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Glossary 

Term Explanation 

Adaptive management Modification of an NFM measure, after its construction, to improve flood management performance 

ARC-online An online system produced by ESRI for displaying maps and associated information (see RECS 
Storyboard) 

EAP Environmental Action Plan 

Ecosystem Services The benefits provided by ecosystems that contribute to making human life both possible and worth 
living 

Gulley A roadside channel to prevent uncontrolled runoff along roadway surfaces 

H&S  Health and Safety 

Measure  A feature or activity implemented to reduce flood risk 

NFM Natural Flood Management 

Pathway In the context of flood management, the route flood water takes from source to receptor (a flow route) 

Receptor In the context of flood management, an asset at risk of flooding (e.g. a house or a road) 

RECS Renewable Energy Community Schemes 

RECS storyboard An online map based report for this project (link: https://arcg.is/1qejWz) 

Riparian Land immediately adjacent to a watercourse 

Source In the context of flood management, the area generating flood risk 

SuDS Sustainable Drainage System 

Surface water runoff Flow across the ground, normally generated when rainfall intensity exceeds the rate at water can be 
absorbed by the ground surface 

WWNP  Working with Natural Processes (Natural Flood Management is one example of Working with Natural 
Processes) 
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1. Summary 

The Renewable Energy Community Schemes (RECS) handbook forms part of a delivery pack of information to aid 
Transition Monmouth and Monmouthshire County Council implement Natural Flood Management (NFM) measures, 
Sustainable Drainage Systems (SuDS) and general road drainage improvements to reduce the risk of flooding from 
surface water runoff.  Surface water runoff occurs when rainwater flows overland rather than soaking into the ground. 
This handbook: 

• Summarises the measures identified in the study area which could be applied to reduce surface water runoff 

• Presents the results of field investigations used to identify where measures could be implemented 

• Provides design specifications and references to support designers and contractors implementing measures 

Accompanying the handbook is: 

a) A spatial database, presented as the ‘RECS Storyboard’ in ARC-online1, in which all the information collated 
on the project is stored and can be interrogated further. 

b) An Effectiveness Calculator which estimates how NFM measures reduce surface water runoff 

The handbook is designed to be a quick read and covers the key elements of the project in two pages, including: 

• Outlining the RECS measures developed in Section 2 

• Summarising the Field Investigations in Section 3 

• Considering Implementation Costs in Section 4. 

These sections are supported by a further set of tables, modular designs in Appendix A, the RECS storyboard and the 
effectiveness calculator. 

2. RECS Measures 

This handbook summarises the potential solutions identified through the project which will help reduce surface water 
runoff risk in the study area (see RECS Storyboard). The list of measures can broadly be split into three categories: 

1. Natural Flood Management (NFM) measures 

2. Sustainable Drainage Systems (SuDS) measures 

3. Road drainage improvements 

The list of measures is not exhaustive but were identified as the ones that would be most effective at reducing surface 
water runoff in the study area. Further information on these measures and other measures can be found in the 
references at the bottom of this document, with significant material available in the Ciria SuDS Manual (Ref 1) and the 
Working With Natural Processes (WWNP) to reduce flood risk documentation (Ref 2). Since substantial information is 
already available on road drainage activities and SuDS, this measure pack focusses on providing information on NFM 
measures, for which there is the least information and knowledge to implement initiatives. 

Table 1 provides a summary of the NFM measures identified as being solutions to reduce surface water runoff in the 
study area. For each measure, the following information is provided: 

                                                      
1 https://arcg.is/1qejWz 

• Pathway – where in the runoff pathway (source, pathway, receptor) is this measure most effective. In this case 
the sources are the catchment (urban or rural), the pathway is the overland route that runoff takes to the 
receptor and the receptor is the asset at risk of flooding. Receptors in our study are roads, buildings and 
watercourses. 

• WWNP name – This is the common name for the measure used in both this study and the WWNP 
documentation (Ref 2). 

• Mechanism – This describes how the measure reduces the risk of flooding from surface water.  Mechanisms 
include slowing the flow (slow), storing runoff (store) and water infiltration (infiltrate). Please note that large 
parts of the study area are underlain by clay soils with impeded drainage.  In these areas, the “infiltrate” 
mechanism may be less effective and therefore the focus of measures should be around storing and slowing 
the flow. 

• Implementation – Implementation costs and considerations for design and construction. The costs include 
construction costs and assume that materials are locally won, unless stated otherwise. Considerations cover 
the potential risks, opportunities and constraints associated with implementing a measure. 

• Effectiveness – The effectiveness of the measure is based on information from a wide range of sources (see 
References), and expert judgement. The effectiveness is stated for two scenarios: a) small catchments and low 
intensity rainfall events and b) large catchment and high intensity rainfall events (in brackets). Generally, the 
larger the rainfall event or catchment area, the lower the certainty on the measure effectiveness. 

• Ecosystem service potential – The WWNP documentation (Ref 2) describes the ecosystem service functions of 
each WWNP measure. These functions have been mapped across to the NFM measures presented in this 
study to provide an appreciation of wide range of ecosystem service benefits that NFM delivers. Figure 1 is a 
blow-up version of the miniaturised charts in the table. The key function to look out for is the effectiveness of 
the measure for reducing surface water runoff which is highlighted in red in figure 1.  However, also note 
additional benefits including improvements to water quality and habitat. 

Table 2 and Table 3 provide a summary of road drainage activities and SuDS measures identified as solutions to 
reduce surface water runoff in the study area.   The same information is provided for these measures as for NFM 
measures, but in a much more concise format.  The reader is referred to comprehensive industry standard sources for 
further details. 

 

Figure 1. Ecosystem service example (from Ref 2) 

https://arcg.is/1qejWz
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3. Field Investigations 

Table 4 and Table 5 summarises the potential solutions identified through field investigations carried out as part of this 
study which will help reduce surface water runoff risk. The receptors at risk mapping on the RECS Storyboard identified 
large areas at risk of surface water flooding which would be impossible to investigate in detail. A risk however does not 
mean that an area actually floods and therefore the risk mapping was validated through the use of the “Transition 
Monmouth Community Flood and Opportunity Mapping Portal” (https://arcg.is/0KXfCz) and a community engagement 
workshop at Shire Hall in Monmouth. This validation exercise identified areas where surface water flooding was actually 
occurring within the study area, and any areas identified by the community which overlapped with the surface water risk 
mapping was taken forwards for investigation.  

In total 15 catchments were investigated through field visits to identify potential measures which could reduce surface 
water flooding, with the results presented in table 4 and table 5 below. The list of measures are presented spatially on 
the RECS spatial database (click on each measure to find the measure code). The list of measures is not exhaustive 
but were identified as the ones that would be most cost effective at reducing surface water runoff in the study area. 

 

Figure 2. Visiting surface water runoff risk areas during a wet weather event near Monmouth 

4. Implementation costs 

Table 1 provides a summary of the NFM measures identified as being solutions to reduce surface water runoff in the 
study area. For each NFM measure, a modular conceptual design has been developed which accompanies the costs 
and information provided in Table 1. This information is normally adequate to allow an experienced contractor to deliver 
solutions on the ground. 

However, the costs allocated to measures in Table 1 generally only account for a contractor’s cost during construction. 
This is only one of many activities needed to deliver a successful NFM or SuDS flood management scheme. To 

estimate the total cost of a scheme an allowance must be made for all the activities of the project. Figure 3 is a very 
simple representation of a flood management scheme project cycle.  

It starts with feasibility, appraisal and design in which a scheme is taken from concept through to a set of design 
drawings that can be used by a contractor to build a scheme on the ground.  Note this phase isn’t just about the 
technical design process, but also includes working with landowners, managing environmental and flood risk 
constraints and consenting.  On a typical SuDS scheme this phase can cost 15% of construction costs (ref 1).  
However, generally low capital costs associated with NFM escalate this allowance: we suggest an allowance of 50% - 
100% of construction costs to estimate feasibility, appraisal and design.  This multiplier may need to be higher for sites 
with particularly complex constraints or very small / simple schemes with low capital costs. 

The second phase in Figure 3 is construction. When estimating costs for construction make sure that you have 
accounted for all costs associated with this phase and not just contractor costs. Common additional items include time 
needed to supervise a contractor and keep the landowner informed during the construction process.  These might be 
20% of a contractors’ costs. 

Responsibility for an asset goes beyond its construction.  Budget, or clear agreement for responsibility will be needed 
for both operation (including adaptive management, maintenance and repair) as well as disposal.  The annual cost of 
maintenance of a SuDS asset is estimated at 0.5-10% (ref 1), it may be prudent to allow towards the top end of this for 
an NFM asset. Given the relatively short service life of an NFM scheme disposal also needs to be considered.  Ref 1 
suggests an allowance of 35% to 42% of construction costs for this phase for a SuDS asset.  A similar range could be 
used for an NFM asset. 

 

Figure 3. Indicative project lifecycle for a flood management scheme 

 

https://arcg.is/0KXfCz
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Table 1. NFM measures 

Pathway WWNP name Measure 
(code) 

Main 
mechanisms 

Mechanism outline Ecosystem service 
potential 

Implementation costs Implementation 
considerations 

Effectiveness Reference 

Source Soil and land 
management 

Soil 
management 
(e.g. reduction 
of soil 
compaction) 
(SM) 

Infiltrate Increase infiltration rates by 
reducing soil compaction / 
changes in soil management. 

 

e.g. £20 ha for cultivation of 
compacted soils 

Most effective when a soil that 
is naturally able to retain large 
amounts of water has been 
compacted / over-worked. 

M (L) 
conflicting 
evidence 

3, 4, 6 

Source Headwater 
management 

Woody bundles 
(WB) 

Slow Brushwood and minor 
branches placed in dry valleys 
to slow overland runoff. 

 

On the low side of generic woody 
features costs 

Only suitable for upper of dry 
valleys. 

L (L) 4, 5 

Source Cross-slope 
woodland 

Cross slope 
belts and 
hedges (XSW) 

Infiltrate / Slow A cross-slope belt intercepts 
runoff down a hill and 
encourages infiltration of water 
in the soil. 

 

See CW costs. 

 

Fencing can be cheaper if Deer 
fencing not used; £8 - £12 per m 
double fencing 

Planting needs to be located 
across known flow routes to 
intercept water and fenced off 
to reduce grazing pressure. 
Minimum sizes funded by 
schemes are typically 0.1 - 0.25 
ha. Can be combined with 
cross slope bunds. 

M (L)  2, 4 

Source Catchment 
woodland 

Catchment 
woodland (CW) 

Infiltrate / Slow 
/ Store 

Catchment woodland can 
intercept, slow, and store 
water.  

 

 

Trees - The average price (2018) 
from nurseries was £0.70 per tree 
(assuming >100 trees purchased), 
with costs ranging from £0.4 to £2 
per tree. 

Protection - £2.50 for 1.8m tree 
shelter guard and stake. £2,500 
for 400m of 1.8m temporary deer 
fencing (£6.25 per metre). 

Labour - Labour costs vary only 
according to the type of protection 
used; £1.10 per single planted 
tree without shelter or stake to be 
installed. Allow £1.60 per single 
tree planted inclusive of shelter 
and stake installation. Labour 
costs for deer fence erection 
above include labour costs. 

Total Installation Costs – Typically 
£3 - £5 per tree should be allowed 
for. Cheaper if no protection used. 

To maximise effectiveness of 
planting as an NFM measure 
drainage improvements should 
be avoided.  This may restrict 
the quality and volume of wood 
yielded by the woodland. 

H (M) 2, 4,16 

Source Runoff 
Management 

Cross slope 
bund (XSB) 

Store Shallow earth bunds intercept 
runoff down a hill and 
encourages infiltration of water 
in the soil 

 

Stroud Rural Sustainable 
Drainage Project: £305 per earth 
bund and £400 per wood bund.   

Long term wetting of land 
upstream of bund (reduced 
grazing period, liver fluke). 
Maintenance (desilting) 

M (M) 4, 5, 6 
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Pathway WWNP name Measure 
(code) 

Main 
mechanisms 

Mechanism outline Ecosystem service 
potential 

Implementation costs Implementation 
considerations 

Effectiveness Reference 

Pathway Runoff 
Management 

Flow pathway 
bund (FPB) 

Store Similar to cross-slope bund 
except it is used where slope 
flow-paths are more 
concentrated rather than 
extensive 

 

See cross slope bund See cross slope bund M (M) 4, 5, 6 

Pathway Runoff 
Management / 
Offline storage 

Ponds and 
wetlands (PW) 

Store Ponds and wetland creation 
can be used encourage more 
regular inundation along a 
pathway and water storage. 

