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Executive Summary
Jacobs have been commissioned as part of a study funded by both National Grid (NG) and South East Water
(SEW), to undertake both a geomorphological assessment and a preliminary Water Framework Directive (WFD)
assessment for the Broad Oak reservoir site. These assessments are required to progress the first stages of an
outline design for the diversion of the Sarre Penn river. The geomorphological assessment informs the WFD
assessment.
South East Water’s Water Resources Management Plan (WRMP) (2014) identified a new reservoir at Broad
Oak as a preferred plan water resource option for development within the 25 year plan period. The proposed
Richborough Connection project involves a high voltage transmission line passing across part of the reservoir
footprint. In response to the identification of a potential conflict between the two schemes, SEW and NG
commissioned Jacobs to provide a concept plan for the reservoir to take the reservoir design forward
addressing issues and requirements identified during the WRMP/Strategic Environmental Assessment process.
The concept stage study proposed a top water level of 36.0mOD. The reservoir would be filled principally from
an abstraction from the River Stour at Plucks Gutter (in an adjacent catchment) and pumped to the reservoir
through a pipeline. The study area extends for a 2km length of the Sarre Penn running from Tyler Hill to Calcott
covering the footprint of the reservoir and the immediate vicinity
The ‘main river’ within the study area is the Sarre Penn, which has its source upstream of the reservoir site to
the west near Boughton under Blean. The river then currently flows east through the proposed scheme footprint,
and continues to a confluence with the Great Stour near Sarre. The river is fed by a network of small drainage
ditches (typically man-made) in the upstream extents and one main tributary near Vale Farm within the scheme
footprint. The river is classified as a Water Framework Directive water body (GB107040019620) and achieved
Bad Ecological Potential in 2014 (EA, 2015).
During the site visit the Sarre Penn (in the study area) was observed to be a locally active channel, with erosion
of the vertical channel banks including undercutting and some slumping. Some of the banks were stabilised by
tree roots, which were adding strength to the banks and increased resistance to erosion. There were numerous
depositional features evident throughout the surveyed reaches, including side bars, point bars, mid-channel
bars and berms. The substrate typically consisted of coarse gravels, with some cobbles, silt and sand. It is
likely that the channel type expected naturally would be an inactive channel and that the observed adjustment
leading to a diversity of in-stream features is as a consequence of the channel locally becoming active as a
result of previous channel modification (e.g. straightening and/or dredging). Straightening (for example) would
locally increase the slope, allowing for a local increase of stream energy (stream power) leading to bank
erosion. Also channel deepening could expose bank sediments, subsequently re-distributed in the channel by
bank slumping. A provisional estimate for the length of time a river requires to reach a new equilibrium following
historic modification is up to 100 years.
The geomorphology assessment forms part of the Stage 1a study, which aims to develop the outline design for
the reservoir with particular focus upon the relationship and interaction with the Richborough Connection Project
alignment. The geomorphology assessment considers potential options for varying channel gradients and
channel cross-sectional size and shape. This is to ensure than any channel proposed to be realigned would
have sufficient stream power to transfer sediment (particularly sand and silt), rather than acting as a sediment
trap (storage zone). Calculations of potential stream power and critical discharge have been undertaken for a
number of scenarios of gradient and channel cross-section. Specific stream power is the energy dissipated per
river width, against the bed and banks of a river channel.
The existing average channel gradient is determined to be 0.005 (1:186). A number of scenarios for a design
slope and cross-sectional size and shape have been considered, with the following conclusions (in all of the
scenarios the same cross-sectional dimensions have been assumed):

1:200 – this slope would replicate close to existing channel conditions, with stream powers above 10Wm2
with the potential to move coarse to very coarse gravels.



1:400 – this slope would potentially allow fine sediment (sand and silt) and also coarse gravels to be
transferred (the latter depending on cross-sectional size and shape and during bankfull flow conditions).
However, stream powers are below 10Wm2.
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1:600-1:1000 – this slope range would potentially allow fine sediment (sand and silt) to generally be
transferred but is unlikely to move coarser gravels. The stream power values would be between 1 and
6Wm2 and indicative of a stable channel unlikely to replicate the existing conditions (detailed further in
Section 3 of the report).

The gradient ranges discussed above assume the same channel cross-section dimensions and are averaged
over a diverted river although the actual gradients would in practice be varied throughout to create the pool-riffle
sequence. The cross-sections used for the analysis ranged between 5 and 6.7 metres width.
The channel planform as proposed for the concept design (to date) consists of a few meander features within
the reaches of channel upstream and downstream of a secondary embankment. This is likely to be adjusted
and formalised as the design develops, but would potentially incorporate some meander bends and include
some of the features present within the existing channel. The proposed channel cross-section for the purpose
of the concept design is a two stage channel design. A two-stage design would also create a more diverse river
corridor with a low flow channel and a larger channel for (up to) bankfull flows. The low flow would maintain
longitudinal connectivity of the river and a pool-riffle sequence would be created for morphological diversity.
The conceptual design provides an initial corridor. As the design develops, river cross-sections can be varied
(e.g. symmetrical in a straight reach and asymmetrical on a bend) and more natural features created
accordingly such as side bars and mid-channel bars and additional habitat features such as small backwaters
and woody debris.
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1.

