noted throughout.  
 
 
 
 
 
 
 
 
 
 
 

  
 
1.00m Soakaway Test (results on 
SA02) 

  End of trial pit  
Trial pit remained dry on completion 
Trial pit noted as unstable below c.1.50m 
Soakaway test completed from c.1.00m to c.2.00m 

  

Site: Land at Cleator Mills 
Client Reference: N/A 
Engineer: CE 
Plant: JCB3CX 

Log Notes: 
Spt = Standard Penetration test (blows per 300mm n300) 
HSV = Hand Shear Vane (result in kN/m2) 
CBR = California Bearing Ratio by Mexe Cone Penetrometer (result as percentage) 
LP = Limited Penetration (HSV/CBR) 
NP = No penetration (HSV/CBR) 
B = Bulk Bag, J = Amber Glass Jar, T = Plastic Tub 
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GEO2013-776: TP03 

 

Depth 
From (m) 

Depth 
To (m) 

Strata  
Description 

Legend Testing / 
Samples 

0.00 0.20 TURF over TOPSOIL: Grass over dark brown sandy gravelly 
clayey topsoil with some rootlets. 

  
 

0.20 0.80 Red brown slightly gravelly SAND. 
 
 
 
 
 

  

0.80 2.00 Medium dense appearing reddish brown SAND and GRAVEL.  
Many cobbles and boulders noted throughout.  
 
 
 
 
 
 
 
 
 
 

  
1.00m Soakaway Test (results on 
SA03) 

  End of trial pit  
Trial pit remained dry on completion 
Trial pit noted as unstable below c.0.80m 
Soakaway test completed from c.1.00m to c.2.00m 

  

Site: Land at Cleator Mills 
Client Reference: N/A 
Engineer: CE 
Plant: JCB3CX 

Log Notes: 
Spt = Standard Penetration test (blows per 300mm n300) 
HSV = Hand Shear Vane (result in kN/m2) 
CBR = California Bearing Ratio by Mexe Cone Penetrometer (result as percentage) 
LP = Limited Penetration (HSV/CBR) 
NP = No penetration (HSV/CBR) 
B = Bulk Bag, J = Amber Glass Jar, T = Plastic Tub 
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GEO2013-776: TP04 

 

Depth 
From (m) 

Depth 
To (m) 

Strata  
Description 

Legend Testing / 
Samples 

0.00 0.30 TURF over TOPSOIL: Grass over dark brown sandy gravelly 
clayey topsoil with some rootlets. 
 

  
 
 

0.30 1.50 Medium dense appearing reddish brown SAND and GRAVEL.  
Many cobbles and boulders noted throughout.  
 
 
 
 
 
 
 
 
 
 

  
0.50m Soakaway Test (results on 
SA04) 

  End of trial pit  
Trial pit remained dry on completion 
Trial pit noted as unstable below c.1.00m 
Soakaway test completed from c.0.50m to c.1.50m 

  

Site: Land at Cleator Mills 
Client Reference: N/A 
Engineer: CE 
Plant: JCB3CX 

Log Notes: 
Spt = Standard Penetration test (blows per 300mm n300) 
HSV = Hand Shear Vane (result in kN/m2) 
CBR = California Bearing Ratio by Mexe Cone Penetrometer (result as percentage) 
LP = Limited Penetration (HSV/CBR) 
NP = No penetration (HSV/CBR) 
B = Bulk Bag, J = Amber Glass Jar, T = Plastic Tub 

 

 



 
 

 
 

Website: www.geoenvironmentalengineering.com 
Email: info@geoenvironmentalengineering.com 

Telephone: 08456 768 895 / 07883 440 186 

 

GEO2013-776: TP05 

 

Depth 
From (m) 

Depth 
To (m) 

Strata  
Description 

Legend Testing / 
Samples 

0.00 0.35 TURF over TOPSOIL: Grass over dark brown sandy gravelly 
clayey topsoil with some rootlets. 
 