 

£8 m3 (Holnicote, National Trust) 

Thames Water: £9-19 per m3 

Presence of underground 
services, existing ground 
contamination. Maintenance 
(desilting). Can be used 
alongside flow pathway bunds 

M (M) 2, 7 

Pathway Runoff 
Management 

Track cross 
drain & grips 
(XDG) 

Slow Grips or drains at right angles 
to the track can divert runoff 
away from the main flow 
pathway. 

 

CS: £245 per item Maintenance (desilting) 

Need to direct water to an 
attenuation area, not a drainage 
pathway 

M (L) 12, 14 

Receptor Leaky Barriers Check dams 
(CD) 

Slow, Store Check dams will slow the 
movement of water, slow 
surface water, allowing 
sediment and other pollutants 
to settle out, helping to 
improve water quality and 
reduce downstream flooding.  

CS: £70 

SEPA: £500 

Maintenance (desilting) M (L) 9, 10 

Receptor Leaky Barriers In-channel 
debris catcher 
(DC) 

 

Slow Works in a similar way to an 
in-channel woody feature but 
is designed to catch debris 
rather than hold back water. 

 

On higher side of woody feature 
costs 

Needs to be robust and 
secured 

Routine inspection required 

M (L) 4, 9 

Receptor Leaky Barriers In-channel 
woody feature 
(to slow flow in 
channel) (IWF) 

 

Slow Reduces flood risk by holding 
back water behind the feature. 

 

CS: £462 (small), £764 (large) per 
feature. Stroud Rural Sustainable 
Drainage Project: £25 -£350 per 
structure (lower cost features 
described as minor. SEPA: £100 
to £1,000. Yorkshire Dales: £500 - 
£1,500 

Feature could need to be 
secured to avoid blockage of 
downstream structures; 
challenge of designing feature 
to store the part of the 
hydrograph that causes 
flooding 

M (L) 2, 4, 7, 10 

Receptor Leaky Barriers Floodplain 
woody feature 
(to encourage 
flow onto 
floodplain) 
(FWF) 

Store, Slow Works in a similar way to an 
in-channel woody feature but 
is designed to hold back more 
water and increase 
connectivity with the floodplain. 

 

See Woody Feature See Woody Feature M (L) 4, 9 
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Pathway WWNP name Measure 
(code) 

Main 
mechanisms 

Mechanism outline Ecosystem service 
potential 

Implementation costs Implementation 
considerations 

Effectiveness Reference 

Receptor Riparian 
woodland 

Riparian 
woodland (RW) 

Slow Planted on land adjoining a 
watercourse, they can slow 
flood flows 

 

See CW costs. Consider risk of blockage of 
downstream structures. 

Impeded drainage adjacent to 
river restrict the quality and 
volume of wood yielded by the 
woodland. 

M (L)  2, 4, 10 

 

Table 2. Road drainage measures 

Pathway CIRIA 
Name 

Measure (code) Main 
mechanisms 

Mechanism outline Implementation 
costs 

Implementation considerations Effectiveness Reference 

Receptor Swales Roadside swales (SW) 

 

Store, Slow, 
Infiltrate 

A vegetated channel used to convey and 
treat runoff. It can be lined or unlined to 
allows infiltration.  

Thames Water: 
£12-22 per m3 

Ciria £10-20 per m3 

Space for construction is often restricted.  Need to work in harmony 
with local road drainage. 

H (M) 6, 14 

Receptor Biorention 
systems 

Cross drainage or road 
narrowing associated with traffic 
calming measures (BRS) 

Store, Slow, 
Infiltrate 

A shallow landscaped feature which 
allows runoff to be stored, filtering through 
vegetation and soils prior to infiltration. 

Water Industry 
average costs: 
£100 per m2. Could 
be 50-100% higher 
on small schemes 

Space is needed to retrofit these to existing urban areas. Works best 
where roads are an important flow path. 

M (L) 15 

Receptor N/A Gully pot clearance (GPC) Drain Increase drainage of surface water runoff 
away from roads. 

£750 per day The number of gullies/culverts that can be inspected/cleared per day 
depends on the type of asset, condition and level of debris. CCTV 
inspections may be required prior to clearance ~£500 per day. 

H (M) 15 

Receptor N/A Clearing culvert and underneath 
bridges (CBC) 

Drain Increase flow conveyance underneath 
bridges and culverts to reduce flooding. 

£750 per day The number of gullies/culverts that can be inspected/cleared per day 
depends on the type of asset, condition and level of debris. There may 
be significant ecological/environmental constraints on this type of work 
requiring consents from MCC/NRW etc. which could affect timing, 
duration & cost 

H (M) 15 

 

Table 3. SuDS measures 

Pathway SuDS studio 
code 

Measure Main 
mechanisms 

Mechanism outline Implementation costs Reference 

Source GR Green roof Store Planted roof suitable for large flat roofed buildings only £80 - £90 per m2 14, 17 

Source/ 
Pathway 

PP 
Permeable paving Store Permeable paving surface with underground geocellular attenuation £27 - £54 per m2 14, 17 

Source/ 
Pathway 

GP 
Gravel paving Store Gravel surface providing some attenuation, suitable for car parks etc £27 - £54 per m2 14, 17 

Pathway 
FD 

Filter drains Store, Slow Trench filled with gravel allowing some attenuation of runoff before 

discharge 

£100 - £140 per m2 14, 17 

Source 
DD 

Disconnect downpipe Store, Slow Disconnect downpipes from large buildings to underground geocellular 

attenuation 

£100 - £140 per m2 14, 17 
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Source WB Water butts Store Private solutions installed on residential buildings £100 - £243 per property. includes installation & connection pipe 14, 17 

Pathway TP Tree pit Store Single tree pits £25 - £30 per m2 14, 17 

Pathway Bi Bioretention Store Includes pocket infiltration, bioretention and multiple tree pits £25 - £30 per m2 14, 17 

Pathway 
RS 

Rain gardens (surface) Store Residential solution consisting of surface planting with some attenuation 

capacity 

£25 - £30 per m2 14, 17 

Pathway RB Rain garden (box) Store 1m high boxes with surface planting, applicable to large buildings only See Ref 17 14, 17 

Pathway 
RA 

Attenuating rain 

gardens 

Store Surface planting with geocellular underground storage £100 - £140 per m2 14, 17 

Pathway So Soakaway Store Excavation filled with gravel and covered with soil £55 - £100 per m2 14, 17 

Pathway Po Pond Store Suitable in large natural spaces only £15- £25 per m2 14, 17 

Pathway We Wetland Store Shallow features suitable only in large natural spaces £25 - £30 per m2 14, 17 

Table 4. Summary of field investigations 

Catchment Description / the 
problem 

Constraints Opportunities NFM SuDS Main. Photo 1  Photo 2 

Trellick 

Small rural catchment 
with flooding occurring 
over the road bridge  

The road crosses a flashy 
watercourse and therefore 
some road flooding may be in-
evitable even with measures to 
reduce the risk. High grade 
agricultural land makes it 
desirable to keep it under arable 
use.  

Incised watercourses and shallow field 
depressions can be enhanced to increase 
runoff storage. Road maintenance 
activities such as culvert clearance, and 
changes in the road layout will reduce the 
risk of the road becoming a runoff conduit 

   

 

Roadside runoff attenuation could be enhanced 
using swales 

 

Field depression and watercourses could be 
enhanced to increase runoff storage 

Mitchel 
Troy 

Despite a large steep 
catchment with 
significant runoff 
potential, the surveys 
identified that runoff 
impacts are highly 
localised focussing on 
a farm yard, farm 
tracks and two fields 

Limited constraints if the 
landowner is willing to 
implement the measures 

Good opportunities for implementing a 
bundle of measures if the landowner is 
willing. 

   

 

Instream woody features could be added to slow 
and store the water 

 

Road experiencing surface water runoff with 
hillslope descending onto the road from the west 

(right) 
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Catchment Description / the 
problem 

Constraints Opportunities NFM SuDS Main. Photo 1  Photo 2 

Wyesham 

A steep catchment 
with an urban lower 
catchment and rural 
upper catchment. The 
rural upper catchment 
is composed of a mix 
of arable land, 
grassland and 
woodland. The arable 
land is mainly higher 
grade agricultural land 
however some 
grassland areas are 
lower grade. The 
majority of the rural 
upper catchment to 
the east of the estate 
is drained away from 
the Wyesham Estate 
by a large intercepting 
drain. 

The intercepting drain limits the 
need and scope for 
implementing NFM in the upper 
catchment since the 
intercepting drain will already 
reduce risks posed by the upper 
catchment. 

To the south east of Tudor Road – there 
is an opportunity for planting catchment 
woodland in an area which is not 
protected by the intercepting drain. This 
area could be extended into lower grade 
land surrounding it. Due to the limited 
scope for upstream NFM solutions – the 
main surface water runoff risk is posed by 
the urban area, and therefore the main 
opportunities relate to urban SuDS in the 
urban catchment, and gully plot clearance 
maintenance activities along Redbrook 
Road. 

   

 

Intercepting drain uphill of the Wyesham estate 

 

Blocked gully plots observed on Redbrook road 

Dixton 

A steep predominantly 
rural catchment in the 
centre of Monmouth, 
used for grazing. 

Naturally heavy clay soils and 
the compaction caused by 
grazing animals will reduce 
rainfall infiltration, and increase 
runoff rates. High grade 
agricultural land makes it 
desirable to keep it under arable 
use. 

The main opportunity to increase 
infiltration rates would be to develop and 
implement a soil management plan for 
the fields.  This might recommend a mix 
of land use change / mechanical methods 
for increasing infiltration.  However, the 
high clay content of the soil and the 
current land use (livestock grazing / over 
wintering) may limit the effectiveness of 
soil management measures.  An 
alternative approach would be to add 
cross slope bunds and/or cross slope 
woodland along the field boundaries to 
intercept runoff prior to it reaching Dixton 
Road. 

   

 

Cross-slope bund at the bottom of the field would 
intercept runoff from the field 

 

Cross-slope bund / woodland further up the slope 
to re-partition a field. 

Osbaston 

A steep predominantly 
urban catchment, with 
road alignments up-
downhill contributing 
as major flow 
pathways. The rural 
catchment to the north 
and to the west of 
Osbaston broadly 
drains away from the 
urban area and 
therefore rural 
catchment 
contributions to 
surface water runoff 
risk is limited. 

Highly urbanised area with 
limited green space 
opportunities for runoff 
attenuation measures. 

Some minor woodland planting 
opportunities, however the main 
opportunities relate to SuDS including 
traffic calming measures retrofitted with 
SuDS such as bioretention features to 
capture runoff along roads in the 
catchment. 

   

 
Pastures in the distance with potential for 

woodland planting 

 
Prospect / Chaucer way leading onto Osbaston 

Road 
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Catchment Description / the 
problem 

Constraints Opportunities NFM SuDS Main. Photo 1  Photo 2 

Mally 
Brook 

An open rural upper 
catchment and 
wooded lower 
catchment. The A466 
closely follows the 
valley bottom and is 
vulnerable to fluvial 
and surface water 
flooding 

The path of the road along the 
valley bottom and close to Mally 
Brook makes it naturally 
vulnerable to flooding 

An un-wooded upper catchment would be 
prime for woodland planting however the 
high grade agricultural land makes that 
less likely. Linear features along Mally 
Brook are more likely to be adopted by 
landowners. The watercourse is highly 
incised providing good opportunities for 
in-stream measures. 

   Mally Brook is incised providing in-channel opportunities 
to store water upstream of the flood impact road area 

Rockfield 

The B4233 
descending into 
Rockfield village is 
vulnerable to surface 
water runoff.  

An examination of the 
topography shows that there is 
little / no upstream catchment 
from which runoff could be 
generated onto the road. 

Due to the lack of catchment for 
generating runoff, the road itself is the 
source and pathway of surface water 
runoff and therefore requires road 
maintenance activities to reduce runoff 
risk. 

