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1.0 INTRODUCTION 

1.1 This report has been produced to provide a formal response to the drainage 

comments provided by the Lead Local Flood received in May 2026 relating to the 

planning application (3/2026/0314).  

1.2 The comments provided by the LLFA are set out below along with a designers 

response, in blue, to each. 

2.0 LLFA COMMENTS 

Lead Local Flood Authority Position 

2.1 The Lead Local Flood Authority cannot recommend the discharge of condition 23 

on planning decision 3/2020/0601 on the basis of:  

• The applicant has provided evidence within the catchment plan of a 

contributing area of approximately 2.444ha, however the applicant has 

provided evidence of the greenfield scenario being based on 3.973ha, 

giving a Qbar of approximately 37.5l/s, although this approach was 

acceptable in principle, the contributing areas used to calculate the 

existing scenario and the proposed development are expected to be 

consistent. Should the applicant only intend to drain the impermeable 

areas (including the area for the proposed basin) then the proposed final 

discharge rate should also be based on the same contributing area.  

A surface water catchment plan has been provided in Appendix A. The 

surface water catchment plan indicates the contributing areas that have 

been used to calculate the existing runoff rate. Likewise, the areas have 

been used within the surface water calculations which are provided in 

Appendix B.  

The total developable area of the site including the basin area, but 

excluding permeable POS, is 2.451ha. This area provides a greenfield 

runoff rate Qbar of 23.1l/s. The revised greenfield runoff rates are provided 

in Appendix C. 



 

• The applicant has failed to provide evidence of the drainage calculations 

for the 1 in 1 year event.   

The surface water drainage calculations, Appendix B, have been revised 

to include the 1 in 1 year event. 

• The applicant has failed to provide evidence of details of an appropriate 

management and maintenance plan for the surface water drainage 

network over the lifetime of the development. 

A Drainage Operation, Management and Maintenance schedule has 

been previously provided. The OMM is also provided in Appendix D. 

2.2 The Lead Local Flood Authority cannot recommend the discharge of condition 25 

on planning decision 3/2020/0601 on the basis of:  

• The applicant has failed to provide evidence of site-specific measures of 

how surface water will be managed onsite during the construction phase, 

prior to the proposed surface water drainage system being constructed, 

as well as site-specific measures for pollution and siltation mitigation. The 

applicant should provide evidence of a construction phase layout plan 

that depicts the proposed location of any mitigation measures as well as 

evidence to demonstrate that surface water will not be discharged from 

the site at a rate higher than the greenfield equivalent. 

A construction phase surface water management plan will be provided 

by Morris Homes. The plan will be submitted upon receipt.  

Lead Local Flood Authority Site-Specific Advice 

2.3 The following comments are provided to support the Local Planning Authority in its 

consideration of this application. While they do not constitute a formal objection, 

they highlight areas that may benefit from further attention, either at this stage or in 

future submissions. These comments are intended to support informed decision-

making and encourage the adoption of relevant guidance, standards and best 

practice.  



 

• The applicant should seek to clarify the accuracy of the modelling 

software in regard to the modelled surface water sustainable drainage 

system, as the mass balance is indicated to be a figure of 69.1%, which is 

lower than the expected guidance parameters. 

The revised surface water calculations are provided in Appendix B. Within 

the revised calculations, the mass balance is no longer below the 

expected guidance parameters.  

   



 

3.0 APPENDIX A – SURFACE WATER CATCHMENT PLAN 

  





 

4.0 APPENDIX B – SURFACE WATER CALCULATIONS 
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Design Seƫngs

Rainfall Methodology
Return Period (years)

AddiƟonal Flow (%)
FSR Region

M5-60 (mm)
RaƟo-R

CV
Time of Entry (mins)

FSR
2
0
England and Wales
19.000
0.250
1.000
5.00

Maximum Time of ConcentraƟon (mins)
Maximum Rainfall (mm/hr)

Minimum Velocity (m/s)
ConnecƟon Type

Minimum Backdrop Height (m)
Preferred Cover Depth (m)

Include Intermediate Ground
Enforce best pracƟce design rules

30.00
50.0
1.00
Level Soĸts
0.650
1.200
✓
✓

Nodes

Name Area
(ha)

T of E
(mins)

Cover
Level
(m)

Diameter
(mm)

EasƟng
(m)

Northing
(m)

Depth
(m)

1
2
3
4
5
6
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
31_OUT
32
33
33_OUT
35
34

0.175
0.000
0.139
0.104
0.079

0.015
0.048
0.000
0.000
0.000
0.000
0.103
0.174
0.129
0.073
0.132
0.109
0.080

0.159
0.141
0.077
0.120
0.059
0.069
0.158
0.109
0.102
0.063

0.034

0.000
0.000

5.00

5.00
5.00
5.00

5.00
5.00
5.00
5.00

5.00
5.00
5.00
5.00
5.00
5.00
5.00

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

5.00

5.00

98.348
98.430
97.904
96.169
95.595
95.250
95.000
95.534
95.754
95.769
95.807
95.717
95.747
97.652
96.647
96.241
99.434
98.991
98.791
98.519
98.151
96.700
96.405
95.449
95.383
95.040
97.516
96.591
95.670
94.800
93.250
93.250
93.600
93.000
97.300
97.150

1350
1350
1350
1350
1350
1800
1800
1800
1800
1800
1800
1800
2100
1350
1350
1800
1500
1500
1500
1500
1500
1500
2100
1800
1800
1800
1350
1350
1350
2700
1350
1350
2100

1350
1350

375152.585
375136.780
375104.162
375068.503
375057.846
375053.313
375052.034
375061.610
375068.966
375072.018
375073.925
375077.791
375083.542
375138.538
375126.652
375119.676
375243.470
375222.886
375212.291
375204.772
375190.039
375154.321
375145.843
375103.444
375082.262
375086.728
375209.415
375192.602
375163.952
375127.586
375107.326
375100.737
375097.946
375099.128
375188.122
375180.394

441486.944
441498.650
441507.340
441517.424
441526.304
441541.555
441554.621
441557.360
441564.220
441572.775
441602.403
441611.401
441616.100
441578.532
441614.270
441628.046
441619.678
441601.681
441613.181
441617.142
441618.938
441658.811
441651.283
441699.849
441724.737
441728.889
441683.185
441699.519
441724.684
441766.871
441785.438
441807.482
441817.816
441840.563
441690.691
441683.011

1.927
2.206
2.018
1.417
1.421
2.344
2.119
2.678
2.923
2.961
3.073
3.007
3.056
1.500
1.700
3.645
2.100
1.930
1.886
1.699
2.000
2.690
3.896
3.101
3.117
2.789
1.500
1.500
1.532
2.688
1.320
1.363
1.820
2.287
1.695
1.500



Shape ConsulƟng Engineers Ltd File: 2936 HYDRAULIC CALCS 26    
Network: Storm Network 1
Paige Blundell
17/06/2026

Page 2

Flow+ v15.0 Copyright © 1988-2026 Causeway Technologies Ltd

Links

Name US
Node

DS
Node

Length
(m)

ks (mm) /
n

US IL
(m)

DS IL
(m)

Fall
(m)

Slope
(1:X)

Dia
(mm)

T of C
(mins)

Rain
(mm/hr)

Design
Flow
(l/s)

Name Vel
(m/s)

Cap
(l/s)

Flow
(l/s)

US
Depth

(m)

DS
Depth

(m)

Σ Area
(ha)

Σ Add
InŇow

(l/s)

Pro
Depth
(mm)

Pro
Velocity

(m/s)