Introduction

South East Water’s Water Resources Management Plan (WRMP) (2014) identified a new reservoir at Broad
Oak as a preferred plan water resource option for development within the 25 year plan period. The proposed
Richborough Connection project involves a high voltage transmission line passing across part of the reservoir
footprint. In response to the identification of a potential conflict between the two schemes, SEW and NG
commissioned Jacobs to provide a concept plan for the reservoir to take the reservoir design forward
addressing issues and requirements identified during the WRMP/Strategic Environmental Assessment process.
The concept stage study proposed a top water level of 36.0mOD. The reservoir would be filled principally from
an abstraction from the River Stour at Plucks Gutter (in an adjacent catchment) and pumped to the reservoir
through a pipeline. The proposed scheme includes a water treatment works located downstream of the dam
from where potable water would be pumped into supply.
Jacobs have been commissioned to undertake both a geomorphological assessment and a preliminary Water
Framework Directive (WFD) assessment (Appendix A) for the Broad Oak reservoir site to progress the first
stages of a concept design for a potential diversion of the Sarre Penn river. This forms part of Stage 1a, which
aims to develop the outline design for the proposed reservoir with particular focus upon the relationship and
interaction with the Richborough Connection Project alignment. The findings of the geomorphology assessment
will be drawn upon to identify potential impacts of the operation of the proposed scheme on the
hydromorphology of the water body, at the local and catchment scale. The findings will also be used to
determine whether the works would cause a detrimental effect to the WFD status of the water body, or prevent
the achievement of Good Ecological Potential (GEP) in the future.

1.1

Methodology

This geomorphological assessment is based on a combination of a desk study and a geomorphological field
survey, as described below.
1.1.1

Desk Study

The desk study comprised a review of the existing WFD status and objectives for the Sarre Penn water body
within the South East RBMP. Findings of the desk study are presented in Section 2. This included the following:


Historic maps (Old Maps, 2015)



Contemporary OS maps



Geological maps (BGS, 2015)



Soil maps (Soilscapes, 2015)



Maps of designated areas (Magic, 2015)



Aerial photographs (Bing, 2015)

1.1.2

Field Survey

A geomorphological reconnaissance survey was undertaken by three geomorphologists on 15th April 2015. The
survey assessed the baseline condition of the main channel within the catchment potentially affected by the
proposed scheme. The survey provided an understanding of the existing geomorphological conditions of the
water body and the condition of the channel upstream and downstream, where possible. A photographic record
of the general character of the watercourse was collected. Findings of the geomorphological reconnaissance
survey are presented in Section 3. The reconnaissance survey was for the reservoir footprint only and was not
a fluvial audit of the entire catchment; as a result, the location and significance of sediment sources upstream of
the reservoir footprint were not addressed.
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1.2

Study Area

The study area encompasses the proposed reservoir and the Sarre Penn and an associated tributary potentially
impacted by the scheme. Figure 1.1 outlines the study area and the watercourses assessed as part of the
geomorphological assessment.
A catchment overview has also been undertaken of the Sarre Penn from source to confluence with the Great
Stour. Figure 1.2 outlines the wider catchment area.
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Figure 1.1 : Geomorphological assessment study area
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Figure 1.2 : Geomorphological assessment of the wider catchment study area
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2.

Desk Study

2.1

Catchment Overview

The main river within the study area is the Sarre Penn, which has its source upstream of the proposed reservoir
site to the west near Boughton under Blean. The river then flows east through the proposed scheme footprint,
and continues to a confluence with the Great Stour near Sarre. The river is fed by a network of small drainage
ditches (typically man-made) in the upstream extents and one main tributary near Vale Farm within the
proposed scheme footprint.
A desk based assessment of the whole Sarre Penn catchment has been undertaken using aerial photography.
Upstream of the study area towards the source of the river, the Sarre Penn becomes narrower and exhibits both
depositional and erosional features. The riparian corridor is semi-continuous. Downstream of the study area,
the river appears to be sinuous in the section west of Hersden, beyond which it appears to have been
historically modified with an artificially straight planform and uniform channel continuing to a confluence with the
Great Stour. In the section downstream of Hersden the river appears to be embanked for the majority of its
length with a number of structures present, including weirs. The riparian corridor in the upper section is semicontinuous, but then is non-existent in the lower section with only a few scattered trees present. The upper
section shows some evidence of erosion and deposition of the channel; however, the lower section is uniform
with no features evident.
The main tributary of the Sarre Penn within the study area (Figure 1.1) joins the main channel at Vale Farm,
upstream of Calcott. The tributary, referred to as Trib01, has a semi-continuous riparian zone which varies in
width from 5-10m.
The surrounding land use is predominantly agricultural. Within the vicinity of the study area, there are a number
of ancient woodland areas classified as Sites of Special Scientific Interest (SSSI), including the West Blean and
Thornden Woods (Magic Maps, 2015). These woodlands are described in the Phase 1 Habitat survey report;
Appendix B to the stage 1a study report (B14000AG/BORStudy/801). The Stour catchment is also a priority
catchment of the Catchment Sensitive Farming Delivery Initiative (2011-2016).

