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Executive Summary
Broad Oak Reservoir is a proposed surface water reservoir site near Canterbury which is included within South
East Water’s Water Resource Management Plan as a preferred 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 scheme footprint. In response to the identification of a potential conflict
between the two schemes, Jacobs UK Ltd was commissioned as part of a study funded by South East Water
and National Grid to further develop the outline design of the reservoir; this includes considering landscape and
biodiversity mitigation and enhancements, public and private access, and recreation opportunities.
This document represents the current ecological understanding of the aquatic environment within the proposed
development area, and presents the output of both desk and field study to characterise environmental
conditions.
The Sarre Penn stream runs through the reservoir footprint and it is being proposed to divert this as part of the
mitigation for the development of the reservoir. This report provides background knowledge for the Broad Oak
reservoir site to progress the first stages of an outline design for the Sarre Penn stream diversion.
A baseline of information for the aquatic ecology of the Sarre Penn in the area directly affected by the reservoir
and associated mitigation is presented along with recommendations for conserving similar biodiversity within a
reconstructed channel.
Invertebrate fauna indices were representative of good quality habitat within the Sarre Penn. Macrophyte growth
was minimal – probably due to the semi-continuous shading over the stream area surveyed. Dominant fish
species present are brown trout, with evidence of trout smolts - the juvenile form of sea trout. Bullhead and the
migratory European eel were also present. Overall, based on evidence from the desk study and site survey, the
Sarre Penn stream habitat is indicative of good quality habitat conditions, but with some evidence of slight
anthropogenic impacts.
Factors to be considered in the design of the channel reconstruction and retention of aquatic habitat are
proposed in the light of the early design phase of the channel diversion. Considerations for flow and instream
and riparian habitat are provided.
Finally, options for feasible fish passage solutions at the downstream end of the proposed dam structure are
presented. Option 1 consisted of an engineered step-pool system through which a range of species could pass.
Option 2 represents a nature-like channel which, dependant on slope achievable, would emulate a natural steppool cascade or a pool-riffle morphology.
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1.

Introduction

Broad Oak is a proposed surface water reservoir site near Canterbury which is included within South East
Water’s (SEW) Water Resource Management Plan as a preferred 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 scheme footprint. In response to the identification of a potential conflict
between the two schemes, Jacobs UK Ltd was commissioned to undertake a study funded by South East Water
and National Grid to provide an outline design of the reservoir; this including associated landscape and
biodiversity mitigation and enhancements, public and private access, and recreation opportunities.
SEW’s PR14 Water Resources Management Plan, envisages the construction of Broad Oak reservoir by means
of a dam across the valley floor, flooding the Sarre Penn. Reservoir levels would be maintained by abstraction
pumped from Pluck’s Gutter, this being the primary yield source.
As mitigation for the impact of the reservoir the Sarre Penn is proposed to be diverted around the reservoir to
bypass the dam, discharging to a fish pass on the downstream side of the dam that would convey the flow back
into the river.
This document is to provide initial background information on the current character of the Broad Oak reservoir
site, to inform progression of the first stages of an outline design for the Sarre Penn stream diversion and
associated fish pass.
This document includes:


Collation and review of baseline and desk-based information of the scheme, water body and catchment;



A walkover survey of the main channel in the vicinity of the scheme.



Initial identification of options for maintaining fish passage into the Sarre Penn following construction.

1.1.1

Desk Study

The desk study comprised a review of the existing data which was available at the time of writing. Information
sources available for this review included previously reported data on ecological receptors (invertebrates, fish
and aquatic plants), and the current WFD classification and objectives for the Sarre Penn water body within the
South East River Basin Management Plan (RBMP). Previous reports relevant to the scheme were also
accessed and reported where available. Such as the EA Stour salmonid monitoring programme report (2008),
Atkins river corridor survey (2006), EA fisheries baseline data requirement for Environmental Assessment
(2004), available data on invertebrates and water quality as downloaded from the EA Geostore database.
1.1.2