   Surface water runoff generated along the B4233 
descending into Rockfeild village, ends up at this road 
bridge before entering the watercourse which flows 
underneath the road. Road maintenance including 
clearing gully pots drains and culverts along with some 
runoff diversion further up the B4233 would be the most 
effective measures in reducing surface water runoff 
issues.  

Skenfrith 

A series of separate 
catchments cause 
surface water runoff 
issues along roads 
around the village of 
Skenfrith 

The surveys revealed that the 
roads themselves are the most 
likely cause of surface water 
flooding issues, and are also 
located along valley bottoms 
therefore forming natural 
attenuation points for water. 

Road maintenance activities are the most 
effective solutions for the issues 
experienced around Skenfrith.  

   

 
Road camber leads to ponding of water on the 
“upstream” side of the road. There are swales 

and drains which are clogged on that side. 
Maintenance activities could reduce the ponding 

issues 

 
Steep cut in road in the centre of the valley is the 
main flowpath for runoff from the road uphill and 

surrounding fields 

Newcastle 

The road between 
Newcastle and 
Llanfaenor where it 
crosses a watercourse 
can become flooded. 
The contributing 
catchment has a 
mixture of arable and 
grazing, with riparian 
woodland margins 
along the main flow 
channels 

The road crosses a flashy 
watercourse and therefore 
some road flooding may be in-
evitable even with measures to 
reduce the risk. High grade 
agricultural land makes it 
desirable to keep it under 
grazing use.  

In-channel measures along the main 
channels would slow the flow and capture 
debris which contributes to blockages at 
the downstream road bridge. Clearing 
and maintenance of the blocked culvert 
would reduce the risk of road flooding. 

   

  



RECS Handbook 

Transition Monmouth & Monmouthshire County Council 

 

 
 

 
Private and confidential 
Atkins   11 May 2018 | Ref: 5160297 | Version 2.0 11 
 

Catchment Description / the 
problem 

Constraints Opportunities NFM SuDS Main. Photo 1  Photo 2 

Partially blocked road culvert will increase water 
levels upstream increasing the risk of road 

flooding 

In-channel measures upstream would slow the 
flow and also capture debris, reducing blockages 
at the culvert  

Onen 

A steep narrow 
catchment under 
grazing descends 
towards the B4233 
near Onen. The 
watercourse goes 
underneath the road 
and enters the River 
Trothy downstream of 
the road. 

The road crosses a flashy 
watercourse and therefore 
some road flooding may be in-
evitable even with measures to 
reduce the risk. High grade 
agricultural land makes it 
desirable to keep it under 
grazing use. The road culvert is 
at high risk of becoming blocked 
due to the presences of 
upstream loose woody debris. 
The channel re-alignment 
downstream of the culvert 
reduces conveyance increasing 
the risk of water overtopping the 
culvert and flooding the road.  

A mixed bundle of NFM and road 
maintenance measures could reduce the 
risk of road flooding. There are some 
quick wins in the vicinity of the existing 
woodland and road bridge that could be 
delivered. 

   

 
Opportunities to store water immediately 

upstream of road bridge, and improve 
conveyance immediately downstream 

 

 
In channel and flow pathway storage measures 

in the catchment will slow the flow and store 
water. 

Rockfield 
Road 

The Rockfield Road 
intercepts hillslopes 
draining from the north 
and runs along a large 
drainage ditch which 
flows through 
Monmouth. The 
catchment to the south 
of the road will broadly 
be intercepted by the 
drainage system and 
will pose less of a risk 
to road flooding 

The Rockfield Road will receive 
runoff from roads running 
directly downhill from either side 
of the road. High grade 
agricultural land makes it 
desirable to keep it under arable 
/ grazing use. 

A number of blocked gully pots were 
surveyed along the road. Surface water 
runoff was observed off roads joining the 
Rockfield Road which would benefit from 
cross drains or other measures to reduce 
runoff directly along the road. Cross slope 
bunds and woodland along the hillslopes 
with a direct flow pathway onto the road 
would be beneficial. 

   

 
Runoff along Rockfield Road generated from side 

roads 

 
View of Rockfield Road.  Note high ground to 

north (right of picture) 

 

Wonastow 
Road 

The catchment drains 
through the newly 
developed Kingswood 
Estate. The upper 
catchment is wooded 
and drains through a 
series of fish ponds 
that would naturally 
attenuate flow, before 
descending through 
arable fields and 
pastures before 
entering the edge of 
the estate. 

Arable land-use in the lower 
catchment will limit the scope of 
implementing measures that 
could affect crop yields. 

There is scope to extend the existing 
woodland further down the slopes of the 
upper catchment which by-passes the 
lakes attenuating affect. This can be 
undertaken in combination with in-
channel features (upstream of the arable 
land), and cross-slope woodland and 
bunds where catchment woodland is not 
desirable. Further down the catchment 
close to the estate, there is scope to 
increase the storage capacity of the 
channel by combining riparian woodland 
and a pond along the watercourse. 
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Catchment Description / the 
problem 

Constraints Opportunities NFM SuDS Main. Photo 1  Photo 2 

Arable land limits opportunities for NFM, however 
the top of the catchment visible in the photo has 

opportunities. 

Wetland storage / riparian woodland opportunity 
in small field next to existing channel entering the 

new estate 

Kingswood 

The headwaters of this 
catchment rise on 
Kings Wood before 
descending onto 
arable land before 
entering the Rockfield 
Estate and New Kings 
Wood Estate. 

Arable land-use needs 
consideration when 
implementing NFM measures, 
however the channel is large 
enough to accommodate 
measures without impeding on 
land-use. 

Major opportunities exist to implement a 
range of NFM measures within the 
woodland and arable land. Some quick 
wins would be to work with NRW in 
implementing measures as part of 
ongoing woodland maintenance 
operations, whilst also installing in-
channel woody features along the 
watercourse which follows the Offa’s 
Dyke footpath. Opportunities also exist 
for woodland planting in marginal areas 
close to the existing woodland extent. If 
there are restrictions to woodland 
planting, flow path bunds and cross slope 
woodland could be installed instead. 

   

Marginal grassland areas upstream of arable 
land could be used to store water before it 

reaches the new Kings Estate. 

Large channel capacity allows large volumes of 
water to be stored upstream of the Rockfeild 

Estate 

Wonastow 

Catchment east of 
Wonastow village 
experiences road 
flooding where the 
road crosses a 
watercourse prior to its 
confluence with the 
river Trothy 

The road crosses a flashy 
watercourse and therefore 
some road flooding may be in-
evitable even with measures to 
reduce the risk. High grade 
agricultural land makes it 
desirable to keep it under 
grazing use. The road culvert is 
at high risk of becoming blocked 
due to the presences of 
upstream loose woody debris. 

The main watercourse upstream of the 
road bridge has a large capacity 
providing opportunities for instream 
channel features all the way up to 
Kingswood. The western branch of the 
main watercourse contains an online lake 
limiting the need for measures on that 
part of the catchment. Some road 
maintenance around the road bridge 
would be beneficial although no 
immediate opportunities identified during 
the survey. 

   

 

Instream woody features could be installed along 
permanent flowing sections of the watercourse 

 

Woody bundles could be installed along 
headwater dry valley channels 

Redbrook 
Road 

The A466 next to the 
junction with the road 
leading up to Coleford 
experiences road 
flooding.  

Field surveys suggest a limited 
upstream catchment interaction 
with the road, with the greatest 
risk of runoff coming from the 
road itself, acting as a source 
and pathway for runoff.  

Road maintenance activities including 
clearing blocked gully pots and lowering 
the kerb on the River Wye side of the 
road 

   

Roads descend towards the area prone to road 
flooding 

Blocked culvert in area prone to flooding will 
increase the risk of road flooding 
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Table 5. Summary of measures by catchment 

 Measure (code) 
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Soil management (reduction of soil compaction) (SM)                

Woody bundles (WB)                

Cross slope belts and hedges (XSW)                

Catchment woodland (CW)                

Cross slope bund (XSB)                

flow pathway bund (FPB)                

Ponds and wetlands (PW)                

Track cross drain & grips (XDG)                

Check dams (CD)                

In-channel debris catcher (DC)               

In-channel woody feature (to slow flow in channel) (IWF)               

Floodplain woody feature (to encourage flow onto floodplain) (FWF)               

Riparian woodland (RW)                

Roadside swales (SW)                

R
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a
d
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ra
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e
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p
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v
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e
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ts
 Cross drainage or road narrowing linked to traffic calming measures (BRS)                

Gully pot clearance (GPC)               

Clearing culvert and underneath bridges (CBC)               

S
u

D
S

 

SuDS 
(see Table 3 for further details)   
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Appendix A. Modular Designs 

Measure (code) 

RECS tree species list 

Soil management (e.g. reduction of soil compaction) (SM) 

Woody bundles (WB) 

Cross slope woodland and hedges (XSW) 

Catchment woodland (CW) 

Cross slope bund (XSB) 

Flow pathway bund (FPB) 

Ponds and wetlands (PW) 

Track cross drain & grips (XDG) 

Check dams (CD) 

In-channel debris catcher (DC) 

In-channel woody feature (to slow flow in channel) (IWF) 

Floodplain woody feature (to encourage flow onto floodplain) (FWF) 

Riparian woodland (RW) 
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RECS tree species list 

RECS Monmouth 

Monmouthshire County Council 

Summary 

The table below summarises the recommended tree species to plant for the RECS under the NFM measures catchment woodland (CW), cross-slope woodland (XSW) and riparian woodland (RW). 
Further information on planting trees under each NFM measure is provided in the individual modular designs. The list provided is only a guide but it does reflect species identified as suitable for the 
study area based on woodland surveys undertaken as part of this study on Manor Wood and Kings Wood. The value of each tree species is provided for fuel, wildlife and resilience to climate 
change and pests / disease, whilst the growth to likely harvest is also provided ranging from short (<10 years), long (>40 years) and medium (in-between). The figures below shows photo examples 
of the woodlands surveyed in the study area. 

Safety Health and Environmental  

Information 

Construction 

• Organise the delivery of plants to minimise manual 
handling, e.g. use mechanised unloading or team-
work at a prepared site 

• Organise the layout of plants on the site to mini-
mise carrying. Where practical use an all-terrain 
vehicle (ATV) 

• Follow best practice during any manual handling 
e.g. no manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. An Environ-
mental Action Plan may be required. 

• Ensure planters are sufficiently competent and 
trained in equipment use. 

Maintenance 

• Avoid maintenance activities during windy periods 
in case of tree fall 

• Note that hedges require more intensive mainte-
nance than woodland to maintain. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 

 

Manor Wood: Mixed broadleaf and conifer 

P:\GBEMC\WGE\Projects\Cities\20171344 Monmouth Natural Flood Management\7 WIP\7.2 NFM\7.2.3 Modular designs\Modular design sheets 

Species Common name 

Catchment 

woodland 

Cross-
slope 

woodland 

Riparian 

woodland 

Suitability 

for Timber  

Suitability for 

Wood chip 

Suitability for 

Fire wood 

Growth to 
likely harvest-

able use Native 

Ecological 

benefits 

Current resili-
ence to Pest & 

disease 

Resilience to 
Climate 

change 

Abies procera Noble Fir Good Good Poor Fair Good Poor Long No Poor Unknown Fair 

Acer campestre Field Maple Good Good Poor Fair Fair Good Medium Yes Fair Good Fair 

Acer psedoplatanus Sycamore Good Good Poor Good Good Good Medium No Fair Fair Fair 

Alnus glutinosa Alder Fair Good Good Poor Fair Fair Medium Yes Fair Fair Unknown 

Betula pendula Silver Birch Good Good Poor Poor Good Fair Short Yes Good Fair Good 

Betula pubescens Downy Birch Fair Good Fair Poor Good Fair Short Yes Good Good Good 

Carpinus betula Hornbeam Good Good Poor Poor Fair Good Long Yes Good Good Fair 

Castanea sativa Sweet Chestnut Good Good Poor Good Good Fair Medium No Good Fair Good 

Corylus avellana Hazel Good Good Poor Poor Fair Good Medium Yes Good Good Fair 

Crataegus monogyna Hawthorn Good Good Poor Poor Fair Good Long Yes Good Good Good 

Fagus sylvatica Beech Good Fair Poor Good Good Good Long Yes Good Fair Poor 

Fraxinus excelsior Ash Current Moratorium due to Chalara Ash Dieback.     