2.2

Water Framework Directive

The Water Framework Directive (WFD) (2000/60/EC) is legislation adopted by members of the European
Union (EU) in 2000. It established a framework for maintaining and improving the quality of the coastal,
estuarine, river, lake and ground waters and water bodies within the EU. This quality is derived from a number
of chemical, biological and hydromorphological indicators which are used to report on the overall status of each
water body.
There is one WFD water body within the study area, the Sarre Penn, S Chislet and Monkton Minsters Marshes
(GB107040019620), which was classified as achieving Bad Ecological Potential in 2014 (EA, 2015). The
classified river length within the WFD water body runs from Vale Farm near Calcott downstream to its
confluence with the Stour: the catchment upstream of Vale Farm is included within the waterbody. Table 2.1
provides a summary of the key information taken from the South East River Basin Management Plan Annex B.
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Table 2.1 : Current water body status (based on 2014 data)
Water body ID

GB107040019620

Water body name
Water body length

Sarre Penn, S Chislet and Monkton Minsters Marshes
2

11.2km
2

Catchment

94.8km

Hydromorphological designation

Heavily Modified Water Body

Overall Ecological Status

Bad

Status Objective

Good Potential by 2027

Protected area designation

Bathing Water Directive, Nitrates Directive, Shellfish Directive

Biological quality elements
Macrophytes

Bad

Macro-invertebrates

High

Fish

Moderate

Physico-chemical quality elements
Dissolved Oxygen

High

pH

High

Phosphate

Moderate

Temperature

High

Ammonia

High

Hydromorphology quality elements
Hydrology

Moderate

Mitigation Measures Assessment
Current

Moderate

Appendix A provides a preliminary WFD assessment for the scheme.

2.3

Historical Channel Change

Historically, there has been little significant change to the planform of the Sarre Penn and its tributaries within
the study area (Old Maps, 2015). The most significant change identified is the realignment of the Sarre Penn
around Mayton Lane Bridge. A reservoir was also constructed adjacent to the river, first appearing on maps in
1972, with a small outfall structure within the channel.
Outwith the study area, the planform of the Sarre Penn has also had little significant change since 1869, with a
straightened planform in the lower section.

2.4

Geology and Soils

The majority of the Sarre Penn within the study area is underlain by London Clay, from the Palaeogene Period
(34-56 million years ago), comprising silt and clay. This is typical of a geological environment previously
dominated by deep seas. Superficial deposits consist of head clay and silt deposits, formed up to 3 million years
ago in the Quaternary Period (BGS, 2015).

2

Derived from the Water body Spatial data worksheet available from: <www.environment-agency.gov.uk> [Accessed
on 16/05/13] Derived from the Water body Spatial data worksheet available from: <www.environmentagency.gov.uk> [Accessed on 16/05/13]

B14000AG/BORStudy/1012

8

Geomorphological Assessment

The soils surrounding the northern section of the catchment are classed as ‘slowly permeable, seasonally wet,
slightly acid but base-rich loamy and clayey soil’, draining into the watercourse networks. Habitats associated
with this soil type are seasonally wet pastures and forestry, as the drainage is typically impeded (Cranfield Soil
and Agrifood Institute, 2015). The southern section of the catchment is classed as ‘freely draining, slightly acid
loamy soils’, draining into local groundwater and rivers. Habitats associated with this soil type include neutral
and acid pastures and deciduous woodlands (Cranfield Soil and Agrifood Institute, 2015). The soil type
surrounding the Sarre Penn and tributaries is classed as ‘loamy soils with naturally high groundwater’, draining
into local shallow groundwater (Cranfield Soil and Agrifood Institute, 2015).

2.5

Hydrology

The nearest gauging station along the Sarre Penn is located in Calcott (Grid reference TR173824) (CEH, 2015).
The 19.4km2 catchment is classified as being mostly rural. Table 2.2 outlines the average flow data taken from
the gauging station (1999-2011). A more detailed hydrological assessment is being undertaken in parallel with
this assessment.
Table 2.2 : Flow data for the Sarre Penn (source: Centre for Ecology and Hydrology)
3

Measure

Flow (m /s)

Mean Flow

0.094

Q95

0.001

Q70

0.009

Q50

0.024

Q10

0.242
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3.

Contemporary River Characteristics

A geomorphological reconnaissance survey was undertaken along the Sarre Penn from Tyler Hill to Vale Farm
to gain an understanding of the baseline conditions. During the fieldwork, the river was sub-divided into six
reaches based on professional judgement during the survey, taking into consideration changes in land-use,
river corridor characteristics, river cross-section and level of modification. The reaches are shown in Figure 1.1
and are referred to in the following summary of the key geomorphological characteristics of the Sarre Penn.

3.1

Geomorphological Characteristics

3.1.1

Planform and Channel Cross-section

Within the study area the Sarre Penn had a low to moderate gradient. The river upstream of Mayton Lane
bridge (Reach 1 to Reach 5) was observed to have a meandering planform, with evidence of actively eroding
meanders. Further downstream of the bridge (Reach 6), the river was assessed to become more stable, with a
uniform cross-section and straighter planform.
The bankfull width of the Sarre Penn was relatively constant throughout the surveyed study area, being
approximately 5-7m. This suggests historical modification. There was some localised variation, with narrower
reaches of 1-3m and wider reaches of up to 10m. A low flow channel was observed to have formed
throughout the majority of the river, particularly across the shallower depositional features. The river typically
became wider and deeper as it progressed downstream to Vale Farm. The river banks ranged from gently
sloping to vertical (typically eroding) banks, ranging in height between 0.3-2m. The bank material consisted of
clay, silt and earth.
The bed substrate was found to be predominantly coarse gravels with some cobbles (Figure 3.1), with the
deeper pooled areas consisting of silt.