Field Survey

An aquatic ecology walkover survey was undertaken by an experienced ecologist on 15th April 2015. The survey
assessed the baseline condition of the main Sarre Penn channel within the catchment affected by the reservoir
scheme, between Tyler Hill and near Calcott a short distance downstream of the proposed dam. The survey
provided an understanding of the existing habitat types and conditions of the stream in the area surveyed and
the suitability of identified habitats for ecological receptors. Ecological features of interest were mapped in an
upstream to downstream direction and a photographic record of the general character of the watercourse was
collected. Findings of the survey are presented in Section 3 and presented in maps in Appendix A.
The findings of this study will be drawn upon to inform for the design of the proposed channel diversion. The
baseline of channel habitat characteristics and assemblage of instream biota will represent the required
properties for maintenance within the new proposed channel. It should be noted that no specialist surveys were
conducted as part of the ecological walkover and as such the information provided below is based upon expert
judgement and the availability of sufficient consultation data.
B14000AG/BORStudy/201

Page 2 of 28

Aquatic Ecology Report

1.2

Study Area

The study area encompasses the footprint of the proposed dam and reservoir and the upstream river length of
the Sarre Penn which is impacted by the diversion. This constitutes approximately 2km of river length.

Figure 1-1 Study area for the Broad Oak reservoir project.
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2.

Background information (Desk Study)

The main river within the study area is the Sarre Penn, which rises near Dunkirk, west of the proposed Broad
Oak scheme and flows eastward through the study area, 13.7km to its confluence with the river Wanstum near
Sarre. The river is fed by a number of small drainage ditches in the upstream extent and one main tributary near
Vale Farm, which joins the Sarre Penn within the study area (TR1680862290).
The river’s physical character within the 2km long surveyed area ranges from a straightened and realigned
channel along field boundaries, to a sinuous to tightly meandering channel with a semi-natural character. The
adjacent land is bound by arable or woodland throughout. The woodland in the area is chiefly classified as SSSI
ancient woodland. The clayey earth banks are high (1 -1.5m) and generally steeply sloping. They are
predominantly lined with dense to semi-open scrub and trees that overhang and densely shade the channel.
Erosional as well as depositional features are common within the channel, and as a result flow diversity is
varied.
The downstream section of the surveyed area becomes more uniform, and lacking a riparian zone or buffer strip
in places. The surrounding land use is predominantly agricultural, with some sections of woodland which are
mostly classified as SSSI and ancient woodland. The upper section shows some evidence of erosion and
deposition in the channel; however, the lower section is uniform with no features evident.

2.1

Protected Areas

Within the vicinity of the study area there are a number of woodlands classified as Sites of Special Scientific
Interest (SSSI) including the West Blean and Thornden Woods which are approximately 35ha in size (Magic
Maps, 2015). These woodlands compromise broadleaved, mixed and Yew woodland, and the condition is
currently considered to be unfavourable – recovering (assessed in 2009). 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) is a European Union directive which commits European Union member
states to achieve good qualitative and quantitative status of all water bodies. There is one WFD water body
which falls just within the lower reaches of the study area, the Sarre Penn, Chislet and Monkton Minsters
Marshes (GB107040019620). The classified river length within the WFD Water body runs from Vale Farm near
Calcott downstream to its confluence with the Stour. The WFD waterbody includes the catchment upstream of
Vale farm. The waterbody here is classified as of heavily modified hydromorphological status and achieved
Poor Ecological Potential in 2014 (EA, 2015). However, the channel upstream of the classified water body is not
classified and is relatively different in nature, with more natural features and less evidence of human
intervention.

2.3

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 2-1 outlines the average flow data taken from
the gauging station (1999-2011).
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Table 2-1 Flow data for the Sarre Penn (source: Centre for Ecology and Hydrology)
Measure

Flow (m3/s)