1.000 1 2 19.668 0.600 96.421 96.224 0.197 100.0 300 5.21 50.0

1.000 1.572 111.1 31.6 1.627 1.906 0.175 0.0 109 1.361

1.001 2 3 33.756 0.600 96.224 95.886 0.338 100.0 300 5.57 50.0

1.001 1.572 111.1 31.6 1.906 1.718 0.175 0.0 109 1.361

1.002 3 4 37.057 0.600 95.886 94.827 1.059 35.0 300 5.80 49.6

1.002 2.666 188.5 56.3 1.718 1.042 0.314 0.0 112 2.339

1.003 4 5 13.872 0.600 94.752 94.174 0.578 24.0 375 5.86 49.4

1.003 3.711 409.9 74.7 1.042 1.046 0.418 0.0 107 2.843

1.004 5 6 15.910 0.600 94.174 93.581 0.593 26.8 375 5.94 49.2

1.004 3.509 387.6 88.4 1.046 1.294 0.497 0.0 121 2.866

1.005 6 8 13.128 0.600 92.906 92.881 0.025 525.0 750 6.12 48.6

1.005 1.214 536.4 87.3 1.594 1.369 0.497 0.0 203 0.904

1.006 8 9 9.960 0.600 92.881 92.856 0.025 398.4 750 6.24 48.3

1.006 1.396 616.5 89.3 1.369 1.928 0.512 0.0 191 1.007

1.007 9 10 10.058 0.600 92.856 92.831 0.025 402.3 750 6.36 47.9

1.007 1.389 613.5 97.0 1.928 2.173 0.560 0.0 200 1.027

1.008 10 11 9.083 0.600 92.831 92.808 0.023 400.0 750 6.46 47.6

1.008 1.393 615.3 96.3 2.173 2.211 0.560 0.0 199 1.028

1.009 11 12 29.689 0.600 92.808 92.734 0.074 400.0 750 6.82 46.6

1.009 1.393 615.3 94.3 2.211 2.323 0.560 0.0 197 1.022

1.010 12 13 9.793 0.600 92.734 92.710 0.024 400.0 750 6.94 46.3

1.010 1.393 615.3 93.6 2.323 2.257 0.560 0.0 196 1.020

1.011 13 14 7.427 0.600 92.710 92.691 0.019 400.0 750 7.03 46.0

1.011 1.393 615.3 93.2 2.257 2.306 0.560 0.0 195 1.018

1.012 14 17 38.057 0.600 92.691 92.596 0.095 400.0 750 7.48 44.9

1.012 1.393 615.3 107.5 2.306 2.895 0.663 0.0 211 1.060

2.000 15 16 37.663 0.600 96.152 94.947 1.205 31.2 300 5.22 50.0

2.000 2.822 199.5 31.4 1.200 1.400 0.174 0.0 80 2.077

2.001 16 17 15.442 0.600 94.947 94.638 0.309 50.0 300 5.34 50.0

2.001 2.229 157.6 54.8 1.400 1.303 0.303 0.0 122 2.032

1.013 17 24 34.995 0.600 92.596 92.509 0.087 400.0 750 7.90 43.8

1.013 1.393 615.3 164.7 2.895 3.146 1.039 0.0 263 1.188

3.000 18 19 27.342 0.600 97.334 97.061 0.273 100.0 300 5.29 50.0

3.000 1.572 111.1 23.9 1.800 1.630 0.132 0.0 94 1.260

3.001 19 20 15.637 0.600 97.061 96.905 0.156 100.0 300 5.46 50.0

3.001 1.572 111.1 43.5 1.630 1.586 0.241 0.0 130 1.480

3.002 20 21 8.499 0.600 96.905 96.820 0.085 100.0 300 5.55 50.0

3.002 1.572 111.1 58.0 1.586 1.399 0.321 0.0 154 1.588

3.003 21 22 14.842 0.600 96.820 96.226 0.594 25.0 300 5.62 50.0

3.003 3.157 223.1 58.0 1.399 1.625 0.321 0.0 104 2.668

3.004 22 23 53.532 0.600 96.151 94.010 2.141 25.0 375 5.87 49.4 20.0

3.004 3.636 401.6 20.0 1.625 2.315 0.480 0.0 56 1.922

3.005 23 24 11.338 0.600 94.010 93.443 0.567 20.0 375 5.92 49.3

3.005 4.067 449.2 110.5 2.315 2.587 0.621 0.0 126 3.392

1.014 24 25 64.470 0.600 92.509 92.348 0.161 400.0 750 8.67 0.0

1.014 1.393 615.3 0.0 3.146 2.351 1.737 0.0 0 0.000

1.015 25 26 32.682 0.600 92.348 92.266 0.082 400.0 750 9.06 41.3

1.015 1.393 615.3 277.3 2.351 2.367 1.857 0.0 353 1.358
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Links

Name US
Node

DS
Node

Length
(m)

ks (mm) /
n

US IL
(m)

DS IL
(m)

Fall
(m)

Slope
(1:X)

Dia
(mm)

T of C
(mins)

Rain
(mm/hr)

Design
Flow
(l/s)

Name Vel
(m/s)

Cap
(l/s)

Flow
(l/s)

US
Depth

(m)

DS
Depth

(m)

Σ Area
(ha)

Σ Add
InŇow

(l/s)

Pro
Depth
(mm)

Pro
Velocity

(m/s)

1.016 26 27 6.098 0.600 92.266 92.251 0.015 400.0 750 9.14 41.2

1.016 1.393 615.3 285.1 2.367 2.039 1.916 0.0 359 1.368

1.017 27 31 55.785 0.600 92.251 92.112 0.139 401.3 750 9.80 0.0

1.017 1.390 614.3 0.0 2.039 1.938 1.985 0.0 0 0.000

4.000 28 29 23.441 0.600 96.016 95.091 0.925 25.3 300 5.12 50.0

4.000 3.135 221.6 28.6 1.200 1.200 0.158 0.0 72 2.183

4.001 29 30 38.133 0.600 95.091 94.138 0.953 40.0 300 5.48 50.0

4.001 2.493 176.2 48.2 1.200 1.232 0.267 0.0 107 2.136

4.002 30 31 55.698 0.600 94.138 92.412 1.726 32.3 300 5.82 49.6

4.002 2.777 196.3 66.1 1.232 2.088 0.369 0.0 120 2.515

1.018 31 31_OUT 27.481 0.600 92.112 92.000 0.112 245.4 300 10.26 39.1 40.0

1.018 0.999 70.6 40.0 2.388 0.950 2.417 0.0 162 1.030

6.000 32 33 10.704 0.600 91.887 91.780 0.107 100.0 300 5.11 50.0

6.000 1.572 111.1 6.1 1.063 1.520 0.034 0.0 48 0.857

6.001 33 33_OUT 16.000 0.600 91.780 90.713 1.067 15.0 300 5.18 50.0

6.001 4.079 288.3 6.1 1.520 1.987 0.034 0.0 30 1.680

7.000 34 35 10.895 0.600 95.650 95.605 0.045 242.1 300 5.18 50.0

7.000 1.006 71.1 0.0 1.200 1.395 0.000 0.0 0 0.000

7.001 35 29 9.900 0.600 95.605 95.091 0.514 19.3 300 5.23 50.0

7.001 3.598 254.4 0.0 1.395 1.200 0.000 0.0 0 0.000

Pipeline Schedule

Link Length
(m)

Slope
(1:X)

Dia
(mm)

Link
Type

US CL
(m)

US IL
(m)

US Depth
(m)

DS CL
(m)

DS IL
(m)

DS Depth
(m)

Link US
Node

Dia
(mm)

Node
Type

MH
Type

DS
Node

Dia
(mm)

Node
Type

MH
Type

1.000 19.668 100.0 300 Circular_Default Sewer Type 98.348 96.421 1.627 98.430 96.224 1.906

1.000 1 1350 Manhole Adoptable 2 1350 Manhole Adoptable

1.001 33.756 100.0 300 Circular_Default Sewer Type 98.430 96.224 1.906 97.904 95.886 1.718

1.001 2 1350 Manhole Adoptable 3 1350 Manhole Adoptable

1.002 37.057 35.0 300 Circular_Default Sewer Type 97.904 95.886 1.718 96.169 94.827 1.042

1.002 3 1350 Manhole Adoptable 4 1350 Manhole Adoptable

1.003 13.872 24.0 375 Circular_Default Sewer Type 96.169 94.752 1.042 95.595 94.174 1.046

1.003 4 1350 Manhole Adoptable 5 1350 Manhole Adoptable

1.004 15.910 26.8 375 Circular_Default Sewer Type 95.595 94.174 1.046 95.250 93.581 1.294

1.004 5 1350 Manhole Adoptable 6 1800 Manhole Adoptable

1.005 13.128 525.0 750 Circular_Default Sewer Type 95.250 92.906 1.594 95.000 92.881 1.369

1.005 6 1800 Manhole Adoptable 8 1800 Manhole Adoptable

1.006 9.960 398.4 750 Circular_Default Sewer Type 95.000 92.881 1.369 95.534 92.856 1.928

1.006 8 1800 Manhole Adoptable 9 1800 Manhole Adoptable

1.007 10.058 402.3 750 Circular_Default Sewer Type 95.534 92.856 1.928 95.754 92.831 2.173

1.007 9 1800 Manhole Adoptable 10 1800 Manhole Adoptable

1.008 9.083 400.0 750 Circular_Default Sewer Type 95.754 92.831 2.173 95.769 92.808 2.211

1.008 10 1800 Manhole Adoptable 11 1800 Manhole Adoptable

1.009 29.689 400.0 750 Circular_Default Sewer Type 95.769 92.808 2.211 95.807 92.734 2.323

1.009 11 1800 Manhole Adoptable 12 1800 Manhole Adoptable
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Pipeline Schedule

Link Length
(m)

Slope
(1:X)

Dia
(mm)

Link
Type

US CL
(m)

US IL
(m)

US Depth
(m)

DS CL
(m)

DS IL
(m)

DS Depth
(m)