  
 
 

0.35 0.60 Red brown slightly gravelly SAND. 
 
 

  

0.60 2.00 Medium dense appearing reddish brown SAND and GRAVEL.  
Many cobbles and boulders noted throughout.  
 
 
 
 
 
 
 
 
 
 
 
 

  
 
1.00m Soakaway Test (results on 
SA05) 

  End of trial pit  
Trial pit remained dry on completion 
Trial pit noted as unstable below c.1.50m 
Soakaway test completed from c.1.00m to c.2.00m 

  

Site: Land at Cleator Mills 
Client Reference: N/A 
Engineer: CE 
Plant: JCB3CX 

Log Notes: 
Spt = Standard Penetration test (blows per 300mm n300) 
HSV = Hand Shear Vane (result in kN/m2) 
CBR = California Bearing Ratio by Mexe Cone Penetrometer (result as percentage) 
LP = Limited Penetration (HSV/CBR) 
NP = No penetration (HSV/CBR) 
B = Bulk Bag, J = Amber Glass Jar, T = Plastic Tub 

 

 



 
 

 
 

Website: www.geoenvironmentalengineering.com 
Email: info@geoenvironmentalengineering.com 

Telephone: 08456 768 895 / 07883 440 186 

 

GEO2013-776: TP06 

 

Depth 
From (m) 

Depth 
To (m) 

Strata  
Description 

Legend Testing / 
Samples 

0.00 0.50 MADE GROUND: TURF over TOPSOIL: Grass over dark brown 
sandy gravelly clayey topsoil with some rootlets and rare brick 
pieces. 
 
 

  
 
 

0.50 0.90 Red brown slightly gravelly SAND. 
 
 
 

 0.50m Soakaway Test (results on 
SA06) 

0.90 1.50 Medium dense appearing reddish brown SAND and GRAVEL.  
Many cobbles and boulders noted throughout.  
 
 
 
 

  
 
 

  End of trial pit  
Trial pit remained dry on completion 
Trial pit noted as unstable below c.1.00m 
Soakaway test completed from c.0.50m to c.1.50m 

  

Site: Land at Cleator Mills 
Client Reference: N/A 
Engineer: CE 
Plant: JCB3CX 

Log Notes: 
Spt = Standard Penetration test (blows per 300mm n300) 
HSV = Hand Shear Vane (result in kN/m2) 
CBR = California Bearing Ratio by Mexe Cone Penetrometer (result as percentage) 
LP = Limited Penetration (HSV/CBR) 
NP = No penetration (HSV/CBR) 
B = Bulk Bag, J = Amber Glass Jar, T = Plastic Tub 

 

 



CALCULATIONS/SKETCHES

PROJECT

JOB No PREPARED BY SHEET No

DATE CHECKED BY REV

REF

Length of trial pit = = m
Width of trial pit = = m
Effective Depth = = m

75% Effective Depth of trial pit = = = m
50% Effective Depth of trial pit = = = m
25% Effective Depth of trial pit = = = m

Pit Voids %

Test No 1 time to fall from 75% to 25% eff depth = =  mins
Test No 2 time to fall from 75% to 25% eff depth = =  mins
Test No 3 time to fall from 75% to 25% eff depth = =  mins

TAKE THE LONGEST OF THE 3 TESTS ABOVE = =  mins

Volume of water escaping during this test between 
= = ( LTP  x WTP  x (D75  - D25 ) x PV) =

The mean surface area through which the above volume escapes, is the wetted area.
Only 50% of the effective depth is allowed in the calculation.

ie = (Wet Base Area + 50% of Wet Sides Area)
= + (2LTP +2WTP ) x D50

= +
= sq m

Soil Infiltration Rate = f = V TP75_25 m/s

Soil Infiltration Rate

Notes: Pit drained completely within 40 minutes.