Ilex aquifolium Holly Good Fair Poor Poor Poor Fair Long Yes Good Fair Good 

Larix decidua Larch Current Moratorium due to Phytophthora     

Picea abies Norway spruce Good Poor Poor Good Good Fair Medium No Fair Good Fair 

Picea sitchensis Sitka spruce Good Poor Poor Good Good Poor Medium No Poor Good Good 

Pinus sylvestris Scots Pine Good Good Poor Good Good Fair Medium Yes Good Fair Unknown 

Poplar nigra Black Poplar Good Poor Poor Poor Good Poor Short Yes Fair Fair Unknown 

Populus tremula Aspen Good Good Poor Poor Fair Poor Short Yes Fair Good Good 

Prunus avium Wild Cherry Good Fair Poor Good Fair Good Medium Yes Good Good Fair 

Prunus padus Bird Cherry Fair Fair Poor Fair Fair Good Medium Yes Good Fair Fair 

Prunus spinosa Blackthorn Poor Good Poor Poor Poor Fair Long Yes Good Good Good 

Pseudostuga menziesii. Douglas Fir Good Fair Poor Good Fair Fair Long No Fair Good Unknown 

Quercus petraea Sessile Oak Good Good Poor Good Good Good Medium Yes Good Fair Fair 

Quercus robur Common Oak Good Good Poor Good Good Good Medium Yes Good Fair Fair 

Quercus rubra Red Oak Good Good Poor Good Good Good Short No Fair Good Good 

Salix caprea Goat Willow Fair Good Good Poor Good Poor Short No Good Good Good 

Sambucus nigra Elder Fair Good Fair Poor Poor Poor N/a Yes Good Good Unknown 

Sorbus aucuparia Rowan Good Fair Poor Good Fair Good Medium Yes Good Good Unknown 

Sorbus domestica Service tree Good Good Poor Good Fair Good Long Yes Good Good Unknown 

Taxus baccata Yew Good Good Poor Good Poor Good Long Yes Good Good Good 

Tilia cordata Small leaf Lime Good Good Poor Good Fair Poor Medium Yes Good Fair Poor 

Ulmus glabra Wych Elm Good Poor Poor Good Fair Good Medium Yes Good Poor Unknown 

Kings Wood: Young mixed broadleaf Kings Wood: Beach woodland Manor Wood: Riparian woodland Kings Wood: Cross-slope woodland 
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Soil Management  

RECS Monmouth 

P:\GBEMC\WGE\Projects\Cities\20171344 Monmouth Natural Flood Management\7 WIP\7.2 NFM\7.2.3 Modular designs\Modular design sheets 

Monmouthshire County Council 

Purpose 

 

The soils around Monmouth are classed as medium texture loams (see 
note 1, Figure A).   

In their natural state these soils have a wetness class of either 1 
(Lugwardine and Milford) or 1 and 2 (Bromyard).  As such, they have 
the capacity to accept (absorb) heavy rainfall around most of the year. 
Compared to heavier clay soils or lighter sandy and silty soils, medium 
texture soils are at a relatively low risk of the structural damage that 
reduces their capacity to accept heavy rainfall. However, they are still 
prone to compaction, particularly in the subsoil, from traffic and tillage 
damage as well as runoff and erosion. 

Mixed farming dominates the landscape around Monmouth.  The flood-
plain and steeper slopes are commonly given over to permanent pas-
ture.  Less steep slopes are used for arable with ley pasture.  Areas of 
steep slope also sometimes given over to woodland.   

In summary, although the soils around Monmouth are not particularly 
susceptible to structural damage, compaction (particularly in the sub-
soil)  and greater than natural erosion / runoff are possible.  Given that 
mixed farming systems dominate the area, the potential causes of struc-
tural damage are likely to be many and varied.  

Implementation 

There is a wealth of guidance on soil husbandry (e.g. refs 1-3). These 
all stress that the key first step to good soil management is understand-
ing the soil types underlying a farm, the suitability of those soils to differ-
ent farming practices and their vulnerabilities to structural damage.  All 
three documents set out a clear process for assessing soil type and 
condition. 

This assessment is used as a basis for the development and implemen-
tation of a soil management plan (see note 2).  This should include  a) 
measures to mitigate for poor soil structure (where this exists) and b) 
plans / actions to maintain soils that are already in good condition.  Is-
sues are varied, and effective measures need to be site specific. How-
ever, a high level categorisation is presented in Figure C and, as an 
example, typical mechanical remedies for one issue (compaction) are 
presented in Table A. Guidance documents (e.g. refs 1-3) can be con-
sulted and professional advice is available to develop bespoke packag-
es of measures for individual farms and fields. 

Support in undertaking a soil assessment and developing a soil man-
agement plan is available from FWAG.  Both the Countryside Steward-
ship schemes in England and Glastir schemes in Wales include 
measures specifically targeted at improving soil structure.  

Opportunities 

• Habitat creation.  Naturally wet soils are often not suited to arable 

cropping or intensive grassland.  It can cost more to keep these are-
as in production than they yield in revenue.  Consider converting 
these areas to grassland, wetland or woodland habitat which can 
capture or slow runoff.  For these areas to be effective flood mitiga-
tion, soil structure may need to be improved before they are given 
over to their new land use. 

• Good soil management is key to a sustainable farming operation. In 

most cases, there is no conflict between good, profitable farming, 
improving or maintaining soil fertility (and the capital value of the 
farm), and good environmental management, since they all require 
that soils are maintained or improved.  

Constraints 

• Soil management activities such as subsoil ploughing has the poten-

tial to disturb buried archaeological features. 

Selected references  

1. Environment Agency, 2007. Think Soils. [online] Available at: <http://adlib.everysite.co.uk/adlib/defra/content.aspx?id=263233> [Accessed 
14 Jan 2018]. 

2. East Devon District Council 2017. Soils and Natural Flood Management. [online] East Devon DC. Available at: <http://eastdevon.gov.uk/
flooding/soils-and-natural-flood-management/> [Accessed 14 Jan 2018].  

3. AHDB Beef & Lamb, 2016. Improving soils for Better Returns. [online]. AHDB . Available at: <http://www.beefandlamb.ahdb.org.uk/wp-
content/uploads/2016/07/BRP-Improving-soils-for-better-returns-manual-3.pdf> [Accessed 14 Jan 2018].  

4. Defra, 2012. Soil management standards for farmers. [online] Available at: <https://www.gov.uk/guidance/soil-management-standards-for-
farmers [Accessed 14 Jan 2018].  

Figure A Medium Text Soil (from Ref 1) 

Safety Health and Environmental  

Information 

Construction, Maintenance and  
Decommissioning 

• This document is principally about planning soil 
management.  At this stage, risks to health and 
safety can be managed by adopting strategies that 
will lead to fewer dangerous activities being under-
taken.  Avoiding the need to carry out mitigations 
requiring heavy machinery (e.g. soil movement or 
sub-soiling) by working land in a way that limits or 
prevents damage to soil structure is the best way 
of preventing injury or loss of life. 

Notes 

• Note 1 Within the main river valleys are freely 
draining floodplain soils of the Lugwardine series.  
The slopes to the south of the River Troddi and on 
the England side of the border are overlain by the 
freely draining Milford series.  The slopes to the 
north of the Troddi in Wales are overlain by the 
Bromyard series; these soils have a slightly higher 
clay content and impeded drainage. 

• Note 2 An annual Soil Protection Review is a man-
datory requirement for all farmers under cross 
compliance regulations (ref 4). 

• Note 3 FWAG = Farming and Wildlife Advisory 
Group  

Figure B Muddy runoff from steep field (from Ref 1) 

Figure D Slurry spreading in wet conditions—

potential cause of compaction (taken from ref 1) 

Figure C Broad classification system of soil management measures to  
reduce flood risk presented in Working with Natural Processes Evidence 
Directory  

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/654431/
Working_with_natural_processes_evidence_directory.pdf 

Table A Causes and potential mechanical remedies for 

soil compaction (taken from p 11 of ref 3) 
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Woody Bundles 

RECS Monmouth 
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Purpose 

Small branches, brash or small trees are placed in very small headwater flow paths or streams. These woody bundles 
slow flow within the flow path and encourage spill onto the floodplain floor.  Their purpose is to slow flow in the very head-
waters of a catchment. They are typically installed in dry valleys where there is no visible flow most of the time except in 
runoff events. 

Implementation 

The primary function of these features is to increase the rough-
ness of flow paths and slow the rate at which water moves to-
wards the catchment river network (Figures A and B).  

Individual bundles will only slow flows slightly and store small vol-
umes of water.  Hence they are most effective in the very headwa-
ters of catchments, and multiple features are often implemented in 
series along a flow path.  They are most likely to be accepted by 
landowners in agriculturally marginal areas that are naturally wet 
and hence can be temporarily flooded.  They are easier to con-
struct close to a ready supply of trees.  Headwater woodlands are 
therefore prime locations for woody bundles. 

The materials for woody bundles may can come from routine 
woodland maintenance (such as coppicing or thinning).  They may 
also be generated as “offcuts” from trees used to create leaky 
dams. 

Bundles that have a length many times the width of the channel 
are less likely to move during floods. However, freshly cut small 
branches and brash will be light and buoyant.  Consideration 
should therefore be given to the consequences of large volumes 
of material being washed downstream. Material may need to be 
secured to prevent movement (Figure C).   

Regular inspection (say twice yearly) is required to re-secure or 
replenish woody bundles. 

Opportunities 

• By slowing and diverting flow onto the floodplain floor, in steep 
catchments, woody bundles can be used to dissipate flow 
paths and hence reduce the risk of erosion and gullying. 

• These features also enrich biodiversity and trap sediment.  
Sediment naturally accumulates behind features.  Sediment 
transported in water diverted to the floodplain will drop out of 
the water column. 

Constraints 

• These features are only appropriate to headwater flow paths. 

• Design uncertainty.  It is not possible to accurately predict how 
effective woody bundles will be at storing and attenuating flow 
because a) each feature has a unique form and b) the form of 
features will vary through time as individual pieces of wood. 

• Woody bundles are likely to have a short design life (say less 
than 5 years), and will need regular replenishment. 

• Always consult with regulators to determine which consents are 
required (e.g. flood risk, tree felling, protected species). 

Selected references  

1. Stroud District Council, 2017. Stroud Rural Sus-
tainable Drainage (RSuDS) project. [online] Avail-
able at: <https://www.stroud.gov.uk/rsuds> 
[Accessed 14 January 2018]. 

 

Figure A Naturally occurring “woody bundles” within 

tributary to Frome (ref. 1) 

Safety Health and Environmental  

Information 

Construction 

• Felling and moving trees is dangerous.  Severe 
injury is possible.  Works must only be carried out 
by properly trained personnel.  Often landowners 
have the necessary skills and experience. 

• Working near water: all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats.  Environ-
mental Action Plan likely to be required. 

Maintenance 

• Clearance of vegetation may be required to avoid 
slips, trips and falls. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed. 

Notes 

 

Figure B Woody bundles placed in headwater flow path 

(taken from ref 1) 

Figure C Possible methods of securing woody bundles 
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Cross-slope woodland 

RECS Monmouth 

Monmouthshire County Council 

Purpose 

• A cross-slope woodland can intercept, slow, and store water runoff. The 
clay soil types overlying much of the study area mean that this woodland in 
these areas will be more effective at intercepting and slowing runoff, rather 
than storing runoff via soil infiltration. 

Opportunities 

• Works well in combination with other measures such as flowpath bunds  
designed to store water on the surface (Fig 1). Storing water on the sur-
face will be important in the study area due to the clay soil type limiting 
infiltration. 

• Connect new areas with existing woodland or hedgerows to create a wild-
life corridor effect. This measure can be integrated alongside planting a 
new hedge . 

Constraints 

• To maximise effectiveness of planting as an NFM measure soil structure 
may need to be improved, however drainage improvements should be 
avoided.  This may restrict the quality and volume of wood yielded.  

• Cross-slope woodland / hedge trees can reduce crop yields due to the cre-
ation of shading; this is more an issue on east-west orientated schemes 

Implementation 

• Comprehensive advice on the design and implementation of woodlands  can be found in ref 1 and ref 2, whilst ref 3 
and ref 4 provide more information on planting hedges. Numerous designs are also available from the Woodland 
Trust,  Forestry Commission and hedge-link. Key design considerations are outlined below. 