Link US
Node

Dia
(mm)

Node
Type

MH
Type

DS
Node

Dia
(mm)

Node
Type

MH
Type

1.010 9.793 400.0 750 Circular_Default Sewer Type 95.807 92.734 2.323 95.717 92.710 2.257

1.010 12 1800 Manhole Adoptable 13 1800 Manhole Adoptable

1.011 7.427 400.0 750 Circular_Default Sewer Type 95.717 92.710 2.257 95.747 92.691 2.306

1.011 13 1800 Manhole Adoptable 14 2100 Manhole Adoptable

1.012 38.057 400.0 750 Circular_Default Sewer Type 95.747 92.691 2.306 96.241 92.596 2.895

1.012 14 2100 Manhole Adoptable 17 1800 Manhole Adoptable

2.000 37.663 31.2 300 Circular_Default Sewer Type 97.652 96.152 1.200 96.647 94.947 1.400

2.000 15 1350 Manhole Adoptable 16 1350 Manhole Adoptable

2.001 15.442 50.0 300 Circular_Default Sewer Type 96.647 94.947 1.400 96.241 94.638 1.303

2.001 16 1350 Manhole Adoptable 17 1800 Manhole Adoptable

1.013 34.995 400.0 750 Circular_Default Sewer Type 96.241 92.596 2.895 96.405 92.509 3.146

1.013 17 1800 Manhole Adoptable 24 2100 Manhole Adoptable

3.000 27.342 100.0 300 Circular_Default Sewer Type 99.434 97.334 1.800 98.991 97.061 1.630

3.000 18 1500 Manhole Adoptable 19 1500 Manhole Adoptable

3.001 15.637 100.0 300 Circular_Default Sewer Type 98.991 97.061 1.630 98.791 96.905 1.586

3.001 19 1500 Manhole Adoptable 20 1500 Manhole Adoptable

3.002 8.499 100.0 300 Circular_Default Sewer Type 98.791 96.905 1.586 98.519 96.820 1.399

3.002 20 1500 Manhole Adoptable 21 1500 Manhole Adoptable

3.003 14.842 25.0 300 Circular_Default Sewer Type 98.519 96.820 1.399 98.151 96.226 1.625

3.003 21 1500 Manhole Adoptable 22 1500 Manhole Adoptable

3.004 53.532 25.0 375 Circular_Default Sewer Type 98.151 96.151 1.625 96.700 94.010 2.315

3.004 22 1500 Manhole Adoptable 23 1500 Manhole Adoptable

3.005 11.338 20.0 375 Circular_Default Sewer Type 96.700 94.010 2.315 96.405 93.443 2.587

3.005 23 1500 Manhole Adoptable 24 2100 Manhole Adoptable

1.014 64.470 400.0 750 Circular_Default Sewer Type 96.405 92.509 3.146 95.449 92.348 2.351

1.014 24 2100 Manhole Adoptable 25 1800 Manhole Adoptable

1.015 32.682 400.0 750 Circular_Default Sewer Type 95.449 92.348 2.351 95.383 92.266 2.367

1.015 25 1800 Manhole Adoptable 26 1800 Manhole Adoptable

1.016 6.098 400.0 750 Circular_Default Sewer Type 95.383 92.266 2.367 95.040 92.251 2.039

1.016 26 1800 Manhole Adoptable 27 1800 Manhole Adoptable

1.017 55.785 401.3 750 Circular_Default Sewer Type 95.040 92.251 2.039 94.800 92.112 1.938

1.017 27 1800 Manhole Adoptable 31 2700 Manhole Adoptable

4.000 23.441 25.3 300 Circular_Default Sewer Type 97.516 96.016 1.200 96.591 95.091 1.200

4.000 28 1350 Manhole Adoptable 29 1350 Manhole Adoptable

4.001 38.133 40.0 300 Circular_Default Sewer Type 96.591 95.091 1.200 95.670 94.138 1.232

4.001 29 1350 Manhole Adoptable 30 1350 Manhole Adoptable

4.002 55.698 32.3 300 Circular_Default Sewer Type 95.670 94.138 1.232 94.800 92.412 2.088

4.002 30 1350 Manhole Adoptable 31 2700 Manhole Adoptable

1.018 27.481 245.4 300 Circular_Default Sewer Type 94.800 92.112 2.388 93.250 92.000 0.950

1.018 31 2700 Manhole Adoptable 31_OUT 1350 Manhole Adoptable

6.000 10.704 100.0 300 Circular_Default Sewer Type 93.250 91.887 1.063 93.600 91.780 1.520

6.000 32 1350 Manhole Adoptable 33 2100 Manhole Adoptable

6.001 16.000 15.0 300 Circular_Default Sewer Type 93.600 91.780 1.520 93.000 90.713 1.987

6.001 33 2100 Manhole Adoptable 33_OUT JuncƟon

7.000 10.895 242.1 300 Circular_Default Sewer Type 97.150 95.650 1.200 97.300 95.605 1.395

7.000 34 1350 Manhole Adoptable 35 1350 Manhole Adoptable

7.001 9.900 19.3 300 Circular_Default Sewer Type 97.300 95.605 1.395 96.591 95.091 1.200

7.001 35 1350 Manhole Adoptable 29 1350 Manhole Adoptable
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Storm DuraƟons
15 30 60 120 180 240 360 480 600 720 960 1440

Return Period
(years)

Climate Change
(CC %)

AddiƟonal Area
(A %)

AddiƟonal Flow
(Q %)

1
30

100

0
40
40

10
10
10

0
0
0

Pre-development Discharge Volume

Site Makeup
GreenĮeld Method

PosiƟvely Drained Area (ha)
Soil Index

SPR
CWI

GreenĮeld
FSR/FEH
2.452
4
0.47

Return Period (years)
Climate Change (%)

Storm DuraƟon (mins)
BeƩerment (%)

PR
Runoī Volume (m³)

100
0
360
0

Node 33 Online Hydro-Brake® Control

Flap Valve
Replaces Downstream Link

Invert Level (m)
Design Depth (m)
Design Flow (l/s)

x
x
91.780
1.100
23.1

ObjecƟve
Sump Available

Product Number
Min Outlet Diameter (m)

Min Node Diameter (mm)

(HE) Minimise upstream storage
✓
CTL-SHE-0210-2310-1100-2310
0.225
1800

Node 31 Online Hydro-Brake® Control

Flap Valve
Replaces Downstream Link

Invert Level (m)
Design Depth (m)
Design Flow (l/s)

x
✓
92.112
1.600
23.5

ObjecƟve
Sump Available

Product Number
Min Outlet Diameter (m)

Min Node Diameter (mm)

(HE) Minimise upstream storage
✓
CTL-SHE-0205-2350-1600-2350
0.225
1800

Node 32 Flow through Pond Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

Safety Factor

0.00000
0.00000
2.0

Porosity
Invert Level (m)

Time to half empty (mins)

1.00
91.887
0

Main Channel Length (m)
Main Channel Slope (1:X)

Main Channel n

17.210
400.0
0.250

Inlets
31_OUT

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 165.0 163.0 1.400 336.0 547.7

Node 31 Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
0.95

Invert Level (m)
Time to half empty (mins)

92.112

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 1300.0 0.0 1.600 1300.0 0.0 1.601 0.0 0.0
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Node 25 Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
0.95

Invert Level (m)
Time to half empty (mins)

92.800
255

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 150.0 150.0 1.600 150.0 202.1 1.601 0.0 202.1

Node 12 Depth/Area Storage Structure

Base Inf Coeĸcient (m/hr)
Side Inf Coeĸcient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
0.95

Invert Level (m)
Time to half empty (mins)

93.300
135

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 274.0 215.0 0.800 274.0 277.4 0.801 0.0 277.4
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Results for 1 year +10% A CriƟcal Storm DuraƟon.  Lowest mass balance: 99.93%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ouƞlow
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute summer 1 10 96.528 0.107 27.9 0.1537 0.0000 OK