GEO2013-776 Land at Cleator Mills

CRE

CRE/GE P1

2013-776

21-Oct-13

SA 01

D50

D25

40.0

40.0

T1

and
1.013  cu m.

D25

VTP75_25

T2

T3

TL

OUTPUT

Calculation of soil infiltration rate in accordance with BRE Digest 365

Carry out 3 tests, each measuring the time taken for water levels

DTP

D75

AP50 (LTP  x WTP )

0.375

WTP

3.000

(measured below incoming invert)

( DTP  x 0.75 )

=    PV    = 100

1.350 5.175

AP50 x  60  x

( DTP  x 0.50 )

 (For open pits, PV = 100%.   For stone filled pits, PV = 30%)

LTP

( DTP  x 0.25 )

1.125
0.750

1.500
0.450

m/s

TL

6.46552E-05=    f    =

to fall from 75% effective depth to 25% effective depth

AP50

D75

AP50 6.525
AP50

SA01.xls



CALCULATIONS/SKETCHES

PROJECT

JOB No PREPARED BY SHEET No

DATE CHECKED BY REV

REF

Length of trial pit = = m
Width of trial pit = = m
Effective Depth = = m

75% Effective Depth of trial pit = = = m
50% Effective Depth of trial pit = = = m
25% Effective Depth of trial pit = = = m

Pit Voids %

Test No 1 time to fall from 75% to 25% eff depth = =  mins
Test No 2 time to fall from 75% to 25% eff depth = =  mins
Test No 3 time to fall from 75% to 25% eff depth = =  mins

TAKE THE LONGEST OF THE 3 TESTS ABOVE = =  mins

Volume of water escaping during this test between 
= = ( LTP  x WTP  x (D75  - D25 ) x PV) =

The mean surface area through which the above volume escapes, is the wetted area.
Only 50% of the effective depth is allowed in the calculation.

ie = (Wet Base Area + 50% of Wet Sides Area)
= + (2LTP +2WTP ) x D50

= +
= sq m

Soil Infiltration Rate = f = V TP75_25 m/s

Soil Infiltration Rate

Notes: Pit drained completely within 52 minutes.

m/s

TL

4.97347E-05=    f    =

to fall from 75% effective depth to 25% effective depth

AP50

D75

AP50 5.800
AP50

( DTP  x 0.25 )

1.500
1.000

2.000
0.450

0.900 4.900

AP50 x  60  x

( DTP  x 0.50 )

 (For open pits, PV = 100%.   For stone filled pits, PV = 30%)

LTP

WTP

2.000

(measured below incoming invert)

( DTP  x 0.75 )

=    PV    = 100

AP50 (LTP  x WTP )

0.500

OUTPUT

Calculation of soil infiltration rate in accordance with BRE Digest 365

Carry out 3 tests, each measuring the time taken for water levels

DTP

D75

and
0.900  cu m.

D25

VTP75_25

T2

T3

TL

D50

D25

52.0

52.0

T1

GEO2013-776 Land at Cleator Mills

CRE

CRE/GE P1

2013-776

21-Oct-13

SA 02

SA02.xls



CALCULATIONS/SKETCHES

PROJECT

JOB No PREPARED BY SHEET No

DATE CHECKED BY REV

REF

Length of trial pit = = m
Width of trial pit = = m
Effective Depth = = m

75% Effective Depth of trial pit = = = m
50% Effective Depth of trial pit = = = m
25% Effective Depth of trial pit = = = m

Pit Voids %

Test No 1 time to fall from 75% to 25% eff depth = =  mins
Test No 2 time to fall from 75% to 25% eff depth = =  mins
Test No 3 time to fall from 75% to 25% eff depth = =  mins

TAKE THE LONGEST OF THE 3 TESTS ABOVE = =  mins

Volume of water escaping during this test between 
= = ( LTP  x WTP  x (D75  - D25 ) x PV) =

The mean surface area through which the above volume escapes, is the wetted area.
Only 50% of the effective depth is allowed in the calculation.

ie = (Wet Base Area + 50% of Wet Sides Area)
= + (2LTP +2WTP ) x D50

= +
= sq m

Soil Infiltration Rate = f = V TP75_25 m/s

Soil Infiltration Rate

Notes: Pit drained completely within 120 minutes.