Design 

• Woodland type: Table 1 provides indicative tree / hedge species to plant within the Monmouth area, focussing on 
native woodland types. 

• Layout:  Cross slope woodland will form a single line of trees as a minimum or as part of a hedge will form part of a 
staggered hedge with two rows planted. 

• Spacing:  Typical tree planting spacing is 2m x 2m on average, however, a narrower spacing is advisable if planting 
a hedge; typically 4 to 6 plants per metre.  Ref 2 advises planting a double staggered row hedge using 4-6 plants 
per metre, with a distance between the rows of 1-1.5m, and plant a varied row of trees between these rows. The 
exact spacing and planting scheme will vary based on the species used, and the space available. 

• Protection: The threats to planting where deer or livestock are the main issue can be addressed with suitable tem-
porary fencing, erected at least 1m from the centre of the hedge. Tube shelters are not recommended for hedge 
type species as they restrict horizontal growth of the hedge.  

Planting 

• Approach: Trees should ideally be planted between November and March, although ref 3 advises that planting in 
clay soils such as around Monmouth should wait until March. Trees can be planted by hand or using a machine. 
The latter can plant up to 10,000 trees per day, whilst an experienced person can hand plant 1000 trees per day, 
although 400 is more typical for less experienced people. There are different hand planting styles; notch and pit 
planting with notch planting being the favoured approach in working groups. When planting a hedge, pit planting 
can be a more favourable approach in clay soils 

• Type of sapling:  Bare root or cell grown saplings can be planted. Each has there own advantages as highlighted in 
ref 1, however bare root saplings are more widely available. 

• Site preparation: This is key to the viability of the woodland and it is recommended that expert advice is taken be-
fore planting. Keep Wales Tidy provide advice on hedge planting via their Long Forest project; https://
www.keepwalestidy.cymru/longforest 

Maintenance 

• Weed each spring in the first couple of years after planting. This can include mechanical or chemical weeding, or 
mulching. 

• Tree numbers need to be counted in late summer to assess success rate and calculate numbers required for re-
stocking. When replacing losses, it is best to replant with the species that are establishing best. Plan for 5% mortali-
ty rates. Regular inspection required to fix damaged tree protection and identify pests / diseases that require ad-
dressing. 

• Guards and fencing can be removed once the woodland has established although if growing a hedge, protection 
from livestock may need to be retained. 

• In the longer term, coppicing or strimming could be required depending on the objectives of the woodland. Hedges 
require more maintenance than woodland; see ref 4, http://www.hedgelink.org.uk/cms/cms_content/
files/78_hedgelink_a5_12pp_leaflet_7.pdf 

Selected references  

1. The National Forest Company (2003) Create a 
farm woodland. https://www.nationalforest.org/
document/creatingwoodland/create_farm.pdf 

2. Planting new hedges: https://www.gov.uk/
countryside-stewardship-grants/planting-new-
hedges-bn11 

3. Devon Hedges: http://devonhedges.org/ 

4. Hedge-Link: http://www.hedgelink.org.uk 

Table 1 Tree planting 

guide for cross-slope 

woodland, based on 

surveys within the 

study area. Species 

shown include those 

good for wood bio-

mass. Full list of spe-

cies found in the 

RECS Handbook. 

Colour scheme indi-

cates time to maturity 

for biomass genera-

tion, light blue <10 

years, dark blue >40  

Safety Health and Environmental  

Information 

Construction 

• Organise the delivery of plants to minimise manual 
handling, e.g. use mechanised unloading or team-
work at a prepared site 

• Organise the layout of plants on the site to mini-
mise carrying. Where practical use an all-terrain 
vehicle (ATV) 

• Follow best practice during any manual handling 
e.g. no manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. An Environ-
mental Action Plan may be required. 

• Ensure planters are sufficiently competent and 
trained in equipment use. 

Maintenance 

• Avoid maintenance activities during windy periods 
in case of tree fall 

• Note that hedges require more intensive mainte-
nance than woodland to maintain. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 

 

Figure 2 Cross-slope woodland within the Monmouth area 

Common name 

Silver Birch 

Downy Birch 

Aspen 

Field Maple 

Alder 

Hazel 

Scots Pine 

Wild Cherry 

Bird Cherry 

Sessile Oak 

Common Oak 

Rowan 

Hornbeam 

Hawthorn 

Holly 

Blackthorn 

Service tree 

Yew 

Figure 1 Cross-slope woodland planted along a flow pathway bund. 

Figure 3 New hedge on an earth bank. http://

devonhedges.org/wp-content/uploads/2015/11/8_Hedge-

Creation-1.pdf 
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Catchment Woodland 

RECS Monmouth 

Monmouthshire County Council 

Purpose 

• A catchment woodland can intercept, slow, and store water runoff. The 
clay soil types overlying much of the study area mean that catchment 
woodland in these areas will be more effective at intercepting and slowing 
runoff, rather than storing runoff via soil infiltration. 

Opportunities 

• Works well in combination with other measures such as riparian wood-
land and measures designed to store water on the surface. Storing water 
on the surface will be important in the study area due to the clay soil type 
limiting infiltration. 

• Connect new areas with existing woodland or hedgerows to create a wild-
life corridor effect. 

Constraints 

• It can be challenging to find landowners willing to give over large areas of  
land to woodland planting. In these cases, smaller planting schemes such 
as cross-slope woodland and riparian woodland should be considered 
instead 

• To maximise effectiveness of planting as an NFM measure, soil structure 
may need to be improved, but drainage improvements should be avoid-
ed.  The latter may restrict the quality and volume of wood yielded.  

Implementation 

• Comprehensive advice on the design and implementation of woodlands  can be found in ref 1. and ref 2. Numer-
ous designs are also available from the Woodland Trust and the Forestry Commission / National Resource 
Wales. Key design considerations are outlined below. 

Design 

• Woodland type: Table 1 provides indicative tree species to plant within the Monmouth area, focussing on native 
woodland types. 

• Layout:  Ref 1 provides a range of woodland layouts and this will depend on the objectives of the woodland. 

• Tree spacing:  Typical tree planting spacing is 2m x 2m on average, which generates 2,500 trees per hectare. 
However, there is benefit in a wider tree spacing in catchment woodlands (~ 1,000—1,600 trees per hectare), as 
this would increase sub-canopy growth. A more established sub-canopy is beneficial in reducing runoff in winter 
when deciduous trees have limited canopy cover. 

• Protection: The threats to planting where deer are the main issue can be addressed with suitable temporary fenc-
ing. Where there are threats from squirrel or rabbit damage, tube shelters are recommended. The tube shelters 
are also suitable for deer.  

Planting 

• Approach: Trees should ideally be planted between November and March. Trees can be planted by hand or us-
ing a machine. The latter can plant up to 10,000 trees per day, whilst an experienced person can hand plant 
1000 trees per day, although 400 is more typical for less experienced people. Marking out where the trees should 
be planted is an important task. There are different hand planting styles; notch and pit planting with notch plant-
ing being the favoured approach in working groups. Notch planting requires a narrower spade than a typical gar-
den spade (see Figure 3). 

• Type of sapling:  Bare root or cell grown saplings can be planted. Each has there own advantages as highlighted 
in ref 1, however bare root saplings are more widely available. 

• Site preparation: This is key to the viability of the woodland and it is recommended that expert advice is taken 
before planting. This is particularly important for catchment woodland as the land could be particularly challeng-
ing in terms of terrain and physical characteristics. 

Maintenance 

• Weed each spring in the first couple of years after planting. This can includes mechanical or chemical weeding, 
or mulching. 

• Tree numbers need to be counted in late summer to assess success rate and calculate numbers required for 
restocking. When replacing losses, it is best to replant with the species that are establishing best. Plan for 5% 
mortality rates. 

• Guards and fencing can be removed once the woodland has established. 

• Regular inspection required to fix damaged tree protection and identify pests or diseases that require addressing. 

• In the longer term, pruning, coppicing or thinning could be required depending on the objectives of the woodland. 

Selected references  

 

1. The National Forest Company 
(2003) Create a farm woodland. 
https://www.nationalforest.org/
document/creatingwoodland/
create_farm.pdf 

2. The woodland Trust (2018) Plant 
tress. https://
www.woodlandtrust.org.uk/plant-
trees/ 

Table 1 Tree planting guide for 

catchment woodland, based on 

surveys within the study area. Spe-

cies shown include those good for 

biomass. Full list of species found 

in the RECS Handbook. Colour 

scheme indicates time to maturity 

for biomass generation, light blue 

<10 years, dark blue > 40 years 

and 10 - 40 years in-between. 

 

Figure 3 Hand planting tools used for pit and notch planting 

(from ref 1) 

Common name 

Silver Birch 

Downy Birch 

Black Poplar 

Aspen 

Wild Cherry 

Sessile Oak 

Scots Pine 

Rowan 

Hazel 

Field Maple 

Common Oak 

Bird Cherry 

Alder 

Yew 

Service tree 

Hornbeam 

Holly 

Hawthorn 

Figure 2 Woodland planting from the Pontbren catchment  in Wales Figure 3  Young established woodland near Monmouth 

planted under Glastir 
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Safety Health and Environmental  

Information 

Construction 

• Organise the delivery of plants to minimise manual 
handling, e.g. use mechanised unloading or team-
work at a prepared site 

• Organise the layout of plants on the site to mini-
mise carrying. Where practical use an all-terrain 
vehicle (ATV) 

• Follow best practice during any manual handling 
e.g. no manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. An Environ-
mental Action Plan may be required. 

• Ensure planters are sufficiently competent and 
trained in equipment use. 

Maintenance 

• Avoid maintenance activities during windy periods 
in case of tree fall 

• Note that hedges require more intensive mainte-
nance than woodland to maintain. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 
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Flow Pathway & Cross-slope Bunds 

RECS Monmouth 

Monmouthshire County Council 

Purpose 

During intense or prolonged rainfall temporary overland 

flow paths can form in the low points of fields (Figure A).  

Building bunds across these features (Figure B) captures, 

slows or redirects runoff – in turn this reduces or delays 

flood peaks in downstream streams or rivers. Water 

trapped behind a bund may infiltrate into the ground. 

Implementation 

• The best way to identify pathways is by visiting site 

during heavy rainfall.  However, aerial photos, maps 

and digital runoff data sets^ can also be used. 

• Key factors to consider during design: locating and 

shaping the bund to effectively intercept surface flow 

without unduly compromising farm operations, ensur-

ing the bund is stable (does not slump or fail), how wa-

ter stored behind the bund drains away, what happens 

if water stored behind the bund overtops (advice avail-

able in refs 1 and 2). 

• Constructed using local materials: earth, timber or 

stone.   

• Minimise construction impact by constructing in dry 

conditions and correct storage / reinstatement of top-

soil. 

• Low maintenance requirement (e.g. returning sediment 

trapped behind bund to fields).  Inspect routinely, say, 

twice yearly, and after large flood events. 

^ for study area refer to RECS Storyboard. 

Opportunities and constraints 

• Bunds can be sited and sized to minimise detrimental 

impact or even benefit farm operations.  For instances 

they can form access tracks (Figure B) or be sited to 

store water on marginal land. 

• Where appropriate, bunds designs can create wet hab-

itats for wildlife. 

• Trapping of sediments and nutrients (that can be re-

turned to fields). 

• Always consult with regulator on consenting require-

ments.  In particular consider flood risk implications 

associated with raising floodplain and altering flow 

paths. 

Selected references  

1. Newcastle University and Environment Agency, 2011. Runoff Attenuation Features, a guide for all those working in catchment Management. [pdf]. 

Newcastle University. Available at: <https://research.ncl.ac.uk/proactive/belford/papers/Runoff_Attenuation_Features_Handbook_final.pdf> 

[Accessed 10 Jan 2018]. 

2. FWAG SW, 2011. Flood Management Information: In-field Bunds. [pdf]. Hills to Levels. Available at: < http://www.fwagsw.org.uk/wp-content/

uploads/2017/08/H2L-Information-Sheet-04-In-field-Bunds.pdf> [Accessed 10 Jan 2018]. 