15 minute summer 1 1.000 2 27.7 1.251 0.249 0.4353

15 minute summer 2 10 96.328 0.104 27.7 0.1486 0.0000 OK

15 minute summer 2 1.001 3 27.4 1.240 0.247 0.7467

15 minute summer 3 11 95.994 0.108 49.6 0.1539 0.0000 OK

15 minute summer 3 1.002 4 49.1 2.221 0.261 0.8201

15 minute summer 4 10 94.858 0.106 65.2 0.1518 0.0000 OK

15 minute summer 4 1.003 5 65.1 2.287 0.159 0.3956

15 minute summer 5 11 94.297 0.123 77.5 0.1765 0.0000 OK

15 minute summer 5 1.004 6 77.5 2.617 0.200 0.4711

15 minute summer 6 11 93.127 0.221 77.5 0.5614 0.0000 OK

15 minute summer 6 1.005 8 77.4 0.736 0.144 1.4101

15 minute summer 8 11 93.100 0.219 79.7 0.5577 0.0000 OK

15 minute summer 8 1.006 9 79.3 0.744 0.129 1.0679

15 minute summer 9 11 93.076 0.220 86.6 0.5599 0.0000 OK

15 minute summer 9 1.007 10 86.0 0.821 0.140 1.0574

15 minute summer 10 12 93.044 0.213 86.0 0.5424 0.0000 OK

15 minute summer 10 1.008 11 85.1 0.866 0.138 0.9026

15 minute summer 11 12 93.011 0.203 85.1 0.5159 0.0000 OK

15 minute summer 11 1.009 12 84.8 0.843 0.138 3.0897

15 minute summer 12 12 92.961 0.227 84.8 0.5775 0.0000 OK

15 minute summer 12 1.010 13 83.3 0.755 0.135 1.0989

15 minute summer 13 12 92.937 0.227 83.3 0.5773 0.0000 OK

15 minute summer 13 1.011 14 82.3 0.751 0.134 0.8231

30 minute summer 14 20 92.914 0.223 93.3 0.7725 0.0000 OK

30 minute summer 14 1.012 17 93.7 0.744 0.152 5.0568

15 minute summer 15 10 96.227 0.075 27.8 0.1071 0.0000 OK

15 minute summer 15 2.000 16 27.6 1.366 0.138 0.7686

15 minute summer 16 10 95.069 0.123 48.2 0.1756 0.0000 OK

15 minute summer 16 2.001 17 47.5 1.864 0.302 0.3942

15 minute summer 17 12 92.885 0.289 143.1 0.7360 0.0000 OK

15 minute summer 17 1.013 24 140.3 0.832 0.228 6.1730

15 minute summer 18 10 97.422 0.088 21.1 0.1548 0.0000 OK

15 minute summer 18 3.000 19 20.9 0.891 0.188 0.6456

15 minute summer 19 10 97.194 0.133 38.3 0.2350 0.0000 OK

15 minute summer 19 3.001 20 37.8 1.127 0.340 0.5259

15 minute summer 20 10 97.061 0.156 50.6 0.2764 0.0000 OK

15 minute summer 20 3.002 21 50.2 1.713 0.451 0.2498

15 minute summer 21 11 96.924 0.104 50.2 0.1843 0.0000 OK

15 minute summer 21 3.003 22 50.4 2.446 0.226 0.3058

15 minute summer 22 11 96.259 0.108 75.1 0.1916 0.0000 OK

15 minute summer 22 3.004 23 74.9 2.439 0.187 1.6483

15 minute summer 23 11 94.144 0.134 96.9 0.2363 0.0000 OK

15 minute summer 23 3.005 24 97.0 3.011 0.216 0.3657

15 minute summer 24 12 92.852 0.343 237.8 1.1888 0.0000 OK

15 minute summer 24 1.014 25 234.0 1.085 0.380 14.0972

15 minute summer 25 12 92.751 0.403 249.1 1.0256 0.0000 OK

15 minute summer 25 1.015 26 250.1 1.029 0.406 8.2678

15 minute summer 26 12 92.701 0.435 254.7 1.1077 0.0000 OK

15 minute summer 26 1.016 27 261.8 1.114 0.425 1.5690
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Results for 1 year +10% A CriƟcal Storm DuraƟon.  Lowest mass balance: 99.93%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ouƞlow
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute summer 27 12 92.666 0.415 267.1 1.0551 0.0000 OK

15 minute summer 27 1.017 31 280.5 2.551 0.457 7.2351

15 minute summer 28 10 96.084 0.068 25.2 0.0969 0.0000 OK

15 minute summer 28 4.000 29 25.1 1.557 0.113 0.3807

15 minute summer 29 10 95.191 0.100 42.5 0.1434 0.0000 OK

15 minute summer 29 4.001 30 42.1 1.878 0.239 0.8553

15 minute summer 30 11 94.252 0.114 58.4 0.1624 0.0000 OK

15 minute summer 30 4.002 31 57.7 2.409 0.294 1.3353

960 minute summer 31 615 92.501 0.389 68.1 482.1798 0.0000 SURCHARGED

960 minute summer 31 Hydro-Brake® 31_OUT 23.2

1440 minute summer 31_OUT 1020 92.120 0.189 23.2 0.2712 0.0000 OK

1440 minute summer 31_OUT Flow through Pond 32 22.8 0.022 0.009 37.4996

1440 minute summer 32 1020 92.118 0.231 23.0 0.3312 0.0000 OK

1440 minute summer 32 6.000 33 22.8 0.485 0.205 0.6891

1440 minute summer 33 1020 92.114 0.334 22.8 1.1559 0.0000 SURCHARGED

1440 minute summer 33 6.001 33_OUT 22.8 0.474 0.079 0.6371 1169.4

15 minute summer 33_OUT 1 91.713 1.000 9.6 0.0000 0.0000 OK
15 minute summer 35 1 95.605 0.000 0.0 0.0000 0.0000 OK

15 minute summer 35 7.001 29 0.0 0.000 0.000 0.1020

15 minute summer 34 1 95.650 0.000 0.0 0.0000 0.0000 OK

15 minute summer 34 7.000 35 0.0 0.000 0.000 0.0000
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Results for 30 year +40% CC +10% A CriƟcal Storm DuraƟon.  Lowest mass balance: 99.90%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ouƞlow
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute summer 1 10 96.664 0.243 95.5 0.3476 0.0000 OK

15 minute summer 1 1.000 2 94.9 1.594 0.854 1.1700

15 minute summer 2 10 96.454 0.230 94.9 0.3286 0.0000 OK

15 minute summer 2 1.001 3 93.5 1.582 0.842 2.0010

15 minute summer 3 11 96.128 0.242 169.4 0.3458 0.0000 OK

15 minute summer 3 1.002 4 168.1 2.904 0.892 2.1416

15 minute summer 4 10 94.982 0.230 223.0 0.3293 0.0000 OK

15 minute summer 4 1.003 5 222.7 2.833 0.543 1.0907

15 minute summer 5 10 94.448 0.274 265.4 0.3923 0.0000 OK

15 minute summer 5 1.004 6 265.1 3.413 0.684 1.2324

15 minute summer 6 11 93.440 0.534 265.1 1.3586 0.0000 OK

15 minute summer 6 1.005 8 259.4 0.928 0.484 4.4203

15 minute summer 8 11 93.419 0.538 267.2 1.3695 0.0000 OK

15 minute summer 8 1.006 9 260.8 0.934 0.423 3.3819

1440 minute summer 9 1050 93.416 0.560 32.5 1.4260 0.0000 OK

1440 minute summer 9 1.007 10 32.3 0.657 0.053 3.6287

1440 minute summer 10 1050 93.416 0.585 32.3 1.4896 0.0000 OK

1440 minute summer 10 1.008 11 32.3 0.694 0.052 3.4118

1440 minute summer 11 1050 93.416 0.608 32.3 1.5481 0.0000 OK

1440 minute summer 11 1.009 12 32.2 0.659 0.052 11.9220

1440 minute summer 12 1050 93.416 0.682 32.2 32.1356 0.0000 OK

1440 minute summer 12 1.010 13 31.8 0.611 0.052 4.1648

1440 minute summer 13 1050 93.416 0.706 31.8 1.7975 0.0000 OK

1440 minute summer 13 1.011 14 31.4 0.628 0.051 3.2155

1440 minute summer 14 1050 93.416 0.725 37.4 2.5124 0.0000 OK

1440 minute summer 14 1.012 17 36.0 0.620 0.058 16.6695

15 minute summer 15 10 96.296 0.144 94.9 0.2061 0.0000 OK

15 minute summer 15 2.000 16 94.5 1.696 0.474 1.9554

15 minute summer 16 11 95.381 0.434 164.9 0.6212 0.0000 SURCHARGED

15 minute summer 16 2.001 17 160.7 2.282 1.020 1.0770

1440 minute summer 17 1050 93.416 0.820 57.7 2.0876 0.0000 SURCHARGED

1440 minute summer 17 1.013 24 55.4 0.667 0.090 15.4020

15 minute summer 18 11 97.859 0.525 72.0 0.9281 0.0000 SURCHARGED

15 minute summer 18 3.000 19 69.7 1.072 0.627 1.9254

15 minute summer 19 11 97.723 0.662 126.5 1.1691 0.0000 SURCHARGED

15 minute summer 19 3.001 20 127.2 1.806 1.145 1.1011

15 minute summer 20 11 97.426 0.521 168.9 0.9213 0.0000 SURCHARGED

15 minute summer 20 3.002 21 169.3 2.463 1.524 0.5501

15 minute summer 21 11 97.054 0.234 169.3 0.4140 0.0000 OK

15 minute summer 21 3.003 22 169.5 3.156 0.760 0.7943

15 minute summer 22 11 96.363 0.212 252.4 0.3752 0.0000 OK

15 minute summer 22 3.004 23 252.8 3.061 0.629 4.3590

15 minute summer 23 11 94.324 0.314 326.2 0.5544 0.0000 OK

15 minute summer 23 3.005 24 327.1 3.798 0.728 0.9672

1440 minute summer 24 1080 93.416 0.907 95.7 3.1428 0.0000 SURCHARGED

1440 minute summer 24 1.014 25 92.5 0.808 0.150 28.3746

1440 minute summer 25 1050 93.416 1.068 99.5 90.5844 0.0000 SURCHARGED

1440 minute summer 25 1.015 26 85.7 0.708 0.139 14.3840

1440 minute summer 26 1050 93.416 1.150 89.1 2.9268 0.0000 SURCHARGED

1440 minute summer 26 1.016 27 88.1 0.718 0.143 2.6839
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Results for 30 year +40% CC +10% A CriƟcal Storm DuraƟon.  Lowest mass balance: 99.90%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ouƞlow
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

