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Appendix B – Construction specifications 

B.1 Low Resource Demand Construction Techniques  
Table 1 lists good practices for reduction of water use in the construction process.  These good practices 

will be considered for implementation during the construction of the new terminal and supporting 

works.   

 

TABLE 1 

Water Using Activity Good Practices to Minimise Water Usage 

Dust Suppression - General Use fan misting systems rather than rain guns and open 

hosing. Construct hard-standing ground as early as 

possible in the construction to eliminate the need for 

dust suppression.  

Dust Suppression – Site Roads Hire road sweepers that have an optional water 

recirculation system and/or are a hydraulic spinning type 

system that creates a mist stream opposed to the splash 

plate type that have a higher water demand. 

Dust Suppression – Wheel Wash Consider use of waterless type drive-on wheel wash 

system(s).  

Or  

Use high pressure, low flow washers. Collect, treat (if 

required), and re-use wash water from wheel wash for 

future wheel washing or collect for disposal.  Consider 

obtaining drive-on wheel wash system(s). Dispose 

wastewater responsibly.  

Cleaning – General Select hoses with appropriate flow patterns and use 

nozzles that allow for flow adjustment. 

Use high pressure, low flow washers where applicable.  

Collect wash water for re-use. 

Concrete & Bentonite Mixing Limit amount of concrete mixing onsite.  Order pre-

fabricated concrete slabs and walls to eliminate the need 

for an onsite concrete mixing facility. 

 

Use a portion of the recaptured re-use wash water for 

concrete mixing.  Perform quality checks to ensure the 

quantity of re-use wash water used in the mix does not 

negatively impact the concrete integrity.  
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TABLE 1 

Water Using Activity Good Practices to Minimise Water Usage 

Temporary Facilities Use low water use appliance and equipment for 

construction, such as motion-activated spray taps and 

low flush volume toilets.  

Practice good water housekeeping by monitoring water 

usage, investigate possible leaks, and routinely inspecting 

fittings for leakage. 

 

 

 

The following figures show examples of some of the equipment that can be used to minimise water 

usage during construction.   

 

Figure 1– Fan Misting System 
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Figure 2- Dust Suppression Vehicle, Hydraulic Spinning Type  

 
Figure 3 - Drive-on Wheel Wash Area 

 

 

References: 

 

“Auditing of water use on construction sites – Phase I & Phase II Final Report,” WRAP, December 2012. 
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B.2 Drainage specification 

B.2.1 Purpose of this document 
This draft specification has been developed in conjunction with the outline drainage strategy and design for 

surface water drainage systems associated with future runway construction at Gatwick Airport.  It is 

intended to provide outline performance and technical requirements for the surface water drainage and 

should be read in conjunction with relevant drawings and reports. 

This is not a detailed construction specification; for details of the construction specification see version 1 of 

the Gatwick Airport Limited 2012 Airside Reference Specifications Section 18 - Drainage. 

 

B.2.2. Function 

Surface Water Drainage 
 

General Description 
A new surface water drainage system shall be constructed to collect and convey run off from all proposed 

paved areas, including runway, taxiways and aprons, and will incorporate cut off drains to prevent run off 

from adjacent grassed areas passing onto runways or taxiways.  The system shall convey surface water to 

attenuation/pollution control pond(s) via a pump station, pollution monitoring system and flow control 

device.  Downstream ‘clean’ flow will be conveyed to the River Mole and ‘polluted’ flow will either be 

pumped to the existing Crawley Treatment Works or treated on site (to be confirmed). 

 

General Requirements 
A positive drainage system shall be provided to remove water from all pavement surfaces. 

The drainage system shall be designed such that potentially polluted run-off from paved areas cannot enter 

grassed or ‘clean’ areas in design storm conditions. In storms which exceed the design event, surface water 

flows emanating from the drainage system either due to insufficient capacity or blockage should be routed 

away from runways, taxiways, and buildings. These exceedance flows should be conveyed to areas of low 

risk that can drain back towards the drainage system as the rainfall intensity reduces or when the blockage 

is removed. 

Drainage pipeline crossings of the runway and taxiway shall be avoided where possible.  Where they are 

considered unavoidable they shall be as short as possible. 
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For taxiways, the entire drainage system shall be constructed beyond the outer edges of the taxiway, 

taxiway fillets or paved blast protection surfaces. 

Any connections between existing drainage and new drainage shall be at existing manholes, where 

possible, with cover levels set at finished ground level.  Existing manholes shall be modified as necessary to 

suit new connections. 

The hydraulic and structural design of the drainage system shall take due account of any proposed 

earthworks and any residual movement or settlement that may occur. 

All drainage systems shall have a minimum design life of 60 years, and shall be provided with safe and 

adequate access for inspection and maintenance. 

 

B.2.3 Standards 

Surface Water Drainage 
All surface water drainage shall be in accordance with the latest appropriate British and other recognised 

standards, and other relevant specifications.  This shall include (but is not limited to): 

• Gatwick Airport Ltd Civil Engineering Airfield Reference Specification 

• Civil Engineering Specification for the Water Industry (7th edition) 

• BS EN 752: 2008 Design of Sewers Outside Buildings 

• Sewers for Adoption (7th edition) 

• SuDS Manual (CIRIA - C697) 

• Site handbook for the construction of SUDS (CIRIA - C698) 

• Designing for exceedance in urban drainage – good practice (CIRIA – C635) 

• Environment Agency Pollution Prevention Guidelines (PPG3) 

• BS7671: 1992 Requirements for Electrical Installations 

• IEE Wiring Regulations 

• All relevant Health and Safety Legislation, Codes of Practice and other relevant guidelines for the 

purposes of the safe operation and maintenance of the installations 

 

 

 



 

15 2 GATWICK R2 - UPDATED SCHEME DESIGN FOR AIRPORTS COMMISSION MAY 2014 SUBMISSION APPENDICES V7 
 

B.2.4 Drainage Design  

Hydraulic Design 
A range of storm durations (from 30 minutes to 7 days) shall be considered to determine the critical 

storm. 

Surface water drainage pipes shall be designed such that no surcharging occurs under the critical storm 

duration with a return period of 2 years. 

The drainage system as a whole shall be designed such that there is no surcharging above ground during 

the critical duration storm with a return period of 10 years.  All paved areas shall be designed such that 

standing water cannot collect. 

For storms above the 10 year return period and up to (and including) the 100 year return period an 

assessment of exceedance flow shall be made.  No run off will be permitted to exit the site and the 

drainage system (including the provision of cut off drains where required) shall be designed such that 

runoff generated during the 100 year return period is stored and conveyed to the River Mole via 

proposed attenuation features.  Pumps and attenuation/pollution control ponds shall be sized 

accordingly. 

An increase of 20% to rainfall intensities shall be applied to the design to allow for the effects of climate 

change. 

Surface water discharge from the new development shall be restricted to rates at or below existing 

greenfield runoff (exact rates to be confirmed with the Environment Agency). 

 

Structural Design 
Chambers, pipelines and other drainage infrastructure shall be capable of withstanding aircraft loads 

(exact aircraft to be specified by the Airport), except in areas used exclusively by vehicular traffic where 

standard highways loading should be used. 

Manholes, Gullies and Catchpits 
New chambers shall be located, as far as is practicable, outside of runways, taxiways, and aprons. 

Where required chambers shall be delethalised in accordance with CAP 168. 

Manhole and chamber covers shall be Spring Assist Lift type by either Elkington Gatic or Norinco UK Ltd. 

They shall be solid top class F900 to BS (EN) 124 where aircraft loading is required. Elsewhere manhole 

and chamber covers shall be class D400. 
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Slot Drains  
Drainage at edges of airfield pavements shall be provided using metal throat slot drain systems designed 

for F900 loading (Elkington Gatic or similar approved). 

Attenuation and Storage 
Attenuation and storage of excess run off is proposed via buried systems (adjacent to taxiway/runway) 

and surface detention basins or wetland features (refer to outline drainage design drawings for locations). 

Details of buried systems are to be agreed and approved by the Airport but may include: 

• Oversized pipes, with or without throttles 

• Buried tank systems (e.g. culverts) 

• Buried geo-cellular systems 

Buried systems (upstream of the pollution monitoring equipment) shall not be provided as infiltration 

devices and shall include measures to prevent flotation (as determined through calculation). All buried 

systems shall have a proprietary silt removal unit immediately upstream to reduce siltation within the tank. 

All tanks must be capable of being cleaned by high pressure jetting hoses, and able to be inspected by 

remote wheeled CCTV units. Proprietary silt removal units shall also meet as a minimum the standard for a 

class 2 bypass separator, and be fitted with a high level silt and oil alarm capable of remote communication 

to a location to be agreed with the client. 

Immediately upstream of the ‘clean’ and ‘polluted’ attenuation basins a silt forebay will be constructed to 

allow the settling out of silt prior to the flows passing forwards to either the ‘clean’ or ‘polluted’ basins (see 

section 5 for details of pollution control). The silt forebay will be a surface feature and shall impermeable to 

prevent loss of water to the ground (exact construction details to be confirmed). 