Figure A Example of overland flow path (taken from ref 1) Figure B Flood bund retaining water (also taken from ref 1) 

Figure C Field corner bund shortly after construction  

(courtesy of Evenlode Catchment Partnership) 

Figure E Typical section used by Evenlode Catchment Partnership to illustrate a flood bund.  Very shallow 1:6 

slopes to hide feature within landscape.  

Figure D Shallow earth flood storage bund on Aller floodplain 

installed as part of Holnicote NFM scheme.  Image  from https://

www.nationaltrust.org.uk/holnicote-estate/documents/from-source-to-sea---natural-flood-

management.pdf 

Safety Health and Environmental  

Information 

Construction 

• Working near water. all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Bank/access route conditions and ground stability 
to be fully assessed to determine safe working 
practices. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Plan and undertake construction activities to avoid 
buried and overhead services. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats.  An Environ-
mental Action Plan may be required. 

Maintenance 

• Prior to maintenance e.g. vegetation clearance, 
the stability of the feature should be first assessed. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 
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Ponds and Wetlands  

RECS Monmouth 

Monmouthshire County Council 

Purpose 

Ponds and wetlands naturally develop in low points within the landscape.  They 
slow the rate at which water flows through the landscape by storing or attenuat-
ing runoff.  Creating new ponds or wetlands (or enlarging existing ones) will 
increase the volume of water retained within the landscape. Ponds and wet-
lands that capture or attenuate water during a flood event can help to reduce 
flood risk. 

Implementation 

The location of wetlands and ponds is critical to their successful functioning.  
They need to be on natural flow paths and in places where water naturally col-
lects.  The more water they intercept, the more effective they are likely to be as 
a flood management measure.  Ponds and wetlands are excellent alternative 
uses for wet areas of marginal land on a farm. 

Ponds and wetlands come in many different sizes and forms, depending on the 
available land, their location and intended function.  These include wet ‘scrapes’ 
that either occur naturally or are created in natural low spots in the floodplain 
(Figure A); field corner ponds to intercept local runoff (Figure B); more substan-
tial areas of naturally wet ground or woodland (Figure C) through to complex, 
constructed wetlands designed not only to attenuate and store water but also to 
trap sediments and pollutants (Figures D and E). 

Both the ‘restoration’ of areas of natural wet ground and the design of construct-
ed ponds / wetlands is comprehensively covered by existing manuals and litera-
ture (see below).  Design depends on where a feature is to be located and its 
intended purpose, in particular whether its function is to be solely flood manage-
ment, or also water quality improvement (see ‘opportunities’ below).  Guidance 
is often not specifically about ponds and wetlands for natural flood manage-
ment.  Instead its focus is either on water quality improvement (trapping of sedi-
ment and pollutants) or habitat creation.  However, many basic principles apply 
to all applications.  Refs 1 and 2 focus on constructed wetland for water quality 
improvement, whilst 3 and 4 focus on wetland for habitat creation. Ref 5 gives 
some useful pointers on the design of on-line and offline storage as part of a 
natural flood management scheme.  Seek professional advice if you are unsure.  
A good place to start is the River Restoration Centre (Ref 6). 

Regular maintenance (e.g. desilting of ponds and wetland features will be re-
quired.  Inspect at least twice a year and after significant flood events. 

 

Opportunities 

• Ponds and wetlands yield many other benefits besides flood risk 

management.  Designs can  be developed that also create habi-
tat and trap sediments, nutrients and pollutants.  Their pollu-
tant trapping potential is of particular relevance in manag-

ing ‘dirty’ runoff from roads. 

Selected references  

1. Wildfowl and Wetlands Trust, 2013. Constructed farm wetlands - treating 
agricultural water pollution and enhancing biodiversity . [online] Natural Eng-
land. Available at: <http://www.wwtconsulting.co.uk/wp-content/
uploads/2014/07/WWT-Constructed-farm-wetlands-guide.pdf> [Accessed 21 
January 2018].  

2. CARTY, A.H., SCHOLZ, M., HEAL, K., KEOHANE, J., DUNNE, E., 
GOURIVEAU, F., and MUSTAFA, A , 2010. Constructed Farm Wetlands – 
Design Manual for Scotland and Northern Ireland. Stirling: SEPA. Available 
at: <https://www.sepa.org.uk/media/131412/constructed-farm-wetlands-
manual.pdf> [Accessed 21 January 2018].  

3. RSPB, 2008. Water management structures for conservation, technical case 
study series. [online] RSPB. Available at: <http://ww2.rspb.org.uk/Images/
Water_management_structures_tcm9-214636.pdf> [Accessed 21 January 
2018].  

4. RSPB, 2010. Lowland Agricultural land drainage systems, function and mod-
ification for wetland conservation. [online] RSPB. Available at: 
ww2.rspb.org.uk/images/land_drainage_systems_tcm9-254843.pdf> 
[Accessed 21 January 2018].  

5. Newcastle University., 2011. Runoff Attenuation Features 
A guide for all those working in catchment management . Available at: 
<https://research.ncl.ac.uk/proactive/belford/papers/
Runoff_Attenuation_Features_Handbook_final.pdf> [Accessed 10 Dec 
2017].  

6. River Restoration Centre [http://www.therrc.co.uk/] 

Figure A Floodplain Scrapes, Walton Meadows (photo: Es-

sex River Hub).  

Figure B A constructed pond in the Evenlode catchment 

(photo courtesy of the Evenlode catchment partnership and 

Cotswold Seeds). 

Safety Health and Environmental  

Information 

Construction 

• Working near water: all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Bank/access route conditions and ground stability 
to be fully assessed to determine safe working 
practices. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. An Environ-
mental Action Plan may be required. 

• Plan and undertake construction activities to avoid 
buried and overhead services 

Maintenance 

• Prior to maintenance e.g. removal of sediment, 
check the stability of the feature and the depth of 
deposited material before starting work. 

• Sediments trapped in features may contain pollu-
tants, dispose of this responsibly.  

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 

• Ensure polluted materials are disposed of respon-
sibly. 

Figure D Natural wetland feature (Combe Mill Fen).  

Figure E Constructed wetlands forming part of the Gala Water Habitat Restoration for 

NFM (photo from Tweed Forum). 

Notes 

 

Figure D A complex constructed wetland in the Evenlode  

catchment (photograph courtesy of Cotswold Seeds).  

Constraints 

• Always consult with regulators to determine which consents 

are required (e.g. flood risk, water quality, protected spe-
cies) 
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Track cross drain & grips  

RECS Monmouth 

Monmouthshire County Council 

Purpose 

Impermeable farm tracks often form pathways for runoff (Figure A).  Even 
short tracks on slight gradients can intercept runoff from many fields, 
quickly accumulate a large volume of runoff and rapidly convey this direct 
to a watercourse.  As such, tracks can form artificial shortcuts in the natu-
ral hydrological pathway, rapidly delivering runoff direct to a watercourse 
that would otherwise be attenuated or infiltrate to ground.  Often this ac-
celerated runoff carries large volumes of sediment and pollutants. 

Cross drains or humps can be built to break the artificial runoff pathway 
that tracks create (Figures B, C, E).  The drain or hump intercept surface 
runoff, directing it away from the impermeable surface to areas where it is 
attenuated, stored in the landscape and / or infiltrates to ground. 

Implementation 

Look for opportunities to manage runoff closer to its source.  Runoff 
on tracks is often generated by surrounding land.  Investigate sources and 
pathways that runoff follows before reaching the track and consider op-
portunities such as soil management, flow pathway bunds, swales or buff-
ers to increase infiltration, or slow / store runoff up-slope of the track.  
Also consider the alignment of a track: try to avoid aligning it directly 
downhill or in a way that ‘shortcuts’ runoff pathways being large areas of 
land and watercourses. 

Design.  Limited further information is available in ref 1.  Some relevant 
information is available in ref 4.  Advice can be sought from FWAG,  the 
Catchment Sensitive Farming initiative or NRW.  Cross drains should be 
placed at intervals across sloping tracks. The number of drains will in-
crease with the length or steepness of the slope. The distance between 
the drains will vary according to the site, but they must be close enough to 
collect heavy surface flows. 

Management of runoff.  Flow directed off the track needs to effectively 
managed, otherwise it may cause new drainage, flooding or pollution 
problems.  Never direct runoff towards vulnerable receptors such as build-
ings or watercourses.  Always direct runoff to a suitable drainage outlet.  
Runoff with a low pollutant content can be directed to a drainage ditch.  
More polluted water should be directed to special treatment areas such as 
wetlands, swales or silt traps (see figure D). Runoff from small areas can 
be directed to well-managed, tussocky grass field margins or fields. 

Maintenance.  Regular inspection and maintenance is required to ensure 
cross drains and humps continue to function effectively.  Inspect routinely 
twice a year particularly after major storms. Remove built-up sediment 
and other debris blockages.  Maintain the whole system including the 
drain outlet and any storage areas.  

Opportunities 

• As well as reducing flood risk, effective runoff from tracks reduces the volume of 

sediment and associated pollutant being passed to watercourses.  It also benefits 
farm management.  Effectively located and spaced cross drains / humps will a) 
minimise erosion of the track surface b) reduce the frequency /extent with which a 
track floods and c) improve trafficability of wet or heavily used sections of track 
(e.g. at gateways or natural low points). 

Selected references  

1. GOV.UK, 2016. RP5: Cross drains. [online] Available at: < https://
www.gov.uk/countryside-stewardship-grants/cross-drains-rp5> 
[Accessed 12 February 2018]. 

2. Yorkshire Dales National Park, 2017. Natural Flood Management 
Measures – a practical guide for farmers. [online] Bainbridge: York-
shire Dales National Park. Available at: <http://
www.yorkshiredales.org.uk/__data/assets/
pdf_file/0003/1010991/11301_flood_management_guide_WEBx.pdf> 
[Accessed 12 February 2018].  

3. Hills to Levels, 2017. Flood Management Information: Cross Drains. 
[online] Wellington, Somerset: FWAG South West. Available at: < 
http://www.fwagsw.org.uk/wp-content/uploads/2017/08/H2L-
Information-Sheet-05-Cross-Drains.pdf> [Accessed 12 February 
2018].  

4. Forestry Commission, 2011. Forest Roads and Tracks. [online] Bristol: 
Forestry Commission England. Available at: < https://
www.forestry.gov.uk/pdf/ON025-
ForestRoadsandTracksv1.0issued110809.pdf> [Accessed 12 Febru-
ary 2018]. 

Figure A Muddy runoff cascading down track [Image from  

High Country News http://www.hcn.org/].  
Figure B Cross drain installed on a hard stoned track 

near Trellech, Monmouth  

Safety Health and Environmental  

Information 

Construction 

• Working on access tracks used by heavy machin-
ery and cars.  Appropriate traffic management 
required to ensure safe working conditions. 

• Working near water. all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Consider services, both above ground (e.g. over-
head power) and underground. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. 

Maintenance 

• Consider risk of working on track used by heavy 
machinery and cars. 

• Regular maintenance is required (see text). 

• Sediments trapped in features may contain pollu-
tants, dispose of this responsibly. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed. 

• Ensure polluted materials are disposed of respon-
sibly. 

Figure C Wooden cross humps diverting  track runoff to ditches 

[Image from  http://www.snh.org.uk/pdfs/publications/

heritagemanagement/constructedtracks.pdf].  

Figure E  Cross drain installed on track near Avington, River Itchen, Hampshire 

[image from Wessex Chalk Stream & Rivers Trust,  http://www.wcsrt.org.uk/river-restoration] 

Notes 

• FWAG = Farming and Wildlife Advisory Group. 

Figure D Silt trap [Image from  Hills to Levels project, http://

www.fwagsw.org.uk/wp-content/uploads/2017/08/H2L-Information-

Sheet-07-Silt-Trap.pdf 

Constraints 

• Although it  is unlikely that consent is re-

quired for cross drains, always consult with 
regulators to confirm. 
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Check dams  

RECS Monmouth 

Monmouthshire County Council 

Purpose 

• A check dam is a small barrier, normally constructed of timber or rock, placed 

across a drainage ditch or swale draining a very small catchment to attenuate 
flow or store water and thus reduce local flooding (Figures A to D).  They can 
also be used to slow the speed of flow, thus reducing bed and bank erosion 
and encouraging settling out of sediment and / or pollutants (see opportunities 
below). 