1440 minute summer 27 1050 93.416 1.165 92.1 2.9648 0.0000 SURCHARGED

1440 minute summer 27 1.017 31 90.8 0.979 0.148 24.5521

15 minute summer 28 10 96.145 0.129 86.2 0.1840 0.0000 OK

15 minute summer 28 4.000 29 86.0 2.054 0.388 0.9744

15 minute summer 29 10 95.307 0.216 145.4 0.3091 0.0000 OK

15 minute summer 29 4.001 30 144.1 2.399 0.818 2.2911

15 minute summer 30 10 94.403 0.265 199.8 0.3792 0.0000 OK

15 minute summer 30 4.002 31 198.4 3.095 1.011 3.7950

1440 minute summer 31 1080 93.416 1.304 115.9 1617.7590 0.0000 SURCHARGED

1440 minute summer 31 Hydro-Brake® 31_OUT 23.4

1440 minute winter 31_OUT 810 92.169 0.239 23.4 0.3416 0.0000 OK

1440 minute winter 31_OUT Flow through Pond 32 22.5 0.022 0.009 47.0945

1440 minute winter 32 810 92.168 0.281 23.7 0.4025 0.0000 OK

1440 minute winter 32 6.000 33 23.0 0.565 0.207 0.7441

1440 minute winter 33 810 92.161 0.381 23.0 1.3208 0.0000 SURCHARGED

1440 minute winter 33 6.001 33_OUT 23.0 0.479 0.080 0.6377 1788.0

15 minute summer 33_OUT 1 91.713 1.000 22.3 0.0000 0.0000 OK
15 minute summer 35 1 95.605 0.000 0.0 0.0000 0.0000 OK

15 minute summer 35 7.001 29 0.0 0.000 0.000 0.2688

15 minute summer 34 1 95.650 0.000 0.0 0.0000 0.0000 OK

15 minute summer 34 7.000 35 0.0 0.000 0.000 0.0000
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Results for 100 year +40% CC +10% A CriƟcal Storm DuraƟon.  Lowest mass balance: 99.89%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ouƞlow
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute summer 1 11 97.336 0.915 123.0 1.3089 0.0000 SURCHARGED

15 minute summer 1 1.000 2 115.6 1.642 1.040 1.3850

15 minute summer 2 11 97.045 0.821 115.6 1.1744 0.0000 SURCHARGED

15 minute summer 2 1.001 3 113.9 1.618 1.025 2.3771

15 minute summer 3 11 96.604 0.718 207.1 1.0281 0.0000 SURCHARGED

15 minute summer 3 1.002 4 206.1 2.928 1.094 2.6094

15 minute summer 4 11 95.029 0.277 276.0 0.3960 0.0000 OK

15 minute summer 4 1.003 5 275.8 2.876 0.673 1.3370

15 minute summer 5 11 94.516 0.342 328.9 0.4899 0.0000 OK

15 minute summer 5 1.004 6 328.3 3.487 0.847 1.4876

960 minute winter 6 915 93.957 1.051 32.1 2.6742 0.0000 SURCHARGED

960 minute winter 6 1.005 8 31.7 0.597 0.059 5.7779

960 minute winter 8 915 93.957 1.076 32.7 2.7378 0.0000 SURCHARGED

960 minute winter 8 1.006 9 32.1 0.608 0.052 4.3836

960 minute winter 9 915 93.957 1.101 35.1 2.8014 0.0000 SURCHARGED

960 minute winter 9 1.007 10 34.8 0.662 0.057 4.4267

960 minute winter 10 915 93.957 1.126 34.8 2.8650 0.0000 SURCHARGED

960 minute winter 10 1.008 11 34.3 0.696 0.056 3.9976

960 minute winter 11 915 93.957 1.149 34.3 2.9236 0.0000 SURCHARGED

960 minute winter 11 1.009 12 33.4 0.666 0.054 13.0667

960 minute winter 12 915 93.957 1.223 33.4 174.1917 0.0000 SURCHARGED

960 minute winter 12 1.010 13 32.5 0.628 0.053 4.3101

960 minute winter 13 915 93.957 1.247 32.5 3.1729 0.0000 SURCHARGED

960 minute winter 13 1.011 14 31.9 0.649 0.052 3.2688

960 minute winter 14 915 93.957 1.266 38.2 4.3845 0.0000 SURCHARGED

960 minute winter 14 1.012 17 36.8 0.626 0.060 16.7497

15 minute summer 15 10 96.351 0.199 122.3 0.2841 0.0000 OK

15 minute summer 15 2.000 16 120.3 1.830 0.603 2.2578

15 minute summer 16 11 95.689 0.742 210.9 1.0616 0.0000 SURCHARGED

15 minute summer 16 2.001 17 207.6 2.948 1.317 1.0764

960 minute winter 17 915 93.957 1.361 59.9 3.4630 0.0000 SURCHARGED

960 minute winter 17 1.013 24 57.5 0.691 0.093 15.4020

15 minute summer 18 11 98.489 1.155 92.7 2.0400 0.0000 SURCHARGED

15 minute summer 18 3.000 19 86.9 1.234 0.782 1.9254

15 minute summer 19 11 98.275 1.214 162.7 2.1447 0.0000 SURCHARGED

15 minute summer 19 3.001 20 158.3 2.249 1.425 1.1011

15 minute summer 20 11 97.814 0.909 212.1 1.6063 0.0000 SURCHARGED

15 minute summer 20 3.002 21 210.5 2.990 1.895 0.5985

15 minute summer 21 11 97.267 0.447 210.5 0.7906 0.0000 SURCHARGED

15 minute summer 21 3.003 22 208.5 3.258 0.934 0.9459

15 minute summer 22 11 96.408 0.257 315.2 0.4550 0.0000 OK

15 minute summer 22 3.004 23 314.7 3.043 0.784 5.1114

15 minute summer 23 11 94.614 0.604 409.3 1.0673 0.0000 SURCHARGED

15 minute summer 23 3.005 24 407.1 3.863 0.906 1.1142

960 minute winter 24 915 93.957 1.448 102.0 5.0147 0.0000 SURCHARGED

960 minute winter 24 1.014 25 98.9 0.831 0.161 28.3746

960 minute winter 25 915 93.956 1.608 106.7 168.9652 0.0000 SURCHARGED

960 minute winter 25 1.015 26 93.4 0.741 0.152 14.3840

960 minute winter 26 915 93.956 1.690 97.2 4.3020 0.0000 SURCHARGED

960 minute winter 26 1.016 27 97.0 0.773 0.158 2.6839
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Results for 100 year +40% CC +10% A CriƟcal Storm DuraƟon.  Lowest mass balance: 99.89%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

InŇow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ouƞlow
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

960 minute winter 27 915 93.956 1.705 101.5 4.3400 0.0000 SURCHARGED

960 minute winter 27 1.017 31 101.2 1.081 0.165 24.5521

30 minute summer 28 19 96.220 0.204 108.5 0.2925 0.0000 OK

30 minute summer 28 4.000 29 107.1 2.081 0.483 1.4246

15 minute summer 29 12 96.022 0.931 185.6 1.3321 0.0000 SURCHARGED

15 minute summer 29 4.001 30 163.0 2.424 0.925 2.6853

30 minute summer 30 19 95.089 0.951 220.3 1.3605 0.0000 SURCHARGED

30 minute summer 30 4.002 31 219.0 3.110 1.116 3.9211

960 minute winter 31 915 93.956 1.844 129.2 1987.1770 0.0000 SURCHARGED

960 minute winter 31 Hydro-Brake® 31_OUT 24.2

960 minute winter 31_OUT 990 92.277 0.347 24.2 0.4959 0.0000 OK

960 minute winter 31_OUT Flow through Pond 32 23.5 0.022 0.009 69.0463

960 minute winter 32 990 92.276 0.389 23.9 0.5572 0.0000 SURCHARGED

960 minute winter 32 6.000 33 23.1 0.475 0.208 0.7538

960 minute winter 33 990 92.269 0.489 23.1 1.6934 0.0000 SURCHARGED

960 minute winter 33 6.001 33_OUT 23.1 0.480 0.080 0.6378 1391.6

15 minute summer 33_OUT 1 91.713 1.000 22.6 0.0000 0.0000 OK
15 minute summer 35 12 96.037 0.432 32.1 0.6175 0.0000 SURCHARGED

15 minute summer 35 7.001 29 43.0 0.688 0.169 0.6972

15 minute summer 34 12 96.022 0.372 5.4 0.5323 0.0000 SURCHARGED

15 minute summer 34 7.000 35 15.3 0.433 0.215 0.7672
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1.0 INTRODUCTION 

Background 

1.1 Shape Engineering have been instructed to prepare a Drainage Operation and 

Maintenance Manual for a proposed residential development providing 124 units at 

Highmoor Farm, Clitheroe, BB7 1PN. 