The ‘clean’ attenuation basin will be constructed as a grass lined surface feature with the approximate 

dimensions indicated on the drainage design drawings.  This feature will act as a detention basin to provide 

water storage and treatment (sediment removal) during and after storm events.  It will not contain a 

permanent body of water.  Infiltration shall be permitted subject to geotechnical and hydrogeological 

considerations, and assessment of ground water levels. The basin will have a low flow channel sized to 

accommodate the flows from the 2 year return period storm. 

A separate attenuation basin shall be provided for ‘polluted’ run off with the approximate dimensions 

indicated on the drainage design drawings.  This will be a surface feature and shall be constructed so as to 

prevent the infiltration of any water into the ground (exact construction details to be confirmed). The basin 

will have a low flow channel sized to accommodate the flows from the 2 year return period storm. The low 

flow channel will connect to the downstream pump station wet well.  

All systems shall be designed to allow for cleaning of spillages should an aircraft incident occur. 
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B.2.5 Pollution Control  

Philosophy 
The pollution control philosophy is that all runoff from new pavement construction (Runways, Taxiways and 

Aprons) shall be diverted to the River Mole (when not polluted) or either (i) pumped to the existing Crawley 

Treatment Works or (ii) treated on site. 

All discharge from new paved areas is to be restricted to rates at or below existing greenfield runoff. 

 

Requirements 
All run off from the proposed gravity system shall be pumped (via a single pump station – see section 6 

below) to the receiving silt forebay area located upstream of (but adjacent to) the attenuation/storage 

basins.   

A pollution monitoring chamber shall be positioned on the alignment of the existing (proposed to be re-

lined) culvert upstream of the proposed pump station.  Pollution monitoring equipment positioned within 

this chamber shall be connected to control valves or gates located in the silt forebay area to divert flow 

(received from the pump station) to either the clean or polluted storage basins.   

 

Control and Monitoring 
Specific system requirements including proposed hardware, software, communications, alarms, power 

supply, testing etc. shall be discussed and agreed with the Airport in advance of construction works 

commencing.  It is anticipated that the control and monitoring system will be an extension of the facility 

currently operated by the Airport. 

 

B.2.6 Pumping Station 

Functional Design Specification 
A Functional Design Specification (FDS) shall be developed to accompany the design of the pump station, 

which shall be developed and submitted for approval by the Airport in advance of construction works 

commencing. 

The FDS shall clearly set out the philosophy of the drainage system and pump station operation. 

The FDS will form the basis of the control philosophy and shall ensure that the control system will operate 

as required regardless of remote communication systems (although alarms shall be raised). 
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Requirements 
The location of the pump station is indicated on the drainage strategy design drawings.  

The pumping station shall be designed in accordance with “Sewers for Adoption 7th Edition”, published by 

WRc, BS 8301 and BS 8005: Part 2 and where applicable CIRIA Report 121: “Design of Low Lift Pumping 

Stations” and CIRIA Report 182 “Pumping stations - design for improved buildability and maintenance” 

The pumps shall be supplied by approved manufacturer(s) to be specified by the Airport. The installation of 

the pumps, pipework and associated equipment shall be undertaken by the pump manufacturer, or a single 

specialist subcontractor approved by the pump manufacturer and the Airport. 

The number of pumps shall be such that there is always a standby pump at times of peak flows. The order 

of operation of the pumps shall be periodically rotated, such that, in the case of a multi pump system, each 

pump will at some stage be in standby mode. Measures shall be incorporated to prevent blockage or 

malfunction of the pumps caused by grit or other debris which may enter the drainage system through 

natural or artificial means. 

The pumping station(s) shall be located in areas accessible by vehicles. 

The wet well shall be designed as a water retaining structure and shall have an acceptable factor of safety 

against flotation when empty. 

Facilities shall be provided for safe routine inspection and maintenance of the installation, and include 

provision for emptying/cleaning by tanker. Suitable means shall be provided for the purpose of lifting the 

pumps fully out of the pump chamber for maintenance and lifting onto maintenance vehicle. 

 

Control and Monitoring 
System requirements including proposed hardware, software, communications, alarms, power supply, 

testing etc. shall be discussed and agreed with the Airport.  It is anticipated that the control and monitoring 

system will be an extension of the facility currently operated by the Airport. 
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B.2.7 Drainage design: approximate quantities 
 

Filter Drain: 

Approximate dimensions 
Approximate length 

(m) 

1000 x 1500mm  22,380 

 

Carrier Drain:  

Approximate dimensions 
Approximate length 

(m) 

225mm CIRC 7,613 

325 mm CIRC 14,767 

600 mm CIRC 632 

725 mm CIRC 487 

1050 mm CIRC 2480 

1200 mm CIRC 5496 

1500 mm CIRC 2454 

 

Buried Storage: 

Approximate dimensions 
Approximate length 

(m) 

3000 mm CIRC 956 

4000 mm x 2500 mm RECT 1614 

 

Culvert Relining:  

Approximate dimensions 
Approximate length 

(m) 

4572 mm x 2286 mm  514 

 

Chambers: 

No. 

445 
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Open Channel: 

Approximate dimensions 
Approximate length 

(m) 

4000 x 3000 300 
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B.2.8 Outline Pump Station Arrangement 
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B3 Stand-alone treatment plant 

Philosophy 
 

The stand-alone treatment plant is intended to be an alternative to sending de-icer contaminated surface 

water run-off from the airport to Crawley STW for treatment by Thames Water.  Not only will this make the 

airport development more self-reliant but it will also save the costs of the Trade effluent charges that 

Thames Water would charge GAL for providing this service. 

 

Hydraulic Design   
The plant shall be capable of operating at 100l/s continuously without any surcharging or over-topping at 

any point in the plant unless the plant has been designed to operate in that manner.  Notwithstanding this 

the variable nature of the incoming load is such that the inlet pumping station to be capable of operating at 

flow rates down to 25 litres per second when dealing with high-strength flows and the plant shall be 

capable of operating at this lower flow rate and all flow rates between 25 litres per second and 100 litres 

per second. 

Flow for treatment shall be measured by means of an electro-magnetic flow-meter between the inlet 

pumping station and the reaction tank. 

 
Process Design 
The reaction tank shall be capable of meeting the BOD requirements of flows with four times the average 

BOD load at a rate of 100 litres per second at the maximum output rate of the blowers.   

The blowers and aeration system shall be capable of being turned down to 20% of their maximum rate 

when tackling low strength flows in order to reduce energy costs and reduce the possibility of producing 

filamentous bacteria. 

The humus tank shall be designed for a surface loading of less than 30m3/m2/d and have a side wall depth 

of at least 2.5m and a detention time of at least 2 hours at 100 litres per second. 

The water quality at the exit of the Humus tanks shall be tested and if less than 10mg/l BOD the flow shall 

be transferred to attenuation pond otherwise the flow shall be returned to the dirty water pond for 

treatment a second time. 

The sludge holding tank shall have a decanting facility that allows liquid above the settled sludge to be 

drawn off and returned to the inlet pumping station. 
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Civils Design 
The majority of the elements for the plant will be constructed above-ground or only partially buried to a 

depth that a sufficient factor of safety against buoyancy when the structures are empty.  Should they need 

to be deeper then measures to counteract buoyancy will be required.  If the process units cannot be 

constructed at a sufficient height then a pumping station will be required to return the treated flow to the 

attenuation pond or the dirty water pond. 

Wherever possible the structures will be pre-fabricated in line with the water conservation measures 

identified in section B1.   With the exception of kiosks and ancillary structures, all major structures shall be 

designed as water retaining structures. 

 

Functional Design Specification 
A Functional Design Specification (FDS) shall be developed to accompany the design of the treatment plant, 

which shall be developed and submitted for approval by the Airport in advance of construction works 

commencing. 

The FDS shall clearly set out the philosophy of the clean water storage, dirty water storage and the 

treatment plant operation. 

The FDS will form the basis of the control philosophy and shall ensure that the control system will operate 

as required regardless of remote communication systems (although alarms shall be raised). 

 

Requirements 
The location and preferred layout of the treatment plant is shown on drawing 005-C-2C012 Scheme Design 

with Embedded Mitigation – Option 2.  

The pumping station(s) shall be located in areas accessible by vehicles. 

Facilities shall be provided for safe routine inspection and maintenance of the installation, and include 

provision for emptying/cleaning by tanker. Suitable means shall be provided for the purpose of lifting the 

pumps fully out of the pump chamber for maintenance and lifting onto maintenance vehicle. 

 

Control and Monitoring 
System requirements including proposed hardware, software, communications, alarms, power supply, 

testing etc. shall be discussed and agreed with the Airport.  It is anticipated that the control and monitoring 

system will be an extension of the facility currently operated by the Airport. 
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B4 Wetland treatment 

Philosophy 
 

Wetland treatment is the exemplar alternative to sending de-icer contaminated surface water run-off from 

the airport to Crawley STW for treatment by Thames Water.  Not only will this make the airport 

development more self-reliant but it will also save the costs of the Trade effluent charges that Thames 

Water would charge GAL for providing this service.  Wetland treatment is an extensive treatment 

technology that offers several advantages such as relatively low energy requirements and process 

robustness. 