• Unlike leaky barriers check dams are not appropriate for use in natural water-

courses draining areas larger than say 5 ha, where they may disrupt move-
ment of fish, other animals and sediment (see constraints below).   

Implementation 

Design 

• Comprehensive advice on the 

design and implementation of 
check dams in swales as part of 
Sustainable Urban Drainage 
Schemes (SUDS) can be found in 
ref 1.  Limited advice on imple-
mentation in farm ditches as a 
natural flood management (NFM) 
and diffuse pollution measure is 
available in ref 2.   

• Check dams are only likely to be 

effective in drainage channels 
draining very small catchments 
and, even then, multiple features 
are likely to be needed to generate 
sufficient storage or attenuation.  
Dams are normally designed to 
‘leak’ so that stored water is con-
veyed along the watercourse once 
the peak flow has passed. 

Maintenance  

• Regular inspection and mainte-

nance is required to ensure check 
dams continue to function effec-
tively.  Inspect, routinely, say, 
twice yearly and after major 
storms.  Remove built-up sediment 
to retain storage behind each dam. 

Opportunities 

• Although check dams have limited NFM applications, they are widely used to 

manage risk of bed and bank erosion in man-made ditches and swales draining 
very small steep catchment (see ref 3), particularly if the channel is unvegetated.  
They are also often used to capture sediment and pollutants.  Hence they are 
probably most likely to be considered as part of an NFM scheme in ephemeral 
man made ditches or swales draining very small catchments where bank and 
bed erosion or water quality are also of concern. 

Constraints 

• Because check dams create barriers in the channel they are not appropriate for 

use in natural watercourses or drainage ditches that flow perennially.  This 
avoids restricting the movement of in-channel biology (in particular fish and eels) 
and disruption of natural sediment process.  Use on ditches draining greater 
than, say, 5 ha is to be avoided. 

• Do not implement without relevant advice or consents from the appropriate regu-

latory authority. 

Selected references  

1. Ciria, 2015. The SuDS Manual (C753). [online] (2015) Available at: <https://
www.ciria.org/Resources/Free_publications/SuDS_manual_C753.aspx> [12 
February 2018]. 

2. GOV.UK, 2016. RP12: Check dams. [online] Available at: < https://www.gov.uk/
countryside-stewardship-grants/check-dams-rp12> [Accessed 12 February 
2018]. 

3. Minnesota Pollution Control Agency, 2017. Minnesota Stormwater Manual: Sedi-
ment control practices - Check dams (ditch checks, ditch dikes). [online] (2017) 
Available at: < https://stormwater.pca.state.mn.us/index.php?
title=Sediment_control_practices_-_Check_dams_(ditch_checks,_ditch_dikes)> 
[12 February 2018].  

Figure A Rock check dams in 

swale adjacent to road (taken 

from ref 1, supplied by  

Oxfordshire CC) 

Safety Health and Environmental  

Information 

Construction 

• Working near water: all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Bank/access route conditions and ground stability 
to be fully assessed to determine safe working 
practices. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. 

Maintenance 

• Prior to maintenance e.g. debris clearance, the 
stability of the feature should be first assessed and 
if required the feature secured prior to any works. 

• Local scour around feature may have caused deep 
areas of water to have formed. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 

 

Figure B Check dam in ditch in 

Evenlode catchment (photo from 

Evenlode Catchment Partnership) 

Figure C Typical check dam details— long section and cross section (taken from ref 1) 

Figure D Check dam constructed from timber boards, from ‘Natural Flood Manage-

ment Measures’ produced by Yorkshire Dales National Park  

http://www.yorkshiredales.org.uk/__data/assets/

pdff_file/0003/1010991/11301_flood_management_guide_WEBx.pdf 
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In channel debris catcher 

RECS Monmouth 

Monmouthshire County Council 

Purpose 

There is always a risk that all or part of a wood feature, either natural or imple-
mented as part of a scheme is dislodged during a flood event.  Dislodged limbs 
can be washed downstream to become jammed against bridges or culverts. 
Blocked river structures are a common cause of flooding (Figure A).  In extreme 
cases, blockages can lead to collapse of structures. 

The purpose of a debris catcher is to capture large pieces of wood such as tree 
limbs in a controlled manner at locations where localised flooding associated with 
accumulation of timber will not put people, properties or river structures at risk. 
Blocked culverts were observed during the site visits in and around Monmouth as 
part of this study. A debris catcher could help reduce the risk of blocked culverts 
and bridges from occurring.  

As part of a Natural Flood Management schemes, it is not an alternative to se-
cure design of wood features, rather an additional measure to mitigate against 
the unintended consequence of a wood feature dislodging during a flood. 

Implementation 

Design.  The need for, location and design of a debris catcher should take ac-
count of the risks associated with failure of the wood features it is associated 
with.  If failure is likely to lead to flooding and that flooding could put people, prop-
erty or infrastructure at risk, formal structures may need to be considered.  If the 
likelihood and consequence of flooding is low, less formal, more natural designs 
may be appropriate.  Formal structures include traditional trash screens (Figure 
B), or tree poles (Figures C and D).  Less formal, more natural features include 
the use (e.g. direct felling) of large, heavy trees across the watercourse; these 
are extremely unlikely to be dislodged during a flood (see Figure E and F). The 
costs provided in the RECS handbook for debris catchers are for natural debris 
catchers using woody features, not formal structures. 

Maintenance.  All types of debris catchers must be checked regularly, particular-
ly after flood events.  Routine checks should be carried out, say, twice yearly. 
Large accumulations of debris / wood should be removed as soon as possible 
and the structure carefully inspected for signs of weakness.     

Opportunities 

• Informal debris catchers will also enrich biodiversity and trap sediment.  

They generate the natural processes of erosion and deposition, creating 
complex and varied flow conditions and habitats (e.g. pools, riffles and bars, 
see Figure E). In turn these habitats will attract a range of plants, inverte-
brates and fish. 

Constraints 

• The risks to people, property and infrastructure associated with failure of 

wood features need to be adequately managed, through a) appropriate siting 
of features; b) proper securing of individual features; c) regular maintenance 
and d) if necessary, use of additional measures such as debris catchers.  If 
this is not possible, woody features should not be installed. 

• Design uncertainty.  It is not possible to accurately predict how effective in-

formal debris catchers (e.g. large trees) will be at capturing dislodged timber 
because a) each feature has a unique form and b) the form of features will 
vary through time.  

• Always consult with regulators to determine which consents are required 

(e.g. flood risk and tree felling). 

• Informal features constructed from wood are likely to have a short service life 

(5-10 years) and must be replaced before they show signs of potential fail-
ure.  More formal engineered features will have a longer service life. 

• The larger and more powerful a river, the greater the chance that wood fea-

tures (including informal debris catchers) will fail. 

Selected references  

1. GOV.UK, 2009. Trash and security screen guide 2009. [online] Available at: < https://www.gov.uk/government/publications/trash-
and-security-screen-guide-2009> [Accessed 13 February 2018]. 

2. GOV.UK, 2017. £27million Northumberland flood scheme is complete. [online] Available at: < https://www.gov.uk/government/
news/27million-northumberland-flood-scheme-is-complete> [Accessed 13 February 2018]. 

3. Thorne, C., undated, presentation on “Emerging issues in managing river sediments, flood risks and habitats” 

Figure A  Example of woody material blocking a bridge on 

River Ennig in Talgarth, Wales (from ref 3). 

Figure C Tree poles installed on the River Wansbeck near to 

Lowford Bridge to prevent large wood from reaching the town 

centre of Morpeth (from ref. 2). 

Figure B Formal trash screen on culvert entrance in  

Monmouth. 

Figure E Example of well established large heavy tree across 

River Wensum, acting as a natural ‘debris catcher’. 

Figure F Example of recently felled large heavy tree across R.  

Wensum, with potential to act as a natural ‘debris catcher’. 

 

Figure D Tree debris screen upstream of Talgarth on 

River Ennig (steel joists 2m high above ground, 750 mm 

clear opening (from ref 3). 

P:\GBEMC\WGE\Projects\Cities\20171344 Monmouth Natural Flood Management\7 WIP\7.2 NFM\7.2.3 Modular designs\Modular design sheets 

Safety Health and Environmental  

Information 

Construction 

• Felling and moving trees is dangerous.  Severe 
injury is possible.  Works must only be carried out 
by properly trained personnel.  Often landowners 
have the necessary skills and experience. 

• Working near water: all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Bank/access route conditions and ground stability 
to be fully assessed to determine safe working 
profiles. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats.  Consider an 
Environmental Action Plan. 

• Plan and undertake construction activities to avoid 
buried and overhead services. 

Maintenance 

• Debris catchers may collect large amounts of sub-
stantial detritus.  Prior to maintenance e.g. debris 
clearance the stability of the feature should be first 
assessed and if required the feature secured prior 
to any works. 

• Local scour around feature may have caused deep 
areas of water to have formed. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed. 
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In channel wood features  

(to slow flow)  

RECS Monmouth 

Monmouthshire County Council 

Purpose 

Whole trees or parts of trees are placed in streams and rivers.  These 
partial barriers slow flow and store water within the channel.  During 
higher flows they will also raise water level above bank height, diverting 
flow to the floodplain (Figures A to C). 

Implementation 

The primary function of these features is to increase the roughness of 
the channel and slow the rate at which water moves downstream.  The 
features will also increase the volume of water stored within a channel.  
They need to be “leaky” so that normal flows pass freely through them.  
This also ensures that features don’t interfere with fish passage or sedi-
ment movement most of the time. 

Individual wood features will only slow flows slightly and store a small 
volume of water.  Hence leaky dams are most effective in small head-
water streams, and multiple features are often implemented in series 
along a watercourse.  They are most likely to be accepted by landown-
ers on marginal land that lies naturally wet and hence can be temporari-
ly flooded.  They are easier to construct close to a ready supply of trees. 

Trees can be felled directly into a watercourse and then trimmed.  The 
position of a felled tree can sometimes be adjusted manually using tools 
such as crowbars, timber gips and ropes. If vehicular access is possible 
timber can be manipulated into place using machines such as tractor 
winches and telehandlers. 

Trees felled into watercourses, particularly relatively buoyant recently 
felled trees, are prone to being washed downstream during high flows. 
Careful consideration needs to be given to preventing movement.  Meth-
ods of securing include fixing trees into banksides using slot trenches 
and wooden posts, tying-in and bracing logs against bankside trees and 
only using timbers that are substantially longer than channel width 
(examples of fixings in Figures D, E and F).  The use of non-
biodegradable materials such as wire cables should be avoided where 
possible, with the preferred aim being to mimic naturally occurring 
woody debris. 

Regular inspection is required to identify maintenance requirements. 
Routine checks should be carried out, say, twice yearly.  Features 
should also be inspected after major flood events.  Implement mainte-
nance (e.g. replacement of timber or securings) early to avoid structure 
failure.   

Opportunities 

• These features also enrich biodiversity and trap sediment. They gen-

erate the natural processes of erosion and deposition, creating com-
plex and varied flow conditions and habitats (e.g. pools, riffles and 
bars). In turn these habitats will attract a range of plants, inverte-
brates and fish.  Sediment naturally accumulates behind features.  
Sediment transported in water diverted to the floodplain will drop out 
of the water column 

Constraints 

• Design uncertainty.  It is not possible to accurately predict how effec-

tive wood features will be at storing and attenuating flow because a) 
each feature has a unique form and b) the form of features will vary 
through time.  

• Ideally these features should NOT be located upstream of key bridg-

es or culvert (because of the risk of blockage).   

• Features constructed from soft wood are likely to have a short ser-

vice life (5-10 years). 

• These features are unlikely to be effective in larger rivers. 

• Always consult with regulators to determine which consents are re-

quired (e.g. flood risk, tree felling, protected species). 

Selected references  

1. Stroud District Council, 2017. Stroud Rural Sustainable Drainage (RSuDS) project. [online] Available at: <https://www.stroud.gov.uk/rsuds> [Accessed 14 
January 2018]. 

2. Woodland Trust, 2016. Natural flood management guidance: Woody dams, deflectors and diverters  [pdf]. Woodland Trust. Available at: <https://
www.woodlandtrust.org.uk/publications/2016/08/natural-flood-management/> [Accessed 10 Jan 2018]. 

