River Welland Habitat Enhancement Case Studies

River Welland: Gretton to Barrowden

Location:
Upstream Grid Ref:
Length:
Completion Dates:

Cost:

Partners:

v1 (06.11.15)

Between Gretton (Northamptonshire) and Barrowden (Rutland)
SP88799467 (Gretton Weir)
c13km
Phase 1 (Harringworth Reach): August 2013 (plus additional work on the left bank in
December 2014), Phase 2 (Gretton Main River Welland Reach): June 2014, Phase 3 (Seaton
Mill Pond): September 2014, Phase 4 (Thorpe by Water Reach): November 2014, Phase 5
(Harringworth to Turtle Bridge Reach): December 2014, Phase 6 (Gretton Back Channel):
December 2014, Phase 7 (Seaton Weir Rock Ramp): August 2015
Phase 1 (Harringworth Reach): £80K (plus £6.5K for additional works in 2014), Phase 2
(Gretton Main River Welland Reach): £30.5K, Phase 3 (Seaton Mill Pond): £5K, Phase 4
(Thorpe by Water Reach): £35K, Phase 5 (Harringworth to Turtle Bridge Reach): £4.5K Phase
6 (Gretton Back Channel): £18K, Phase 7 (Seaton Weir Rock Ramp): £70K
Environment Agency, Wild Trout Trust, Welland Mayfly Fishers and River Guash Angling Club.
The enhancements would not have been possible without the co‐operation and agreement
of the adjacent landowners.

Location Map

© Crown Copyright 2015. OS Licence number 100026380.

Background
During the 1970s the River Welland was significantly modified. The natural river morphology was altered to
improve land drainage and flood water discharge. The river was deepened; many meanders, pools, riffles and
glides were removed; and the river was constricted within high, straight banks. The river experiences extended
low flow periods, and high winter flood flows and riverside grazing now cause significant bank erosion and
sedimentation. Prior to modification a high proportion of these nutrient‐rich sediments would have been
deposited on the floodplain, providing rich grazing pasture, but, as a result of the flood defence works, a large
proportion of these sediments now remain in the channel, degrading habitats including fish spawning gravels. As a
result the River Welland is currently failing to meet the Water Framework Directive (WFD) objective of “good
ecological status” because of high phosphate levels and poor fish populations. Remedial action is required.
This case study describes several phases of enhancement, which were undertaken between 2013 and 2015, to
improve the WFD status of several sections of the River Welland between Gretton Weir and Barrowden Weir. The
first enhancement scheme, completed in August 2013, was the reach between Seaton Weir and Harringworth. In
2014 further phases were completed starting on the main River Welland immediately downstream of Gretton
Weir, followed by a scheme to address fish passage issues on the Seaton Mill Stream. The next phase tackled fish
passage issues and improved in‐stream habitat in the vicinity of Thorpe by Water Weir and, at the same time,
initial works were completed on the upstream section of the Harringworth ‐ Turtle Bridge reach. The final phase in
2014 involved gravel introduction on the Gretton Back Channel. In 2015 the latest phase of work saw the
completion of a major rock ramp fish pass at Seaton Weir.
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There is still more to be done to improve in‐river habitat downstream of Harringworth: the Wild Trout Trust
designed Turtle Bridge scheme is only partially completed and a plan for enhancements between Turtle Bridge and
Barrowden is currently being prepared by the Environment Agency. These and additional works identified in the
reach plan/s will be undertaken as funding becomes available.

Summary of Techniques
(1) Tree and shrub management to open up the channel to light and encourage the growth of wetland vegetation to
stabilise accumulations of fine sediment, (2) increasing beneficial in‐channel woody habitat by securing existing
deadwood and hinging and pinning (layering) live riverside trees, (3) construction of rock ramps/cascades to enable
fish passage and create attractant flow, (4) channel reprofiling, including the creation of sections of 2‐stage channel
to improve low flow resilience, high flow conveyance and encourage the development of marginal wetland
vegetation, (5) rock and gravel introduction to augment existing and create new riffles to benefit fish and
invertebrates, (6) introduction of a variety of in‐channel structures, including log and faggot flow deflectors/vanes
and large rocks, to create scour pools, narrow the channel, provide refuges for fish and invertebrates and cleanse
gravels, (7) further measures to narrow the channel, increase flow variation and trap silt, including faggot enclosures
and brushwood mattresses, and (8) riverside fencing and stock drinker replacement/refurbishment/removal to
reduce bank erosion and fine sediment inputs.