Figure 3.1 : Gravel bed substrate (TR 15072 60906)
3.1.2

Land Use and Riparian Corridor

The land use was observed to be predominantly agricultural particularly adjacent to the downstream reaches
(Figure 3.2). There was typically a limited riparian buffer strip between the agricultural land and the river bank,
enabling overland flow paths directly into the river. In the upstream reaches, the right bank was also bordered
by woodland (Figure 3.3), which is classed as a SSSI.
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Figure 3.2 : Agricultural land (TR 15716 61505)

Figure 3.3 : Woodland (TR 15560 61411)

The river banks were noted to be vegetated with grass, reeds, shrubs and broadleaf trees. The riparian corridor
varied in width from 5m to a single line of trees. At many locations, most significantly Reach 5 and Reach 6,
sections with no buffer between the river and the surrounding land-use were recorded.
3.1.3

Floodplain Connectivity

The Sarre Penn is located within a very distinct valley with steep sides and a wide floodplain at the valley
bottom. The river was observed to have connectivity with its floodplain, particularly in the upstream reaches.
However, in the downstream reaches, the floodplain connectivity was assessed to be reduced with the channel
incised with steep vertical banks, most likely as a result of the adjacent agricultural practices. During the time of
survey, low flows combined with steep vertical banks were noted to limit floodplain connectivity.
Reach 4 flows adjacent to a small reservoir with an outfall structure into the river. At this location, the river was
noted to be embanked on the right bank limiting floodplain connectivity for a distance of approximately 100m.
3.1.4

Flow Conditions

At the time of survey, the flow was observed to be low. There were multiple flow types evident, with the
predominant flow type being a combination of both glide and run flow. Pool-riffle sequences were evident
throughout, demarking deep and shallow areas, changes in gradient and deposition of coarse material within
the channel (Figures 3.4 and 3.5).
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Figure 3.4 : Pool and mid-channel bar (TR 15436 61232)
3.1.5

Figure 3.5 : Riffle feature (TR 15164 60962)

Erosional and Depositional Features

Within the study area the Sarre Penn was observed to be typically an active channel, with erosion of the vertical
channel banks (Figure 3.6). In most of the reaches, the banks were being undercut, predominantly on sharp
meanders where the banks were found to be steep. The channel was observed to be incised in some reaches
(particularly Reach 6). Some of the banks were found to be stabilised by tree roots, strengthening the banks
and increasing resistance to erosion. Some evidence of slumping of the banks was also observed.

Figure 3.6 : Vertical, eroding banks (TR 15588 61425)
Numerous depositional features were evident throughout the surveyed reaches, including mid-channel bars
(Figure 3.7), point bars (Figure 3.8), side bars (Figure 3.9) and berms. The depositional features typically
consisted of coarse gravels, with some cobbles, silt and sand. These features are formed of materials probably
derived from adjustment to previous channel straightening (e.g. from bank collapse following dredging) and from
limited input from adjacent fields. It is possible that once the channel has reached a new equilibrium then the
gravels will be washed out during moderate to high flows. A provisional estimate for the length of time a river
requires to reach a new equilibrium following historic modification is up to 100 years. Almost all deposits were
observed to be non-vegetated, suggesting that they are temporary features migrating within the channel
depending on the flow conditions. Woody debris was observed throughout the study area, with some debris
dams (Figure 3.10).
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Figure 3.7 : Mid-channel bar (TR 15431 61299)

Figure 3.8 : Point bar (TR 15704 61493)

Figure 3.9 : Side bar (TR 15354 61093)

Figure 3.10 : Debris dam (TR 15675 61466)

3.1.6

Modification

The channel exhibited evidence of historic modification, particularly in Reaches 5 and 6, however there was
some indication of recovery towards a more natural state, particularly with the formation of a low flow width.
Within the study area there are two road bridges crossing the channel and five footbridges (Figure 3.11), some
of which were observed to have abutments set into the river banks reducing the natural cross-sectional area.
Channel shading as a result of these structures could also be impacting on growth of vegetation.
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Figure 3.11 : Footbridge crossing the Sarre Penn (TR 15431 61299)
3.1.7

Point and Diffuse Sediment Sources

A number of point sediment sources were noted during the survey including field drains and outfalls (Figure
3.12). These have the potential to discharge fine sediments and associated pollutants such as fertilizers,
pesticides and herbicides from agriculture, into the river (Figure 3.13). There were also a few small tributaries
noted which could alter the water quality in the downstream channel. Tilled agricultural land was observed
adjacent to the Sarre Penn throughout the study area with limited buffer strips (area between the surrounding
land use and top of the river bank); this could act as a diffuse source of fine sediment and nutrients particularly
where furrows are perpendicular to the river.

Figure 3.12 : Outfall located within Reach 1 (TR 14402 60560)
3.1.8

Figure 3.13 : Agricultural land (TR 16238 61920)

Geomorphological Function and Process

During the geomorphological reconnaissance survey each of the six reaches was characterised with a specific
function to more fully understand the general processes within the Sarre Penn. It should be noted that these
are based on the reach characteristics and that a fluvial audit of the whole Sarre Penn catchment was not
conducted to identify the possible location and significance of upstream sediment sources outwith the reservoir
study area. Table 3.1 outlines the geomorphological functions and the reaches that these were attributed to.

B14000AG/BORStudy/1012

14

Geomorphological Assessment

Table 3.1 : Geomorphological functions
Function
Source

Sink

Description

Reaches

Notes

A section where there is a net loss of

Reach 3

Undercutting banks observed with minimal depositional features

sediment

Reach 6

An over-deep channel, incising and eroding steep vertical banks.

A section where there is a net gain of

Reach 2

Multiple depositional features observed

sediment.
Transfer

A more stable channel where there is

-

N/A

limited evidence of erosion or
deposition
Exchange

A section where there are localised

Reach 1

Evidence of bank erosion and depositional features

areas of net sediment gains and net

Reach 4

Evidence of bank erosion and depositional features

Reach 5

Evidence of bank erosion and depositional features

sediment losses.