 

Hydraulic Design   
The wetland shall be capable of operating at 2000l/s continuously without any surcharging to ground level 

of the wetland.  Notwithstanding this, the variable nature of the incoming load is such that the wetland 

upstream pumping station is to be capable of operating at flow rates down to 250 litres per second when 

dealing with high-strength flows or low influent flow rates from the airport drainage system.  The wetland 

shall be capable of operating at this lower flow rate and all flow rates between 250 litres per second and 

2000 litres per second. 

Flow for treatment shall be measured by means of an electro-magnetic flow-meter between the wetland 

upstream pumping station and the wetland.  The water level and the BOD level in the Wetland upstream 

tank shall also be monitored. 

 
Process Design 
The wetland shall be capable of meeting the BOD requirements of flows with four times the average BOD 

load at a rate of 2000 litres per second at the maximum output rate of the blowers.   

Upstream of the wetland shall be a 70,000m3 balancing tank that will receive flows from the airport surface 

water drainage system transferred at a rate of up to 2000l/s from a pumping station located adjacent to 

the final attenuation and water recycle ponds.  The wetland upstream balancing tank shall also integrally 

house the wetland feed pumps whose rates are set out in the previous section. The water level and the 

BOD level in the Wetland upstream tank shall be monitored. 

The blowers and aeration system shall be capable of being turned down to 20% of their maximum rate 

when tackling low strength flows as an activated wetland in order to reduce energy costs.  The aeration 

system shall also be capable of being reliably turned off and restarted in order to further reduce energy 

costs if a sufficient level of treatment can be achieved by the wetland acting as a passive wetland. 
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The water quality at the exit of the wetland tanks shall be tested and if less than 10mg/l BOD the flow shall 

be transferred to attenuation/water recycle pond pumping station otherwise the flow shall be diverted to 

the recirculation holding tank.   Once the flow reaches the attenuation/water recycle pond pumping station 

it will be pumped into the water recycle cell which if full will spill over into attenuation pond for discharge 

into the adjacent watercourse in a controlled manner.  Water will be drawn off from the Water Recycle 

pond and pumped into the combined fire and water recycle mains system for use where and when 

required therefore these pumps shall be configured so that they can supply the requirements for fire 

firefighting in addition to requirements for water recycling. 

The recirculation holding tank shall be 70,000m3 and have integral 100l/s pumps that return flows to the 

head of the wetland so that they can have a further pass through the wetland. 

 

Civils Design 
The wetland location to the south of the new runway dictates that the new major structures must be built 

to no higher than ground level, finished to ground level and capable of withstanding a plane passing over 

the structure without it collapsing.    

For the tanks upstream and downstream of the wetland this creates a major flotation issue however the 

additional concrete that would normally be deployed as part of a range of possible measures to counteract 

buoyancy can be incorporated into thicker structural elements that are will needed to cope with the high 

imposed loads.    

The clay ground type in the area might lend itself to constructing the wetlands without a liner but if a liner 

is required then installing the liner may require temporary measures to prevent it floating during 

installation.  The wetland media and the inlet and outlet ‘French drain’ will require selection to ensure the 

necessary permeability while achieving a satisfactory ground bearing standard.  

Wherever possible the structures will be pre-fabricated in line with the water conservation measures 

identified in section B1.   With the exception of kiosks and ancillary structures, all major structures shall be 

designed as water retaining structures. 

There will be elements that cannot or are better not constructed underground.  These include the blowers 

and there housings, the nutrient tanks and the pump motor control centres.  These shall be constructed 

away from the runway adjacent to the noise bund where they can be conveniently accessed from the inner 

perimeter road 
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Functional Design Specification 
A Functional Design Specification (FDS) shall be developed to accompany the design of the treatment plant, 

which shall be developed and submitted for approval by the Airport in advance of construction works 

commencing. 

The FDS shall clearly set out the philosophy of the water recycle storage, the final attenuation pond, the 

water recycle pumping station, the wetland feed pumping station, the recirculation pumping station and 

the associated control valves. 

The FDS will form the basis of the control philosophy and shall ensure that the control system will operate 

as required regardless of remote communication systems (although alarms shall be raised). 

 

Requirements 
The location and preferred layout of the treatment plant is shown on drawing 005-C-2C012 Scheme Design 

with Additional Mitigation.  

The pumping station(s) shall be located in areas accessible by vehicles. 

Facilities shall be provided for safe routine inspection and maintenance of the installation, and include 

provision for nutrient deliver by tanker. Suitable means shall be provided for the purpose of lifting the 

pumps fully out of the pump chamber for maintenance and lifting onto maintenance vehicle. 

 

Control and Monitoring 
System requirements including proposed hardware, software, communications, alarms, power supply, 

testing etc. shall be discussed and agreed with the Airport.  It is anticipated that the control and monitoring 

system will be an extension of the facility currently operated by the Airport. 
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Appendix C – Preliminary Water Framework 
Directive Assessment 
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31 2 GATWICK R2 - UPDATED SCHEME DESIGN FOR AIRPORTS COMMISSION MAY 2014 SUBMISSION APPENDICES V7 
 

Appendix C – Preliminary Water Framework 
Directive Assessment 

C.1 Initial screening 
Are ALL components of the proposed works described accurately in the table below? Tick 

If NO – Complete section 2 (mitigations measures delivery) and then go to section 3 (WFD 

Preliminary Assessment). 

 

If YES – Complete 2 (mitigation measures delivery) and then finish.  

 

 

 Type of modification 

Low impact 

maintenance 

activities 

(encourage removal 

of obstructions to 

fish/eel passage) 

 Re-pointing (block work structures) 

 Void filling ('solid' structures)  

 Re-positioning (rock or rubble or block work structures) 

 Replacing elements (not whole structure) 

 Re-facing 

 Skimming/covering/grit blasting 

 Cleaning and/or painting of a structure 

Temporary works   Temporary scaffolding to enable bridge re-pointing 

 Temporary clear span bridge with abutments set-back from bank top 

 Temporary coffer dam (if eel/fish passage not impeded) 

 Temporary flow diversion (if fish/eel passage not impeded) such as 

flumes and porta-dams 

 Repair works to bridge or culvert which do not extend the structure, 

reduce the cross-section of the river or affect the banks or bed of the 

river, or reduce conveyance 

 Excavation of trial pits of boreholes in byelaw margin 

 Structural investigation works of a bridge/culvert/flood defence such as 

intrusive tests, non-intrusive surveys 

Bridges  Permanent clear span bridge, with abutments set-back from bank top 

 Bridge deck/parapet replacement/repair works  

 Replacing road surface on a bridge 

Service crossing  Service crossing below the river bed, installed by directional drilling or 



32 2 GATWICK R2 - UPDATED SCHEME DESIGN FOR AIRPORTS COMMISSION MAY 2014 SUBMISSION APPENDICES V7 
 

micro tunnelling if more than 1.5m below the natural bed line of the 

river 

 Service crossing over a river. This includes those attached to the 

parapets of a bridge or encapsulated within the bridge's footpath or road 

 Replacement, installation or dismantling of service crossing/high 

voltage cable over a river 

Other structures  Fishing platforms   

 Fish/eel pass on existing structure (where <2% water body length is 

impacted, see 488_10 SD02) 

 Cattle drinks  

 Mink rafts 

 Fencing (if open panel/chicken wire) in byelaw margin 

 Outfall to a river ≤  300mm Ø 

 

C.2 Mitigation measures identified in River Basin 
Management Plan 

 

To be completed by: EA internal teams (Partnership and Strategic Overview (FDC officers); Asset 

Performance Team (Project managers); Sustainable Place; National Permitting or; NEAS) 

 

The waterbody which this project is located in may require morphological mitigation measures (e.g. creating a 

new meander to help improve the morphological diversity, or removing/treating invasive non natives). This will 

be the case if it is a heavily modified or artificial waterbody and it is not yet as good ecological potential. Please 

check the documentation regarding this waterbody (e.g. Waterbody Summary Sheet) to see if any such 

mitigations are listed.  Contact catchment coordinators and F&B for advice. 

 

 

ACTION: Please check the relevant River Basin Management Plans regarding waterbody(s) to see if any such 

mitigation measures are listed, whether the scheme can help to deliver these measures  

ALSO contact EA for advice on environmental improvements for non-HMWBs and ensure that the scheme will not 

prevent mitigation measures or environmental improvements from being achieved in the future. 

 

Waterbody ID and Name:  

Tilgate Brook, Gatwick Stream, Crawters Brook at Crawley  

http://ams.ea.gov/ams_root/2010/451_500/488_10_SD02.doc


 

33 2 GATWICK R2 - UPDATED SCHEME DESIGN FOR AIRPORTS COMMISSION MAY 2014 SUBMISSION APPENDICES V7 
 

ID: GB106039017500 

Mitigation Measures listed for this water body Can it be delivered by this project?  