Mean Flow

0.094

Q95

0.001

Q70

0.009

Q50

0.024

Q10

0.242

2.4

Aquatic ecology

2.4.1

Fisheries

The current Environment Agency fish monitoring site on the Sarre Penn is located at TR2529664853 in Sarre.
This site is a quantitative temporal site and is surveyed each year. Roach, rudd and bream are the dominant
species reported, and it is seen as a coarse fishery. However, the Sarre survey site is some 8km downstream of
the proposed reservoir site and the watercourse differs greatly in nature from that at the Broad Oak reservoir
site, so the results are probably not representative of the species distribution higher up within the Sarre Penn.
Under the Water Framework Directive (WFD) the Sarre Penn is currently classified as being of Poor ecological
potential, indicating that the fish community present are demonstrating effects of environmental stress. Under
the WFD fish are used as an indicator of flow and habitat stress.
The EA Stour catchment salmonid report (2008) reported both salmon and sea trout migrating within the wider
Stour catchment, so there is potential for salmonid populations to be present on the Sarre Penn. Information on
in-channel structures on the Sarre Penn has not been provided therefore the information as to whether
migratory species, such as salmon, sea trout, lamprey or eel can ascend the watercourse above Sarre is based
on the Environment Agency fish survey reported below.
Brown trout spawning beds on the Sarre Penn were reported in an Atkins study in 2007, indicating suitable
habitat for resident trout populations.
A recent fish survey was carried out by the Environment Agency (May 2015) at two sites within the specified
survey area. The first site was at Tyler Wood (TR1545861237) and the second at Brookside (TR1623861913).
The EA reported both sites revealed the presence of brown trout, European eel and bullhead. Smoltifying brown
trout were also found and indicate that these individuals are changing form in readiness for downstream
migration. This is important in the context of catchment connectivity and the retention of such within the scheme
plans. It is thought that connectivity (in an upstream direction) from the sea to the Sarre Penn is impeded in a
number of places downstream of the reservoir scheme boundary, and these obstructions (usually weirs or tidal
gates) would need to be addressed separately to ensure access for upstream migrating sea trout populations
within the Sarre Penn catchment.
The total number of brown trout caught using a catch depletion methodology was 33 and 43 at the Tyler Hill and
Brookside sites respectively. The average size of brown trout caught within the Sarre Penn was 194mm with a
range of 25 – 361mm. The presence of eel from the EA fish survey support prior observation of eel on the Sarre
Penn (Kent IDB, 2013).
Total fish numbers and fish density per 10m2 reach of river are described in Table 2-2 below.
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Table 2-2 Fish data from the (May 2015) Environment Agency survey at two sites on the Sarre Penn.
Tyler Wood

Trout
(Salmo trutta)

Bullhead

Eel

(Cottus gobio)

(Anguilla anguilla)

Total fish numbers

33

2

2

Fish population density

12

0.8

0.8

103-295

43-47

235-550

Total fish numbers

43

10

4

Fish population density

14

3

1.3

25 -361

37-63

250-400

(individuals per 100m²)

Fish length range (mm)
Brookside

(individuals per 100m²)

Fish length range (mm)

The presence of eel indicates at least partial access to the catchment, with this species able to ascend from the
Stour into the head waters. Both these species are important indicators of watercourse health, particularly sea
trout which require clean, well oxygenated water and a diverse range of habitat types. This is evidenced in the
WFD High classification for dissolved oxygen. Fish species should therefore be considered during future stages
of the Broad Oak reservoir development, including the need to maintain the free movement of species
throughout the catchment.
2.4.2

Macrophytes

No recorded species of submergent macrophytes were noted during the 2007 Atkins survey. The River Corridor
Survey (LCS for Atkins 2006) reported no submergent species within the reaches in question due to dry channel
bed at the time of survey (August 2006).
The WFD classification for the Sarre Penn waterbody (albeit downstream of this area of interest) was classified
as ‘Bad’ for macrophytes.
Possible reasons for the lack of macrophytes and low WFD score may be partially due:


to a low summer flow regime,



channel partially shaded by trees, and



agricultural input

All of these factors may negatively influence the macrophyte community within the watercourse. Under WFD
macrophytes are used to assess environmental stress from nutrient enrichment and WFD classifications for
Phosphates is Moderate, indicating point source or diffuse nutrient enrichment sources within the wider
catchment. This may contribute to, or exacerbate the effects of flow and shading at a local level.
2.4.3