Pre‐project Survey Work
Several walkovers surveys were conducted by Environment Agency staff to scope and design the majority of the
enhancement works, whilst the Wild Trout Trust surveyed the Harringworth to Turtle Bridge reach. Baseline fish
surveys were undertaken on the Gretton Main River, Gretton Back Channel and the Thorpe by Water reaches and
aquatic biology (invertebrate) surveys were carried out on the Gretton Main River and Gretton Back Channel. An
undergraduate student, working with the Welland Rivers Trust, carried out additional pre‐project surveys. Numerous
photographs were also taken in advance of the works.

Project Objectives
The findings of the walkovers identified the objectives of the various phases of the enhancement scheme. The key
objectives, the majority of which were common to each reach, were to:
 Create a greater diversity of in‐stream habitats through the manipulation of flows, particularly during low flow
conditions, including enhancing existing glide, riffle and pool habitat by introducing gravel, cobbles and boulders
to enhance and sustain these habitats for fish and invertebrates.
 Create refuges for fish and invertebrates by creating additional permanent woody habitat.
 Reduce sediment inputs caused by fluvial processes using a variety of soft engineering techniques.
 Reduce sediment inputs caused by livestock by creating, refurbishing and removing stock drinkers and installing
riverside fencing.
 Trap mobile fine sediments already in the river.
Reach specific objectives were to:
 Enable fish and eel passage at Seaton Weir and Thorpe by Water Weir.
 Improve channel capacity on the Gretton Main River section to relieve pressure on the banks and in‐stream
habitats during high flow events and encourage the natural recovery of in‐stream features, e.g. berms and riffles.
These objectives formed the basis for the various scheme designs, which were prepared by the Environment Agency
Fisheries, Biodiversity and Geomorphology Team in Kettering for all sections apart from the Harringworth to Turtle
Bridge reach, which was prepared by the Wild Trout Trust.
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Consultation and Consents
The Environment Agency designed schemes were reviewed by the EA National Environmental Assessment Service
(NEAS) to determine the need for formal Environmental Impact Assessment (EIA). NEAS classified them as “low risk”
and consequently formal EIA was not required.
Flood Defence Consent (FDC) for an initial scheme from Gretton to Harringworth was issued on 6th September 2012
(Consent No. ANK‐2012‐00184) and this was subsequently amended (7th July 2014) to include the additional works
at Thorpe by Water. Works to improve the Seaton Mill Pond Cascade were consented on 18th September 2014
(Consent No. ANG_N‐WN‐2014‐293). The Wild Trout Trust prepared the FDC application for the Harringworth to
Turtle Bridge reach on behalf of the Welland Mayfly Fishers and consent was granted on 17th September 2014
(Consent No. ANG_N‐WN_2014_291). Finally the EA approved an internal FDC application to construct a rock ramp
to facilitate fish passage at Seaton Weir on 4th March 2015 (Consent No. ANG_N‐WN_2015_404).

The Enhancement Scheme
A variety of techniques were used in this multi‐phased enhancement scheme, many of which have multi‐functional
benefits. A series of twelve drawings in Annex 1 show the locations of all the elements of the completed scheme
phases and the techniques used are described below.
Woody Habitat and Tree Management
Whilst some riverside trees and scrub is beneficial, excessive shading prevents the growth of bankside vegetation
and the colonisation and stabilisation of accumulated fine sediment by wetland plants. Likewise, in‐stream woody
material provides valuable habitat for fish and invertebrates, but excessive accumulations of unmanaged in‐stream
woody material can cause bank erosion and/or impound the river.
These issues were particularly prevalent on the reach immediately upstream of Harringworth and on the Thorpe by
Water bypass channel, where a programme of “bushing” works was undertaken to open up the channel and large
accumulations of woody material were either removed, or reduced and permanently secured in situ. In less wooded
sections occasional riverside trees were either coppiced or pollarded to open up the channel.

