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How?
• Detailed site design
• Environmental impact 

assessment – before, 
during, after

Site evaluation

• Regional/estuary 
wide - choosing site

• Site specific -
designing site

Why?

What do we need to know to design our wetland restoration 
scheme?



Background





Changing Management Outlook

Focus on species
Single scale
Short term response
Humans outside system
Resource exploitation
Management intervention

EcosystemsEcosystems

Multiple scalesMultiple scales

Long term changeLong term change

Humans integralHumans integral

Sustain productivitySustain productivity

AdaptationAdaptation

source: Kenneth Sherman, NOAAsource: Kenneth Sherman, NOAA



Design Requirements
Civil engineering design
• vast experience
• tried & tested methods
• key variables understood
• accepted risk evaluation

Habitat design
• limited experience

• solutions still being tested
• systems poorly understood
• perceived risk
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Site elevation

Inundation period

Site tidal prism

Vegetation
development

Sedimentation
rates

Wave energy Suspended sediment
supplyEstuary tidal prismTidal curve

Linkages - estuary systems & managed 
realignment schemes



Regional/estuary wide considerations

systems



Form Design
• Regime relationships

– Prism-area (O’Brien)
– Plan area (Renger & Partensky)
– Flood-ebb dominance 

• (Dronkers, Pethick)
• Friedrichs & Aubrey

– Rollover (Allen, Pethick)
– Entropy (Langbein, Townend)

• Mud shore profiles (Lee & Mehta, Kirby)
• 3-D parametric forms
• Modelling
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Introduce Set-back

Average depth
reduces

(Townend, 2000)



Channel Enlarges

Average depth
increases

(Townend, 2000)



Estuary Rollover

Sea level 
rise

Landward 
translation

(Townend, 2002)

Can our  wetland 
restoration scheme 

facilitate this process?



Ecological Considerations

• Seasonal – migration corridors birds
• Daily – diurnal feeding patterns
• Fish usage
• Nutrient sinks



Ecosystem
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How will our site add to the estuary 
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Humber Estuary
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Bird Bird ModellingModelling



Case 1
Site Selection multi criteria analysis

Design Objectives (1-4)
Criteria (5-9) Weight Site A Site B Site C Site D Site E Site F
1 Habitat, bird numbers and species (% of t 10 9.4 -9.1 -5.7 9.7 10.0 -14.2
2 No adverse impact on the geomorphology 10 6.8 6.1 -17.1 6.2 -11.8 4.9
3 No adverse impact on ecological function 3 3.2 0.4 -5.2 3.2 -2.4 0.4
4 Self-sustaining system 3 1.1 1.1 -6.8 1.1 1.1 1.1
5 Engineering Feasibility and costs 2 -0.7 1.2 -1.3 -2.8 0.4 3.5
6 Current standard of flood defence 2 -2.8 -1.0 -1.0 0.8 2.5 2.5
7 Preferred flood defence option. 2 -2.1 -2.1 1.6 1.6 1.6 1.6
8 No of owners 1 0.5 0.8 0.1 -2.2 0.1 0.5
9 Proximity 1 -0.3 -0.5 -0.1 0.0 -1.2 -0.1

Totals 15.1 -3.0 -35.4 17.7 0.4 0.2
Rank 2 6 7 1 4 5



Site Specific Evaluation

Scientific background

UK case studies



Specific design considerationsSpecific design considerations
PhysicalPhysical

•• tidal inundationtidal inundation

•• wave climatewave climate

•• sediment supplysediment supply

•• topography/bathymetrytopography/bathymetry

•• geologygeology

•• area (inc. buffer zones)area (inc. buffer zones)

•• water qualitywater quality

•• sediment qualitysediment quality

EcologicalEcological

•• micromicro--benthic communitiesbenthic communities

•• invertebrate faunainvertebrate fauna

•• vegetationvegetation

•• buffer zonesbuffer zones

•• disturbance factorsdisturbance factors

•• ecological corridorsecological corridors



Requirements of primary colonisers

• intertidal morphology

• elevation

• exposure

• sediment composition

• rate of consolidation

• water quality

• hydrogeology

• existing flora & fauna



UK Case studies



Proposed Terminal, S England, U.KProposed Terminal, S England, U.K



Dibden creek design required….

• Research into form, 
structure and 
function
• Detailed modelling 
of physical 
processes
• Exploration of 
physical-benthic 
interactions
• Investigation of 
bird use of creek 
habitat



Chichester Harbour, S England, U.K. Chichester Harbour, S England, U.K. 

•• State of existing sea State of existing sea 
defencesdefences

Breach location?



Existing creek 

networks

Breaching

Chichester Harbour, S England, U.K. Chichester Harbour, S England, U.K. 



Chichester Harbour, S England, U.K. Chichester Harbour, S England, U.K. 

Old creek networks

Saltwater ingress

Creek location?



OrfordnessOrfordness, SE England, U.K, SE England, U.K

Existing networks

Modelling

Monitoring

Creek development?



OrfordnessOrfordness, SE England, U.K, SE England, U.K

•• New channel New channel 
formationformation



•• Breached Breached 
realignment 1999realignment 1999

•• Warping up Warping up 
•• rere--vegetatingvegetating

OrfordnessOrfordness, SE England, U.K, SE England, U.K



FreistonFreiston, E England, U.K, E England, U.K

•• Tidal lagTidal lag

Breach size?



•• Breach erosionBreach erosion

FreistonFreiston, E England, U.K, E England, U.K



•• Creek erosionCreek erosion

Environmental impacts?

Oyster farmOyster farm



•• Initial Breached Initial Breached 
realignment in 1993realignment in 1993

•• Eventual banked Eventual banked 
realignment?realignment?

OrplandsOrplands, SE England, U.K, SE England, U.K

Type of reatreat?



•• Foreshore recharge Foreshore recharge 
19971997

•• Wave energy, bund Wave energy, bund 
rollroll--back & erosionback & erosion

ShotleyShotley, SE England, U.K, SE England, U.K

Bund design?





Humber Estuary, NE England, U.K. Humber Estuary, NE England, U.K. 

Historical development

Elevations

Existing habitats

Modelling

Archeological survey

Ecological survey

Grain size and contamination survey

Geotechnical ground investigation







Modelling tides, waves, 
sedimentation

















Conclusions

Site characterisation involves…..

• Systems & linkages
• Physical/biological/chemical factors
• Regional/estuary wide evaluation
• Multicriteria decision analysis
• Site specific evaluation
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