Invertebrates

According to WFD classification tables, the Sarre Penn catchment was classified as ‘High’ for invertebrates.
This indicates that the invertebrate communities on the Sarre Penn, at the point of assessment, are reaching or
exceeding reference condition and demonstrating no evidence of ecological stress. The WFD assessment point
is below the Broad Oak study area, and may not be representative of the invertebrate community expected from
the study area.
Data from EA showed a diverse range of invertebrate fauna within the Sarre Penn at three sites (Tyler Hill ,
Barnet’s Lane and Calcott) in the vicinity of the Broad Oak reservoir scheme footprint (Grid references:
B14000AG/BORStudy/201
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TR1434760520, TR1681262253, TR-17361-62492). Biological quality indices such as the Lotic Invertebrate
Flow Evaluation (LIFE) and Biological Working Monitoring Party (BWMP) support this statement.
LIFE scores are used to assess the macro-invertebrate response to flow, with higher scores indicating a
preference for higher velocity flow types. BWMP meanwhile is designed to specifically detect the impacts of
organic pollution.
For the Tyler Hill site, a high life score of 8.38 was found. This reflects flow sensitive species such as caddisfly
(Sericostomatidae, Polycentropodidae, Hydropyschidae and Adicella spp) and mayfly (Leptophlebiidae and
Ephemeridae) which are dominant at this site. A high BWMP score of 123 was found resulting from the speciesdominance of invertebrates which are intolerant to organic pollution, thus indicating clean water. Diversity is
relatively high at the Tyler Hill site, indicating good habitat diversity.
At the Barnet’s Lane site, just north of the village of Broad Oak, a life score of 6.5 was found which reflects
moderate flows and a species assemblage which are less sensitive to flows. A BWMP score of 63 was found at
this site, which indicates water which has been moderately impacted by anthropogenic inputs.
At the Calcott site a short distance downstream of the reservoir, which appears to be a regular monitoring site
for invertebrates, data for Spring and Autumn between 2011 and 2014 surveys show a BWMP score range of
53 -125 which indicates wide fluctuation in the invertebrate assemblage present at the site over the survey
period. According to the data, this variance is not correlated with seasonal timings and may be attributable to
periodic anthropogenic influences and organic inputs from the land surface. Conversely, LIFE scores are
consistently high, varying between 7.2 and 8.33, thus reflecting a generally flow-sensitive species assemblage,
as at the Tyler Hill site. This suggests that fluctuation in invertebrate assemblage at this site is more likely due to
water quality issues than flow diversity or volume.
The recent invertebrate data for the Sarre Penn thus indicates a stream with fairly good habitat diversity which
is best in its upper reaches, declining in habitat quality toward the lower end of the area of interest, likely due to
anthropogenic intervention, most likely due to channel straightening/ deepening and inputs from agricultural
land.

B14000AG/BORStudy/201
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3.

Aquatic ecology - walkover survey commentary

3.1

General habitat character

The walkover survey was carried out in tandem with a geomorphologist and equivalent river reaches were
recorded to report on both morphological and ecological features. Reaches were recorded in ascending order
from 1 to 6, starting upstream at Tyler Hill and working downstream. Individual features of ecological interest are
georeferenced on maps 1 to 6 in Appendix A. The stream exhibited some good habitat despite its proximity to
many fields under arable land-use with narrow buffer strips. There was good river morphology giving rise to
good flow diversity – especially in the upper reaches, and a good gravel substrate. Exposed tree roots and
woody debris also contributed to refuge areas and increased flow diversity. These habitats are particularly
important for juvenile fish and a diverse invertebrate assemblage. Additionally, there was evidence of multiple
species burrowing in banks – potentially crayfish and water voles. Kingfishers were spotted several times during
the one day survey.
Stream banks were steep and high, potentially over-deepened due to accelerated local runoff from farmland
and flash flooding through field drains. Shading is semi-continuous in the upper half of the stream corridor and
acts to regulate instream water temperatures, provide cover for instream fauna and restrict macrophyte growth
which may otherwise be too dense.
Figures 3.1 to 3.3 illustrate the character of reach 1 with its good flows over gravels and numerous refuge
areas.

Figure 3-1 Fast flowing water over gravel substrate with tree roots at bank

B14000AG/BORStudy/201
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Figure 3-2 Picture of the trout pool (at TR1466860684) with woody debris at meander bend

Figure 3-3 Gravel side bar with low flow channel and riparian cover at reach 1

B14000AG/BORStudy/201
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Figure 3-4 General character at reach 2

Figure 3-5 General character at reach 3
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Figure 3-6 Downstream reach 5 – channel straighter, more open and lacking buffer strip. Gravels looking more silted than upstream.

3.2

Macrophytes

During the survey, few instream macrophytes were identified. This is likely to be due to the timing of the
walkover survey, early in the macrophyte growing season. Shading to the channel may reduce the potential for
macrophyte growth through the study area. The dominant cover was blanketweed (Cladophora sp) especially in
the upper reaches 1 and 2 where there was dense shading from riparian trees.

Figure 3-7 Upper reaches of Sarre Penn exhibiting exclusive instream growth of Cladophera sp.
Bank vegetation species consisted of trees and shrubs of ash, blackthorn, elder, oak and field maple.
Undergrowth species varied from common nettle, lesser celandine, ferns, wood anemone, dog’s mercury and
ivy in densely shaded areas, to nettle and bramble in the lower reaches where tree cover is sparser.