Appropriate techniques to align and attenuate flow to limit 

detrimental effect of drainage features 

Appropriate water level management strategies, including timing 

and volume of water moved 

Retain marginal aquatic and riparian habitats (channel 

alteration) 

Management of the risk of entrainment in intakes for 

hydropower turbines or water resource purposes (or pumping 

stations) where there is downstream fish migration 

(noted as In Place in RBMP) 

Preserve and where possible enhance ecological value of 

marginal aquatic habitat, banks and riparian zone 

Increase in-channel morphological diversity 

Re-engineering of the river where the flow regime cannot be 

modified 

(noted as Not In Place in RBMP) 

Environmental Improvements listed for this water body Can it be delivered by this project?  

The Upper Mole information pack details 8 actions for the water 

bodies listed: 

Remove all unnecessary river obstructions and concrete banks  

Make all remaining structures passable to fish.  

Introduce in channel enhancements to create habitats and 

diversify the flow in heavily modified channels  

 Upgrade Crawley Sewage treatment works so the effluent 

treatment removes Phosphate  

Tackle misconnections in the catchment.  

Carryout further investigations to understand the effects of 

agricultural runoff  

Investigate possible illegal impoundments in the catchment  

Ensure that future development does not deteriorate the rivers 

further and is seen as an opportunity to enhance river 

environment.  

 

 

 

Yes 

Yes 

Yes 

Already delivered 

No 

No 

 

No 

 

No 

 

 

Waterbody ID and Name:  
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Mole at Gatwick Airport 

ID: GB106039017510 

 

Mitigation Measures listed for this water body Can it be delivered by this project?  

Appropriate channel maintenance strategies and techniques – 

woody debris 

Appropriate channel maintenance strategies and techniques – 

minimise disturbance to channel bed and margins 

Appropriate timing (vegetation control) 

Appropriate vegetation control technique 

Selective vegetation control regime 

Set-back embankments 

Flood bunds (earth banks, in place of floodwalls) 

(noted as In Place in RBMP) 

Environmental Improvements listed for this water body Can it be delivered by this project?  

The Upper Mole information pack details 8 actions for the water 

bodies listed: 

• Remove all unnecessary river obstructions and 

concrete banks  

• Make all remaining structures passable to fish.  

 Introduce in channel enhancements to create habitats and 

diversify the flow in heavily modified channels  

• Upgrade Crawley Sewage treatment works so the 

effluent treatment removes Phosphate  

• Tackle misconnections in the catchment.  

• Carryout further investigations to understand the 

effects of agricultural runoff  

• Investigate possible illegal impoundments in the 

catchment  

• Ensure that future development does not deteriorate 

the rivers further and is seen as an opportunity to 

enhance river environment.  

 

 

 

Yes 

 

Yes 

 

Yes 

 

 

Already delivered 

 

No 

 

No 

 

No 

 

No 

 

 

Waterbody ID and Name:  
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Mole (Crawley to Gatwick Airport) 

ID: GB106039017480 

 

Mitigation Measures listed for this water body Can it be delivered by this project?  

The water body is not designated A/HMWB, therefore no 

mitigation measures are provided in the RBMP. 

 

N/A 

Environmental Improvements listed for this water body Can it be delivered by this project?  

The Upper Mole information pack details 8 actions for the water 

bodies listed: 

• Remove all unnecessary river obstructions and 

concrete banks  

• Make all remaining structures passable to fish.  

• Introduce in channel enhancements to create habitats 

and diversify the flow in heavily modified channels  

• Upgrade Crawley Sewage treatment works so the 

effluent treatment removes Phosphate  

• Tackle misconnections in the catchment.  

• Carryout further investigations to understand the 

effects of agricultural runoff  

• Investigate possible illegal impoundments in the 

catchment  

• Ensure that future development does not deteriorate 

the rivers further and is seen as an opportunity to 

enhance river environment.  

 

 

Yes 

 

Yes 

 

Yes 

 

Already delivered 

 

No 

 

No 

 

No 

 

No 

 

 

Waterbody ID and Name:  

Man’s Brook (Charlwood to Gatwick Airport) 

ID:GB106039017490 

 

Mitigation Measures listed for this water body Can it be delivered by this project?  

The water body is not designated A/HMWB, therefore no 

mitigation measures are provided in the RBMP. 

 

N/A 
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Environmental Improvements listed for this water body Can it be delivered by this project?  

The Upper Mole information pack details 8 actions for the water 

bodies listed: 

• Remove all unnecessary river obstructions and 

concrete banks  

• Make all remaining structures passable to fish.  

• Introduce in channel enhancements to create habitats 

and diversify the flow in heavily modified channels  

• Upgrade Crawley Sewage treatment works so the 

effluent treatment removes Phosphate  

• Tackle misconnections in the catchment.  

• Carryout further investigations to understand the 

effects of agricultural runoff  

• Investigate possible illegal impoundments in the 

catchment  

• Ensure that future development does not deteriorate 

the rivers further and is seen as an opportunity to 

enhance river environment.  

 

 

 

Yes 

 

Yes 

 

Yes 

 

 

Already delivered 

 

No 

 

No 

 

No 

 

No 
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C.3 WFD compliance assessment 
C.3.1 Step 1: Collect water body baseline data 
A description of the water body(s) that may potentially be affected by the proposed scheme is detailed 

below.  

 

 

ACTION:  To be completed by external project managers/consultants with assistance from EA Fisheries and 

Biodiversity team 

Water body 

name & ID 

Water 

body type 

Ecological 

Status/ 

Potential - 

2009 to 

present 

Ecological 

Status/ 

Potential 

objective 

and date 

Reasons for failure 

A_HMWB 

Designation? 

If yes, include 

reason 

River 

length 

(km) or 

lake area 

(km²) 

Mole 

(Crawley to 

Gatwick 

Airport) 

ID: 

GB10603901

7480 

River 
Moderate 

Status 

GES by 

2027 

Invertebrates – 

Moderate (technically 

infeasible, B2a, B2p) 

Dissolved Oxygen – 

Poor (technically 

infeasible, DO2b) 

Phosphate – 

Moderate 

(Disproportionately 

expensive (P1a) 

Hydrology – not high 

Not 

Designated 

A/HMWB 

 

3.92km 

Mole at 

Gatwick 

Airport 

ID: 

GB10603901

7510 

River 

 

Moderate 

Potential 

GEP by 

2027 

Invertebrates – 

Moderate 

Dissolved Oxygen – 

Moderate 

Phosphate – 

Moderate 

(Disproportionately 

expensive (P1a)) 

Hydrology – not good 

HMWB 

 
2.84km 
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Tilgate 

Brook, 

Gatwick 

Stream, 

Crawters 

Brook at 

Crawley 

ID: 

GB10603901

7500 

River 
Moderate 

Potential 

GEP by 

2027 

Invertebrates – poor  

Hydrology – not high 

 

HMWB 7.85km 

Man’s Brook 

(Charlwood 

to Gatwick 

Airport) 

ID:GB10603

9017490 

River  
Moderate 

status 

GES by 

2027 

Phytobenthos – poor 

Dissolved oxygen – 

poor 

Phosphate – poor 

(Disproportionately 

expensive (P1a)) 

Not 

Designated 

A/HMWB 

 

2.37km 

 

 

 

Water body name List designated sites List protected habitats List protected species 

Mole (Crawley to 

Gatwick Airport) 

ID: GB106039017480 

Freshwater Fish Directive, 

Nitrates Directive  

None known 

 

Unknown 

Mole at Gatwick Airport 

ID: GB106039017510 

Freshwater Fish Directive, 

Nitrates Directive 

None known 

 

Unknown 

Tilgate Brook, Gatwick 

Stream, Crawters Brook 

at Crawley 

ID: GB106039017500 

Freshwater Fish Directive, 

Nitrates Directive, Urban 

Waste Water Treatment 

Directive 

None known 

 

Unknown 

Man’s Brook (Charlwood 

to Gatwick Airport) 

ID:GB106039017490 

Nitrates Directive None known 

 

Unknown 
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C.3.2 Step 2: Collect proposed scheme baseline data 
A description of the proposed works is required with details of location and extent of the water body 

affected (water body within wich the works are proposed). This includes works that are within, over, 

under or adjacent to the river channel (in the riparian zone). 

 

More technical information may be included in appendices if required.  

 

ACTION:  To be completed by external project managers/consultants with assistance from EA Fisheries 

and Biodiversity team  

 

Grid Reference upstream point Grid Reference downstream point 
Length of river or area of water 

body affected (metres/hectares) 

Mole  3km 

Crawters Brook  2.4km 
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Describe proposed works here. Please include (i) a list of all individual components (ii) indicative 

timing(s) and (iii) a list of current mitigations built into the scheme. 

 

The proposals involve the diversion of the River Mole and the Crawters Brook. The River Mole will be 

diverted to the West of Gatwick airport. This will involve bypassing approximately 600m of culvert and 

increasing the channel length by approximately 1km.  

 

The Crawters Brook will be diverted to the West and into the River Mole. This will involve increasing the 

channel length by approximately 100m, and will involve reducing the bed level of the Mole by 2m at the 

Crawters Brook/Mole confluence. This will involve the installation of a weir at this location in order to 

stablise bed levels. 