GEO2013-776 Land at Cleator Mills

CRE

CRE/GE P1

2013-776

21-Oct-13

SA 03

D50

D25

120.0

120.0

T1

and
1.250  cu m.

D25

VTP75_25

T2

T3

TL

OUTPUT

Calculation of soil infiltration rate in accordance with BRE Digest 365

Carry out 3 tests, each measuring the time taken for water levels

DTP

D75

AP50 (LTP  x WTP )

0.500

WTP

2.500

(measured below incoming invert)

( DTP  x 0.75 )

=    PV    = 100

1.250 6.000

AP50 x  60  x

( DTP  x 0.50 )

 (For open pits, PV = 100%.   For stone filled pits, PV = 30%)

LTP

( DTP  x 0.25 )

1.500
1.000

2.000
0.500

m/s

TL

2.39464E-05=    f    =

to fall from 75% effective depth to 25% effective depth

AP50

D75

AP50 7.250
AP50

SA03.xls



CALCULATIONS/SKETCHES

PROJECT

JOB No PREPARED BY SHEET No

DATE CHECKED BY REV

REF

Length of trial pit = = m
Width of trial pit = = m
Effective Depth = = m

75% Effective Depth of trial pit = = = m
50% Effective Depth of trial pit = = = m
25% Effective Depth of trial pit = = = m

Pit Voids %

Test No 1 time to fall from 75% to 25% eff depth = =  mins
Test No 2 time to fall from 75% to 25% eff depth = =  mins
Test No 3 time to fall from 75% to 25% eff depth = =  mins

TAKE THE LONGEST OF THE 3 TESTS ABOVE = =  mins

Volume of water escaping during this test between 
= = ( LTP  x WTP  x (D75  - D25 ) x PV) =

The mean surface area through which the above volume escapes, is the wetted area.
Only 50% of the effective depth is allowed in the calculation.

ie = (Wet Base Area + 50% of Wet Sides Area)
= + (2LTP +2WTP ) x D50

= +
= sq m

Soil Infiltration Rate = f = V TP75_25 m/s

Soil Infiltration Rate

Notes: Pit drained completely within 120 minutes.

m/s

TL

2.27591E-05=    f    =

to fall from 75% effective depth to 25% effective depth

AP50

D75

AP50 5.950
AP50

( DTP  x 0.25 )

1.125
0.750

1.500
0.500

1.300 4.650

AP50 x  60  x

( DTP  x 0.50 )

 (For open pits, PV = 100%.   For stone filled pits, PV = 30%)

LTP

WTP

2.600

(measured below incoming invert)

( DTP  x 0.75 )

=    PV    = 100

AP50 (LTP  x WTP )

0.375

OUTPUT

Calculation of soil infiltration rate in accordance with BRE Digest 365

Carry out 3 tests, each measuring the time taken for water levels

DTP

D75

and
0.975  cu m.

D25

VTP75_25

T2

T3

TL

D50

D25

120.0

120.0

T1

GEO2013-776 Land at Cleator Mills

CRE

CRE/GE P1

2013-776

21-Oct-13

SA 04

SA04.xls



CALCULATIONS/SKETCHES

PROJECT

JOB No PREPARED BY SHEET No

DATE CHECKED BY REV

REF

Length of trial pit = = m
Width of trial pit = = m
Effective Depth = = m

75% Effective Depth of trial pit = = = m
50% Effective Depth of trial pit = = = m
25% Effective Depth of trial pit = = = m