Overall, the Sarre Penn was observed to have a diverse range of depositional and erosional features, with
multiple flow types. It is likely that the Sarre Penn under natural conditions would be an inactive channel (i.e.
that the secondary flows present in the channel are insufficient to erode the bed and banks). Trees also serve
to stabilise the banks. The active erosion that has been observed is most likely as a result of local channel
instability caused by historical modification such as artificial straightening (increasing the channel slope and
inducing incision) and dredging (causing over-deepening leading to unstable banks). The river is also under
pressure from agricultural practices, embankments and other historic modification.
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4.

Preliminary Outline Design Considerations

As part of the Stage 1A process, the geomorphology assessment considers the potential options for varying
channel gradients and channel cross-sectional size and shapes. This is needed to ensure than any realigned
channel has sufficient stream power and can transfer sediment (particularly sand and silt), rather than creating a
sediment trap (storage zone). The following section outlines the work undertaken to date on the proposed
design, with Section 5 detailing recommendations as a result of the assessment.

4.1

Guiding Principles

To provide an understanding on possible design parameters a limited but bespoke literature review has been
undertaken (summarised in the next few sections). This specifically concerns acceptable channel gradients,
stream powers and sediment movement. There are many different river types within the UK and the literature
below is not specific to rivers similar to the Sarre Penn, but instead is based on UK wide studies.
4.1.1

Channel Gradient

Previous research indicates that pool-riffle sequences typically form within a range of gradients. Some ranges
of values are listed below with the relevant reference to the study:


Less than 0.02 (1:50) (Grant et al., 1990),



Between 0.005 (1:200) and 0.2 (1:5) (Brookes and Sear, 1996); and,



Between 0.0015 (approx. 1:700) and 0.005 (1:200) (Keller, 1975).

Research by Montgomery et al. (2001) showed that pool-riffle channels can be forced in gradients between
0.002 (1:500) and 0.035 (1:30). Brookes (1988) states that pools and riffles are not usually installed on
ephemeral streams, in channels with a steep gradient, where there is a high sediment transport, or where the
banks are unstable.
Gradient also impacts the specific characteristics of pools and riffles. Riffles should be spaced closer in steeper
reaches, and further apart in gently sloping and/or sinuous reaches (Sear et al., 2010). Wohl et al. (1993)
believes the depth of pools relative to riffle depths increases with decreased channel gradient and that riffle
length increases and pool length decreases with reduced channel gradient.
4.1.2

Stream Power

Stream power is the rate of energy dissipated, per river width, against the bed and banks of a river channel.
Within the literature, stream power calculations have been undertaken for a series of rivers across the UK and
used to attempt to establish thresholds for particular river types (Brookes, 1988). Knighton (1998) outlines three
key energy groupings based on this data, which are as follows:


Low energy:
-





Less than 10 Wm2 – anastomosing river, inorganic floodplain

Medium energy:
-

10 – 60 Wm2 – lateral migration, scrolled floodplain

-

50 – 300 Wm2 – braided river floodplain

High energy:
-

300 – 1000 Wm2 – confined vertical-accretion sandy floodplain

-

Greater than 1000 Wm2 – confined coarse textured floodplain

These were described in detail by Nanson and Croke (1992) where the low-energy rivers were described to
have a cohesive floodplain, usually associated with laterally stable single-thread channels whose development
is governed by vertical accretion of fine sediments and infrequent channel avulsions. The medium energy rivers
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were described to have non-cohesive floodplains, typical of meandering rivers, in which the mechanisms of
channel movement is typically lateral bar accretion.
The steepening of rivers as a result of historical modification, i.e. channel straightening, could temporarily and
locally increase stream power leading to erosion and supply of sediment including the type of gravels found
currently in the channel features (e.g. bars). Adjustment of the river to reach a new equilibrium following
modification could take up to 100 years.

4.2

Stream Power Method and Analysis

4.2.1

Method

Specific stream power is the rate of energy dissipated, per river width, against the bed and banks of a river
channel. Stream power calculations have been undertaken for 10 cross-sections of the existing Sarre Penn and
the outline design channel cross-sections being developed for the diverted Sarre Penn. The following formulae
for calculating specific (or unit) stream power has been used to gain an insight into the available energy within
the system to erode at the study site (Bagnold, 1966).
Specific stream power (Wm2) =

pgQs
channel width (w)

Where ρ is the density of water (1000kg/m3), g is acceleration due to gravity (9.8 m/s2), Q is flow (m3/s) and s is
slope (Bagnold, 1966).
The stream power value is then divided by the cross-sectional width to provide a stream power value per width
of the channel. The stream power magnitude can be used to help establish the appropriate typology of a river.
The stream power calculated at each cross-section provides only an initial indication of the stream power at that
point, per river width, during bankfull situations.
4.2.2