B14000AG/BORStudy/201
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3.3

Invertebrates

Stream habitat was favourable for invertebrates with good flow variation evident, despite low flow conditions at
the time of survey. This was made possible due to the heterogeneity in the river bed with low-flow channels
within the main channel confining some flows, coupled with pools and marginal refuge areas. A range of flow
velocities was thus achieved which would cater for a range of flow tolerances and life cycle phases.
During the walkover survey, one sample of submerged substrate (cobble) with cased caddis attached was taken
back to the laboratory for identification purposes. Two specimens of the cased caddis fly Agapetus fuscipes
were identified.
Agapetus fuscipes is a caddisfly that occurs in chiefly unimpacted streams and can be a suitable indicator
species for natural conditions. The species copes with dynamic discharge events by maintaining a high
population density and recolonization of disturbed habitats from refuges. However, the vulnerability of the
species depends on the life stage of the animals (e.g., the ability to migrate, the oxygen demand and the habitat
requirements differ between instars). Although several adaptations to dynamic conditions, a high frequency of
discharge peaks or a long period of drought can cause the population to decline. Once a population has totally
disappeared from a stream it will take the species a long time to recolonize the stream because of its low
dispersion capacity (Nijboer, 2004).
In order to ascertain the invertebrate community assemblage in the reaches affected by the diversion works, it is
proposed that further invertebrate surveys be carried out within the reaches 1 to 6. This will give a better
baseline on which to base river restoration and creation efforts and determine the species richness abundance
which should be emulated. Macro-invertebrates are key indicators of water quality, flow stress and habitat
modification and used widely in ecological assessments to detect underlying environmental pressures. The
invertebrate community is the main food source for fish living within the stream and should be considered as a
vital element in sustaining fish populations within any new channel. Additionally, consideration of the
invertebrate community should be part of fish passage solution proposals, since free movement of invertebrate
populations across the dam barrier may be key to population success.

Figure 3-8 Cased Caddis (Agapetus fuscipes) found on cobble substrate within the Sarre Penn
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3.4

Fish

As mentioned in section 3.1 there were extensive river bed gravels within the length of the Sarre Penn channel,
some of which were deemed suitable as salmonid (specifically trout) spawning gravels, being of optimum size
and relatively clear of fine sediment. Flow velocity was deemed sufficient to keep these gravels washed clean of
fine sediment and as such represent optimum spawning habitat.
During the survey, trout were spotted utilising a pooled area at reach 1 from the bridge (TR1466869684). The
average size of the trout with in this pool was approximately 15cm in length.
Additionally, a number of small trout parr were spotted within pools on reach 2 (TR1495760820). Figure 3-9
below features trout parr (1+) resting within a pool in the channel.

Figure 3-9 Trout parr (juvenile- within its first year) visible in centre of image.
The connectivity and close proximity of different habitat types utilised by trout during their early life stages is
crucial to the sustainability of the population.
From the brief walkover survey, evidence from examining substrate suitability for spawning coupled with these
fish sightings would indicate that a the stream is potentially used by a wide age range of brown trout. As such
the Sarre Penn could be considered to provide a valuable habitat for salmonid populations in the area.
Whilst no coarse fish were observed during the walkover surveys there is also the potential for juvenile coarse
species to be present within the deeper, slower flowing sections of the Sarre Penn and as such should remain
an important consideration in the design of fish pass options associated with the new development.