 

Both diversions have been designed to improve the morphology, encourage natural processes and to 

improve ecological diversity. The diversions will allow increased channel-floodplain coupling which will 

reduce flood risk and create new riparian and floodplain habitats. Channels have been designed to take a 

more natural flow that the current channels and are designed with increased variability in form to create 

pool and piffle morphology. Additional features such as gravel bars and large woody debris are to be 

added to the design at a later date for further improve diversity in form, process and ecology. Substrate 

from the existing channels will be placed into the new diversion channels to insure continuity of material 

within the system. 

 

Our embedded mitigation scheme weir will insure provision for both fish and eels. It is proposed to provide 

a brush eel pass and a Larinier fish pass complete with fish resting areas. 

 

Timing of works is currently unknown but it will follow best practice at the time. 
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C.3.1.3  Step 3: WFD Preliminary Assessment – could the project cause deterioration or failure to meet GES / GEP?  
ACTION: Will the proposed works or activities have a negative effect upon the WFD Quality Elements?  Tick 

Establish the individual project components (e.g. weir, culvert, flood bank) and list them in the columns of WFD Preliminary Assessment Table 

below. Add extra columns for each additional component and continue onto another sheet if needed 

 

If that component has a negative impact on the environment, describe the risk of deterioration in the box.  

Mitigations or environmental improvements to overcome the negative impacts should also be listed and described directly underneath. 

 

Refer to Step 1 data above for mitigation measures & environmental improvements) to help with this step. 

 

 

 

WFD Preliminary Assessment table 

Quality element 

category 
Will your activity affect? Example(s) 

River Mole 

diversion 

Crawters Brook 

Diversion 

Confluence 

weir 

New discharge 

to River Mole 

Hydro-

morphological  

 

(Hydrology and 

Geomorphology) 

Quantity and dynamics of 

water flow in the 

watercourse 

Damming, abstracting or diverting water flow can 

decrease the amount of water available for aquatic 

dependent biota and diversity of flow habitat types  

Quantity will not be 

effected.  

Flow diversity will be 

greater than in the 

current channel. 

Quantity will not be 

effected.  

Flow diversity will 

be greater than in 

the current 

channel. 

Potential 

reduction in flow 

quality upstream 

due to 

impoundment by 

the weir 

Potential localised 

reduction in 

natural runoff to 

Crawter’s Brook 

and River Mole 

due to creation of 

artificial drainage 

system within the 

new operational 

area. However, 

no net reduction 

from the River 

Mole Man’s brook 

confluence 

downstream. 

Connection to groundwater 

bodies 

Channel lining i.e. creating an impermeable barrier 

between surface and groundwater  

Currently unknown 

but not expected 

Currently unknown 

but not expected 

Currently 

unknown but not 

expected 

Currently 

unknown but not 

expected 

River continuity:  

• Sediment transport  

• Migration of aquatic 

organisms 

• Obstructions along or across a channel can block 

sediment transport downstream or between the 

river and floodplain. 

• Obstructions along the river channel or between 

the river and floodplain can block migration routes 

for water dependant organisms or access to 

No impact on 

sediment transport 

Improved conditions 

for migratory species 

through the removal 

of the culvert 

No impact on 

sediment transport 

No impact on 

conditions for 

migratory species 

through the 

removal of the 

Potential reduced 

in downstream 

sediment 

transport 

 

No impact on 

sediment 

transport 

No impact on 

conditions for 

migratory species  
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refuges in extreme conditions culvert 

Coastal/estuary depth 

variation                 

Over-widening or over-deepening an estuary; 

increasing uniformity of estuary or coastal margins 

N/A N/A N/A N/A 

• River depth and width 

variation, 

• Structure and substrate 

of the river bed, and   

• Structure of the riparian 

zone / intertidal zone 

• Over-widening or over-deepening a channel; 

increasing uniformity; reinforcement in one 

location can cause erosion up or downstream. 

• Changing the diversity and distribution of river bed 

materials (e.g. by gravel extraction, dredging etc) 

can lead to a loss of habitat for aquatic plants and 

animals.  

• Removing or damaging the plants on a river bank 

and riparian or intertidal zones can impact directly 

on habitat for aquatic dependent organisms 

Improved variation in 

channel morphology 

through design and 

culvert removal 

leading to increased 

habitat potential  

Improved substrate 

due to removal of the 

culvert leading to 

increased habitat 

potential 

Increase in the length 

of natural bank  

Increase in the length 

and diversity of bank 

form and material  

Improved structure of 

riparian zone  

 

Improved variation 

in channel 

morphology 

through design 

leading to increased 

habitat potential  

Natural substrate 

will be placed in the 

channel to 

increased habitat 

potential 

Increase in the 

length and diversity 

of bank form and 

material  

Improved structure 

of riparian zone  

 

Loss of natural 

bed and bank 

No impact 

Quantity, structure and 

substrate of the coastal  or 

estuary bed 

Coastal and estuarine development can reduce natural 

variability of substrates and habitats 

N/A N/A N/A N/A 

Tidal regime: Fresh water 

flow 

Changing the regime of freshwater and saline flows 

can affect the habitat availability for estuarine 

dependent organisms 

N/A N/A N/A N/A 

Tidal regime: Wave 

exposure 

Increasing or decreasing wave exposure can change 

the diversity and distribution of habitat available to 

coastal dependent organisms 

N/A N/A N/A N/A 

Biological 

 

 (Analysis and 

Recording;  

 

Fisheries and 

Biodiversity) 

Phytoplankton (i.e. algae)  

- Taxonomic composition 

and abundance 

- Algal bloom frequency 

and intensity  

- Biomass 

Changes to flow regime or solute inputs can rapidly 

lead to responses by algal communities 

Further assessment 

needed: potential for 

impact as flows may 

decrease and deicer 

may impact 

Further assessment 

needed: potential 

for impact as flows 

may decrease and 

deicer may impact 

N/A Further 

assessment 

needed: potential 

for impact as 

flows may 

decrease and 

deicer may 

impact 
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Freshwater aquatic plants 

(macrophytes) and diatoms 

(phytobenthos) 

- Taxonomic 

composition  

- Average abundance 

Aquatic plant removal (e.g. a W1 weed cut ) leads to a 

loss of habitat structure for aquatic organisms 

Removal of the Mole 

from culvert, 

combined with 

planting of 

appropriate 

vegetation and 

improved 

morphological 

conditions in the 

channel will improve 

potential diversity for 

aquatic plants and 

organisms 

Local planting of 

appropriate 

vegetation and 

improved 

morphological 

conditions in the 

channel will 

improve potential 

diversity for aquatic 

plants and 

organisms 

N/A N/A 

Marine and intertidal 

aquatic plants including 

seaweed (macroalgae e.g. 

sea grass) and salt marsh 

- composition and 

abundance 

Changes in tidal regime or sediment transport can lead 

to impacts on marine or intertidal plant communities 

N/A N/A N/A N/A 

Aquatic Invertebrates 

- Composition and 

abundance 

Changes in physical habitat (e.g.(removal of gravels or 

vegetation) can impact directly on invertebrate 

communities 

More naturalised 

substrate and diverse 

morphology will 

encourage aquatic 

invertebrates. 

Culvert removal will 

increase light to a 

section of channel. 

Invertebrates will be 

relocated from the 

existing channel to 

the diversion channel. 

More naturalised 

substrate and 

diverse morphology 

will encourage 

aquatic 

invertebrates. 

Invertebrates will 

be relocated from 

the existing channel 

to the diversion 

channel. 

Weir may change 

composition of 

communities 

locally 

Improved water 

quality from point 

of discharge and 

downstream 

should encourage 

aquatic 

invertebrates. 

 

Fish fauna: 

- Species 

composition and 

abundance 

- Presence of 

sensitive species 

- Age structure of 

fish communities 

Damage to or removal of specific habitat can prevent 

of spawning or migration. Fish killed as a result of 

operations  

Improved fish 

passage through 

removal of culvert- 

improved substrate 

and light conditions 

Improved 

morphological divert 

resulting from the 

diversions will 

improve habitat 

Improved 

morphological 

divert resulting 

from the diversions 

will improve habitat 

Weir is designed 

not to impact on 

fish passage 

Improved water 

quality from point 

of discharge and 

downstream 

should encourage 

fish fauna. 
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Critical sensitive 

habitats/species  

e.g. SACs, SPAs, RAMSAR, SSSI, National and European 

protected species, Local Wildlife sites, Scheduled 

Ancient Monuments, etc. 

N/A N/A N/A N/A 

Physio-chemical 

 

(Environmental 

Management) 

• Salinity of the water  

• Nutrient 

concentrations of the 

water  

• pH / Acid neutralising 

capacity of the water 

• Oxygen balance  

• Temperature 

• Transparency 

 

• Changes in salinity can impact directly on species 

distributions;  

 

• An impoundment could lead to increased nutrient 

levels causing algal blooms or dredging could 

mobilise contaminated silt;  

 

• Intensive using heavy machinery on the bank of a 

river could cause increased erosion and runoff into 

a river this runoff could alter pH; 

 

• Water temperature can affect dissolved oxygen 

content, so removing large numbers of trees 

alongside a river could raise water temperatures 

affecting the oxygen balance; 

 

• Intensive tree removal exposes a watercourse to 

more sunshine increasing water temperature; 

 

• A new pumping station increases turbidity and 

affects transparency. 