Fig 1. (a) Wind‐thrown poplars, partially uprooted by high flows, were (b) trimmed, hinged and secured to the bank, together
with a brushwood mattress, to provide a high flow fish refuge. Larger branches were used to create deflectors to improve flows
through the adjacent riffle.
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Figs 2. (a) An over‐mature willow which had collapsed across the channel was removed, reduced in size and (b) secured to the
bank using timber braces to provide in‐stream woody habitat.

Much of the material generated by the riverside tree and scrub management, whole trees, logs, branches and
brushwood, was later used to create channel narrowing structures, e.g. brushwood mattresses and enclosures (see
below). In addition several larger riverside trees and bushes were managed to create live flow deflectors and fish
refuges using a layering technique. The trunks were partially cut at the base, leaving a narrow bark and sapwood
hinge, and then bent horizontally along the bank to create a tangle of twigs and branches at or just above the water
level. Stakes and wire bindings were used to secure the smaller layered trees in position and timber braces were
used to secure larger trees.
Bank reprofiling/2‐stage channel creation
On the main River Welland section at Gretton overgrazing and uncontrolled stock access to the channel have
exacerbated the effects of earlier river engineering works, which over widened and deepened the river, resulting in
bank collapse and the regular introduction of fine sediment. Here two long sections of the left bank have been
reprofiled to create a 2‐stage channel, comprising a narrower, primary, low‐flow channel and a berm which forms
the bed of the wider secondary channel. This will stabilise the channel and encourage the development of a wide
wetland margin. To provide initial stabilisation prior to the growth of vegetation the faces of the berms have been
protected using secured faggot bundles. Two heavily poached, redundant cattle drinkers have also been reprofiled to
restore the bank, one in the main River Welland section at Gretton and the second at Thorpe by Water.

Fig 3. Eroded bank reprofiled to create a section of 2‐stage channel on the Gretton Main River reach (a) before and (b) after.
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Fig 4. Redundant cattle drinker removed and steep, eroded bank reprofiled at Thorpe by Water (a) before and (b) after.

Riffle restoration and enhancement
Whilst there are a number of existing riffles between Gretton and Barrowden they were generally heavily compacted
and suffering from the effects of siltation; as a result there is a lack of clean, well‐sorted gravel for fish spawning and
to support invertebrate populations.
Riffle creation and restoration featured in all phases of the enhancement works. At its simplest, existing riffles were
“raked” using an excavator bucket to reduce compaction and then top‐dressed with imported gravels. Elsewhere
riffles were enhanced and extended by raising the bed using large rocks, followed by top‐dressing with gravel. At
Thorpe by Water and on the upstream section of the main Welland large boulders were placed on some of the
restored riffles to create additional flow variation and cleanse and sort the gravels. In other locations log or faggot
flow deflectors/vanes have been installed on the riffles to achieve a similar effect and to encourage the development
of scour pools (see below). Gravels extending downstream from a new gated ford, which was constructed to allow
machinery and stock to cross the river near Thorpe by Water Weir, also provide new riffle habitat.

Fig 5. Restoring and extending the Thorpe by Water main river riffle: (a) limestone boulders were used to raise the bed and then
(b) top‐dressed with gravel.
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Fig 6. Thorpe by Water bypass channel (a) before gravel introduction and (b) after. Subsequently large rocks and log flow
deflectors were installed to create additional flow variation.

Just upstream of Harringworth Viaduct gravel stockpiles were placed in the channel with the intention that they
would be redistributed in response to changing flow patterns. However, despite some significantly elevated flows
during the winter of 2013/14, they have remained in situ, creating a series of gravel islets.

Fig 7. Faggot flow deflectors installed to help retain newly
introduced gravel and create a scour pool.

Figs 8. Gravel islets above Harringworth Viaduct following high
early winter flows in December 2013.