3.5

Considerations for bypass channel creation

The following general recommendations are proposed to ensure a holistic view of overall ecological function
when channel creation efforts are underway.
Flow maintenance should be kept as near to current Sarre Penn flows as possible. This will have impacts on
habitat – in particular the flushing action of high flows (also geomorphologically channel-forming flows) will act to
cleanse gravels keeping them relatively free of silt, which improves the interstitial oxygen concentrations and
ensures a good habitat for invertebrates and embryonic fish – such as brown trout.
If identical flow duration curve and stream power is not achievable in a recreated channel, then realistic options
should be presented based on evidence from the literature of design parameters which will restore similar
hydrological and geomorphological function to the diverted stream section.
Channel design which includes similar morphology to the existing channel should ensure that current flow
diversity may still exist; with refuge areas in inside of bends and slower flowing pools, coupled with fast flowing
B14000AG/BORStudy/201
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shallow riffles and mid-channel bars. Adequate depths of water within the new channel will also need to be
considered given the new channel dimensions and flow regime.
Replacement of existing channel gravels should be provided within the newly constructed channel. Gravel size
should be researched to match the current channel gravel sizing – taking account of the likely entrainment
under the new flow regime. Gravel sizes should match with those deemed suitable for trout spawning – an
approximate range of 15mm-35mm (Kondolf and Wolman, 1993).
Riparian trees / channel shading (or at least partial shading) should be reinstated. This will act to keep summer
temperatures at optimum levels for aquatic species and prevent the overgrowth of instream macrophytes which
could clog the channel. This is especially pertinent considering the diffuse agricultural input risk (and
consequent elevated nutrient levels) which is a current issue.
As stated in Section 1, no specialist surveys were undertaken by Jacobs in informing this assessment and as
such expert judgement and existing data has been used to identify ecological receptors and characterise their
abundance and distribution within the study area. It is recommended that targeted environmental monitoring
would be required to accurately assess and quantify the value of ecological receptors within the study area.

3.6

Recommendations for Future Work on Aquatic Ecology

It is recommended that targeted environmental monitoring be carried out to inform the stream diversion strategy
and enable the most accurate benchmark for stream reconstruction as possible, in terms of species
assemblages and requirements in terms of instream, riparian habitat and flow regime.
A study on optimal and minimum environmental flows required by the species assemblage found in the Sarre
Penn should be carried out, so that stream reconstruction design may be based on this data, and best efforts
made to maintain the current stream ecology.

B14000AG/BORStudy/201
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4.

Implications for Fish Passage

The construction of a dam within the context of the Broad Oak scheme will significantly increase the head
difference across the dam between the upstream realigned channel and the downstream existing stream bed. A
solution for easement of fish passage across this obstruction is required to allow connectivity between upstream
and downstream river reaches and ensure the upper Sarre Penn catchment remains open to fish and potentially
invertebrates. A choice of fish passage solutions is thus proposed for consideration in the design.
The natural movement of fish within river systems is critical to the health and maintenance of populations.
Artificial obstructions are the principal reason for the loss of biological connectivity globally. Species that make
long-distance migrations are more obviously affected by this loss and include Atlantic salmon, sea trout, eels,
river lamprey and shad. Other species of fish, such as brown trout, need to move within and between river
reaches for breeding, feeding and shelter.
The selected fish passage option at the Broad Oak site should cater for the target species of interest (e.g. trout
– spawning beds). However, with the current limited knowledge on species distribution within the upper Sarre
Penn, fish passage should consider all species – including coarse fish and eel. Additionally, consideration of
invertebrates within the passage solution would provide an ecosystem approach to connectivity and they form
an important part of the complex food web within the catchment.
Assessment of fish passage options at Broad Oak will also need to consider the obstacles to fish migration of
structures through the lower catchment, including the Great Stour. The presence of European eel in the Sarre
Penn suggests clear passage for this species from the sea, however fish pass design will vary for target species
and therefore a better understanding on the species benefiting from fish passage at Broad Oak is essential.

4.1

Option 1: Bioengineered fish pass – Vertical slot pool pass

This system is commonly used at high head obstructions to allow for fish passage to upstream catchment areas.
Of the step-pool passes, the vertical slot pass is probably the most efficient in terms of its potential to provide
passage for a wide range of fish species – from salmonids to coarse fish. Depending on its design, the vertical
slot pass can also accommodate large changes in upstream water level – provided that downstream water level
varies in a similar manner. A bed roughening material placed within the pass may allow for easement of
passage for more benthic species such as lamprey and eel.

Figure 4-1 Example of a step-pool pass solution at a dam
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In terms of considerations for the vertical pool pass design, the pool size is determined by the energy
dissipation capacity which will determine how fish cope with turbulence caused by hydraulic jumps between
pools.
The potential energy entering a pool can be estimated using the formula:
PE = Q.p.g.DH

where:

Q = Discharge (water flow) in the fish pass
p = density of water (1000kgm-3)
g = acceleration due to gravity (9.81 ms-1)
DH = Head drop between pools (m)
This gives a value of energy per unit time (Watts or joules per second). This energy may be dissipated by
increasing the size of the pool into which the potential energy is flowing, and defined by the formula:
Pv = PE / V, where V is the volume of the receiving pool.
As a guideline, power dissipation densities of up to 100-150 Wm-3 would be deemed suitable for trout and
coarse fish species, but values at the lower end of this would be better for smaller less powerful fish.
As a rough guideline for the passage of trout and coarse fish, the head drop between pools required would be
around 0.2m with a pool length of around 0.2m to achieve acceptable power dissipation densities.
This scenario would create a pool and traverse system requiring 100 individual pools and a total pass length of
200 metres. Given a pool width of around 1.6 metres, this would translate to a pass footprint of 320m².
The pass itself could incorporate many ‘turnbacks’ –where it folds upon itself and thus could be constructed
within one ‘tower block’ rather than as a linear structure.
In terms of fish swimming capabilities and progress through the fish pass, they will need suitable flow velocities
within the pass in order to be able to progress through the pass. This will be defined by the flow velocities
though the pass – a function of the discharge and pass size, and also the head drop between pools.
As a guide, Table 4-1 below highlights the range of flow velocities which are suitable for coarse and salmonid
fish, and the guideline head drops which they should be able to surmount.
Table 4-1 Maximum recommended head drop and velocities for coarse fish, brown trout and salmon.
Coarse fish

Brown trout

Salmon (Atlantic)

Flow velocities (Max) ms-1

1.4 – 2.0

1.7 – 2.4

2.4 – 3.0

Head Drop (Max) m

0.1 – 0.2

0.2 – 0.3

0.3 – 0.45

4.2

Option 2: Nature-like Fishway

Another option for fish passage at large obstructions is the nature-like fishway which can take the form of a lowgradient bypass channel around an obstruction, or a step-pool sequence which may be constructed in more
space-limited conditions.
The main objective of nature-like fishways is to provide passage for fish; they have the advantage of providing
passage and habitat for all organisms of all life stages in the system, including invertebrates.
Additionally, nature-like channels also possess the potential for habitat compensation, something that often has
been neglected. A well-constructed nature-like fishway could host a diverse fauna of benthic macroinvertebrates as well as macrophytes, fish and in essence imitate an undisturbed ecosystem. If constructed to
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mimic the properties of an equal sized natural stream with a variable substrate, a low gradient and a variable
flow regime, this approach may aid mitigation efforts.
Morphological features such as pools, riffles, meanders and channel braids and flood plain areas (wet
woodlands) would enhance the overall habitat quality of the solution and be a positive element for biodiversity in
the context of the development project.
the fishway structure would depend on how much space is available to build the new channel, and on this basis,
can vary from a step-pool style configuration with a higher slope to a low-gradient stream which attempts to
mimic surrounding lowland river types.
Figure 4-2 below gives an overview of an example fishway (step-pool style) built at the Buchenhoffen dam in
Germany.

Figure 4-2 Nature-like fishway at the Buchenhoffen dam in Germany (Picture source: Gerbler, Piotr Parasiewicz)
A slope of 1:25 (4%) slope, would deliver a drop of 20m head (dam height) over 500m distance and would be
potentially acceptable though some ‘pools’ with rock ramp effects would form a feature of the design. A slope of
2% would require 1000m of channel length for a dam of 20m head height.
A more nature-like meandering stream, would mimic stream morphology with meanders, refuge areas and
potentially wetland / flood storage areas integrated into the design. The advantage of this type of solution is that
passage for all species would be provided and full connectivity of the upstream and downstream reaches of the
Sarre Penn achieved. In addition, this approach may represent a mitigation opportunity by incorporating habitat
creation efforts not only within the stream but which can extend into riparian corridor and adjacent land also.
The two factors influencing the gradient achievable on a nature-like channel are the head drop from the dam
location to the downstream channel, and the ground area available to create a channel of sufficient length.

4.3

Recommendations for Future Work on Fish Passage

A number of factors need to be considered during further study and design phases of the Broad Oak scheme to
further define the potential fish passage options.
-

Define the land surface area which may be utilized by the pass, and the slopes achievable within these
constraints.

-

Refine the fish pass design based on the land available and existing topography. Investigate the
likelihood of channel movement within any nature-like design and proposed limiting measures to control
channel migration.
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-

Carry out hydraulic modelling based on the proposed optimum channel design given environmental
constraints at the site, to define potential solutions which will allow fish passage for the widest flow
duration (e.g. Q95 – Q10) for the widest range of species.
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Appendix A. Walkover ecology feature maps for reaches 1 – 6.
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