1.2 This report is based on current best practice guidance as outlined within Ciria 753 

The SuDS Manual. 

Scope of Report 

1.3 This manual is intended to give an overview of the operation, maintenance and 

management for the range of drainage features included with the design and in 

relation to typical details only. 

1.4 Where proprietary products are specified the manufacturer’s instructions and 

recommendations should be followed in priority to this document unless specifically 

noted otherwise due to project constraints. 

1.5 The recommended operations and frequencies are typical only and should be more 

frequent initially to ensure that there are no unforeseen issues with the operation and 

then adjusted to suit the site requirements. 

  



 

2.0 DRAINAGE STRATEGY 

2.1 A proposed Drainage Strategy drawing has been provided in Appendix A.  

2.2 The surface water drainage strategy for the development will be to collect and 

convey the surface water runoff and mitigate flood risk to the site, surrounding areas 

and downstream. This will be done by restricting the discharge rate into the surface 

water sewer network at the northern extent of the site.  

2.3 The surface water drainage will discharge at a limited rate of 23.1l/s to replicate the 

greenfield runoff rate for the developable area of the site including the basin. The 

discharge rate will be achieved through a flow control chamber.  

2.4 The rate of 23.1/s is to be agreed with the Lead Local Flood Authority. 

2.5 Attenuation will be provided within 3no. online and offline attenuation tanks located 

to the north of the site, oversized pipes and a detention basin located at the north 

of the site.  

2.6 The basin will provide approximately 636m3 of storage for storms in excess of the 100-

year plus 40% climate change flood event. 

2.7 A series of flow control units are to be used throughout the site. 

2.8 Ditches are proposed at the west of the site to collect and convey surface water 

runoff from adjacent impermeable areas and direct to the basin at the north whilst 

allowing for infiltration where possible.  

2.9 A permeable tarmac surfacing is proposed for shared drive areas. Ultimately surface 

water from these areas will have connectivity with the surface water sewer system.  

2.10 As the flows are being stored on site, there will be a period of time after storm events 

where the network is still partially or fully surcharged and is draining down. Where this 

surcharging is still present after 48hrs appropriate action should be taken as in 

Section 3.  



 

2.11 Foul water from dwellings will be collected via a traditional piped network. The foul 

water system will be adopted under Section 104 agreement before connecting into 

the United Utilities sewer system to the west of the site.  

2.12 Lateral drains will remain private and be the responsibility of the homeowner  

  



 

3.0 SURFACE WATER DRAINAGE 

3.1 This section is intended to give an overview of the operation and maintenance for 

the drainage features included with the drainage strategy and in relation to typical 

details. Where proprietary products are specified, the manufacturer’s instructions 

and recommendations should be followed in priority to this document unless 

specifically noted otherwise due to project constraints. 

3.2 The recommended operations and frequencies are typical only and should be more 

frequent initially to ensure that there are no unforeseen issues with the operation and 

then adjusted to suit the site requirements. 

3.3 A pro-forma is provided in Appendix E for the to allow for the recording of inspection 

and maintenance activities.  

3.4 Attenuation tanks have been designed to accommodate for a 1 in 100 year storm 

rainfall event plus an allowance for 40% climate change.  

3.5 As the flows are to be attenuated within the onsite tanks, basin and pipe system, 

there will be a period of time after storm events where the network is still partially or 

fully surcharged and is draining down. Where this surcharging is still present after 48hrs 

appropriate action should be taken as noted in this section. 

Components 

3.6 The following components have been included within the drainage design for the 

development: 

• Drainage Channels and Gullies 

• Pipes 

• Permeable paving  

• Inspection, Manhole and Catchpit Chambers 

• Cellular Storage Tanks 

• Flow Control Units 

• Ditches 

• Detention Basin 

• Rain Gardens 

 



 

3.7 A suitable maintenance strategy should be adopted to ensure the drainage network 

is cleaned regularly and the routine maintenance and cleansing regime should be 

documented. 

3.8 The main drainage network will be maintained under Section 104 adoption subject 

to adoption approvals. 

3.9 Private Rain gardens will be maintained by a private management company 

3.10 A copy of the final drainage layout is provided in Appendix A. 

3.11 It is recommended that the private drainage systems/ rain gardens are inspected as 

a minimum twice a year, with the system also being inspected after any major storm 

event.  

3.12 Significant sediment deposition is likely in areas used for storage, so a post clean-up 

operation may be required including the removal of litter, vegetation, sewerage 

debris and larger objects.  

3.13 Long-term management practices include monthly sweeping of external paved 

areas. The sweeping program will remove sand and contaminants directly from 

paved surfaces before they become mobilised during storm events and transported 

to the drainage system.  

3.14 During the winter months, drainage features such as gullies and channels should be 

cleared of ice, snow, debris, leaves, litter etc. 

3.15 Drainage within the adopted highway to be the responsibility of Lancashire County 

Council to maintain. 

3.16 Drainage within private driveways is the responsibility of the homeowner to maintain 

3.17 Sediment/material removal should be undertaken in consultation with the 

environmental regulator to confirm appropriate protocols. 

  



 

4.0 DRAINAGE CHANNELS AND GULLIES 

Location and description 

4.1 The locations of the gullies indicated on the drainage drawing in Appendix A. 

4.2 It is the responsibility of the individual properties to maintain private gullies within the 

curtilage of their property boundary. 

4.3 It is the responsibility of the management company to maintain private gullies within 

parking/shared parking areas. 

4.4 In the instance that a shared drive forms part of a homeowners property deeds, it is 

their responsibility to carry out maintenance 

4.5 The features have been designed in accordance with all relevant standards, plus 

Statutory Bodies’ and manufacturers requirements. 

4.6 Drainage gullies should be inspected and cleaned in accordance with the 

manufacturer’s details. 

4.7 Locking bolts should be replaced and sufficiently tightened, taking care that the bolt 

heads do not stand above the top surface of the cover or grate. If covers are 

allowed to move within their frame, this may cause damage to the frame or seating. 

4.8 Sediment/material removal should be undertaken in consultation with the 

environmental regulator to confirm appropriate protocols. 

  





 

5.0 PIPES 

Location and Description 

5.1 The locations of the pipes are indicated on the drainage drawing provided in 

Appendix A. 

5.2 All branch connections for foul water will be laid at minimum gradients of 1:40 below 

building slabs in accordance with Building Regulations Approved Document H. 

5.3 Above ground rodding points have been proposed to all RWP’s and soil pipe 

connections to further mitigate the risk of blockages. 

5.4 The features have been designed in accordance with all relevant standards, plus 

Statutory Bodies’ and manufacturers requirements. 

5.5 Pipes are proprietary products, and the materials can vary across the site and as 

such where used the manufacture’s recommendations should be followed.  

5.6 It is the responsibility of the individual properties to maintain private drainage within 

the curtilage of their property boundary. 

5.7 It is the responsibility of the management company to maintain the pipes for 

proposed rain gardens prior to entry into the adopted system 

5.8 It is the intention for the main sewers within the development to be adopted under 

a S104 agreement by a statutory body.  

Operation 

5.9 Pipes are intended to be used for conveyance and storage within the main access 

roads of the site. To the north of the site, prior to the outfall connection to the surface 

water sewer network, pipes are to be used for conveyance purposes. 

5.10 Where the pipes are oversized, they form the attenuation volume required by the 

limitation of the discharge rate. They are intended to be dry except for during rainfall 

events.  





 

6.0 INSPECTION, MANHOLE AND CATCHPIT CHAMBERS 

Location and Description 

6.1 The locations of the inspection, manhole and catchpit chambers are as indicated 

on the drainage drawing within Appendix A. 