Temporary 

temperature effects 

from unshaded new 

channel until planting 

establishes. 

Temporary potential 

impacts from 

construction 

activities, although 

these to be managed 

by best practice 

construction 

techniques. 

Temporary 

temperature effects 

from unshaded new 

channel until 

planting 

establishes. 

Temporary 

potential impacts 

from construction 

activities, although 

these to be 

managed by best 

practice 

construction 

techniques. 

No impact. Improved water 

quality at point of 

discharge will 

improve dissolved 

oxygen issues.   

No impact on 

nutrients, salinity, 

pH or 

transparency. 

Pollution including: 

- All priority 

substances 

identified as being 

discharged into the 

water body 

- Other substances 

identified as being 

discharged in 

significant 

quantities into the 

water body 

Activities such as construction, may add pollutants to 

the watercourse or disturb contaminants in the 

sediment 

NA NA NA No priority 

substances or 

other substances 

not covered 

above. 

 

 



 

45 2 GATWICK R2 - UPDATED SCHEME DESIGN FOR AIRPORTS COMMISSION MAY 2014 SUBMISSION APPENDICES V7 
 

 

Appendix D – River diversion technical 
methodology 
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Appendix D – River diversion technical 
methodology 

D.1 Key project parameters  
Gatwick airport are looking at options to increase capacity of the airport by building a new runway and 

have considered 6 different runway layouts and operational models. All these options involve the 

diversion of the River Mole and Crawters Brook. The selected option (Option 3 with no end around 

taxiways) will involve the diversion of the River Mole and the Crawters Brook, including the removal of 

over 500m of culvert. 

The locations of the River Mole and Crawters Brook that are to be diverted are situated to the North of 

Crawley and south of Gatwick Airport. Approximately 3km of the Mole and 2.4Km of the Crawters Brook 

will be diverted round the airport boundary.  The River Mole rises in Baldhorns Copse 0.7 km to the 

south of Rusper in West Sussex and is a tributary of the Thames, while the Crawters Brook is a tributary 

of the Mole. The underlying geology of the Upper Mole Catchment is predominantly Wealden clay and 

sands. 

The European Water Framework Directive (WFD) came into force in December 2000 and became part of 

UK law in December 2003. Focused on ecology it provides an opportunity to plan and deliver a better 

water environment. The River Mole is covered in the Thames River Basin Management Plan (RBMP) (EA, 

2009), while the Crawters Brook is within the Mole catchment, the channels itself has not been classified 

under WFD. The River Basin Management Plan states that much of the catchment has been classified as 

having Moderate to Poor Ecological Status, with the section of Mole to be diverted having Moderate 

Ecological status. This classification will need to be improved during the next round of reports. 

The proposed channel diversions must comply with the WFD objectives not to cause deterioration in a 

watercourse, and in fact have the potential to provide an opportunity to improve the ecological 

condition of the Mole and Crawters Brook through the removal of a culvert and the creation of a 

sustainable channel with ecological enhancements. It is hope that these channels and there floodplains 

can also be used to provide habitat mitigation for other works. 

 

This section of the report summarises the existing planform, slope, cross sectional and flow 

characteristics based on a desk study review of the following data: 

• DEM produced from OS data 

• OS 1:25,000 mapping 

• ISIS and Mike 11 flow modelling 

http://en.wikipedia.org/wiki/Rusper
http://en.wikipedia.org/wiki/West_Sussex
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The section then documents the constraints and principle for the channel design and provides a 

suggested planform and cross sections for the River Mole and Crawters Brook that will fit within the 

constrains, but achieve the objectives of the project. It should be noted that this report provides 

preliminary design ideas and guidance and that further more detailed work will be required to progress 

the channel design to construction. 

 
D.2 Baseline Conditions 
D.2.1 Planform  
Meander geometry analysis has been performed on the existing planform in order to document the 

current baseline conditions and provide a comparison for the diversion design. Figure 4 shows the 

variables used to describe and design channel bends. These results show that the Mole is more sinuous 

than that Crawters Brook, with shorter wavelengths and a greater variability in planform. Menander 

amplitude appears similar for both channels.  The results in Table 1 show that the Crawters Brook has a 

lower sinuosity than the Mole, with longer wavelengths. This is likely to be due to previous straightening 

and diversion works. Both channels have a similar meander amplitude. 

 

 
Lm- Meander Wavelength 

Am- Meander amplitude 

z- Meander arc length 

 

Figure 4 Variables used to describe and design bends (specifically meanders) (Soar and Thorne, 2001) 

Feature River Mole Crawters Brook 

Sinuosity  (Channel Length/Valley 

length) 

1.14 

 

1.04 

Maximum meander wavelength (Lm) 

(m) 

231 

 

1569 
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Minimum meander wavelength (Lm) 

(m) 

62 

 

170 

Average meander wavelength (Lm) 

(m) 

139 609 

Maximum meander amplitude (Am) 

(m) 

101 83 

Minimum meander amplitude (Am) 

(m) 

31 41 

Average meander amplitude (Am) 

(m) 

57 60 

 

Table 1 Existing planform geometry of the Crawters Brook and Mole 

D.2.1.1 Bed slope 
28 cross sections for the Mole and 37 cross sections for the Crawters Brook have been taken from the 

ISIS and the Mike 11 model and used to obtain information channel bed slope and to create a channel 

long profile for each of the channels in the locations that are to be diverted and to provide information 

on the current long profile to feed into the diversion design (Figure 5). The River Mole has an average 

channel bedslope of 0.0018 m/m and the Crawters Brook a bed slope of 0.0010 m/m. Both channel have 

a relatively irregular long profile suggesting some diversity within the channel. The Crawters Brook 

profile is steeper in the upstream 1km with the gradient reducing downstream, where the channel 

enters the artificial section created to divert the channel when the Airport was constructed. 

 

 

Figure 5 Channel long profiles 
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D.2.1.2  Cross section  
The cross sections taken from the ISIS model have been used to obtain information on channel cross 

section that has been summarised Table 2.  This information will feed into the design to ensure suitable 

cross sectional form and size are developed. This shows that the channels are of similar sizes, with some 

variation in form. It should be noted that the downstream end of the Crawters Brook is more uniform in 

from where the channel has been diverted.  

Feature River Mole Crawters Brook 

Min. Top width  4.9 3.0 

Max. Top width 19.9 18.1 

Mean top width 10.7 10.3 

Min. Bottom width  0.9 1.6 

Max. Bottom width 10.7 6.4 

Mean Bottom width 4.4 3.1 

Min. Depth  2.1 1.1 

Max. Depth 3.3 4.1 

Mean Depth 2.7 3.0 

 

Table 2 Cross section statistics for the existing Mole and Crawters Brook 

 

D.2.1.3  Flow 
A 1:2 year flow and the existing bank full flow have been calculated for the River Mole and Crawters 

Brook.  These flows will be used to help estimate the design discharge for the channels, as they are 

generally assumed to be the geomorphological effective flow responsible for creating and maintaining 

channels.  

 

The locations used for the estimates of the 1:2 year flows are the River Mole at Gatwick, gauging station 

39054 (OS NGR 526000 139850) and the Crawters Brook (OS NGR 527600 139850).  The catchments are 

of reasonable size, with the River Mole at 32.34 km2 and Crawters Brook at 5.84km2, therefore FEH 

methods have been adopted for flood flow estimates. The limitations in adopting the FEH methodologies 

are recognised and detailed below, however, for the purposes of this assessment, the results are 

considered suitable. From the FEH, the methodology of estimating QMED from catchment descriptors 

has been adopted.  Guidance states that estimates based on flood peak data are always preferred, 

however none were available for this study. 
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 Identified on the FEH CD-ROM are a gauging station on the River Mole at Gatwick (station no. 39054) 

and on the Crawters Brook at Hazelwick (39814). Neither station is listed on the Environment Agency’s 

Hiflows site suggesting that they are unsuitable for providing flood flow estimates. Despite being listed 

as National River Flow Archive (NFRA) sites, neither station could be found on the NRFA website.  

The estimate from catchment descriptors uses an empirical formula based on the values in the Table 3, 

completed for the study catchments. 

Catchment descriptor Mole Crawters 

AREA 32.3 5.8 

SAAR 816 801 

BFIHOST 0.437 0.484 

SPRHOST 40.94 41.23 

FARL 0.943 1.000 

(URBEXT1990) updated 2014 (0.088) 0.094 (0.338) 0.363 

(URBEXT2000) updated 2014 (0.140) 0.144 (0.607) 0.626 

 

Table 3 Catchment descriptors (Flood Estimation Guidelines Operational Instruction 197_08, Chapter 4) 

 

The URBEXT value for the Crawters Brook classifies it as ‘extremely heavily urbanised’ beyond the limits 

for which the empirical equations in the FEH have been derived from.  However, in the absence of any 

gauged data, the FEH provides the best estimate.  

The Crawters Brook catchment is heavily urbanised (URBEXT2014 = 0.626), Urbanisation modifies the 

natural flood response and in the absence of flood data, the empirical equation for Qmed is adjusted by 

an urbanisation factor. This has also been applied to the Mole calculations as the catchment is classified 

as moderately urbanised.     