Analysis

Analysis of the existing Sarre Penn stream power was undertaken using cross-sectional data included in a
topographical survey of the river by Jacobs. Table 4.1 presents the results of the stream power calculations
based on a range of cross-sections from the reaches detailed in Figure 1.1.
For the existing Sarre Penn channel most of the stream powers range from 15 to 45 Wm2. The stream powers
at the lower end of this range are typically indicative of a similar channel form as that seen on site, i.e. sinuous
channel with some movement. However, the river was observed to be incising in a number of the reaches,
which is likely to be a result of historical channel modification (i.e. channel straightening). The incised channel
would lead to higher stream powers as the bankfull conditions are overestimated and the channel could have
the capacity to hold larger flows that would be considered ‘natural’. There were two cross-sections with
significantly higher stream power values, at 116.4 and 124.0 Wm2. It is likely that these results have been
overestimated, with the channel having been historically straightened and embanked on the right bank, with it
potentially having become incised due to vertical adjustment and erosion of the channel bed. As a result the
bankfull channel which was taken at the bank top was not representative of the true bankfull levels, indicating a
higher stream power. These would need to be recalculated based on site observations of potential trash lines
or other evidence of bankfull capacity. The hydrological study has indicated that the 1 in 2 year discharge is
estimated to be 2m3/s. The estimated existing full channel capacity shown in Table 4.1 are all well in excess of
this value.
Table 4.1 provides estimated stream powers for the conceptual channel designs provided for the diverted Sarre
Penn. It should be noted that this is a concept design and that these values are indicative at this time. A
number of design scenarios of channel gradients have been used to calculate the likely stream powers. The
majority of values obtained are in the lower range referred to as ‘low energy’ bracket detailed in Knighton
(1998), with only the steeper gradients achieving stream powers closer to the existing.
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The conceptual channel design stream powers vary from 1Wm2 to 31Wm2 depending on the channel gradient
and cross-sectional size and shape.

A literature review suggests that to enable a channel to maintain a morphological diversity and channel
adjustment, the stream power would typically be expected to be greater than 10Wm2 and that pool/riffle
sequences could be present in channels with gradients in the range from 1:50 to 1:700.
Table 4.1 : Stream power calculations for the existing Sarre Penn and the proposed conceptual channel design
Reference

Width (m)

Area (m2)

Slope

Estimated Bankfull

Stream Power per Unit Width

Discharge (m3/s)

(Wm2)

Existing
1.001

5.8

6.2

0.002

6.4

21.9

1.004

9.4

9.1

0.002

8.3

17.3

1.015

10.0

3.7

0.005

3.0

15.9

1.021

5.9

7.7

0.005

13.9

124.0

1.024

8.8

10.4

0.005

19.4

116.4

1.028

5.6

3.5

0.005

4.2

40.0

1.035

9.3

7.1

0.005

10.7

60.5

1.039

6.1

4.1

0.005

5.3

45.5

1.044

5.4

4.0

0.004

4.2

27.4

1.049

6.6

6.4

0.004

8.3

44.2

1.051

10.2

9.6

0.004

13.1

45.0

Conceptual channel design
Cross-section 1

Cross-section 2

Cross-section 3

Cross-section 4
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1.5

0.005

1.23

12.05

5

1.5

0.0025

0.87

4.26

5

1.5

0.0016

0.71

2.32

5

1.5

0.001

0.55

1.08

5.1

2.05

0.005

1.89

18.13

5.1

2.05

0.0025

1.33

6.41

5.1

2.05

0.0016

1.09

3.49

5.1

2.05

0.001

0.84

1.62

5.7

2.58

0.005

2.57

22.10

5.7

2.58

0.0025

1.82

7.81

5.7

2.58

0.0016

1.48

4.25

5.7

2.58

0.001

1.50

1.98

6.3

3.19

0.005

3.43

26.69

6.3

3.19

0.0025

2.43

9.44

6.3

3.19

0.0016

1.98

5.14
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Reference

Width (m)

Cross-section 5

Area (m2)

Slope

Estimated Bankfull

Stream Power per Unit Width

Discharge (m3/s)

(Wm2)

6.3

3.19

0.001

1.54

2.39

6.9

3.84

0.005

4.40

31.24

6.9

3.84

0.0025

3.11

11.04

6.9

3.84

0.0016

2.54

6.01

6.9

3.84

0.001

1.97

2.80

4.3

Sediment Movement Method and Analysis

4.3.1

Method

Broad critical discharge (Q) calculations have been derived from the available hydraulic information for the
Sarre Penn at the location of the proposed reservoir. These can be used to provide indicative values of the
competence of the channel to transport sediment.
Sediment transport can be estimated using a number of equations which demonstrate the type of sediment
carried in a given flow. The Schoklitsch (1962) formula (revised by Bathurst et al., 1987 and described in
Knighton, 1998) derives a critical water discharge per unit width for a given particle size, using slope and the
acceleration due to gravity. The formula is shown below:
qc = 0.15g 0.5 D501.5 S-1.12
Where qc is the critical water discharge per unit width for the D50 particle size the size of particle (measured on
the intermediate axis for which 50% of all particles are finer), S is slope and g is acceleration due to gravity.
However, this equation does not account for roughness, but does give an indication of varying discharge rates
on sediment mobilisation. Due to these limitations it tends to over-estimate the size of sediment carried by a
given flow, and so should be treated as a ‘worst-case’ scenario
4.3.2