6.2 The features have been designed in accordance with all relevant standards, plus 

Statutory Bodies’ and manufacturers requirements.  

6.3 Inspection, manhole and catchpit chambers are proprietary products, and the 

materials can vary across the site and as such where used the manufacture’s 

recommendations should be followed.  

6.4 The appropriate health and safety equipment must be used when accessing 

manholes. Confined space certificates must be held by any personnel entering a 

manhole. 

6.5 It is the responsibility of the individual properties to maintain private drainage within 

the curtilage of their property boundary. 

6.6 It is the responsibility of the management company to maintain the inspection 

chambers, manholes and catchpits prior to entering the adopted drainage system. 

6.7 It is the responsibility of the sewerage undertaker to maintain the manholes put 

forwards for adoption under S104 agreement. 

Inspection and Maintenance Regime 

6.8 Regular inspection and maintenance are important for the effective operation of 

the features. A regular inspection regime is very important to ensure the correct 

functionality of the surface water drainage network.  

6.9 Sediment/material removal should be undertaken in consultation with the 

environmental regulator to confirm appropriate protocols.  





 

7.0 FLOW CONTROL UNITS 

Location and Description 

7.1 The location of the flow control units are as indicated on the drainage drawing within 

Appendix A. 

7.2 The individual flow control unit specifications are included in Appendix B. 

7.3 The features will be designed in accordance with all relevant standards, plus 

Statutory Bodies’ and manufacturers requirements.  

7.4 It is the responsibility of the management company to maintain the flow control unit. 

Operation 

7.5 The flow control units are intended for downstream flow control and to restrict the 

discharge rate of surface water leaving the site. 

7.6 The flow controls are to be specified as Hydro-Brake® and is a proprietary product; 

therefore, manufacturer’s recommendations should also be taken into 

consideration.  

Inspection and Maintenance Regime 

7.7 Access for maintenance will be provided by locating within a manhole chamber. 

7.8 The appropriate health and safety equipment must be used when accessing 

manholes. Confined space certificates must be held by any personnel entering a 

manhole and the appropriate permits should be obtained from water authority prior 

to any access. 

  





 

 

8.0 ATTENUATION BASIN 

Location and Description 

8.1 The location of the attenuation basin is as indicated on the drainage drawing as 

provided in Appendix A. 

8.2 The features will be designed in accordance with all relevant standards, plus 

statutory Bodies’ and manufacturers requirements.  

8.3 It is the responsibility of the sewerage undertaker to maintain the attenuation basin 

put forwards for adoption under S104 agreement. 

8.4 Both features are to be finished with dense grass that will require minimal 

maintenance 

8.5 The attenuation basin is to be constructed as recommended as per the guidance in 

CIRIA 753 The SuDS Manual.  

Operation 

8.6 The attenuation basin will provide attenuation for up to and including the 100 year 

+ 40% climate change events.  

8.7 Access for maintenance will be provided from the proposed access roads. 

Inspection And Maintenance Regime 

8.8 Regular inspection and maintenance are important for the effective operation of 

the features. As the feature is an open accessible feature of the development, a 

regular inspection regime is very important to ensure the correct functionality of the 

surface water drainage network.  

8.9 Sediment/material removal should be undertaken in consultation with the 

environmental regulator to confirm appropriate protocols.  

 

  





 

  

Remove sediment and planting from one quadrant of 

the main body of ponds without sediment forebays.  

Every 5 years, or as 

required 

Occasional 

Maintenance  

Remove sediment from the main body of big ponds 

when pool volume is reduced by 20% 

 

With effective pre-

treatment, this will only 

be required rarely, eg 

every 25–50 years 

Remedial 

Actions 

Repair erosion or other damage, repair/rehabilitate 

inlets, outlets and overflows  

As required 

Aerate pond when signs of eutrophication are detected As required 

Realign rip-rap or repair other damage  As required 



 

9.0 ATTENUATION TANKS 

Location and Description 

9.1 3no. online and offline attenuation tanks are proposed for the development 

beneath access roads. 

9.2 The location of the cellular attenuation tanks are as indicated on the drainage 

drawing provided in Appendix A. 

9.3 The manufacturer product specification for the attenuation tanks is included in 

Appendix C. 

9.4 The feature will be designed in accordance with all relevant standards, plus statutory 

Bodies’ and manufacturers requirements.  

9.5 Attenuation tanks are proprietary products and therefore manufacturer’s 

recommendations should also be taken into consideration. Additionally, different 

manufacturers may have different connection types and arrangements which will 

need to be taken into consideration. 

9.6 It is the responsibility of the management company to maintain the cellular 

attenuation tanks. 

Operation 

9.7 Attenuation tanks are designed to assist in storing surface water storage at the site 

in addition to other storage features across the site. The tanks have been designed 

to assist in attenuating the discharge from the site up to and including the 1 in 100 

year plus 40% climate change event.  

9.8 A catchpit manhole is also positioned prior to any waters entering the cellular tanks 

to reduce the risk of sedimentation entering the storage units. 

9.9 Access for maintenance will be provided from the manhole chamber downstream 

of the tanks. 



 

Inspection And Maintenance Regime 

9.10 Regular inspection and maintenance are important for the effective operation of 

the features. As the feature is an open accessible feature of the development, a 

regular inspection regime is very important to ensure the correct functionality of the 

surface water drainage network.  

9.11 Sediment/material removal should be undertaken in consultation with the 

environmental regulator to confirm appropriate protocols.  

9.12 The cellular attenuation tanks are a proprietary product and manufacturers 

guidance should be adhered too. 

  





 

10.0 DITCHES 

Location and Description 

10.1 The locations of the ditches are as indicated on the drainage drawing provided in 

Appendix A.  

10.2 The features have been designed in accordance with all relevant standards, plus 

Statutory Bodies’ and manufacturers requirements.  

10.3 Ditches are to be constructed as recommended in the CIRIA SuDS Manual. 

10.4 It is the responsibility of the management company to maintain the private ditches. 

10.5 The ditches are to be used for conveyance purposes. 

Operation 

10.6 The ditches are intended to collect and convey surface water runoff from adjacent 

to private access roads at the north-west of the development in exceedance 

events. Flows are to be directed to the basin at the northern extent of the 

development.  

10.7 Access for maintenance will be provided from the proposed access roads, private 

shared driveways, footpaths and soft landscaped areas. 

Inspection and Maintenance Regime 

10.8 Ditches are proposed in areas in the north adjacent to private access roads to 

collect and convey surface water runoff from the highway in exceedance events. 

This will help to improve localised overland flow routes directing flows towards the 

basin. 

10.9 Regular inspection and maintenance are important for the effective operation of 

ditches. As the feature is an open accessible feature of the development, a regular 

inspection regime is very important to ensure the correct functionality of the surface 

water drainage network. 





 

Scarify and spike topsoil layer to improve 

infiltration performance, break up silt deposits and 

prevent compaction of the soil surface 

As required 

Remove build-up of sediment on upstream gravel 

trench, flow spreader or at top of filter strip 

As required 

Remove and dispose of oils or petrol residues using 

safe standard practices  

As required 

 

  



 

11.0 PERMEABLE SURFACES 

Location and Description 

11.1 The drainage strategy utilises permeable surfaces within private access roads. The 

permeable surfacing is to be constructed with a permeable tarmac or block paving.  

The location of the permeable surfaces are indicated on the drainage drawing as 

provided in Appendix A. 

11.2 Further to this, a specific construction detail is shown in Appendix D, shows the 

permeable surface layer. 

11.3 The feature will be designed in accordance with all relevant standards, plus statutory 

Bodies’ and manufacturers requirements.  

11.4 The surface is to be constructed of a permeable tarmac or block paved surfacing 

and therefore manufacturer’s recommendations should also be taken into 

consideration. Additionally, different manufacturers may have different connection 

types and arrangements which will need to be taken into consideration. 

11.5 It is the responsibility of the management company to maintain the permeable 

tarmac or block paved surfaces. 

Operation 

11.6 The permeable tarmac or block paved surfaces will provide interception for the first 

5mm of rainfall at the site.  

11.7 Surface water enters the permeable system from directly landing on the surface 

level above and not indirectly from other, nearby, sources or overland flows. 

Inspection And Maintenance Regime 

11.8 Regular inspection and maintenance are important for the effective operation of 

the features. As the feature is an open accessible feature of the development, a 

regular inspection regime is very important to ensure the correct functionality of the 

surface water drainage network.  