Pit Voids %

Test No 1 time to fall from 75% to 25% eff depth = =  mins
Test No 2 time to fall from 75% to 25% eff depth = =  mins
Test No 3 time to fall from 75% to 25% eff depth = =  mins

TAKE THE LONGEST OF THE 3 TESTS ABOVE = =  mins

Volume of water escaping during this test between 
= = ( LTP  x WTP  x (D75  - D25 ) x PV) =

The mean surface area through which the above volume escapes, is the wetted area.
Only 50% of the effective depth is allowed in the calculation.

ie = (Wet Base Area + 50% of Wet Sides Area)
= + (2LTP +2WTP ) x D50

= +
= sq m

Soil Infiltration Rate = f = V TP75_25 m/s

Soil Infiltration Rate

Notes: Pit drained completely within 120 minutes.

GEO2013-776 Land at Cleator Mills

CRE

CRE/GE P1

2013-776

21-Oct-13

SA 05

D50

D25

120.0

120.0

T1

and
1.215  cu m.

D25

VTP75_25

T2

T3

TL

OUTPUT

Calculation of soil infiltration rate in accordance with BRE Digest 365

Carry out 3 tests, each measuring the time taken for water levels

DTP

D75

AP50 (LTP  x WTP )

0.500

WTP

2.700

(measured below incoming invert)

( DTP  x 0.75 )

=    PV    = 100

1.215 6.300

AP50 x  60  x

( DTP  x 0.50 )

 (For open pits, PV = 100%.   For stone filled pits, PV = 30%)

LTP

( DTP  x 0.25 )

1.500
1.000

2.000
0.450

m/s

TL

2.24551E-05=    f    =

to fall from 75% effective depth to 25% effective depth

AP50

D75

AP50 7.515
AP50

SA05.xls



CALCULATIONS/SKETCHES

PROJECT

JOB No PREPARED BY SHEET No

DATE CHECKED BY REV

REF

Length of trial pit = = m
Width of trial pit = = m
Effective Depth = = m

75% Effective Depth of trial pit = = = m
50% Effective Depth of trial pit = = = m
25% Effective Depth of trial pit = = = m

Pit Voids %

Test No 1 time to fall from 75% to 25% eff depth = =  mins
Test No 2 time to fall from 75% to 25% eff depth = =  mins
Test No 3 time to fall from 75% to 25% eff depth = =  mins

TAKE THE LONGEST OF THE 3 TESTS ABOVE = =  mins

Volume of water escaping during this test between 
= = ( LTP  x WTP  x (D75  - D25 ) x PV) =

The mean surface area through which the above volume escapes, is the wetted area.
Only 50% of the effective depth is allowed in the calculation.

ie = (Wet Base Area + 50% of Wet Sides Area)
= + (2LTP +2WTP ) x D50

= +
= sq m

Soil Infiltration Rate = f = V TP75_25 m/s

Soil Infiltration Rate

Notes: Pit drained completely within 60 minutes.

m/s

TL

4.22297E-05=    f    =

to fall from 75% effective depth to 25% effective depth

AP50

D75

AP50 5.550
AP50

( DTP  x 0.25 )

1.125
0.750

1.500
0.450

1.125 4.425

AP50 x  60  x

( DTP  x 0.50 )

 (For open pits, PV = 100%.   For stone filled pits, PV = 30%)

LTP

WTP

2.500

(measured below incoming invert)

( DTP  x 0.75 )

=    PV    = 100

AP50 (LTP  x WTP )

0.375

OUTPUT

Calculation of soil infiltration rate in accordance with BRE Digest 365

Carry out 3 tests, each measuring the time taken for water levels

DTP

D75

and
0.844  cu m.

D25

VTP75_25

T2

T3

TL

D50

D25

60.0

60.0

T1

GEO2013-776 Land at Cleator Mills

CRE

CRE/GE P1

2013-776

21-Oct-13

SA 06

SA06.xls
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Appendix H Environment Agency Flood Data 
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