Analysis

The broad critical discharge calculations provided in Table 4.2 have been compared with the hydrological
information provided from the Calcott gauging station and within the hydrology reporting for this scheme. It
should be noted at this stage that the hydrological data has a high degree of uncertainty associated with it,
particularly for lower flows. As a result the values generated within this study are considered to be indicative
and would need to be updated as the hydrological information is further validated.
A number of possible conceptual channel cross-sections have been used to generate the broad critical
discharges for four gradients (1:200, 1:400, 1:600 and 1:1000). It can be seen that during lower flow conditions
(taken as Q50 for the purposes of this study – shown in green on Table 4.2), for all the conceptual crosssections the channel is likely to have the capacity to move sediments of the size of coarse sand and smaller.
The flows expected to occur for 10% of the year (i.e. Q10 – shown in orange in Table 4.2) are likely to move fine
gravels (or smaller) for the 1:200 and 1:400 gradients in all cross-sections. The 1:600 and 1:1000 gradients are
only shown to have the capacity to move coarse sands (or smaller) in these Q10 events.
These results suggest that the channel has the capacity to generally move the finer sediments in low flow
conditions and would maintain suitably clean gravels preventing potential siltation. However, the annual flows
would be unlikely to be sufficient to enable the river to move larger gravel sizes.
The bankfull discharges for the conceptual designs have been calculated for each of the indicative gradients
using an estimated cross-sectional width, wetted perimeter and a value of 0.040 for Mannings ‘n’. The values
show that for the smaller cross-sections (1 and 2), the 1:200 gradient channel could reach the critical discharge
required to move coarse gravels; but the other gradients could only potentially move medium and fine gravels.
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The wider cross-sections (3, 4 and 5) potentially could reach the critical discharge to move very coarse gravels
in a 1:200 slope channel, with the 1:400 gradient channel potentially having the capacity to move coarse
gravels.
These results suggest that the channel could theoretically move the larger gravels depending on the crosssection size and channel gradient. This suggests that there could be the potential for channel adjustment but
predominantly in the steeper gradients. However, this relies on a supply of sediment from the upstream
catchment (which has not been mapped in detail) to replenish the gravels within the system. The site work
suggests that the gravel/cobble substrate could be present as a result of channel adjustment to historic
modification, namely channel straightening and dredging. Further assessment would be required to establish a
sufficient supply of sediment, or the river would be designed to have static morphological features replicating
the existing channel.
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Table 4.2 : Critical water discharges assessing potential sediment transport at bankfull the conceptual channel cross-sections
Input D50 (mm)

Indicative Sediment Range

Critical water discharge per unit width*

Hydraulic information

1:1000

Event

1:600

1:400

1:200

Cross-section 1 – 5m wide

Discharge (Q)

Q per unit width

Cross-section 1 – 5m wide

0.5

Medium sand

0.002

0.0009

0.0006

0.0003

Q10

0.242

0.048

1

Coarse sand

0.005

0.0028

0.0018

0.0008

Q50

0.024

0.005

8

Fine gravel

0.112

0.0635

0.0403

0.0185

Q70

0.009

0.002

16

Medium gravel

0.318

0.1795

0.1140

0.0524

Q95

0.001

0.0002

32

Coarse gravel

0.899

0.5076

0.3223

0.1483

Bankfull – 1:200

1.23

0.246

64

Very coarse gravel

2.544

1.4358

0.9117

0.4195

Bankfull – 1:400

0.88

0.176

256

Cobble

20.96

11.486

7.2937

3.3558

Bankfull – 1:600

0.71

0.142

500

Boulder

55.56

31.352

19.909

9.1594

Bankfull –
1:1000

0.55

0.11

Cross-section 2 – 5.1m wide

Cross-section 2 – 5.1m wide

0.5

Medium sand

0.0017

0.0010

0.0006

0.0003

Q10

0.242

0.047

1

Coarse sand

0.0049

0.0028

0.0018

0.0008

Q50

0.024

0.005

8

Fine gravel

0.1102

0.0622

0.0395

0.0182

Q70

0.009

0.002

16

Medium gravel

0.3118

0.1760

0.1117

0.0514

Q95

0.001

0.0002

32

Coarse gravel

0.8819

0.4976

0.3160

0.1454

Bankfull – 1:200

1.969

0.386

64

Very coarse gravel

2.4943

1.4076

0.8938

0.4113

Bankfull – 1:400

1.392

0.273

256

Cobble

19.954

11.261

7.1507

3.2900

Bankfull – 1:600

1.137

0.223

500

Boulder

8.9802

0.173

30.737

19.518

Bankfull –
1:1000

0.88

54.467
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Input D50 (mm)

Indicative Sediment Range

Critical water discharge per unit width*

Hydraulic information

1:1000

Event

1:600

1:400

1:200

Cross-section 3 – 5.7m wide

Discharge (Q)

Q per unit width

Cross-section 3 – 5.7m wide

0.5

Medium sand

0.0015

0.0009

0.00055

0.0003

Q10

0.242

0.043

1

Coarse sand

0.0044

0.0025

0.00156

0.0007

Q50

0.024

0.004

8

Fine gravel

0.0986

0.0557

0.03534

0.0163

Q70

0.009

0.002

16

Medium gravel

0.2790

0.1574

0.09997

0.0460

Q95

0.001

0.0002

32

Coarse gravel

0.7890

0.4453

0.28275

0.1301

Bankfull – 1:200

2.691

0.472

64

Very coarse gravel

2.2317

1.2594

0.79974

0.3680

Bankfull – 1:400

1.903

0.334

256

Cobble

17.854

10.075

6.39795

2.9437

Bankfull – 1:600

1.554

0.273

500

Boulder

0.211

27.502

17.46369

8.0349

Bankfull –
1:1000

1.203

48.734
Cross-section 4 – 6.3m wide

Cross-section 4 – 6.3m wide

0.5

Medium sand

0.0014

0.0008

0.0005

0.0002

Q10

0.242

0.039

1

Coarse sand

0.0039

0.0022

0.0014

0.0007

Q50

0.024

0.004

8

Fine gravel

0.0892

0.0504

0.0320

0.0147

Q70

0.009

0.001

16

Medium gravel

0.2524

0.1424

0.0905

0.0416

Q95

0.001

0.0002

32

Coarse gravel

0.7139

0.4029

0.2558

0.1177

Bankfull – 1:200

3.550

0.563

64

Very coarse gravel

2.0192

1.1395

0.7236

0.3329

Bankfull – 1:400

2.513

0.399

256

Cobble

16.154

9.1159

5.7886

2.6633

Bankfull – 1:600

2.052

0.326

500

Boulder

0.252

24.882

15.800

7.2697

Bankfull –
1:1000

1.590

44.092
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Input D50 (mm)