11.9 Brushing and vacuuming should be carried out on an annual basis. 





 

Rehabilitation of surface and upper 

substructure by remedial sweeping 

Every 10 to 15 years or as required (if 

infiltration performance is reduced 

due to significant clogging) 

Monitoring Initial inspection Monthly for three months after 

installation 

Inspect for evidence of poor operation 

and/or weed growth – if required, take 

remedial action 

Three-monthly, 48 hrs after large 

storms in first six months 

Inspect silt accumulation rates and 

establish appropriate brushing 

frequencies 

Annually 

Monitor inspection chambers Annually 

 

  



 

12.0 RAIN GARDENS 

Location and Description 

12.1 The location of the Rain Gardens are as indicated on the drainage drawing as 

provided in Appendix A and the detail is provided in Appendix D. 

12.2 The rain gardens are to be constructed as recommended as per the guidance in 

CIRIA 753 The SuDS Manual and finished in accordance with the landscaping details. 

12.3 It is the responsibility of the management company to maintain the rain gardens and 

their components. 

12.4 These features are to be finished in accordance with the site wide landscaping plan. 

Finishes (planting) are to be maintained in accordance with the landscaping 

management and maintenance schedule. 

Operation 

12.5 The Rain Gardens are designed to collect surface water runoff from permeable land 

during extreme events to alleviate ponding to soft landscaping and spilling into 

impermeable areas. 

12.6 Existing land drains and ditches at the site are to be utilised to convey surface water 

runoff from landscaped areas at the site towards proposed raingardens. 

12.7 Surface water and land drains within rear gardens are to be directed to the 2no. rain 

gardens to the south of the development site. 

12.8 Overland flow at the site is to also be directed to rain gardens. 

12.9 Access for maintenance will be provided from the proposed access roads, private 

shared driveway areas and footpaths. 

Inspection And Maintenance Regime 

12.10 Regular inspection and maintenance are important for the effective operation of 

the features. As the feature is an open accessible feature of the development, a 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Regular minor accumulations of silt by raking away 

surface mulch, scarifying surface of medium and 

replacing mulch 

As required 

Remedial 

Actions 

Remove and replace filter medium and vegetation 

above. 

As required but likely 

to be > 20 years 



 

13.0 LAND DRAINS 

Location and Description 

13.1 The locations of the land drains are as indicated on the drainage drawing as 

provided in Appendix A. Details of the land drains are included in Appendix D. 

13.2 The features have been designed in accordance with all relevant standards, plus 

Statutory Bodies’ and manufacturers requirements.  

13.3 Land drains are to be constructed as recommended in the CIRIA SuDS Manual. 

13.4 It is the responsibility of the management company to maintain the private land 

drains. 

13.5 The land drains are to be used for conveyance purposes. 

Operation 

13.6 The land drains are intended to collect and convey surface water runoff from the 

rear gardens in exceedance events.  

13.7 Access for maintenance will be provided from the proposed access roads, private 

shared driveways, footpaths and soft landscaped areas. 

Inspection and Maintenance Regime 

13.8 Land drains are proposed in rear gardens to collect and convey surface water runoff 

from gardens in exceedance events. This will help to improve localised infiltration 

and route overland flows below ground to capture surface water runoff that does 

not infiltrate immediately, mitigating runoff onto impermeable areas of the 

development. 

13.9 Regular inspection and maintenance are important for the effective operation of 

land drains. As the feature is an open accessible feature of the development, a 

regular inspection regime is very important to ensure the correct functionality of the 

surface water drainage network. 





 

Scarify and spike topsoil layer to improve 

infiltration performance, break up silt deposits and 

prevent compaction of the soil surface 

As required 

Remove build-up of sediment on upstream gravel 

trench, flow spreader or at top of filter strip 

As required 

Remove and dispose of oils or petrol residues using 

safe standard practices  

As required 

 

  



 

14.0 APPENDIX A – DRAINAGE LAYOUT 

  





 

15.0 APPENDIX B – PROPOSED HYDROBRAKE® DETAILS 

NOTE: SIMILAR APPROVED PRODUCTS MAY BE USED BY ALTERNATIVE SUPPLIERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















 

16.0 APPENDIX C – CELLULAR TANK MANUFACTURER PRODUCT DATA 

NOTE: SIMILAR APPROVED PRODUCTS MAY BE USED BY ALTERNATIVE SUPPLIERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







2 www.wavin.co.uk

Wavin AquaCell NG
Installation

AquaCell NG

Dimensions Length (mm) 1200

Width (mm) 600

Height (mm) 400

Gross volume (m3) 0.288

Void ratio % 95%

Storage volume (m3) 0.276

Connections Pipe connections OsmaDrain 110 – 160mm

UltraRib 150, 225, 300mm

TwinWall 150, 225, 300mm

Transportation and Handling Weight per unit (kg) 11.4

Units per pallet 28

Units per truck 1,176

m3 per truck 338

Installation Handling Integrated ergonomic hand grips

Connectors Fully integrated

Pipe connections Plug and clip system

Geotextile clips Integrated

Installation speed (m3 per day) 160 – 200

Accessibility Vertical Access 250mm Ø

Inspection channel width 200mm

Open floor area 54%

Material Material Recycled PP

Colour Black

Certification BBA BBA

European standards BS EN 17152-1

Loading Vertical 44 tonnes m2

Lateral 11 tonnes m2

Window of application Pedestrian

Minimum Cover (m) 0.3m

Max Depth (m) 4.48m

Car park (9 tonnes)

Minimum Cover (m) 0.85m

Max Depth (m) 3.98m
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Infiltration or attenuation?
The AquaCell range can be used either as: 

•  ��	A soakaway whereby the units will be installed in suitable 
pervious soils so the units can be wrapped in a geotextile to 
allow infiltration of the stormwater into the surrounding ground, 
or

•  ��	As an attenuation tank in impervious ground (e.g. clay) where 
infiltration is not possible, here the units are encapsulated 
in a geomembrane (which is in turn wrapped in a protective 
geotextile layer) so that the structure can hold the stormwater 
temporarily until local drainage flows can accept it for normal 
disposal at a permissible outflow rate.

Site assessment
Ground conditions may be established as part of a geotechnical 
assessment. This may include tests for infiltration and ground 
water level.

If there is no confirmation that such assessments have been 
conducted, or resulting conclusions are unavailable, a trial pit will 
be required in accordance with BRE 365.

For further information and guidance, please contact Wavin 
Technical Design Team.

Wavin AquaCell NG
Design guidance 

Large scale AquaCell NG storage tank installation

Infiltration (soakaways)
According to the principals of SuDS, wherever possible 
stormwater should be drained back into the ground via a 
soakaway as the first priority. A site must meet BOTH of the 
following criteria for infiltration to be possible:

•  The underlying soil surrounding the proposed installation is 		
	 sufficiently permeable

•  The seasonally high-water table is a minimum of 1 metre below 	
	 the base of the proposed installation

If either of these criteria is not met, or cannot be confirmed for 
any reason, a soakaway system may not be suitable for the 
application, in which case a storage tank must be used.

Attenuation (storage tanks)
A storage tank may be designed to be online or offline. However, 
if the site is subject to groundwater or a high water table, it is 
important to ensure that the tank is not vulnerable to flotation. 
Sufficient weight from soil, or other covering placed over the 
AquaCell units, must be sufficient to counter any buoyancy uplift 
force from the rising groundwater level.
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Properties:

1. Wavin AquaCell NG 

Base Unit 	 Material	 Recycled PP (Polypropylene)
	 Dimensions (mm)	 1200x600x425 (LxWxH)
	 Volume (Gross)	 0.288m³
	 Volume (Net)	 0.275m³
	 Void rate	 96%
	 Weight (kg)	 11.4
	 Pipe connections	 110mm, 160mm, 225mm & 300mm

Bottom plate 	 Material	 PP (Polypropylene)
	 Dimensions (mm)	 1200x600x35 (LxWxH)
	 Weight (kg)	 3.6

Side plate 	 Material	 Recycled PP (Polypropylene)
	 Dimensions (mm)	 1155x373x50 (LxWxH)
	 Weight	 2.3

DN200-315 Spigot plate 	 Material	 Recycled PP (Polypropylene)
	 Dimensions (mm)	 360x360x318 (LxWxH)
	 Weight (kg)	 1.3

























 

 

17.0 APPENDIX D – SUDS CONSTRUCTION DETAILS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















 

18.0 APPENDIX E – SUDS MAINTENANCE AND INSPECTION PRO-FORMA 

 



 

 

HIGHMOOR FARM, 
CLITHEROE 

SUDS INSEPCTION AND MAINTENANCE PRO-FORMA 
REVISION A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

16th June 2026 





 

1.0 BACKGROUND 

1.1 A separate Drainage Operation and Maintenance Manual has been provided for 

the site.  

1.2 Details of the maintenance schedule, required action and frequency for each SuDS 

feature/component are outlined within the report.  

1.3 The following Pro-Forma should be completed during the inspection and 

maintenance of each of the features at the site in line with the Drainage Operation 

and Maintenance Manual.  
