3. NERC, 2017. Managing flooding by working with nature. [online] Available at: <http://www.nerc.ac.uk/planetearth/stories/1850/> [Accessed 20 February 
2018]. 

4. Shropshire Wildlife Trust, undated. Slow the flow. [online] Available at: <https://www.shropshirewildlifetrust.org.uk/slow-the-flow> [Accessed 20 February 
2018]. 

Figure A Small leaky dams constructed by  

Shropshire Wildlife Trust (taken from ref 1) 

Figure C Example of Engineered log jam (ref 3).  

Figure F Example fixing details for engineered log jam fea-

ture implemented on River Bewl (section).  

Safety Health and Environmental  

Information 

Construction 

• Felling and moving trees is dangerous.  Severe 
injury is possible.  Works must only be carried out 
by properly trained personnel.  Often landowners 
have the necessary skills and experience. 

• Working near water: all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Bank/access route conditions and ground stability 
to be fully assessed to determine safe working 
profiles. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats.  Consider an 
Environmental Action Plan. 

• Plan and undertake construction activities to avoid 
buried and overhead services. 

Maintenance 

• Prior to maintenance e.g. debris clearance from 
large wood, the stability of the feature should be 
first assessed and if required the feature secured 
prior to any works. 

• Local scour around feature may have caused deep 
areas of water to have formed. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed. 

Figure E Example fixing details for engineered log jam feature 

implemented on River Bewl (plan and fixing detail).  

Figure D Wood feature being formally secured on tributary of  

Evenlode (photo courtesy of Evenlode Catchment Partnership). 

Notes 

• When refilling trench re-prolife fill back to existing 
level and profile  

• CW = channel width 

Plan view  Section 

through 

trench 

m 

Figure B Large leaky dams constructed by Shropshire  

Wildlife Trust (taken from ref 1) 
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RECS Monmouth 

Monmouthshire County Council 

Purpose 

Whole trees or parts of trees are placed in streams and rivers.  These partial 
barriers slow flow within the channel and raise water level above bank 
height.  Water is diverted to the floodplain (Figures A & B), where it is stored.  
This reduces or delays flood peaks downstream. 

Implementation 

The primary function of these features is to divert flood water into storage on 
the floodplain.  As such, they should only interact with higher flows.  This 
saves floodplain storage for when it is most effective at reducing flood risk.  
It also ensures that features don’t interfere with fish passage or sediment 
movement during normal flows. 

Individual wood features often only divert a small amount of flow to the flood-
plain.  Hence they are most effective in small headwater streams, and multi-
ple features are often implemented in series along a watercourse.  They are 
most likely to be accepted by landowners adjacent to marginal land that lies 
naturally wet and hence can be temporarily flooded.  They are easier to con-
struct close to a ready supply of trees. 

Trees can be felled directly into a watercourse and then trimmed.  The posi-
tion of a felled tree can sometimes be adjusted manually using tools such as 
crowbars, timber gips and ropes. If vehicular access is possible timber can 
be manipulated into place using machines such as tractor winches and tele-
handlers. 

Trees felled into watercourses, particularly relatively buoyant recently felled 
trees, are prone to being washed downstream during high flows. Careful 
consideration needs to be given to preventing movement.  Large trees (with 
a trunk length of many multiples of channel width) are extremely unlikely to 
be moved or carried far in a flood. However, shorter timbers near key infra-
structure such as bridges will need securing.  Methods of securing include 
fixing trees into banksides using slot trenches and wooden posts, tying-in 
and bracing logs against bankside trees and only using timbers that are sub-
stantially longer than channel width (examples of fixings in Figure C, D and 
E).  The use of non-biodegradable materials such as wire cables should be 
avoided where possible, with the preferred aim being to mimic naturally oc-
curring woody debris.  

Regular inspection is required to identify maintenance requirements. Routine 

checks should be carried out, say, twice yearly.  Features should also be 

inspected after major flood events.  Implement maintenance (e.g. replace-

ment of timber or securings) early to avoid structure failure.   

Opportunities 

• These features also enrich biodiversity and trap sediment. They generate 

the natural processes of erosion and deposition, creating complex and 
varied flow conditions and habitats (e.g. pools, riffles and bars). In turn 
these habitats will attract a range of plants, invertebrates and fish.  Sedi-
ment naturally accumulates behind features.  Sediment transported in 
water diverted to the floodplain will drop out of the water column. 

Constraints 

• Design uncertainty.  It is not possible to accurately predict how effective 

wood features will be at diverting flow to the floodplain because a) each 
feature has a unique form and b) the form of features will vary through 
time. 

• Ideally these features should NOT be located upstream of key bridges or 

culvert (because of the risk of blockage).   

• Features constructed from soft wood are likely to have a short service life 

(5-10 years). 

• These features are unlikely to be effective in larger rivers. 

• Always consult with regulators to determine which consents are required 

(e.g. flood risk, tree felling, protected species). 

Selected references  

1. Stroud District Council, 2017. Stroud Rural Sustainable Drainage (RSuDS) project. [online] Available at: <https://
www.stroud.gov.uk/rsuds> [Accessed 14 January 2018]. 

2. Woodland Trust, 2016. .Natural flood management guidance: Woody dams, deflectors and diverters  [pdf]. Woodland Trust. 
Available at: <https://www.woodlandtrust.org.uk/publications/2016/08/natural-flood-management/> [Accessed 10 Jan 2018]. 

Figure A Example of woody diverter feature implemented in Frome Valley (taken from ref 1) 

Figure B Example of woody diverter on upper Wensum (set 

high to only interact with flood flows).  

Figure C Example of woody diverter set low to divert moder-

ate as well as high flows from channel 

(photo courtesy of Evenlode Catchment Partnership). 

Figure D Example fixing details (plan) Figure E Example fixing details (section) - note feature set well 

above normal water levels 

Floodplain wood features  

(to divert flow to floodplain)  

Safety Health and Environmental  

Information 

Construction 

• Felling and moving trees is dangerous.  Severe 
injury is possible.  Works must only be carried out 
by properly trained personnel.  Often landowners 
have the necessary skills and experience. 

• Working near water: all usual hazards apply, in-
cluding drowning, submerged obstacles, soft sedi-
ments and waterborne disease. 

• Bank/access route conditions and ground stability 
to be fully assessed to determine safe working 
profiles. 

• Water level may rise rapidly during and after rain-
fall. Soft ground conditions are likely to be encoun-
tered in working area. 

• No manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats.  Consider an 
Environmental Action Plan. 

• Plan and undertake construction activities to avoid 
buried and overhead services. 

Maintenance 

• Prior to maintenance e.g. debris clearance from 
large wood, the stability of the feature should be 
first assessed and if required the feature secured 
prior to any works. 

• Local scour around feature may have caused deep 
areas of water to have formed. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed. 
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Riparian Woodland 

RECS Monmouth 

Monmouthshire County Council 

Purpose 

• Floodplain woodland can slow water runoff reducing flood peaks and run-
off downstream. This measure also has other flood risk benefits but these 
can be limited by the impeded soil types across much of the study area. 

Opportunities 

• Works well in combination with in-stream and land based measures that 
store water (Fig 1). Storing water on the surface will be important in the 
study area due to the clay soil type limiting infiltration. 

• Connect new areas with existing woodland or hedgerows to create a wild-
life corridor effect. 

• Planting in the understorey of existing woodlands (Fig 2) can be an effec-
tive way of slowing water runoff. Therefore, existing woodland should 
also be considered when searching for opportunities. 

Constraints 

• It can be challenging to find landowners willing to give over large areas of  
land to woodland planting. Areas where wet woodland could be estab-
lished has limited agricultural use, and is typically already given over to 
woodland or rough grazing.  

• To maximise effectiveness of planting as an NFM measure soil structure 
may need to be improved, drainage improvements should be avoided.  
The latter may restrict the quality and volume of wood yielded.  

• Wood yield can be low in areas of land suited to wet woodland. 

• Fallen trees can cause blockages to downstream assets along a water-
course and should be accounted for in design and maintenance.  

Implementation 

• Comprehensive advice on the design and implementation of woodlands  can be found in ref 1. and ref 2. Numerous 
designs are also available from the Woodland Trust and the Forestry Commission / National Resource Wales. Key 
design considerations are outlined below. 

Design 

• Woodland type: The species that can be planted as riparian woodland, depends greatly on how wet the soils will be 
throughout the year. Surveys within the Monmouth area revealed that Alder, Downy Birch and Elder were common 
species within wet woodland areas. The latter is not a good source of wood biomass although Alder and Downy 
Birch are. Downy Birch can be used in rotation coppicing. 

• Goat willow is not believed to be native to the study area but could be planted in a minority mix and can also be 
coppiced. 

• Layout:  Ref 1 provides a range of woodland layouts and this will depend on the objectives of the woodland and 
also the terrain. 

• Tree spacing:  Typical tree planting spacing is 2m x 2m on average, which generates 2,500 trees per hectare. 
However, there is benefit in a wider tree spacing in catchment woodlands (~ 1,000—1,600 trees per hectare), as 
this would increase sub-canopy growth. A more established sub-canopy is beneficial in reducing runoff in winter 
when deciduous trees have limited canopy cover. 

• Protection: Tube shelters are recommended over fencing in wet areas, providing protection from squirrel, deer and 
rabbit damage. 

Planting 

• Approach: Trees should ideally be planted between November and March. Trees can be planted by hand or using 
a machine. The latter can plant up to 10,000 trees per day, whilst an experienced person can hand plant 1000 
trees per day, although 400 is more typical for less experienced people. Marking out where the trees should be 
planted is an important task. There are different hand planting styles; notch and pit planting with notch planting be-
ing the favoured approach in working groups.  

• Type of sapling:  Bare root or cell grown saplings can be planted. Each has there own advantages as highlighted in 
ref 1, however bare root saplings are more widely available. 

• Site preparation: This is key to the viability of the woodland and it is recommended that expert advice is taken be-
fore planting. This is particularly important for riparian woodland as the land could be particularly challenging in 
terms of terrain and physical characteristics. 

Maintenance 

• Weed each spring in the first couple of years after planting. This can includes mechanical or mulching approaches. 
Do not use chemical approaches due to the proximity to watercourses and shallow water table. 

• Tree numbers need to be counted in late summer to assess success rate and calculate numbers required for re-
stocking. When replacing losses, it is best to replant with the species that are establishing best. Plan for >5% mor-
tality rates in soil conditions which are continually wet. 

• Regular inspection is required to fix any damaged tree protection and identify any pests or diseases that require 
addressing. Risks to downstream assets along a watercourse should also be addressed during inspections. 

Selected references  

1. The National Forest Company (2003) Create a farm woodland. https://
www.nationalforest.org/document/creatingwoodland/create_farm.pdf 

2. The woodland Trust (2018) Plant tress. https://www.woodlandtrust.org.uk/
plant-trees/ 

3. Forest Research (2018) Slowing the flow. https://www.forestry.gov.uk/fr/
slowingtheflow 

4. Newcastle University and Environment Agency, 2011. Runoff Attenuation 
Features, a guide for all those working in catchment Management. [pdf]. 
Newcastle University. Available at: <https://research.ncl.ac.uk/proactive/
Belford/papers/Runoff_Attenuation_Features_Handbook_final.pdf>.  

 

Figure 3 Established riparian woodland within the Monmouth area. 

Figure 2 Understorey planting along a floodplain [ref 4] Figure 1  Woody dams and riparian woodland upstream of 

Pickering [ref 3] 
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Safety Health and Environmental  

Information 

Construction 

• Organise the delivery of plants to minimise manual 
handling, e.g. use mechanised unloading or team-
work at a prepared site 

• Organise the layout of plants on the site to mini-
mise carrying. Where practical use an all-terrain 
vehicle (ATV) 

• Follow best practice during any manual handling 
e.g. no manual handling of items of >25kg. 

• Measures are to be adopted to avoid harm to pro-
tected species and sensitive habitats. An Environ-
mental Action Plan may be required. 

• Ensure planters are sufficiently competent and 
trained in equipment use. 

• Ground conditions should be assessed prior to the 
commencement of works. 

Maintenance 

• Avoid maintenance activities during windy periods 
in case of tree fall 

• Note that hedges require more intensive mainte-
nance than woodland to maintain. 

Decommissioning 

• Ensure any non-biodegradable material used dur-
ing construction is removed 
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