Fish passage improvements
Although not a major barrier, a temporary stone weir below Harringworth was dismantled to allow unobstructed fish
movements and also to restore the bed gradient in advance of channel narrowing works upstream. However, Thorpe
by Water Weir and Seaton Weir were significant obstructions to fish and eel passage.
Thorpe by Water Weir
Fish passage at Thorpe by Water Weir has been achieved via the bypass channel. This involved constructing a simple
rock ramp (a rock and gravel cascade) to increase the bed gradient at the mouth of the channel to create attractant
flow and ensure that the normally weed‐choked channel mouth remained open. Passage through the bypass channel
was improved by removing some woody material obstructions.
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Fig 9. The mouth of the Thorpe by Water bypass channel
prior to fish passage improvement (July 2014).

Fig 10. The mouth of the Thorpe by Water bypass channel after
the construction of the rock ramp/cascade (November 2014).

Fig 11. Seaton Mill Pond cascade before the head was raised.

Fig 12. Seaton Mill Pond cascade after the head was raised
showing the low‐flow fish pass channel.

Fig 13. The weir at Seaton Mill (a) before and (b) after the head on the mill pond was raised to facilitate fish passage.

8

Seaton Weir
Initially a low‐cost interim fish passage solution using the Seaton Mill Stream to bypass Seaton Weir was
implemented. Attractant flow was created by constructing a low rock and gravel cascade, similar to the Thorpe by
Water cascade, at the confluence of the narrow bypass channel and the main Welland to encourage fish to move
into it. Although only a narrow channel, the only obstruction on the mill stream was at Seaton Mill. Here the cascade
that retains water in the mill pond was raised by around 30cm and a central channel was constructed to allow fish
movement in low‐flow conditions. Raising the mill pond head reduced the head at the mill weir by the same amount,
significantly improving conditions for fish movement.
In August 2015 fish passage at Seaton Weir, a sheet‐piled structure, was greatly improved by the construction of a
substantial rock ramp, a series of pools and cascades, over which fish and eels can now pass. The river in the vicinity
of the weir was surveyed and a series of cross‐sections and a long section were produced to calculate the volume of
rock fill required to construct the ramp. The basic formation of the ramp was constructed using 500‐700mm
diameter granite and 400mm diameter limestone boulders. The smaller voids were infilled with 100mm limestone
and fluvial gravel “ballast” was used to seal the structure. The level of the top of the upper cascade was set at the
level of the existing weir and once this was sealed the central section of sheet‐piling was pushed down using the
excavator bucket to allow an unobstructed flow of water. Finally the rock ramp was dressed with 20‐40mm gravel.
The images below illustrate how the rock ramp was constructed.

Fig 14. Seaton Weir (May 2012).

Fig 15. Looking downstream from Seaton Weir (May 2012).

Fig 16. Building up the bed with large granite and limestone
boulders.

Fig 17. Creating the sequence of pools. The lower cascade has
been sealed with gravel ballast; the upper cascade is unsealed.
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Fig 18. The completed sequence of three pools and cascades.

Fig 19. The upper pool showing the lowered central section of
the sheet‐piled weir.

Fig 20. The completed rock ramp looking upstream.

Fig 21. The completed rock ramp looking downstream.

Flow deflectors/vanes

Fig 22. A series of paired faggot flow deflectors downstream of Fig 23. Log flow deflectors below Gretton Weir.
Seaton Weir.
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Fig 24. Example of how paired vanes create flow variation.

Fig 25. A log vane installed mid‐water.

Logs, derived from riverside tree management, and imported faggots and were used to construct flow deflectors and
vanes at various locations. Flow deflectors are secured to the bank, partially exposed above the water level, but
sloping down at a very shallow angle towards the centre of the channel. They are designed to deflect the flow during
typical flow conditions, and narrow the channel. Vanes, however, are permanently submerged. Deflectors and vanes
create localised flow variation, helping trap and retain gravels. They also improve flows over/through gravel beds to
keep them free from fine sediment and improve the bed structure through scouring. Both types of structure, either
in pairs or singles, are normally angled upstream to direct the flow towards the centre of the channel and minimise
the potential for bank erosion.
Brushwood mattresses and faggot enclosures
Brushwood mattresses were used in the Gretton Main River, Thorpe by Water and Turtle Bridge sections to protect
vulnerable banks from erosion, narrow the channel and trap suspended fine sediments during high flows. Brushwood
mattresses comprise branches, derived from the management of bankside trees and shrubs, which are firmly
secured with posts and wire bindings to create a mass of fine woody material. Some are fully or partially enclosed by
logs, whilst others are unenclosed. In the Harringworth section spiling (long faggots constructed in situ) was used to
protect sections of bank where the toe was eroding. In locations were erosion was more severe faggot spiling
enclosures were constructed to narrow the channel, create fry refuges and trap sediment as the adjacent steep bank
undergoes a process of natural reprofiling (see Fig 21).