Indicative Sediment Range

Critical water discharge per unit width*

Hydraulic information

1:1000

Event

1:600

1:400

1:200

Cross-section 5

Discharge (Q)

Q per unit width

Cross-section 5 – 6.7m wide

0.5

Medium sand

0.0013

0.0007

0.0005

0.0002

Q10

0.242

0.035

1

Coarse sand

0.0036

0.0020

0.0013

0.0006

Q50

0.024

0.003

8

Fine gravel

0.0815

0.0460

0.0292

0.0134

Q70

0.009

0.001

16

Medium gravel

0.2305

0.1301

0.0826

0.0380

Q95

0.001

0.0001

32

Coarse gravel

0.6518

0.3678

0.2336

0.1075

Bankfull – 1:200

4.568

0.662

64

Very coarse gravel

1.8436

1.0404

0.6607

0.3040

Bankfull – 1:400

3.230

0.468

256

Cobble

14.749

8.3232

5.2853

2.4317

Bankfull – 1:600

2.637

0.382

500

Boulder

0.296

22.719

14.427

6.6376

Bankfull –
1:1000

2.043

40.258

* Please note that these are indicative channel gradients for the purpose of the study to establish ranges of critical water discharges. The hydrological information is potentially unreliable
and the data would need to be updated as more reliable information is obtained.
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5.

Recommendations

5.1

Channel Gradient

The existing average channel gradient is determined to be 0.005 (1:186). A number of scenarios for a design
slope and cross-sectional size and shape have been considered, with the following conclusions (in all of the
scenarios the same cross-sectional dimensions have been assumed):

1:200 – this slope would replicate close to existing channel conditions, with stream powers above 10Wm2
with the potential to move coarse to very coarse gravels.



1:400 – this slope would potentially allow fine sediment (sand and silt) and also coarse gravels to be
transferred (the latter depending on cross-sectional size and shape and during bankfull flow conditions).
Stream power reaches 10Wm2 around the dominant discharges.



1:600-1:1000 – this slope range would potentially allow fine sediment (sand and silt) to generally be
transferred but is unlikely to move coarser gravels. The stream power values would be between 1 and
8Wm2 and indicative of a stable channel unlikely to replicate the existing conditions.

It should be noted that the gradient ranges discussed above assume the same channel cross-section
dimensions and are averaged over a diverted river and that the actual gradients would in practice be varied
throughout to create the pool-riffle sequence. The cross-sections used for the analysis ranged between 5 and
6.9 metres width.

5.2

Channel Planform and Cross-Section

The channel planform as proposed for the current concept design consists of a few meander features within the
reaches of channel upstream and downstream of the secondary embankment. This is likely to be adjusted as
the design develops, but incorporating some meander bends would work towards replicating features present
within the existing channel.
The proposed channel cross-section for the purpose of the conceptual design and establishment of a more
varied river corridor is a two stage channel design (Figure 5.1). The cross-sections used for the analysis range
between 5 and 6.7 metres width. This would consist of a low flow channel and a larger channel for (up to)
bankfull flows. The low flow channel would be designed to provide depth of flow during varying flow conditions
and to maintain longitudinal connectivity of the river. A pool-riffle sequence would be created.

Figure 5.1 : Indicative two stage channel design – trees are proposed on both banks for the Sarre Penn to form a sufficient
riparian corridor.
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This design provides a corridor within which, at a subsequent design stage, the river cross-sections could be
varied depending on the location (i.e. meander bend or straight section), features required (i.e. side bars and
mid-channel bars) or habitat required (e.g. refugia, small backwater, woody debris). Figure 5.2 provides some
conceptual designs for varying cross-sections.

Figure 5.2 : Other cross-section designs

5.3

Limitations

The initial phase of the geomorphological assessment has been conducted using conservative (precautionary)
estimates to establish the existing conditions and those of the conceptual channel design.
The broad critical discharge calculations have been compared with the hydrological information provided from
the Calcott gauging station and within the hydrology reporting for this scheme. It should be noted at this stage
that the hydrological data has a high degree of uncertainty associated with it, particularly at lower flows. Further
the discharges calculated for the current bankfull channel capacity are much higher than the expected ‘natural’
discharge. As a result the values generated within this study are considered to be indicative and will be
updated as the hydrological information is further validated.
The cross-sections used within the analysis are based on a two-stage channel design with a specified low flow
channel. The capacities and potential discharges are indicative only and the results could potentially change as
the design is refined and altered locally for specific features (i.e. pool/riffle sequences).

5.4

Further Work

Following further hydrological work, the broad critical discharges and stream powers would need to be recalculated using more reliable data. This would work towards more precisely confirming the potential
competence of the flow to transport different sediments and the energy required to re-create a laterally adjusting
channel.
Further work is also recommended on the cross-sections used for the analysis. The cross-sections are likely to
have variations across pools and riffles, and the potential discharges (and velocities) over these features would
need to be established to ensure suitable conditions are present.
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A fluvial audit of the Sarre Penn catchment is also recommended as it would enable the geomorphology
assessment to more accurately determine sustainability of sediment supply and how (associated with that) the
channel would establish an equilibrium in response to the historic anthropogenic modification observed in the
study area (such as straightening).
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Appendix A. Preliminary WFD Compliance Assessment
(Document B14000AG/BORStudy/1013) TO FOLLOW
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