Where a Qmed estimate from catchment descriptors proves contentious or problematic, Qmed from 

channel dimensions can provide an alternative method, however, it is recommended that this approach 

is not applied to strongly engineered rivers or where the channel width is less than 5 metres.   

Results of the FEH methods are shown in Table 4 , with bankfull results taken from ISIS at cross sections 

at the start and end of the model for comparison in Table 5. 

Catchment Flow value (m3s-1) 

MOLE (u/s of Crawters confluence) 6.1 (m3s-1) 
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Catchment Flow value (m3s-1) 

CRAWTERS 2.1 (m3s-1) 

Table 4 Qmed from Catchment descriptors 

Model node Flow value (m3s-1) 

CRAW_5237 11.1 (m3s-1) 

MOLE_6709 (MIKE 11) (u/s of 

Crawters confluence) 

9.5 (m3s-1) 

MOLE_8770 (ISIS d/s of Crawters 

confluence) 

22.7 (m3s-1) 

 

Table 5 Bankfull estimates from hydraulic model 

 

There is a large difference between the Qmed estimates and bankfull for the Crawters Brook.  This is not 

surprising given the modifications of the channel and the likelihood that it has been designed to take a 

larger flood flow to reduce the risk of flooding to the airport. In this case the bankfull flow is not 

considered a comparable estimate to the 1:2 year flow so for the purpose of this study the calculated 1:2 

year flow will be used as the baseline and as the design discharge. 

  

D.2 Methodology 
New river channels should seek to achieve Good Ecological Status or better under the Water Framework 

Directive (WFD). The plant and animal communities of a waterbody are key indicators of how the 

biological elements of Ecological Status are assessed. The key issues to address in order to achieve Good 

Ecological Status include: 

• point source pollution from water industry sewage works; 

• physical modification of water bodies; 

• diffuse pollution from agricultural activities; 

• abstraction; 

• diffuse pollution from urban sources. 

De-culverting the watercourses at Gatwick and avoiding creating any hard engineering control structures 

or reinforcement in the new channel will contribute towards improving the physical modification status 

of the river. Unimpeded movement of fish and other aquatic species, and natural bed and bank 

processes are of critical importance to the WFD status of the channel. The creation of a new floodplain is 
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also an opportunity to buffer the watercourse by intercepting diffuse pollution and carry out passive 

biological treatment of surface water prior to water entry into the channel. 

The established conceptual model of river system operation suggests that key driving variables are the 

inputs of water and sediment. These independents interact with boundary characteristics (slope/ 

topography, bed and bank materials, and riparian vegetation) to generate the channel form (e.g. 

Knighton, 1998; Sear & Newson, 2010). As a consequence of these interactions a variety of channel 

forms exist. These are described across a number of planes of adjustment, within which there are a 

number of representative parameters (each investigated further in this chapter).  Knighton (1998) 

classifies these broadly as: 

 

• Channel bed slope (i.e. gradient, which is related to channel pattern). 

• Channel pattern (form of channel as viewed from above, e.g. straight, meandering or braided; 

descriptive parameters include sinuosity, meander arc length etc); 

• Cross-sectional form (size and shape parameters, e.g. width, depth, area etc); 

• Bed configuration (e.g. sand or gravel beds); 

The adjustment of these channel geometry parameters and that of the shorter-term variations of flow 

geometry, are interdependent, therefore a change in one parameter may manifest a response in others 

such that a river channel can perform its function, i.e. the transference of energy and matter, ideally in 

dynamic equilibrium (if conditions permit). Variations result in complex patterns of form, flow and 

materials across both space and time. This conceptual basis establishes that channel design has to take 

into consideration the complexities of the river environment.  

 

In order to create a channel and floodplain that fits with in these principles, the following aims for the 

channel diversions have been established: 

• To create open channels 

• To allow free fish passage 

• To allow a channel with natural substrate and free sediment transport 

• To create a sustainable channel with natural and varied flow conditions 

• To create a channel and floodplain with improved morphological and ecological diversity 

The design parameters for the proposed channels are outlined in Table 6. 

 Mole Crawters Brook 

Channel start location OS NGR 525315, 138585 OS NGR 527794, 139251 

Channel start elevation (m) 56.3 57.5 



54 2 GATWICK R2 - UPDATED SCHEME DESIGN FOR AIRPORTS COMMISSION MAY 2014 SUBMISSION APPENDICES V7 
 

Table 6 Design parameters 

 
D.2.1 Planform  
D.2.1.1 Planform type 
Mean valley slope and design bankfull discharge can be used to determine a suitable channel planform 

type (Figure 6 and Table 7). Based on the design discharge and valley slope, the channel should typically 

be single thread, with a relatively sinuous planform, similar to that of planform Type C in a natural 

setting. However, given the slope constraints and the requirements to retain sediment transport 

potential the design planform will be less sinuous, similar to a Type B form for both channels. 

 

 
Figure 6 Longitudinal, cross sectional and plan views of major stream types (Rosgen, 1994) 

Characteristics Type A Type B Type C 

General Steep, entrenched, 

step- pool streams, 

high energy 

Moderately 

entrenched, 

moderate gradient, 

riffle dominated 

channel with 

infrequent pools, 

stable planform and 

long profile 

Low gradient, 

meandering, point 

bar, riffle/pool, 

alluvial channel with 

broad floodplain 

Channel end location OS NGR 525522, 140941 OS NGR 525315, 138585 

Channel end elevation (m) 55.1 56.3 

Design discharge (m3/s) 8.2 2.1 
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Characteristics Type A Type B Type C 

Entrenchment ratio 

(width of flood 

prone area/bankfull 

channel width) 

<1.4 1.4-2.2 >2.2 

Width/depth ratio <12 >12 >12 

Sinuosity 1.0-1.2 >1.2 >1.4 

Slope (m/m) 0.04-0.1 0.02-0.039 <0.02 

Slope (%) 4-10 2-3.9 <2 

Meander width ratio 

(beltwidth /bankfull 

width) 

1-3 2-8 4-20 

 

Table 7 Channel characteristics based on Rosgen, 1994. 

D.2.1.2  Meander geometry design 
Meander geometry analysis has been performed to specify planform characteristics and to test the 

feasibility of different channel lengths within the permissible restoration boundary. Figure 4 Variables 

used to describe and design bends (specifically meanders) (Soar and Thorne, 2001) shows the variables 

used to describe and design channel bends. In this instance Meander Wavelength, Meander amplitude 

and Meander arc length have been calculated for the diversion channels and these statics are 

summarised in Table 9 and Table 10. 

 

The approach adopted here is to estimate meander wavelength (Lm) using Ackers & Charlton’s (1970) 

empirical formula (Eq. 1) that relates meander wavelength to bankfull discharge and then calculate 

channel length per wavelength (i.e. 2 × Z in Figure 4) so a planform can be drawn.  

 

 𝐿𝑚 = 61.21 𝑄0.467    (Ackers and Charlton, 1970) (Eq.1) 

Where Q = bankfull discharge (m3s-1) 
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This has then been used to suggest a planform centreline and resulting channel bed slope for the low 

flow channel (005-C-2C001) that then feeds into the calculation of the desired cross section. Once the 

cross section size and shape has been determined (Section D.2.1.3), the meander wavelength (Lm) and 

amplitude (Am) are then compared as a check to that of a “natural” channel using the approach outlined 

in Soar and Thorne, 2001 and based on Eq. 2 and 3 below.  

 

 

𝐿𝑚 = (11.26 to 12.47)𝑊     (Soar and Thorne, 2001)(Eq.2) 

Where W = bankfull width (m) 

 

 

𝐴𝑚 = 𝐿𝑚 𝑃
3𝜔

�1− 𝑐𝑜𝑠 �𝜔
2
� +𝜔sin (𝑥𝜔)�       (Soar and Thorne, 2001) (Eq.3)  

Where: 

 𝜔 = 2.2�𝑃−1
𝑃

 

P= Sinuosity 

 𝑥 (an adjustment factor) = 0.85 

 

These analysis suggest that the Mole should have a meander wavelength between 55 to 58m and a 

amplitude of 29-32m, with the Crawters Brook having a meander wavelength between 58 to 88m and a 

amplitude of 13-30m. 

 

D.2.1.3  Cross section size  
D.2.1.3.1 Hydraulic geometry  
Hydraulic geometry is an empirical approach for deriving channel cross section and selected flow 

characteristics (dependent variables) given known independent variables (i.e. discharge (Q) and bed 

material size (D: mm)). These mathematical relationships between independent and dependent 

variables are based on field measurements of all the variables at a range of locations. Hydraulic 

geometry is developed from Regime Theory, which was originally designed for canals with a steady flow 

(constant in time) and fine sediment. Hydraulic geometry extends the regime concept to natural rivers 

that are stable, single-thread (most commonly), and alluvial (Leopold & Maddock, 1953). These 

relationships give first approximations of cross section and flow dimensions, but have limitations 
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including: strong sensitivity to the selected discharge value, may not be transferable from one 

geographic location to another, do not fully consider bed and bank material composition, vegetation, 

river sediment load),and they presume channels are adjusted to single discharge values. Shields (1996) 

suggests that hydraulic geometry is more reliable for width, and less reliable for depth calculations, and 

least reliable for slope, probably because width responses to changes are more rapid. In this instance 

hydraulic geometry equations that rely upon design discharge are used. The prevailing technical 

recommendation is that these published equations should only be applied to new sites that exhibit 

similarity to the environments from which the published equations are derive with D (sediment size) 

>0.002m, and Q between 3.9 to 424 m3 s-1 (Hey, 1997), discharge in the case of the Crawters Brook is 

lower than this level, but it is still seen as the best methods available. Currently D (sediment size) is not 

known for the catchments. 