Fig 26. A log‐faced brushwood mattress.

Fig 27. A large open brushwood mattress.
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Fig 28. Faggot spiling bank toe protection.

Fig 29. Faggot spiling enclosures located to trap fine sediment
from the eroding bank.

Livestock Management
Livestock entering the river to drink and grazing the unprotected banks have caused severe localised erosion
resulting in the introduction of large amounts of fine sediments to the river. Stock watering problems have been
addressed ‐ one new drinker has been constructed, two have been removed and several have been refurbished.
Upstream of Harringworth, where the riparian fencing was in poor condition, the floodplain grasslands have been
fenced to reduce the impact of stock erosion on the riverbank and also to prevent grazing animals from crossing the
river using the restored riffles. A variety of fencing patterns ‐ barbed wire, electric and a hybrid of the two ‐ have
been used depending upon the preference of the riparian owner. The Welland Valley Partnership’s Working With
Farmers project funded the electric fencing on the Harringworth Section.

Fig 30. Cattle in the river below Harringworth Viaduct

Fig 31. The new drinker and fencing below the viaduct
significantly reduced erosion issues.
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Fig 32. Permanent electric fencing

Fig 33. Post and 2 lines of barbed wire fencing.

Fig 34. The Harringworth section (a) before and (b) after, showing the benefits of riverside fencing.

New ditch crossing (with “wagtail pipes”)
To improve access to undertake the enhancement works and for future management in the Harringworth reach a
new ditch crossing was constructed. Pipes were set into the bag‐work headwalls to attract nesting grey wagtails

Fig 35. (a) new ditch crossing incorporating (b) pipes to attract nesting grey wagtails.
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Suppliers of Services and Materials
Machine works including construction of the rock ramps, cattle drinkers, ford construction and other rock and
gravel introduction
Environment Agency Operation Delivery Team, Kettering
Fencing
Environment Agency Operation Delivery Team, Kettering
Burton Bros. Contact: Tom Burton. T. 07802 250910
In‐stream structures and tree works
Woodland and Water Management Ltd: T. 01327 349073. E. dom@woodland‐water.co.uk
Additional tree works
Seb’s Arboricultural Services: T. 01604 831997. W. www.sebstrees.co.uk

Monitoring
Visual inspections will be made and the photographic record will be regularly updated to monitor the integrity and
performance of the in‐stream enhancements and record any changes they are making to river morphology. The
baseline fish and invertebrate surveys will be repeated to monitor ecological changes as a result of the work.

Future Projects
Outline designs have also been drawn‐up for fish passes at Gretton and Barrowden Weirs and these will be refined
and implemented when the structures undergo major refurbishment.
Further habitat improvements are required throughout the reach with a particular focus on Gretton Back Channel
and downstream of Harringworth.

Further Information
For further information contact:
Hugh Bunker, Technical Officer, Fisheries, Biodiversity and Geomorphology Team. Environment Agency, Kettering.
T. 01536 385106. E. hugh.bunker@environment‐agency.gov.uk
Or
James Askham, Technical Specialist, Fisheries, Biodiversity & Geomorphology Team. Environment Agency, Kettering
T. 01536 385108. E. james.askham@environment‐agency.gov.uk
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The Water Framework Directive
The Water Framework Directive (WFD) is a major area of work for the Environment Agency. The WFD aims to get all
water bodies ‐ lakes and groundwater aquifers as well as rivers ‐ into ‘good ecological status’ ‐ or better ‐ by 2027,
with a series of ‘landmarks’ (2015 and 2021) to check progress.
The Water Framework Directive became UK law in December 2003. It provides an opportunity for the Environment
Agency to plan and deliver a better water environment with the focus on ecology.
The Water Framework Directive will help to protect and enhance the quality of: surface freshwater (including lakes,
streams and rivers); groundwater; groundwater‐dependent ecosystems; estuaries and coastal waters out to one mile
from low water.
The Environment Agency is the lead authority in England to carry out:





Improvements on inland and coastal waters through better land management and protect them from diffuse
pollution in urban and rural areas
Drive wiser, sustainable use of water as a natural resource
Create better habitats for wildlife in and around water
Create a better quality of life for everyone

The Environment Agency is the leading organisation for protecting and improving the environment in England and
Wales. We are responsible for making sure that air, land and water are looked after by today’s society, so that
tomorrow’s generations inherit a cleaner, healthier world.
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Glossary
Berm: A low, often wet, ledge or terrace at the edge of the stream that constricts the flow and allows a vegetated wetland
margin to develop.
Brash/Brushwood: fine woody material including thin branches and twigs.
Coir: a natural fibre extracted from the husk of coconuts. It can be formed into mattresses and rolls for use in river bank erosion
control and vegetation establishment.
Coppicing: cutting of a tree just above ground level resulting in the regrowth of a number of shoots. The shoots are allowed
grow to provide long straight poles which are re‐coppiced on rotation.
Faggot: a bundle of brushwood (or brash) tied together into a cylindrical shape. Used as bank revetment; to form flow
deflectors; and to promote the deposition of sediment in marginal areas.
Fish pass: Structure to enable fish to gain access past a weir, sluice or other structure that would otherwise be impassable.
Flood Defence Consent: consent issued by the Environment Agency to carry out works in, over, under or near a watercourse or
flood defences. An application for Flood Defence Consent is needed to ensure that any works do not endanger life or property by
increasing the risk of flooding or cause harm to the water environment.
Floodplain: Area of land bordering a river that is prone to flooding.
Flow deflector/vane: a structure projecting in to the river which is designed to constrict water flow and promote scouring and
deposition of sediment.
Glide: a section of stream characterised by moderately shallow water with an even flow that lacks pronounced turbulence.
Although most frequently located immediately downstream of pools, glides are occasionally found in long, low gradient streams
with stable banks and no major flow obstructions. The typical substrate is gravel and cobbles.
Large woody material: pieces of naturally derived timber generally held to have dimensions greater than 10cm in diameter and
1m in length.
Left/right bank: the left/right hand bank of a watercourse as observed whilst facing downstream.
Meander: a meander is a bend in a watercourse formed as water erodes the outer bank and deposits the eroded sediments on
the inside of the bank.
Poaching: river bank damage caused by the hooves of livestock resulting in the loss of vegetation and soil erosion.
Pollarding: similar to coppicing, except that the tree is cut at approximately head height to prevent damage by grazing animals.
Trees managed in this way are known as pollards.
Pool: a deep section of stream bed with very little surface flow, typically located at the outside of a bend.
Revetment: works to protect the bed or banks of a channel against erosion.
Riffle: a length of stream with a steep gravel, pebble and/or cobble dominated bed, a fast flow and a broken water surface,
where the water flows swiftly over the completely or partially submerged substrate.
Riparian: along the banks of a watercourse.
Run: differs from a riffle in that, although the water surface is broken, the water depth is typically greater and the slope of the
bed is less.
Scour: Erosion of the bed or banks of a watercourse by the action of moving water.
Sediment: material ranging from clay to gravel (or even larger) that is transported in flowing water and that settles as the flow
slows down.
Shoal: sedimentation within or extending into a stream or other waterbody, typically composed of sand, silt and/or gravels.
Spate (freshet): a period of fast river flow and raised water levels caused by heavy rain (or melting snow).
Spiling: the use of thin branches to create a woven ‘fence’ that protects the bank from erosion.
Toe (of the riverbank): where the river bed meets the bank.
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ANNEX 1: The Completed Enhancement Scheme
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