 

D.2.1.3.2 Cross sectional area 
Using the Hey and Thorne (1986) equations for simple rivers (Eq. 4 and 5) initial channel geometry values 

have been calculated for width and depth.  These can be used to further best calculate the necessary 

cross sectional area needed to convey a given design discharge (Eq.6), associated with the estimated 

velocity for the given channel hydraulic radius and gradient (Eq.7). It is assumed that the channel 

hydraulic radius (R) is fixed (derived from a rectangular cross section, populated by width and depth 

values generated by equations 4 and 5, and that the channel bed slope (S) value is that imposed by the 

channel planform. This gives the resultant channel cross sectional ‘passing area’. The designed channel 

has a larger cross sectional area than the Hey and Thorne suggestion due to having a lower bed slope 

(because the suggested bed slope is greater than can be achieved in the diversion corridor). 

 

 

Width= 3.67Q 0.45 

Where:  

Q= discharge (m3 s-1)     (Hey and Thorne, 1986) (Eq.4) 
 

 

Depth= 0.33Q 0.35 

Where:  

Q= discharge (m3 s-1)     (Hey and Thorne, 1986) (Eq.5) 
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  Q= AV,             

Where:  

Q= discharge (m3 s-1)  

A= area (m2) and  

V= velocity (m s-1)       (Eq.6)    

      

 

  V= 3.17 R 0.83  S 0.12    

 

Where: 

R= hydraulic radius and  

S  = channel bed slope     (Jarrett, 1992) (Eq.7) 

 

 

These passing areas do not account for any intended sediment addition to the channel (i.e. for 

bedforms), they are the cross sectional area required to pass the design discharge alone, based on the 

mean channel bed slope. They also don’t take into account any potential unintended sedimentation (i.e. 

post construction sediment transfer and storage) or vegetation growth so it may be necessary to 

oversize the cross section during design.  

 

D.2.1.4  Cross section shape  
D.2.1.4.1 Bed morphology 
Channel bed slope is a major driver of channel bed form (Rosgen, 1994), hence bed slope, planform and 

bed morphology are highly interrelated in natural channels. In order to best account for this association, 

mean channel bed slope and proposed planform information have been used in association with the 

literature to suggest appropriate channel bed morphology. Based on these existing relationships, the 

mean channel bed slope of the designed channel should have pool-riffle morphology as shown in Figure 

7. 
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Figure 7 Slope distribution for different channel Reaches (Montgomery and Buffington, 1997) 

 

Pool - riffle channels have characteristic planform morphology that typically comprise deposition on the 

inside of bends to form point bars and pools on the outside of bends. These are separated by riffles at 

inflexion locations between the bends (Figures 8, 9 and 10). More detailed characteristics of pools and 

riffles are outlined in Table 8 and these have been used to design appropriate channel morphology into 

the low flow channel. 

 

 
Figure 8 Example long profile of a pool – riffle channel  
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Figure 9 Example planform of a pool – riffle channel 

 

Figure 10 Example cross sections for pool- riffle channels 

  

Pool 
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Feature Characteristic Recommendation 

Pool Size • Occupy over 50% of the river length 

• 25% narrower than associated riffles 

• At least 0.3 m below the mean bed elevation 

• Maximum scour depths typically don’t exceed 4 times the depth in the 

approach channel upstream 

Shape • Asymmetrical cross sections 

• Outer banks of bends should have slopes of 1V [V= vertical]: 2H 

[H= horizontal] or steeper to cause convergence of high flows; 

• Inner banks, where point bars may develop should have bank slopes of 

1V: 3H or less 

• Shallow progressively downstream to the next riffle, with the deepest 

point within the upstream half of the pool’s length 

Location • Located at bends in the meander planform (around and downstream 

of a bend apex) 

Sedimentology • Bed composed of loose and un-compacted mixed gravels (and coarser), 

overlain by fines during low flows 

Riffle Size • Collectively occupy 30-40% of river length 

• 0.3 to 0.5m above mean bed level 

• 25% wider than associated pools 

Shape • Near symmetrical cross sections 

• Variable planform geometries 

Location • Locally steep, shallow section of the channel profile 

• Slopes typically 0.005 to 0.200 m/m 

• At cross over points in the meander planform 
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Feature Characteristic Recommendation 

Longitudinal riffle 

spacing 

• 3 to 10 times the bankfull channel width between riffle crests (1 

wavelength), but more typically 5 to 7 widths apart. Although some 

variability in spacing would be natural 

• Shorter spacing where bed slopes are higher 

• In straight reaches they are found in alternate channel side locations 

Sedimentology • Coarse armour sediment, overlying mixed gravel substrate. This may 

be created by flow winnowing away some fines 

• Avoid uniform size gradations and over-large substrate 

• Size gravels according to that in similar undisturbed Reaches, or within 

the floodplain or palaeochannels 

• High proportion of angular gravels to permit particle interlocking. But 

avoid excessive imbrication as this limits their ecological benefits 

• Ideally locally derived substrate 

Riffle stability • In the absence of coarse sediment supply from upstream material 

should be static under all flows or replaced periodically 

Table 8 Recommendations for the reinstatement of pools and riffles, focusing on key geomorphic attributes (Thorne 

et al., 2010; Brookes & Sear, 1996; Sheilds, 1996) 

D.2.1.4.2 Cross sectional size and shape 
A large number of cross section options were calculated with the desired passing area. For each of these 

the specific stream power, and width : depth ratios were calculated. From this, the most appropriate 

options were then selected using the guidelines from the literature discussed in the sections of this 

report. These options for a pools and riffle cross section can be found in Drawing 005-C-2C007 & 008, 

with the reasoning for selection outlined below: 

• Bend cross sections have a greater degree of asymmetry than straight sections. 

• Straight sections are wider and shallower with deeper, narrower pools (based on channel 

bed width). 

• Specific stream power is low, but higher that other options considered  

• Pools are narrower and deeper than riffle sections 
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D.2.1.4.3 Cross section location 
The location and sequencing of cross sections is important to achieving the required planform and long-

profile morphology. In planform there is a need for the asymmetrical bend cross sections to alternate 

between the right and left bank side of the channel, with the deeper section always on the outer bank 

side and the shallower bank on the inner bank. These bend sections will need to be flared smoothly 

between the two which have differing side slope angles. The spacing of the cross sections is also 

important to create a suitable long profile with the straighter, riffle, sections  located at inflexion 

locations between bends (pools). This has been achieved in the design- Drawing 005-C-2C002 to 006  

D.2.1.5  Weir design 
The diversion of Crawters Brook will move its confluence with the River Mole 1500m upstream. This in 

turn will lower the bed level of the River Mole by approximately 2 meters. To address this reduction a 

broad crested weir is proposed. The weir has been sized using hydraulic modelling and can be seen in 

Drawing 005-C-2C009. The design will require optimisation to ensure an economical solution is provided 

at the detailed design phase.  

The new weir will need to incorporate provisions for both fish and eels. It is proposed to provide a brush 

eel pass and a Larinier fish pass complete with fish resting areas.  

D.2.1.6  Design Summary 
Tables 4.8 and 4.9 give a summary of the characteristics of the existing channels, the design guidance 

from the literature and the design characteristics for the River Mole and the Crawters Brook. 
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Feature Existing Suggestions from 

literature 

Design 

Channel length 

(m) 

2967  4006 

Valley length (m) 2600  3691 

Average channel 

bed slope (m/m) 

0.0003  0.0003 

Valley slope 

(m/m) 

0.0004 <0.02 0.0003 

Start elevation 

(m) 58.51 

 56.3 

End elevation (m) 57.59  55.1 

Discharge – (m3/s) Bankfull 9.5-

22.7 

1:2 year 6.1 

 8.2 

Feature Existing Suggestions from 

literature 

Design 

Sinuosity (P) 1.14 >1.4 1.1 

Meander 

wavelength (Lm) 

(m) 

62-231m 

139m average 

107-164m 107-164m 

Meander 

amplitude (Am) 

(m) 

31-101m 

57m average 

29-32 29-32 

Feature Existing Suggestions from 

literature 

Design 

Bankfull width 

(m) 

4.9-19.9m 

10.7m average 

9.5 Pool-10.6 

Riffle-11.7 

Bankfull depth 

(m) 

2.1-3.3m 

2.7m average 

0.7 Pool-1.6 

Riffle-1.4 

Bedwidth (m) 0.9-10.7m 

4.4m average 

9.5 Pool-2.6 

Riffle-3.3 

Passing area (m2)  10.44 Pool-10.6 

Riffle-10.5 
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